500

Without overestimating the possible successes of the US.A. in this sphere, we are
extremely alarmed by the unfolding situation and believe that special and urgent mea-
sures are necessary for maintaining the leading role of the USSR in space.”

At the end of his letter, Korolev recommended four specific courses of action:

I. Concentrate forces and resources on the primary and main goals: the urgent
creation and work on the Ni complex, terminate all work on [Chelomey’s] UR-500
theme. and use the released forces and resources on N1.

2. Accomplish in 1967 a circular orbit of the Moon with a crew on the upper stages
of N1 [that is. the N1 1] using the well-tested . . . R-7 carrier for delivering the crews
to orbit.

3. Accomplish in 1968 the first landing of Soviet researchers on the surface of the
Moon with the aid of the Ni complex.

4. Develop in the nearest future a complex plan of work on the N1 with measures of
state importance, ensuring that it has primacy of fulfillment in this work in the
agreed upon timeframe ™

Notwithstanding the fact that Korolev's proposal was partly motivated to retain his
monopoly over the Soviet piloted space program, the letter also made a modicum of sense. It
is clear evidence of Soviet. and in particular Korolev's, belief that what was needed was not two
different projects, but a singular program to achieve several objectives. Thus, in mid-August
1965. the Soviet Union was poised to set forth on one of two approaches for piloted lunar
exploration, one integrated and one fragmented.

Military-Industrial Commission Chairman Smirnov presided over his promised meeting on
August 26. The meeting had a formal theme: "On the State of Work on Research into Outer
Space, the Moon, and the Planets.”” Smirnov did not spare anyone. He criticized almost every
facet of the Soviet space program, including the lunar program, interplanetary projects, and
Soviet fong-range communications systems. Chelomey's OKB-52 was singled out for allowing
enormous delays in work on the LK-1 system. OKB-1 and other organizations under the
Ministry of General Machine Building were not excluded from this censure, being accused of
"weakness of work.” To Korolev's dismay, Smirnov believed that Chelomey’s UR-500K boost-
er should play a central role in the future of the human space effort. In conclusion, Smirnov
issued three orders to the Ministry and its subordinate organizations:

* To prepare in a week’s time a schedule for the manufacture and work on the UR-500K
launcher

»  To Korolev and Chelomey, to examine and solve the problem of unifying the development
of a circumlunar vehicle and a lunar landing spacecraft

* TJo submit in a month's time a program for flight testing the UR-500K and piloted
spaceships™

As a result of Smirnov's orders, Minister of General Machine Building Afanasyev estab-
lished yet another "working commission” to examine the state of work on lunar programs at

68. Ibid

69.  Ibid Author's emphasis.

70 Semenov. ed., Raketno-Kosmicheskaya Korporatsiya. p. 233.
71 Ibid
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both the Chelomey and Korolev design bureaus.”” On September 6 and 7. the commission vis-
ited both enterprises. Commission members had already been given all seventy-eight volumes
of the LK-1 draft plan to familiarize themselves with the project’s technical details. What they
found was not surprising in the light of Korolev's earlier criticisms of Chelomey’s work—that
is. that the LK-1 circumlunar program was beset by delays in the creation of the launch vehi-
cle. its Blok A TLI stage, and the LK-1 spaceship itself. Chelomey's deputies displayed wooden
models of the LK-1 and Blok A, but the criticism from the Korolev faction was relentless.
Chelomey's poor showing was in complete contrast to the favorable impression of the follow-
ing day, when the commission visited Kaliningrad to see Korolev's handiwork. Korelev's engi-
neers proudly displayed at least ten metal models of the 7K Soyuz at the OKB-I plant as
dozens of technicians worked around them in a professional manner. The commission was par-
ticularly impressed by the success of work on the critical Blok D stage of the L3 lunar landing
complex. Ultimately. there were "long and heated discussions,” which ended in " both sides
[Chelomey and Korolev] blaming each other,” but the end result was clear: Chelomey’s LK-1
program was effectively dead after more than a year's expenditure of time, resources, and fund-
ing.” Chelomey desperately tried to defend his product, appealing directly to Academy of
Sciences President Keldysh, but it was too little too late.” As Mishin recalled later. even the
government sided against Chelomey:

In the second half of 1965. it became clear that the collective of the OKB headed by V.
N. Chelomey would not be able to ensure that our country would be first place in
achieving manned circumlunar flight. because the work was lagging in the develop-
ment of the circumlunar flight system.”

It was time for yet another abrupt turn in the Soviet piloted space program.

The concerted opposition to the LK-1 effort cleared the way to address Military-Industrial
Commission Chairman Smirnov’s orders from late August. It was clear to the major participants
that while the LK- | was not an option worth pursuing, Chelomey’s UR-500K should be a major
component of any future lunar plan. This meant that Korolev's N11 proposal was going to be
rejected. At the same time, with the LK-1 out of the running. the only remaining option was to
use the more capable L1 based on the Soyuz spacecraft. The combination of the
UR-500K and the LI would provide a solution to the near deadlock. Korolev, pragmatic to the
end. had already anticipated this exact course of events even before the death knell of the
LK-1. As early as the first days of August, Korolev's engineers were exploring contingency plans.
One of the first options was to use the N1i's Blok G and Blok D stages as upper stages of the

72, This commission included, among others. S. A. Afanasyev (Minister of MOM), M. V. Keldysh
(President of AN SSSR). G. A. Tyulin (First Deputy Minister of MOM). G. N. Pashkov (Deputy Chairman of VPK).
K. A. Kerimov (Chief of the Third Chief Directorate of MOM), and Yu. A. Mozzhorin (Director of NII-88), as well
several chief and general designers, including V. P. Barmin (GSKB SpetsMash). V. N. Chelomey (OKB-52). 5. P.
Korolev (OKB-1). N. D. Kuznetsov (OKB-276). V. I. Kuznetsov (NI1-944). N. A. Pilyugin (NIl AP). and M. S.
Ryazanskiy (NIl Priborostroyeniya). See lvan Evteyev. "From the History of the Development of Space" (English
title), Tribun, July 2. 1993, p. 3.

73.  The quotes are from Mishin, "Why Didn't We Fly to the Moon?”

74, What seems to be descriptions of the visits in early September 1965 are included in Mikhail Rudenko.
"Space Bulletin: Lunar Attraction: Historical Chronicles: First Publication” (English title), Vozdushniy transport 26
(1993): 8-9, although the dates given for the visits are September | and 9. See also Semenov, ed., Raketno-
Kosmicheskaya Korporatsiya, pp. 23334, in which this process is said to have taken place in September or Octaober.
Another source suggests that the commission's visits to the two design bureaus took place in late August 1965. See
Evteyev, "From the History of the Development of Space.”

75.  Mishin. "Why Didn't We Fly to the Moon?"
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UR-500K to boost the L1 spacecraft into lunar orbit.” By mid-September, there were two com-
petitive circumlunar variants for the UR-500K, each with a different TLI stage: either Korolev's
Blok D or Chelomey's Blok A. Both options would mean dramatically reducing the mass of the
Lt spacecraft, down to four and a half to five and a half tons. Thus, the original conception of
the L1 spacecraft, as the lunar-orbiting 7K-LPK, was shelved. To reduce the mass of the Soyuz
spacecraft to an absolute minimum, Korolev’s engineers emerged with a surprising design solu-
tion: they eliminated the spheroid living compartment from the forward end of the spaceship.
As such. the two-person crew would have 1o spend their entire mission cramped in the small
descent apparatus. This modified spacecraft inherited the general L1 designation; denoting its
lineage back to the 7K Soyuz was its design designation, the 7K-L1. The mission would be only
circumlunar.”

A second issue of concern was whether to allow crews to be launched on the UR-500K
booster because it used toxic propellants extremely dangerous when exposed to humans.
OKB-1 thus explored alternative variants in which the crew would be launched into orbit on a
standard Soyuz booster, link up with the LI spacecraft, transfer to the Lt by an EVA, and then
leave for circumlunar space in the LI. By October 5. at a meeting of high ministry officials, it
seems that the direct launch version was favored despite the concerns for safety. During the fol-
lowing week, chief designers representing each major aspect of the new LI plan drew up a for-
mal proposal for submission to the Military-Industrial Commission.” Based on this proposal, the
Central Committee of the Communist Party and the USSR Council of Ministers issued a joint
decree on October 25, 1965, titled "On Concentrating the Forces of Design Organizations of the
Industry for the Creation of the Means of a Rocket-Space Complex for Circling the Moon."” This
document cut through the confusion inherent in the lunar program and effectively ratified a
piloted circumlunar project separate from the landing effort with the following three provisions:

= Korolev's OKB-1 would be "brought in" to the piloted circumlunar program. which would
use Chelomey’s UR-500K booster.

»  Chelomey's OKB-52 would terminate all work on its LK-1 spacecraft and instead concen-
trate all resources in accelerating the UR-500K booster program, as well as its TLI stage
(Blok A).

*  OKB-I would concentrate its resources on the design and creation of new piloted space-
ship for circumiunar flight, as well as a second TLI stage for use with the UR-500K booster.

Among the many repercussions of this decision, the most important was clearly the con-
tinued separation of the circumlunar and landing programs. Korolev's pleas in the first half of
1965 had provided the climate to integrate the two disparate projects. but despite intensive dis-
cussions, arguments, and even compromises, the ultimate direction adopted left the programs
fairly independent. It was as if NASA had decided on two parallel projects—ane using the
Saturn 1B for circumiunar missions with a modified Apollo and one using the Saturn V for land-

76.  Asearly as 1964, Korolev had evidently proposed using the 1 1A57 Voskhod booster’s Blok | third stage
on Chelomey's UR-500K Proton as a TLI stage. Chelomey refused the offer. See B. Ye. Chertok. Rakety i lyudi: gory-
achiye dni kholodnoy voyny (Moscow: Mashinostroyeniye, 1997), pp. 387-88; Golovanov. Koroleu. p. 754.

77. Korolev may have first introduced his 7K-L1 variant publicly on September 8, 1965. See V. Petrakov and
I. Afanasyev, ""Proton’ Passion” (English title), Aviatsiya i kosmonavtika no. 4 (April 1993): 10-12.

78.  The seven signatories to the proposal were S. P. Korolev (Chief Designer of OKB-1), V. N. Chelomey
(General Designer of OKB-52), N. A. Pilyugin (Director and Chief Designer of NIl AP), M. S. Ryazanskiy (Chief
Designer of NII Priborostroyeniya), V. A. Khrustalev (Chief Designer of TsKB-589), A. M. Isayev (Chief Designer of
OKB-2), and V. P. Barmin (Chief Designer of GSKB SpetsMash). See Semenov. ed.. Raketno-Kosmicheskaya
Korporatsiya. p. 234
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ing missions with a completely different spacecraft. A closer look at this decision reveals some
semblance of a rationale. First, for the Soviets. "before the end of the decade” was an unim-
portant abstraction. Far more important to them was the impending celebration of the fiftieth
anniversary of the Great October Revolution, set for the first week of November 1967.
Anniversaries played a far more important role in Soviet culture than, for example. in the
American cultural milieu. All Soviet industrial and economic enterprises were obliged to "pre-
sent” the Communist Party with a "gift" as part of major celebrations. Korolev's OKB-1 was
not exempt from this unwritten rule. Anticipating that a lunar landing as early as 1967 was a
foregone impossibility, the major space chief designers instead opted to choose a lesser ambi-
tious goal, a circumlunar flight. Second, the circumlunar project would allow the Soviets to test
a few components of the landing system. Engineers would gain experience in deep space pilot-
ed missions, high-speed reentry, long-range communications. and the flying of a stripped-
down Soyuz spacecraft to lunar distances.

In accordance with the decree, the Ministry of General Machine Building formalized the
new direction of the lunar program with an order on November 13, 1965, specifying manufac-
turing quantities and schedules for the project. The several design organizations together were
to build and deliver six and nine complete spacecraft complexes in 1966 and 1967, respective-
ly. Each complex would consist of the spacecraft proper, designated the 7K-LI (or "product
I1F91"), a TLI stage, and the UR-500K launch vehicle. In addition, these organizations would
also produce several 7K-OK Farth-orbital Soyuz spacecraft and its 11A511 launch vehicle for
the delivery of lunar crews to Earth orbit in case the direct flight on Chelomey's booster was
not deemed safe at some future point.® Minister Afanasyev's order called on Korolev and
Chelomey to finish. by November 25, specifications of the complete system with two different
possible variants—one using Korolev's Blok D and the other using Chelomey’s Blok A—as the
TLI stage. The same order from Afanasyev also confirmed contractors for the major subsystems
of the 7K-L1 spaceship, in particular its guidance and control systems.*

The 7K-L1's guidance system became the source of a conflict that was characterized by the
pitfalls of personal allegiances, in particular Korolev's relationship with Chief Designer Nikolay
A. Pilyugin, the man who had led the design of almost all Soviet guidance systems for missiles.
Pilyugin had been one of the original members of the Council of Chief Designers in the 1940s.
Pictures of him from Kapustin Yar show a man looking slightly older than his age. with a dour
face, dark eyes, and a world-weary disposition. Following his return from Germany in February
1947, Pilyugin had joined NII-885 in Moscow as a deputy to Chief Designer Ryazanskiy: a year
later, he was appointed a chief designer at the institute’s Department No. 3, responsible for
inertial guidance systems. Of all the other chief designers. it was perhaps Pilyugin who was the
closest to Korolev. While Korolev had suffered from the Purges in the 1930s, Pilyugin himself
was the target of Beriya's terrifying whims during the early 1950s. Once. after a particularly
galling series of failures in the guidance system of a missile, Beriya hounded Pilyugin into
admitting sabotage. When Pilyugin argued back, he was convinced that it was the end for him.
There were other factors playing against the chief designer: the "not from workers" background
of his wife. the arrest of his brother, and his father-in-law’s profession.® It was only after
Beriya's death that Pilyugin breathed easier.

80. The second test launch of the two-stage UR-500 booster was completely successful on November 2.
1965. no doubt bolstering the case in favor of using a direct flight.

81. Semenov. ed., Raketno-Kosmicheskaya Korporatsiya. p. 234.

82. Col. M. Rebrov, "A Day Before the Launch . . .: Pages From the Life of the Chief Designer of Rocket-
Space Guidance Systems" {English title), Krasnaya zvezda. February 25. 1989, p. 4 Lt.-Gen. G. Tyulin, "Look
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Despite chronic diabetes and a chain-smok-
ing habit, Pilyugin flourished during the 1950s.
He retained a near moncpoly on the develop-
ment of inertial guidance systems for Soviet
strategic missiles, slowly rising in power until,
by the early 1960s, his design department at
NII-885 had outgrown the thematic direction of
the organization, which was still headed by
Chief Designer Ryazanskiy. To circumvent any
potential conflict between the two, in April
1963, Pilyugin's Complex No. | at the institute
separated and became the new Scientific-
Research Institute for Automation and
Instrument Building (NIl AP).* As the conflict
over the N | broke into the open. when Glushko,
Barmin. and Kuznetsov of the original six
"defected” to Chelomey’s side, it was Pilyugin
who remained by Korolev, perhaps playing a
critical role in the entire project’s genesis.

fn general, throughout the 1960s, Pilyugin
found himself less and less interested in guid- ~ Chief D?Igm’f Piéyugfngeﬁelqped_!nirtfa?gdu;daﬂﬂ;

: : systems for most Soviet ballistic missiles and launc

T el e e St

. ' Council of Chief Designers, Pilyugin was perhaps
such as the N1. When design of the Soyuz had e closest to Sergey Korolev. The two had met in
begun in 1962, Pilyugin did not participate. Germany in 1945 during the A-4 recovery
Similarly. when early conceptions of the LI were operations. (files of Peter Gorinj
discussed in early 1965, Pilyugin's lack of inter-
est prompted Korolev to entrust the design of the ship’s guidance system to his own talented
guidance systems specialist, Raushenbakh. As the LI project picked up steam. however,
Pityugin abruptly changed his mind and insisted that his institute be picked as the contractor.
Pilyugin's proposal for the system was heavier and more cumbersome and drained more power
than Raushenbakh's. Korolev's people warned that choosing Pilyugin's system would delay the
project by two, perhaps three, years *

Korolev was caught in a bind. OKB-1 engineer Feoktistov sat down with Pilyugin’s represen-
tatives and explained in detail why their proposal would hinder the L1 program. Pilyugin called
up Korolev in rage at Feoktistov's "improper" behavior. Korolev was well aware that things had
changed since the 1950s. when the concept of what was "best” for a particular project overruled
personal allegiances. Put on the spot, Korolev explained to his deputies that if he did not choose
Pilyugin. it would be a breach of their personal contract, an unspoken agreement forged over
twenty years. In September 1965, Korolev selected Pilyugin's heavier and more cumbersome
design for the 7K-L1; OKB-1 would retain the responsibility of the general layout of the system.
Thus, yet another technical decision in the lunar program was pushed through on the basis of
nontechnical considerations. The decision to forge ahead with Pilyugin was specified in the
November order from the Ministry of General Machine Building on the design of 7K-LI space-
craft. Three primary organizations would participate in the development of the vehicle:

83. 5. M. Vyazov, " 18 May—80 Years From the Birth of Academician N. A. Pilyugin (1908)" (English title).
iz 1storit auiatsii ¢ kosmonavtiki 59 (1988); 38-46.
84.  Golovanov. Korolev, pp. 754-56.

CHALLENGE TO APOLLO




THREE STEPS TO THE MOON

«  Korolev's OKB-1 (general layout of the guidance system, systems for onentation,
approach, power sources, on-board cable networks, manual approach guidance, thermo-
regulation, and on-board switchboards)

«  Pilyugin's NIl AP (stabilization system for issuing course corrections, control systems for
engines, guidance system for reentry, stabilization and guidance systems for engines of the
TLI stage. general layout and logic for guidance for the TLI stage, and on-board switch-
board for the TLI stage)

*  Ryazanskiy's Scientific-Research Institute for Instrument Building (radio complexes with
systems for trajectory measurement, telemetry. communications, transmission of TV
images during all stages of the flight, and electronic programmed timers)®

Throughout November 1965, there was intensive collaboration among all the major orga-
nizations to eliminate each and every potential source of uncertainty in the program. The most
important decision at this point was whether to use Chelomey's Blok A or Korolev's Blok D as
a TLI stage. A combined group of engineers from OKB-I and OKB-52 worked on this particu-
lar problem at the time and recommended the use of Blok D because it would have better per-
formance characteristics in combination with the UR-500K booster. There was an additional
rationale for favoring Blok D. This same stage was to fly as part of the N1-L3 and perform some
of the most critical maneuvers during a lunar landing. By flying it earlier as part of the circum-
lunar program, the engineers would be able to eliminate all problems prior to a landing.”

On November 30, OKB-1 and OKB-52 issued the predraft plan for the LI program. Within
a quick two weeks, on December 13, two documents were signed. finalizing the detailed layout
and technical components of the piloted circumlunar program. The first of these. "Preliminary
Data on the 7K-L! Ship.” was signed by Korolev and addressed the piloted spacecraft itself. The
second, a protocol of understanding between the two major parties titled "The Basic
Composition of the UR-500-7K-L/ Rocket-Space Complex.” was signed by both Korolev and
Chelomey and formally approved Blok D as an integral part of the entire project.” Two days later,
Korolev presented this final conception to the Military-Industrial Commission as well as the
Council of Chief Designers.* It had been less than four months since the commission’s original
directive to bring some order to the effort, but a concerted effort had managed to bring some
sorely needed guidance to the program. For Korolev. it was a victory of sorts; after five tries since
1961, he had finally managed to gain control over the circumlunar program.”

The irony of the matter was that the compromise solution in the form of the UR-500K-L1
project was probably not the most effective path available. There was a brief window of oppor-
tunity in mid-1965 when Korolev had taken advantage of Chelomey’s shortcomings to suggest
unifying both the landing and circumlunar programs as one. But by the end of 1965, political
expediency in the need to demonstrate Soviet supremacy in space by the fiftieth anniversary of
the Great October Revolution in 1967 had closed that opportunity. The two programs remained

85. Semenov, ed.. Raketno-Kosmicheskaya Korporatsiya, p. 234.

86. One of the advantages of using Blok D was a slightly better mass performance. In this new profile. the
thir¢ stage of the UR-S00K booster would not enter orbit. Blok D (the fourth stage) itself would fire to achieve orbital
velocity around Earth. Its second firing would be the TLI boost. This profile. the engineers calculated. would allow
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87 A third document, dated December 31, 1965, and titled "Preliminary Data on the LI Payload Block
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separate, with independent goals, different launch vehicles, ground systems, and spacecraft,
but using the same design bureaus that were already overburdened and stretched to the limit.

More Voskhods?

The three long-range piloted projects that gained a modicum of focus in 1965—the Farth-
orbital Soyuz program. the circumlunar L1 project, and the lunar landing Ni-L3 effort—com-
prised only a portion of OKB-1's efforts during the year. Through the unending meetings and
decisions on these projects, Korolev's engineers were concurrently engaged in numerous other
programs, such as the Molniya-1 communications satellite, the Luna automated lunar probe,
the Mars and Venera spacecraft to the inner planets, the Zenit-2 and Zenit-4 robotic military
reconnaissance satellites, the R-5V suborbital rocket, and at least three military ballistic mis-
siles. In the piloted program, the most immediate concern was how to follow up the spectac-
ular Voskhod 2 flight of Belyayev and Leonov in March 1965. The earliest expected date for
missions in any of the three long-range piloted programs would be 1966. Thus OKB-| antici-
pated at least a yearlong period before the resumption of Soviet crewed spaceflights. To fill this
gap. there were a plethora of plans to use the near-obsolete 3KV-type Voskhod spacecraft to
mount a few additional missions.

Planning for subsequent missions to Voskhod 2 had begun well before that flight and in
fact trace back to the earlier "extended Vostok" missions. which were abandoned in early 1964
once the Voskhod program got its start. As early as September 1964, the Air Force was plan-
ning for the construction of five more Voskhods by early 1965, two for flights with one cos-
monaut of twelve to fifteen days, two for "special scientific experiments,” and one for a repeat
EVA mission. By February 1965, OKB-| issued a document. "Initial Data on the 'Voskhod'
(3KV and 3KD) Ship Series in 1965,” which was a slightly revised manifest for five manufac-
tured spaceships:

Vehicle Launch Date Mission

3KV no. 5 July-August 1965 Two dogs on a fifteen- to thirty-day mission

3KV no. 6 September-October 1965  Pilot and scientist on a fifteen-day mission with an

Voskhod 3 experiment in artificial gravity

3KV no. 7 March-April 1966 Pilot and doctor on a fifteen- to eighteen-day mission

Voskhod 4 with an experiment in artificial gravity for three to
four days

3KD no. 8 1966 Twao-person crew on three- to five-day mission with

Voskhod 5 an EVA to a distance of fifty to 100 meters

3KD no. 9 1966 Two-person crew on three- to five-day mission with

Voskhod 6 an EVA to a distance of fifty to 100 meters”

The Military-Industrial Commission gave this manifest and schedule official status by for-
mal decree (no. 156). dated July 28, 1965, and titled "On the Manufacture of "Vaskhod' Space
Satellite-Ships.” The resolution obligated various branches of the space industry conclusively

90.  Kamanin, Skrytiy kosmos: 1964-1966, pp. 110, 138-39, [56-57.
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to confirm within a month’s time the full range of scientific and military experiments to be
conducted on the five missions, as well as schedules for the manufacture of necessary supple-
mentary equipment.”

Five Air Force cosmonauts began training for the first piloted mission (Voskhod 3} in early
March 1965. At Korolev's insistence. a sixth man. Dr. Georgiy P. Katys, a civilian laboratory
chief at the Institute of Telemechanics and Automation of the Academy of Sciences, was added
to the training group. Katys had been a leading contender for the "scientist” position on the
first Voskhod mission in 1964, but he had instead served as a backup, primarily because of
Korolev's stubborn insistence on having Feoktistov on the flight. Having been excluded from
that crew, Katys persevered, and throughout the following months, prepared an extensive sci-
entific program for implementation on a future Voskhod mission. In April, he joined the five
military officers to train for Voskhod 3. It would be the first time that a career scientist would
fly into space.”

The flight program for Voskhod 3. prepared with the participation of Katys, was designed
to extend the absolute duration for a piloted spaceflight. Some of mission’s scientific instru-
mentation would be mounted in a special semi-spherical pressurized chamber curved inward
into the crew capsule, while others would be installed on the exterior of the 3KV ship for work
in conditions of vacuum.” Apart from scientific and military experiments, the crew would carry
out the entire flight in a highly elliptical orbit, thereby raising the absolute altitude record for a
piloted spaceship. As with the previous two Voskhod missions, Voskhod 3 would be preced-
ed by a precursor flight. this one with dogs aboard, which would be a complete test of the life
support systems of the spacecraft, clearly one of the weakest elements in the Voskhod space-
craft. During the one-day Voskhod and Voskhod 2 missions, failures and malfunctions in the
system raised grave concern among many on the capacity of the vehicle to carry out longer
duration missions.

There was another ambitious element originally planned for both Voskhod 3 and Voskhod 4:
the simulation of artificial gravity in Earth orbit. In late 1964, Korolev had asked Raushenbakh,
chief of OKB-1's Department No. 27, to begin work on a modest system to test an artificial
gravity system in low-Earth orbit. The project was named IT, the Russian abbreviation for "arti-
ficial gravity." Raushenbakh’s plan calied for the faunch of a 3KV Voskhod craft aboard the
11A57 launcher into a low-Earth orbit. Following insertion into orbit, the 6.370-kilogram
Voskhod craft carrying two cosmonauts would separate from the 30,000-kilogram upper stage
to a distance of about five to ten meters to deploy a tether. At this point, a solid-fuel engine
would fire to separate the two vehicles to completely unwind the tether to its maximum length
of more than 1,000 meters. When it was completely unwound, the two craft would slowly
begin to rotate around a common axis, initially at about one and a half degrees per second.
One peripheral objective of the IT project was to generate an electrical current from interactions
of the current-conducting tether with Earth’s geomagnetic field. In an interesting connection
with the human lunar landing program, Korolev and Raushenbakh also planned to simulate
one-sixth the level of Earth's gravity in space. After the initial phase of rotation, the crew would
reduce the distance between the ship and the upper stage to 300 meters, increasing the

91. Ibid., p. 207.
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angular velocity to about seven degrees per second. The tether would then be disconnected,
and the crew would continue their planned mission in orbit. According to Raushenbakh'’s
design. the actual tether would be strapped to the side of the Voskhod spacecraft from the base
of the reserve retrorocket unit all the way to the apex of the primary deorbit engine. Total time
in a tethered mode could be extended up to one or two days.* Although the design of the sys-
temn originated at OKB-1, it seems that responsibility for developing an actual working proto-
type was turned over to OKB-1 Branch No. 3 at Kuybyshev, whose primary responsibility at
the time was the manufacture of launch vehicles and the design of reconnaissance satellites.”

The Voskhod 4 mission would primarily focus on biological and medical experiments in
Earth orbit. By early March 1965, three senior physicians at the Air Force’s Institute of Aviation
and Space Medicine had prepared an extensive program of medical research for the mission.
This included carrying out surgery in space using a rabbit as a test subject (from Yaroshenko),
a psychological experiments program (from Ivanov), and a cardiovascular research program
(from Voskresenskiy) that would include studying the effects of calisthenics in space. On
February 10, 1965, two doctors who had served as backups during the first Voskhod mission,
Colonel Lazarev and Captain Sorokin, began preparations for the doctor position on the flight.
Despite resistance from the Air Force, the Ministry of Health also managed to put forward sev-
eral candidates from its in-house Institute of Biomedical Problems for the mission. In May, four
doctors passed initial medical tests at the Central Military Scientific-Research Hospital in
Moscow. and two of them joined Lazarev and Sorokin in September 1965 to train for the med-
ical flight. Although none of the doctors were formally inducted into the cosmonaut team, they
represented the biomedical profession in a first serious attempt to include complex physiolog-
ical research as part of the Soviet piloted space effort.”

One of the later Voskhods would be another exercise in propaganda. As early as January
1965, cosmonaut overseer Kamanin was thinking of having two women fly on a future
Voskhod spacecraft, with one of them carrying out a spacewalk. On April 2, 1965, during a
meeting with Korolev, Kamanin casually mentioned his idea to the chief designer. The propos-
al must have seemed like déja vu to Korolev, for it was the same Kamanin who had suggested
a female space mission in 1961, which eventually led to Tereshkova's flight. Kamanin wrote in
his journal that he:

was motivated to make this suggestion because a spacewalk by a woman, with a wide
range of studies, and possibly with the use of autonomous means of movement in space,
would have no less a response from the world than the flight of Voskhod-2.*

Korolev wanted nothing to do with it, while the male cosmonauts were quite vocally
against it. But within two weeks, Kamanin had evidently managed to gain the support of key
officials, including Academy of Sciences President Keldysh and Air Force Commander-in-Chief
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Vershinin. After Tereshkova's flight. the other four female cosmonauts had for all intents and
purposes been consigned to support roles, but Kamanin's new idea brought them back into the
forefront again. In April 1965, two of the most qualified of the remaining four, Ponomareva and
Solovyeva, began training for the EVA mission of Voskhod 5. Solovyeva would have the honor
of becoming the first woman to walk in space. Four men would serve as backups.”

Another component of the continuing Voskhod program was the use of the first Soviet
autonomous EVA maneuvering backpack. designated the Cosmonaut Maneuvering and
Motion Unit (UPMK). Briefly considered for use by the women cosmonauts. engineers
delayed its use on a later mission by more experienced pilots. The white horseshoe-shaped
unit had an empty mass of ninety kilograms and was designed like a motor scooter. The
UPMK. which had an autonomous lifetime of four hours, was equipped with eighteen solid
rocket mators for forward and reverse movement. as well as fourteen compressed air thrusters
for angular movement (with six degrees of freedom). Maximum capable velocity relative to
Voskhod was projected at thirty two kilometers per hour. The cosmonaut would wear the unit
around the waist and control movement via two pistol-shaped handgrips and a control panel.
Total mass with a cosmonaut wearing the Berkut EVA suit was approximately 250 kilograms.
Severin's Plant No. 918 began developing the UPMK in 1964. At least four cosmonauts—
Gorbatko. Khrunov. Shonin, and Zaykin—were in the running for the mission by September
1965 Khrunov. who had served as backup to Leonov on Voskhod 2. was the favorite for the
actual EVA”

One similar project that may have been related to the Voskhod program was the develop-
ment of an "individual means of cosmonaut descent from orbit to Earth.” Engineers apparent-
ly began research at the time on "a spacesuit-capsule with the capability to perform descent
and soft-landing by a single person.”™ In August 1965. Plant No. 918 summarized its research
on this unique capsule in two variants: for one cosmonaut (500 kilograms mass} and for two
cosmonauts (700 kilograms mass). As with the UPMK. the capsule would be capable of
inspecting spacecraft, rescuing cosmonauts, and recovering parts of orbiting vehicles."

These were all fairly ambitious plans for the limited Voskhod spacecraft, and their suc-
cessful implementation would certainly have produced a significant impact on the already awed
public perception of the Soviet space program. The period following the Voskhod 2 mission
was, however, a time of great indecision. There were continuing clashes between Korolev and
the Ministry of Defense. which through the Air Force and the Strategic Missile Forces had oper-
ational control of the space program. The chief designer had always been resentful of the Air
Force's complete jurisdiction over the training and selection of cosmonaut crews. This issue
was aggravated by an order from Military-Industrial Commission Chairman Smirnov in early
August 1965 to "immediately begin military research on Voskhod spacecraft.”® Apparently
prompted by concerns over the "militarization" of space by the United States, the order led the
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Air Force to constantly change the manifest for succeeding Voskhod missions. For example. by
late August. the Air Force wanted to fly a one-man twenty-five-day mission on Voskhod 4 with
only military experiments instead of the original fifteen-day biological research flight. The Air
Force planned to use high-quality Czech-built cameras named Admira for the mission. Korolev
was outraged at the revision, threatening once again to remove control over cosmonaut train-
ing and crewing from the Air Force.

The single-man Air Force plan was eventually rejected, but by late November, Kamanin
removed scientist Katys from the primary crew of Voskhod 3 because another military cosmo-
naut was "much better prepared for a 20-day flight."'™ When he heard the news. Korolev told
Kamanin: "The Air Force is continuing its policy of removing civilian cosmonauts from flights.
That's the way it was in the preparation for the Voskhod-1 flight, and that's how it's continu-
ing now. I'm tired of the behavior of the military. . . ."** Kamanin wrote in his journal:

Korolev frequently stoops to trivialities, harasses and irritates people, interferes with
details and neglects the key thing: time and the quality of preparation of the spacecraft.
He spreads himself too thin and tries to keep everything under his control; this explains
his continual conflicts with Glushko, Pilyugin. Voronin, Kosberg. and other Chief
Designers. Koroleu even tries to influence the activity of the Air Force. "

The debates within the upper echelons of the Soviet space program over Voskhod reflect-
ed. on a larger level, the conflicts between the defense and civilian sectors in the arena of space-
flight. Clearly, the inherent confusion had a debilitating effect on the entire program. Trying to
pander to the military while staying faithful to his own schematic for space exploration, Korolev
found himself in a difficult position, often making decisions that were too reductive and coun-
terproductive than one would expect from a visionary manager of his stature. As the months
in 1965 wore on, the government added to the confusion by not laying down deadlines for spe-
cific missions—actions that would have helped clear the way for launching the remaining
Voskhods.

The inevitable delays appeared again. Originally. Korolev had set the ten- to fifteen-day
Voskhod 3 flight for November 1965, but it was clear by early September that this was unreal-
istic. A flightworthy spacecraft would not be ready until at least January of the following year.
although the crew was prepared to fly. One of the primary bottlenecks was the development of
a reliable life support system. The original Vostok system had been designed to support one pilot
for a maximum of ten days. Voskhod would have to maintain two pilots in orbit for more than
two weeks. The artificial gravity experiment. meanwhile, was rescheduled. During a technical
conference in October 1965 to discuss the status of the project, Korolev decided to delay the
system's testing from Vaskhod 3 to Voskhod 4. The schedule for the project was incredibly com-
pressed. and as one participant recalled. "when the production of the artificial gravity system
began, of course, there were extensive delays. Also, many of the technical questions in the pro-
ject’s planning section could not be solved.""* There was also external pressure. In August 1965,
the United States had finally taken the absolute endurance record in space with the Gemini V
mission, which lasted nearly a week. There were plans to fty Gemini VIl in December for two
whole weeks. In a desperate measure, Korolev extended Voskhod 3's planned duration from ten
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to fifteen days to twenty days. There were also delays in the female Voskhod 5 mission. Not
only were the female cosmonauts receiving inadequate training, but Plant No. 918 refused to
take on the job of designing completely new spacesuits for the women."”

As the pressure from the United States continued to grow. many of the original Voskhod
plans had to be revamped. By November 1965. Korolev proposed canceling the manufacture of
the last two Voskhod spacecraft (Voskhod 5 and Voskhod 6). because that would free up
resources to focus on the Soyuz program. which was slowly becoming a more important pri-
ority. In the end, a compromise was reached: only Voskhod 6 would be canceled. The remain-
ing missions would be launched as resources or plans allowed. At a meeting of the
Military-Industrial Commission on December 16, 1965, the Soviet government added one more
condition to the Voskhod program: that OKB-1 launch two Voskhods in time for the 23rd
Congress of the Communist Party in March 1966 as a salute to the Party. It was a completely
unrealistic deadline that threatened to derail an already haphazard project.™ By the end of the
year, the Soviets had accomplished only a single piloted spaceflight, Voskhod 2, the second
year in a row with this dubious distinction. In the meantime, the United States finished five
resoundingly successful Gemini missions in Earth orbit, capped off by the spectacular ren-
dezvous of Gemini VI and Gemini VIl in December. Frank Borman and James A. Lovell, Jr.. in
the latter spacecraft sealed NASA's year with a record fourteen-day mission. It was the most
visible indication that the mismanagement of the Soviet space program during the 1964-65
period was finally slowing down the Soviet space juggernaut.

The Last Stand

It was in this climate of falling morale that Korolev spent the last months of 1965. It had
been an extremely difficult year for the ailing chief designer. Many of OKB-1's space projects
had been beset by troubles. Perhaps most embarrassing was the Ye-6 automated lunar probe
project designed to achieve the first soft-landing on the surface of the Moon. Between January
1963 and December 1965. there had been eleven consecutive failures for the program. a record
that had dampened the spirits of even the most optimistic of engineers."™ After one particular-
ly painful failure in March 1965. Kamanin wrote in his diary: * Koroley was more distressed by
the setback than anyone. He looked dejected and appeared to have aged ten years." " There
were also several repeated failures for the Molniya-1 communications satellite program during
1964-65, which tested the resolve of OKB-| engineers.

Through all this. there was also the loss of several of Korolev's closest colleagues. In
January, OKB-154 Chief Designer Semyon A. Kosberg, responsible for the upper stage engines
for several of Korolev's space launch vehicles, left Voronezh urgently for a meeting in Moscow.
His automobile slid on the icy roads, and he was severely injured. Doctors were flown in from
Moscow. but the sixty-two-year-old aeronautical engineer succumbed to his injuries. Even in
death. his contributions to the space program remained hidden. He was merely identified as "a
leading designer of airplane engines.""" The same month, Korolev attended the funeral of
Andrey V. Lebedinskiy, the director of the Institute of Biomedical Problems—an institute whose
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creation can be directly traced back to Korolev's proposals in the late 1950s. lvan V. Popkov,
one of Korolev's favorite young engineers at OKB-1 also died in an automobile accident in
January. Popkov had specialized in the design of naval ballistic missiles. Other deaths during
the year included those of Georgiy M. Shubnikov, the legendary "builder” of the Baykonur
Cosmodrome. And finally, there was former OKB-1 Deputy Chief Designer Voskresenskiy's
tragic death in December.'*

Korolev's own health was clearly deteriorating throughout the year. In August. he com-
plained about not feeling well because of abnormally low blood pressure. and in September, he
was afflicted with severe headaches. He also suffered from progressive hearing loss and a seri-
ous heart condition. In late 1965, he wrote to his wife: " am in a constant state of utter
exhaustion and stress, but | can under no conditions show that these things are getting to me.
I'am holding myself together using all the strength at my command.”""* The institutional crises
of the past few years, the fighting with the military, the discord with Glushko. Chelomey. and
Yangel. the bureaucratic gridlock—all these were also taking a toll. By the end of 1965, he was
seriously contemplating resigning from his job. His wife recalled later:

Sergey Pavlovich would sometimes come home at wit's end. He seemed much more torn
up by {work-related problems] than he ever was from any domestic squabbles that we
ever had. He used to come home rather quickly from work. In his last years when he
would come home from some kind of meetings. he would be so emotionally torn, so
exhausted. and he would say heatedly. "I can't continue to work like this. you under-
stand. I'm not going to continue working like this. I'm leauing! "' *

There was even talk of appointing one of his deputy chief designers as the technical direc-
tor of launch operations at Tyura-Tam. As his health suffered. his temperament spiraled. He was
increasingly abrupt with his associates. It did not help that Glushko continued to viciously
attack Korolev throughout the year. In November, Kamanin wrote in his diary:

Sergey Pavlovich also complained about Glushko, who at a meeting of the Military-
Industrial Commission had given sharp criticism of the activity of his . . . Design
Bureau. The criticism, in Korolev's words. was not friendly, but sought to force him into
acorner. "Glushko thinks.” said Koroleu, "that he is the chief successor and descendant
of Tsiolkovskiy, and that we are only making tin cans. . . ."'"

The question of keeping Korolev’s identity secret had evidently been raised several times
in 1965 at the level of the Central Committee. Each time, however, Party apparatchiks had
delayed a final word on the issue, thus preventing his name from being associated with that of
the mythical "chief designer” of the Soviet space program.

Being spread too thin over countless projects took its toll. Nine months after Belyayev and
Leonov landed in the taiga of Siberia. a single Soviet cosmonaut had yet to enter space. In the
meantime. NASA had flown five two-astronaut Gemini missions. each with spectacular suc-
cess that visibly regained some of the public respect that had been lost during the age of
Sputnik and Vostok. The crowning achievement of this spurt of activity was the joint Gemini
rendezvous mission in December, when two spacecraft had carried out the first rendezvous in
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orbit. It must have been a sobering realization to the cosmonauts and Korolev that even if the
Soviets had flown their Voskhods, they still would have been unable to accomplish what the
Gemini astronauts had performed in December—that is, extensive maneuvering into different
orbits. No doubt alarmed by the impending stagnation of their program. a group of experienced
cosmonauts, along with their overseer Kamanin, authored a special letter to Soviet leader and
General Secretary of the Communist Party Brezhnev on October 22, 1965. In it, they high-
lighted the gridlock in the space program because of the immensely complicated management
system, the undue focus on automated systems over piloted ones, and the poor funding of the
space program. Cosmonaut Gagarin personally handed the letter to Brezhnev's aides, but three
months later, they were still waiting for even an acknowledgment of his having received it."

In this climate. Korolev was not much help. On December 26, 1965, he and his wife Nina
visited the Cosmonaut Training Center at Zelenyy near Moscow, perhaps to boost the morale
of the many cosmonauts who were apprehensive of the delays in the Voskhod and Soyuz pro-
grams."” They were received by Center Director Maj. General Nikolay F. Kuznetsov and his
Deputy Gagarin. who escorted them to the training area where cosmonaut Komarov was
preparing for the primary mission of the Soyuz program, the docking of two Soyuz in orbit.
Gagarin asked the chief designer about OKB-1's plans for the immediate future, perhaps trying
elicit some hint of what the cosmonauts could expect. Korolev was vague:

Right now. we're preparing the launch of the Soyuz. . .. it has already tested well in
unmanned flights. We are also working on a space station. Your comrades have already
seen the wooden model. ... We are also working on effecting an unmanned soft lunar
landing and conducting research in outer space. . . . You'll learn more about the work
once you become involved in it."*

Kamanin wrote in his journal on January 5.

All the cosmonauts are pessimistic as never before. Their limitless faith in Korolev has
been dealt a serious blow by Korolev himself: Sergey Pavlovich came to the Center. met
with the cosmonauts. but could not tell them anything definite about the next flight."”

Korolev's health in the meantime became more and more frail. Between December 14 and
17. he had undergone a series of medical tests in Moscow, which had indicated to doctors that
he required to be hospitalized for at least a week for a minor operation to remove a bleeding
polyp in the straight intestine. He spent his last day before the operation, January 4, 1966, at
his office, staying late as usual, before being admitted to a division at the Kremlin hospital the
following day.' It seems that Korolev did not expect to stay in the hospital long, for he had
already invited people to celebrate his fifty-ninth birthday at a party on January 14."
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The original date for the operation was January 5. but was delayed to run some more tests.
fn the meantime, Mishin temporarily took over for Korolev while the latter was indisposed. Even
from the hospital bed, Korolev tried to keep his hand in the design bureau's activities. During
a crisis on January 7 at a meeting of the Collegium of the Ministry of General Machine Building,
Minister Afanasyev had forced Deputy Chief Designer Chertok “to hear scathing criticisms . . .
of the shortcomings of the Bureau and its senior officials.” Mishin was indignant after the
meeting and returned to his office and wrote out a letter of resignation from OKB-I.
Fortuitously or not, one of his aides saw Mishin prepare the document, and immediately called
Korolev. Korolev asked his deputy what he was doing. Mishin replied, "Writing my [resigna-
tion]. It 1s hard enough to work with you, but with [Afanasyev] there is no way." Korolev
replied. “Tear up the report, ministers come and ministers go. but we stay in our business.
Resignations are the only thing they want of us."'”

On January 11, Dr. Boris V. Petrovskiy. the USSR Minister of Health, personally performed
a histological analysis on Korolev and excised a small piece of polyp from the gastrointestinal
tract. causing excessive bleeding. Given Korolev's paramount importance as a state figure in
the Soviet Union, it would have been unusual for anyone else but the Minister of Health to
operate on Korolev. Despite his high rank, Petrovskiy was indeed an accomplished surgeon
and regularly operated on patients during this period. However, Petrovskiy may not have been
completely prepared for the operation on the morning of January 14. Several key surgeons,
including Petrovskiy's deputies, were inexplicably absent on that day, even though it was not
a holiday. There were numerous complications with Korolev himself. He had not revealed to
the doctor that his jaw had been broken in prison from torture in 1938, which made it diffi-
cult for him to open his mouth wide. His unusually short neck compounded the problem, and
it prevented doctors from using an intubation tube into his lungs. Instead. they performed a
tracheotomy and inserted a tube via an incision in his neck. His jaw problem necessitated the
use of a general anesthetic despite the uncertainty over his heart condition. Even the anes-
thetic was in short supply. Korolev bled profusely during the operation. Petrovskiy later wrote
in his memoirs:

A laporotomy (the process of opening the abdominal cavity) indicated the presence of
an immovable malignant tumor which had grown into the rectum and the pelvic wall
Using an electronic scalpel. we were able to extract this tumor only with great difficul-
ty and conduct a biopsy. which confirmed the presence of this malignant tumor—which
was an angiosarcoma.'”

The size of the tumor, larger than a person’s fist, was a shock to those in the operating
room. As Korolev lay profusely bleeding. Petrovskiy realized that Korolev was in serious dan-
ger. With tensions rising, Dr. Aleksandr A. Vishnevskiy, a noted cancer specialist, was called
in. The two evidently completed the operation, four hours after it had started. but half an hour
later. Korolev's pulse abruptly stopped. Despite repeated attempts to revive him, he was gone.
He had just turned fifty-nine.'*

The news was devastating to the space community. On the evening of the operation, all of
Korolev's deputies and division chiefs assembled at OKB- I in complete disbelief. None had any
idea that Korolev's condition was that serious. Most doctors later believed that with or without
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the operation. Korolev did not have very much longer to live—perhaps a few months. Still in
shock, Korolev's principal deputy, Mishin, ordered Deputy Chief Designer Chertok to quickly pre-
pare an official obituary and to take it personally to Ivan D. Serbin, the feared chief of the Defense
Industries Department at the Central Committee. Serbin amended Chertok’s original draft. By this
time, Soviet leader Brezhnev personally decided to allow a link between Korolev's name and the
Soviet space program. The chief designer's identity would finally be revealed to the public.”
Mishin later recalled that even at this juncture, there was resistance from higher placed Party offi-
cials to reveal Korolev's name. The signatures of Mishin. Chertok, and Korolev's other deputies
were removed from the obituary because of security reasons.'”

The official Soviet news agency TASS announced his death on the morning of January 16
as the leading news item of the country. A medical report accompanying the obituary stated that
he had been suffering from a malignancy in the intestine, sclerosis of the arteries, emphysema.
and an upset metabolism. The cause of death was said to be "cardiac insufficiency” during the
operation.'”’ Korolev's arch enemy Glushko was apparently unperturbed by the sudden death.
Glushko was conducting a meeting on January (4 when his Kremlin phone line rang. He heard
the news, hung up. and turned to his audience and said, "Sergey Pavlovich is no longer with
us." He paused for a second and continued, "Now where did we leave off?"'* In the West. his
importance to the Soviet missile and space program was not clearly understood at the time. The
New York Times carried his obituary on page 82 of its Sunday edition, mentioning that Korolev
was a "designer of sputniks and manned space capsules.”'”

Korolev was given a state funeral on January 18, the likes of which had not been seen in
many years in Moscow. The urn with his ashes was carried from the House of Unions by
Smirnov, Afanasyev, Keldysh, Tyulin, Gagarin, and others, following which the senior cosmo-
nauts carried it from the Historical Museum to Red Square. There, Brezhnev, Podgorny, and
other Soviet leaders lifted the urn and placed it in the Kremlin Wall."™* Smirnov then placed the
urn in the niche, which was then covered with a marble plague with the following inscription:

KOROLEYV Sergey Pavlovich 30.12.1906—14.01.1966""

Speakers at the funeral eulogized Korolev's accomplishments with dry and banal clichés.
Keldysh added that “one of the greatest achievements of science and technology. the era of
man'’s exploration of space, will always be associated with Korolev’'s name."”"* Kamanin's jour-
nal entries for the day add some telling commentaries about the funeral:

Korolev occupied a place in the Kremlin Wall next to S. V. Kurashov (USSR Minister of
Health). | was irritated by the fact that they were neighbors: it unnecessarily reminded
me of the great guilt of our medicine in the premature death of Sergey Pavlovich. All of

125. Chertok, Rakety i lyudi: goryachiye dni kholodnoy voyny. p. 361 Semenov, ed.. Raketno-
Kosmicheskaya Korporatsiya. p. 158. Mishin recalls that the obituary was written by him. not Chertok. See Tarasov,
"Missions in Dreams and Reality.”

126. Tarasov. "Missions in Dreams and Reality”: Mozzhorin, et al.. eds.. Dorogi v kosmos: . p. 121.

127. Daniloff, The Kremlin and the Cosmos. p. 119.

128. Golovanov, Korolev. p. 779.

129. "Sergei P. Korolev is Dead at 59: Leading Soviet Space Scientist." New York Times, January 16. 1966,
p. 82.

{30. Theodore Shabad. "Chief Soviet Space Designer Is Buried in Kremlin," New York Times. January 19,
1966, p. 10. He was cremated at 9 p.m. on January 7.

131. Kamanin. "In the Future His Name Will Probably Be. . . ."

132. Shabad. "Chief Soviet Space Designer Is Buried in Kremlin."
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the orators at the funeral gathering especially solicitously stressed the thought that
Korolev was a great scientist, but not the chief director of space studies, that there we
had many like Korolev. This is not true. | know that thousands of staff and dozens of
Chief Designers worked along with Korolev. but it was he who was the Chief Designer
of spacecraft, and not only in post, but in essence as well | will always place unlimit-
ed value on Koroleu's talent. | knew features of his character which were not the best,
but they cannot hide the magnitude of the figure of our Chief Designer. His name should
be before the names of all our cosmonauts. I am deeply convinced that it will be so.'*"

Thus ended not only the life of the architect of the early Soviet successes in space, but also
a momentous era in the history of space exploration. As a manager, designer, politician, lob-
byist, engineer, and flight director, he had carved out a position for himself that defied any sin-
gular title. Each one of the responsibilities that he had carried on his shoulders was vacant. His
successors would try to fill the vacuum, but in truth, things would never be the same again.

133, Kamanin, "In the Future His Name Wil Probably Be . . . " p. 31.
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CHAPTER TWELVE

A NEw BEGINNING

Sergey Pavlovich Korolev's death ended one man’s unprecedented twenty-year reign over Soviet
missile and space programs. He bequeathed to his associates and aides the daunting task of man-
aging an empire whose intricacies had only been clear to him. While many of his deputies were cer-
tainly adept in various areas of directing the works of OKB-1, no single person had expertise in
managing the design bureau, dealing with Soviet politicians, brokering deals with other chief design-
ers, and instilling a vision of space exploration among the thousands who worked at the firm.

Unlike no other chief designer before or since, Korolev dominated the Soviet space program.
His informal title in the official Soviet press before his death was not "chief designer of OKB-1," but
rather "chief designer of rocket-space systems" —a far-more melodramatic moniker than simply the
head of a design bureau. His vast array of roles in the space program did not, for the most part.
come from his official appointments (which were many), but rather from his larger-than-life per-
sonality. Thus. when he died, there was an unprecedented vacuum. While his successor would
inherit the title of chief designer of OKB-1, he would not have Korolev's informal powers accrued
through twenty years of making history. In some ways, the post-Korolev period was characterized
by an equal playing ground, with the leading chief designers no longer following a single voice. This
also meant that there was no single ardent supporter to push projects. The lobbying from the bot-
tom up as a consequence became more diffuse and less imposing in contrast to the Korolev years.

Mishin

The first order of business for a demoralized Soviet space program was to choose a successor to
Korolev. The normal procedure for selecting a new chief designer would have been for Minister of
General Machine Building Afanasyev to discuss the names of candidates with Secretary of the
Central Committee Ustinov. The proposal would be presented to the Central Committee, whose
members would pass it on to the Politburo. In the case of OKB- I, Korolev's senior staff did not want
to risk having an unwanted individual appointed chief designer by higher-ups, and they tried to take
the matter into their own hands. The night after Korolev's death, one of his most beloved former pro-
tégés, Chief Designer Viktor P. Makeyev of SKB-385, flew into Moscow from his home base at Miass
to try and bring some order into the succession. Makeyev assembled all the senior staff at OKB- |
and asked them for opinions. Some suggested that Makeyev himself take over the design bureau, but
he was firmly against doing so; he had as many as sixteen submarine-launched ballistic missile pro-
jects ongoing at Miass, far too much work to be suddenly moving to another organization.'

. B. Ye. Chertok. Rakety { lyudi- goryachiye dni kholodnoy voyny (Moscow: Mashinostroyeniye, 1997).
pp. 368-69.

517



518

It took a long time to come to a decision. One who was there, Deputy Chief Designer
Yevgeniy V. Shabarov, recalled many vyears later that:

. through the night we wrote a letter addressed to the Secretary of the [Central
Committee], the Chairman of the Military-Industrial Commission, and to [our] minister.
In the letter we proposed that in our opinion, Vasiliy Pavlovich Mishin be appointed the
successor to Sergey Paulovich Korolev since he had been [Koroleu's] First Deputy. We
also offered various other reasons for the choice. At five in the morning the letter was
ready and we all signed it *

Bushuyev and Chertok had ariginally proffered Mishin's name. Only one deputy, Sergey S.
Kryukov. had opposed Mishin's candidacy. All other senior staff agreed that Mishin would be
the best person for the job. The prompt action by OKB-| senior staff seems to have surprised
government officials. who were not too happy with this internal recommendation. Mishin
remembered that:

my appointment . . . encountered some opposition from Ustinov who at the time was a
Secretary of the Central Committee . . . overseeing defense matters. He wanted to use the
occasion to limit the authority and jurisdiction of the Chief Designer and put him under
an administrative head of OKB- 1. Ustinov had made such attempts during Koroleu's life-
time but they had run up against Korolev's well-argued objections.’

By the time that the senior staff at OKB-I officially proposed Mishin’s name, Communist
Party officials had already decided on an alternative person to head the design bureau: Georgiy
A. Tyulin, then the First Deputy Minister of General Machine Building. Ustinov believed that by
appointing Tyulin as "administrative head" of OKB-1, he would be able to curb some of the
undeniable powers of the chief designer of such an important design bureau. The papers for
Tyulin's appointment were drawn up, but there were long drawn-out negotiations on the issue,
and it took an astonishing five months before the Central Committee agreed to ratify the orig-
inal proposal from the OKB-1 senior staff. On May 5, 1966, Soviet leader Brezhnev summoned
Mishin to the Kremlin and informed him of his promotion, and six days later, Minister of
General Machine Building Afanasyev signed an order officially appointing Mishin as the new
chief designer of the organization.

Mishin was clearly the most likely choice as a successor, having been groomed by the late
Korolev for almost a decade for this position. But he did not have his predecessor’s stature or
clout. In fact, Mishin had somewhat of a reputation for being blunt and tactless and was not
known for his diplomatic skills. He was, however, respected for his engineering skills. One mil-
itary officer who closely worked with Mishin recalled that he was:

An excellent mathematician, a fast thinking engineer. He knew the business and, most
important. could screen options as fast as a computer. . . . Mishin possessed very spe-
cific information. He was always ready to come up with a strong rebuke at the Council
of Chief Designers where he was invited. He deferred to no authority as long as the
authority in question came up with solutions that defied logic and common sense to
serve a hidden agenda. That is why he was not popular.*

2. Yu. A Mozzhorin, et al., eds.. Dorogi v kosmos: | (Moscow: MAL. 1992), p. 182.
3. lbid. p. 121.
4. Mikhail Rebrov, "The Secrets of Rocket Codes” (English title), Krasnaya zvezda. June 3, 1995. p. 6.
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Vasiliy Mishin succeeded Korolev as OKB-J Chief Designer after Koroleu's death in fanuary 1966.
This photo probably dates from early 1968. In the background are Maj General Aleksandr Kurushin (left).
commander of the Tyura-Tam range at the time. and Maj. General Analoliy Kirtlloy (right), Kurushin's deputy.
(copyright Christian Lardter)

This is an important distinction from Korolev, who, perhaps because he better understood
the workings of the potitical machinery of the Communist Party, was more willing to work out
problematic issues than let them languish in deadlock. Mishin, stubborn to the end, refused to
budge if his instincts told him so. sticking to his beliefs until the bitter end. Lacking the politi-
cal instincts of say a Wernher von Braun or a Sergey Korolev, he suffered dearly. Some would
argue that so did the Soviet space program in the coming years.

Mishin's appointment as chief designer was only one of several different honors bestowed
upon him. He replaced Korolev's vacant position as the head of the somewhat amorphous
Council of Chief Designers for programs in which his design bureau had the leading role. Thus,
at least during the meetings of the council, he outranked much more senior designers such as
Glushko, Pilyugin, and Isayev. In March 1966, Mishin was inducted into the Presidium of the
Interdepartmental Scientific-Technical Council on Space Research, headed by Academy of
Sciences President Keldysh. That council continued its critical advisory role of implementing
the Soviet space program by serving as "expert commissions” for a plethora of projects.’ Finally
on July 1. 1966, Mishin was promoted to the rank of full Academician of the USSR Academy
of Sciences. Along with Mishin. three other major space designers—Barmin, Pilyugin. and

5. Interview, Georgiy Stepanovich Vetrov with the author, November 15, 1996.
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Yangel—also became Academicians the same day, joining the select group of Glushko and
Chelomey.

These six designers—Barmin, Chelomey, Glushko, Mishin, Pilyugin, and Yangel—all
Academicians, commanded great respect among the upper echelons of the space industry, but
their ascendance was also evidence of a great diffusion of power. For example. of the six, only
one (Yangel) was allowed to become a Candidate Member of the Central Committee of the
Communist Party—an unprecedented honor that even Korolev did not enjoy. It was in fact
Yangel's new appointment as a Candidate Member that prompted many Western analysts to
come to the conclusion that Yange!l had "succeeded” Korolev as the “chief" of the Soviet space
program, as if the entire effort was run by a single monolithic organization. This was an error
in analysis that would not be dispelled until well into the 1970s, when the concept of "design
bureaus" filtered out through the curtain of censorship. What was equally unknown at the time
was that Yangel's honorary promotion as a Candidate Member of the Central Committee prob-
ably stemmed not from his achievemnents in space, but rather from his clearly notable contri-
butions to the development of strategic ballistic missiles. More evidence of the diffusion of
power was the choice of Korolev's replacement as a member of the Presidium of the Academy
of Sciences, the highest arbiters of scientific research in the Soviet Union. Neither Glushko. nor
Yangel, nor Mishin, nor Chelomey filled the position in May 1967 —rather, it was Chief
Designer Pilyugin, responsible for guidance systems’

Soon after the changeover in leadership at the design bureau, the Ministry of General
Machine Building enacted a ministry-wide change in naming of institutions, which effectively
replaced the "OKB-plus-number" system with an even more bewildering designation system.
Almost every design bureau involved in the missile and space industry would have the dreary
phrase "machine building" attached to its name. perhaps as a somewhat comical way to dis-
guise the true roles of these organizations. Thus on March 6, 1966, OKB-1 became the new
Central Design Bureau of Experimental Machine Building. or “TsKBEM" in its Russian abbrevi-
ation. Chelomey's OKB-52 meanwhile became the almost identical Central Design Bureau of
Machine Building, or "TsKBM," distinguished only by the omission of an "E" in its abbrevia-
tion.* At the same time, Mishin enacted a large-scale restructuring of his design bureau in

6. Chertok. Rakety i lyudi: goryachiye dni kholodnoy voyny. pp. 516-17: Christian Lardier, "Soviet Space
Designers When They Were Secrets,” presented at the 47th International Astronautical Federation. |AA-96-
I1AA.2.2.09. Beijing, China. October 7-11, 1996. V. P. Glushka had become an Academician on June 20. 1958, while
V. N. Chelomey had become one on June 29, 1962. Note that there were also a number of scientists who were
Academicians who were involved in the ballistic missile and/or space programs. These inciuded A. A. Blagonravov
(became an Academician in September 1943), A. Yu. Ishiinskiy (in June 1960). M. V. Keldysh (in November 1946).
S A. Khnstianovich (in September 1943). V. A. Kotelnikov {in October 1953), B. N. Petrov (in June 1960), G. |.
Petrov (in June 1958). and L. |. Sedov (in October 1953). In addition. there were several other designers andfor
scientists in the space program who were Corresponding Members of the Academy of Sciences—that s, junior to
full Academicians. These included A. F. Bogomolov {in July 1966}, K. D. Bushuyev (in June 1960}, V. |. Kuznetsov
(in June 1958). N. S. Lidorenko (in July 1966}, A. M. Lyulka (in june 1960}, D. Ye. Okhotsimskiy (in June 1960).
B. V. Raushenbakh (in July 1966), M. S. Ryazanskiy (in June 1958), S. S. Lavrov (in July 1966), and S. K. Tumanskiy
(in June 1964).

7. Lt Gen. G. Tyulin, “Look Forward” (English title), Krasnaya zvezda. May 18, 1988, p. 4.

8 Yu. P. Semenov. ed., Raketno-Kosmicheskaya Korporatsiya "Energiya” imeni S. P. Koroleva (Korolev:
RKK Energiya. named after S. P. Korolev, 1996). p. 158; Mikhail Rudenko. "Designer Chelomey's Rocket Planes”
(English title), Vozdushniy transport 52 (1995): 8-9; Chertok, Rakety i lyudi: goryachiye dni kholodnoy voyny,
p. 403. Some of the other organizations whose names were changed included: Glushko's OKB-456, which in January
1966 was renamed the Design Bureau of Power Machine Building (KB EnergoMash): Mozzhorin's N1i-88. which in
January 1967 was renamed the Central Scientific-Research Institute of Machine Building (TsNIIMash):; Barmin’s
GSKB SpetsMash. which in January 1967 was renamed the Design Bureau of General Machine Building (KB OM);
and Yangel's OKB-586. which in October 1966 was renamed the Yuzhnoye Design Bureau (KB Yuzhnovye).
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November 1966, creating ten subdivisions, each
designated a “complex,” dedicated to a specific
mission profile. His two First Deputy Chief
Designers were Sergey O. Okhapkin and Dmitriy
|. Kozlov, both of whom had worked under
Korolev since 1946.

Okhapkin, a prematurely gray-haired man
full of verve and energy, had served his appren-
ticeship under such famous Soviet awiation
Myasishchev designers as Tupolev, and Ilyushin
before joining Korolev's team in 1948 as an
expert on dynamics and precision. In December
1952, he became a deputy chief designer, even-
tually directing planning work on the NI boost-
er. Upon Mishin's appointment, Okhapkin
headed OKB-1's Complex |. dedicated to rocket
systems, which included the N1.* Kozlov, on
the other hand, had headed the old Branch No.
3 at Kuybyshev since its establishment in 1960.
After Korolev's death. the branch remained sub-
ordinate to the main center at Kaliningrad.
although Kozlov's primary work was related not
to piloted systems but rather the development  OkB-1 Deputy Chief Designer Sergey Okhapkin was
of high-security military reconnaissance satel-  one of the principal forces behind the creation of the
lites. Apart from Okhapkin and Kozlov. there NI rocket. After Mishin's appointment as OKB-/

were five remaining deputy chief designers for Chief Designer. Okhapkin served as first Deputy of
the organization. primarily responsible for the quickly

spacecraft, _gwdance systems, TOCket engines. accelerating work on the N1i. (files of Peter Gorin)
ground equipment, and testing."
As with all notable figures in the space pro-

gram, the identities of Mishin, Okhapkin. and Kozlov were kept state secrets, and the Soviet
press completely refrained from commenting on the nature of the succession to Korolev.
Eventually, by the late 1960s and early 1970s, they were allowed to use pseudonyms when writ-
ing articles in the popular media.”” Unlike Korolev. Soviet journalists did not refer to Mishin as
the "chief designer of rocket-space systems," but rather the less encompassing “chief design-
er of piloted spaceships.” It was a small, but telling indication that Korolev's old design bureau
had reached its zenith of power and that glory days were no longer ahead but consigned to the

history pages.

9. For Okhapkin, see Semenov, ed.. Raketno-Kosmicheskaya Korporatsiya. p. 158. For Kozlov, see V.
Drebkova. "Anniversaries; General Designer D. |. Kozlov—75 Years" (English title). Novosti kosmonavtiki 20
(September 24-October 7, 1994): 56. Note that Kozlov assumed his post in 1967, not 1966.

10.  Yaroslav Golovanov, Korolev: fakty i mify (Moscow: Nauka. 1994). pp. 478-80.

i1, They were K. D. Bushuyev (spacecraft, Complex 2). B. Ye. Chertok (guidance systems, Complex 3), M.
V. Melnikov (rocket engines, Complex 5), A. P. Abramov (ground equipment. Complex 6), and Ya. | Tregub (test-
ing, Complex 7). Complex 4 was for the Experimental Machine Building Plant (ZEM) attached to the design bureau.
It was headed by TsKBEM First Deputy Chief (but not Deputy Chief Designer) V. M. Klyucharev. See Semenov. ed.,
Raketno-Kosmicheskaya Korporatsiya, pp. 158-59. Note that Klyucharev was appointed to his position on
September 8, 1967.

12, Their pseudonyms were M. P. Vasilyev (Mishin). S. Q. Osipov (Okhapkin), and D. llichev (Kozlov). See
Lardier, “Soviet Space Designers When They Were Secrets.”
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The End of Voskhod

Mishin’s first job as Chief Designer of TSKBEM was to assess the state of the Voskhod pro-
gram. At the time of Korolev's death, there were immediate plans for three to four Voskhod and
five Soyuz missions in 1966. The first one, Voskhod 3, was the long-duration mission with cos-
monauts Volynov and Shonin, planned for almost a year. The spectacular success of the four-
teen-day Gemini VII flight in December 1965 had given the Soviet mission even more of an
impetus to get off the ground. There seems to have been some effort from ministerial leaders
to substitute the all-woman EVA flight in place of Voskhod 3, but this attempt did not bear
fruit.” The subsequent Voskhod 4 would be a scientific flight, including artificial gravity exper-
iments with test pilot Beregovoy and scientist Katys, while Voskhod 5 would be a military mis-
sion with cosmanauts Shatalov and Demin. An extra mission, with only dogs, would precede
Voskhod 3 to test the extended life support systems on the near-obsolete 3KV spacecraft.

The Voskhod 3 mission was timed to coincide with the opening of the 23rd Congress of
the Communist Party in early March 1966, as a "gift" to the doctrinal keepers of the Soviet
Union. This flight, and the additional two or three Voskhod missions, would also serve to
bridge the gap to the inaugural jaunt of the Soyuz spaceship, then slated for sometime in late
1966. From a public relations perspective, the remaining Voskhod expeditions would no doubt
deflect worldwide attention from NASA's successful Gemini program. Certainly, the Voskhod 3
mission, dedicated to regaining the mission duration record claimed by Gemini VII, would be
an outstanding publicity victory for the Soviet space program.

On January 27, about two weeks after Korolev's death, Mishin hosted the first technical
meeting at OKB-1 under his management to discuss the future Voskhod missions. The atten-
dees decided to prepare Voskhod spacecraft 3KV no. 5 for launch with two dogs in the first
half of February. Some from the military, particularly Air Force Lt. General Kamanin, opposed
such a thirty-day biomedical precursor mission, apparently because he believed that it would
unnecessarily delay the Voskhod 3 mission, which was very important to future military oper-
ations in space. Cosmonauts had extensively trained to use an infrared optical instrument
named Svinets ("Lead"), which would allow them to observe plumes from the launches of four
Soviet ballistic missiles. At the same time, officials decided to launch spacecraft 3KV no. 6
(Voskhod 3) on an eighteen-day mission during March 10-20, 1966—that is, after the landing
of the precursor mission. The primary limiting factor for the extended mission seems to have
been the poor performance of the Voskhod spacecraft’s life support system, in particular its air
regeneration capabilities, which most believed would not guarantee safety for two cosmonauts
for a period of eighteen days in space.' A second similar meeting on February 10 confirmed the
general state of readiness to carry out the two flights.”

13.  See. for example, N. P. Kamanin, Skrytiy kosmos: kniga vtoraya. 1964-1966gg (Moscow: Infortekst {F,
1997). pp. 284, 286. 288.

4. ibid. pp. 293-94. Among those present for this meeting were V. P. Mishin (OKB-1), G. A. Tyulin
{MOM). P. V.Tsybin (OKB-1). K. D. Bushuyev (OKB-1), A. I. Burnazyan (Ministry of Health). A. G. Karas
(TSUKOS). K. A. Kerimov (MOM). G. 1. Voronin (OKB-124), S. G. Darevskiy (SOKB LII), N. P. Kamanin (VVS),
N. k. Kuznetsov (TsPK), Yu. A. Gagarin (TsPK). V. M. Komarov (TsPK), Ye. A. Karpov (GKNII AiKM). A. M. Genin
(GKNII AIKM), A N. Babiychuk (VVS), S. G. Frolov (VVS), and V. A. Smirnov (VVS).

IS, Ibid. pp. 300-01. The meeting was also the forum to formally approve the membership of the first post-
Korolev State Commission. This State Commission for Voskhod would now include G. A. Tyulin (Chairman from
MOM). M. V. Keldysh (AN SSSR). S. I. Rudenko (VVS), V. P. Mishin (OKB-1), N. N. Smirmnitskiy (GURVO). V. A.
Kasatanov (affiliation unknown). V. A. Kazakov (MAP), A. G. Karas (TsUKQOS), G. P. Melnikov (NHl-4), N. P.
Kamanin (VVS}. A. A, Kurushin (NIIP-5), P. V. Tsybin (OKB-1). I. D. Spitsa (TsKIK), Ye. V. Shabarov (OKB-1).
V. N. Pravetskiy (Ministry of Health), and I. T. Bulychev (MO).
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There were no major delays in the preparation of the precursor mission, and Tyulin gave
the final approval for the launch at a State Commission meeting on February 17. Two dogs.
selected for the flight after a rigorous selection process at the Institute for Biomedical Problems
in Moscow, would fly a twenty-five-day mission. The 3KV-type Voskhod vehicle, spacecraft no.
5. was launched at 2310 hours Moscow Time on February 22, 1966, and named Kosmos-!10
upon entering orbit. The craft carried dogs named Veterok and Ugolek into a highly elliptical
initial orbit of 187 by 904 kilometers at a 51.9-degree inclination. The high apogee of the orbit
was evidently an attempt by Soviet scientists to examine the effects of the Van Allen radiation
belts on the dogs. It was an element of the flight that had originally emerged as early as 1963
during planning for the Vostok program. The State Commission hoped to launch the subse-
quent Voskhod 3 craft into a similar orbit not only to study radiation effects. but also to claim
the absolute altitude record for a piloted space vehicle. With the launch of Kosmos-110, for the
first time in the Soviet space program. a piloted spacecraft used the fifty-one-degree inclination
for the orbit—a practice that would be adopted for almost all the remaining crewed space mis-
sions in the Soviet era. This inclination not only allowed the 1 1AS57 launch vehicle to lift the
heaviest payload into orbit without having to land in China in case of an abort, but it also
would provide optimal flight conditions for future missions to the Moon. The total mass of the
vehicle was 5,600 kilograms, with 3,000 kilograms of that mass for the spherical descent appa-
ratus that contained the two dogs."

While the primary goal of the flight was to test the life support system in preparation for
Voskhod 3. Kosmos-1 10 also had a number of supplementary scientific goals. Apart from the
dogs themselves. there were various types of yeast preparations, samples of blood serums, pro-
tein growths, chlorella, and lysogenic bacteria aboard the spacecraft."” Throughout the mission,
the two dogs were fed anti-radiation drugs and food delivered by means of tubes into their
stomachs. Veterok served as the experimental specimen, while Ugolek was the control animal.
By March 4. things seemed to be proceeding normally. The only minor problem was a deploy-
ment malfunction in one of the communications antennas. On March 14, about twenty days
into the flight, the State Commission met to discuss the progress of Kosmos-110. Although the
condition of the dogs and cabin atmosphere parameters, such as pressure, temperature, humid-
ity, and carbon dioxide content, were within normal range, there had been "a steady tendency
of gradual deterioration of the composition of air in the cabin.”"* Some recommended immedi-
ately terminating the flight and recovering the dogs. while others, notably life support system
Chief Designer Voronin, expressed confidence in a full twenty-five-day flight. A special landing
commission consisting of twenty-five officials discussed the issue in detail throughout the
night. By the next morning. all agreed that the flight should be curtailed and the dogs brought
down. At 1400 hours Moscow Time on March 16, ground controllers began operations neces-
sary for reentry. Three hours and fifteen minutes later the dogs landed safely 210 kilometers
southeast of Saratav, approximately sixty kilometers from the intended landing spot. About thir-
ty to forty minutes later, rescue teams were able to report that the dogs were in safe hands. The
flight had lasted nearly twenty-two days.

The physicians who examined the dogs upon their return did not anticipate the poor con-
ditions of the animals. In an official report published two months after the landing, the doctors
reported that the animals suffered from muscular reduction, dehydration. calcium loss, and
confusion in readjusting to walking. Their motor systems did not return to normal until eight
to ten days after the end of the mission, while full restoration of blood circulation system did

16.  G. A. Kustova, Ot pervogo Sputnika do "Energii”-"Burana" { "Mira" (Kaliningrad: RKK Energiya, 1994).
p. 57.

7. V. P Glushko. ed., Kosmonautika entsiklopediya (Moscow: Sovetskaya entsiklopediya, 1985). p. 203.

18.  Kamanin. Skrytiy kosmos: 1964-1966, p. 314.
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not occur until five days after landing. The doctors added dramatically, “Prolonged space flight
and the development of methods to combat unfavorable effects of such flights have raised new
problems for space medicine." "

The Kosmos-1 10 mission was to have cleared the way for the piloted Voskhod 3 mission.
but during the flight itself, events on the ground had necessitated a second look at safety issues
in connection with the 3KV Voskhod spacecraft. As early as February 2. Chief Designer Fedor
D. Tkachev of the Scientific-Research and Experimental Institute of the Parachute Landing
Service reported that during the past three simulated landing tests of the heavy Voskhod space-
craft. the parachutes had ruptured. A fourth consecutive failure soon after did not prevent the
launch of Kosmos-110 but raised serious questions about the system as a whole. Continuing
problems with the life support system prompted both OKB-124 and the Ministry of Health's
Institute for Biomedical Problems to initiate long-duration ground simulations to assess the fea-
sibility of carrying out a twenty-day mission in the Voskhod spacecraft. A third technical prob-
lem was the bothersome failure of the Blok | third stage of the 11A57 launch vehicle during a
ground test in December 1965, apparently because of high-frequency oscillations in the stage.
Although the stage had not failed in flight. engineers at OKB-154 in Voronezh had still not
identified the reasons for the explosion.”

Throughout the Kosmos- ! 10 mission, there were rumors from Moscow that a piloted mis-
sion was imminent. On March 9, the United Press International reported that the Soviet Union
would launch a multicrewed spacecraft before the end of March 1966. in time for the 23rd
Congress of the Communist Party.” The rumors were relatively precise and reported that the
craft would fly through the Van Allen radiation belts. There was less confidence behind the
scenes. The long-duration ground test runs of the life support system did not produce encour-
aging results. After fourteen days, the Institute for Biomedical Problems had to terminate its
exercise because of a worsening of the atmosphere in the cabin. OKB-124’s similar experiment
was shut down after sixteen days. Parachute failures meanwhile continued to accumulate
throughout March. About the only positive news was on February 28, when the Air Force
declared the four cosmonauts training for the flight—Beregovoy. Shatalov, Shonin, and
Volynov-—ready for launch.” Coincidentally, Dr. Norair M. Sisakyan, the Academic Secretary of
the Department of Biological Sciences of the Academy of Sciences. died in mid-March amid the
intense discussions prior to Voskhod 3.2 He had played a key role in biomedical aspects of all
Soviet piloted space missions beginning with the early suborbital flights of dogs in the early
1950s, and his death must have been a severe blow to Soviet space medicine. By the time of
his death. well before the landing of Kosmos-1 10, the Voskhod 3 mission was quietly moved
back to late April at the earliest.

On March 22, Mishin’s engineers held a meeting to discuss the problems and assess the
results of the Kosmos- 110 mission. The only anomalies during the flight had been the failure
of the Zarya antenna, a malfunction in the ion sensor, and a problem with the Signal high-
frequency transmitter. Biomedicine specialists were already in the midst of two renewed long-
duration ground tests of the life support system. If the results from the tests were satisfactory,

19. Raymond H. Anderson, "Soviet Dogs Lost Muscular Control in Space," New York Times. May 17, 1966;
Raymond H. Anderson. "Gagarin Hints the Soviet Is Near Orbiting Manned Space Station,” New York Times. April
9. 1967. p. 31.

20 Kamanin. Skrytiy kosmos: 1964-1966, pp. 296, 300, 302, 305

21, "Soviet is Said to Be Preparing Manned Test of Van Allen Belts," New York Times. March 10, 1966, p. 15

22, Kamanin, Skrytiy kosmos: 1964-1966. pp. 309-11.

23. "Dr. Norair Sisakyan. A Soviet Biochemist," New York Times. March 13. 1966, p. 86.
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Voskhod 3 would be launched around April 20-22. 1966. The engineers’ perhaps overtly opti-
mistic hopes on carrying out the mission on time were thrown into disarray within days. On
March 27, 1966, a Molniya-1 communications satellite lifted off from Tyura-Tam on its 8K78
booster. Unfortunately, the Blok | third stage exploded during the active portion of the trajec-
tory. destroying the payload and the launch vehicle.** Because an almost identical variant of
Blok | was set for use on the 1 |AS7 booster for Voskhod 3, the failure raised alarms across the
board. Several leading State Commission members rightly opposed an early Voskhod launch
until investigators had conclusively ascertained the cause of the failure.

All through April. engineers focused on the problem with the Blok | stage. delaying the
launch of Voskhod 3 week by week. The tests with the life support system had also proved to
be unsatisfactory. Tentatively. officials were hoping for a piloted launch around May 20-27,
1966, but already there was a growing lobby against the flight of Voskhod 3 and in fact the
Voskhod program as a whole. The conflict bubbled up to the surface on May 10, 1966, during
a meeting of the Military-Industrial Commission. Mishin, Tyulin, Kamanin. and Deputy Minister
of Health Burnazyan reported that all resources were ready to support the launch of Voskhod
3 on May 25-28. Military-Industrial Chairman Smirnov, however, stunned everyone by propos-
ing to completely cancel the Voskhod 3 mission, invoking the following reasons:

»  An eighteen-day flight would not provide anything new.

+  The accomplishment of the Voskhod 3 mission would delay the Soyuz program, which
should be the primary focal point for all activities in 1966.

»  "[A] flight without maneuvers in orbit and without docking would display [the Soviets] lag
behind the U.S.A. and would be perceived by the public as proof of the superiority of the
Americans."”

Smirnov clearly had some cogent arguments. NASA was flying Gemini missions at the time
that were much more demonstrative of American superiority in piloted spaceflight than any-
thing Voskhod 3 could do. The chairman had the support of a number of other key industrial-
ists, but a whole row of powerful chief designers, academicians, ministers. and military officials
strongly resisted Smirnov's suggestion. Smirnov agreed to back down and asked the Voskhod
State Commission to look into the matter of terminating the program as a whole.

On May 12 the day after Mishin’s formal appointment as chief designer of the old Korolev
design bureau, the State Commission heard status reports on the various problematic bottle-
necks in the Voskhod 3 plans. A designer from OKB-154 assured commission members that
the high-frequency oscillations that had caused the Molniya-1 accident would not occur again,
but most members remained unconvinced. Despite Chief Designer Voronin's report that the life
support system was finally ready, Smirnov’s abrupt speech about canceling the project had evi-
dently made a big impression. The numerous technical glitches. combined with Smirnov's well-
argued position on the pointlessness of the mission, ground the preparations for the mission
into permanent inertia. As engineers argued back and forth throughout May on the reliability
of the Blok | stage, State Commission Chairman Tyulin delayed the launch first to June and then
to mid-July 1966." The frustrated cosmonauts were sent off on a short holiday: it became
increasingly clear that there might never be a Voskhod 3 mission. Despite the occasional

24.  Posting to FPSPACE list-server on the Internet by Igor Lissov. December [}, 1996: S. Valyayev, "Russia
Cancelled Launch of ‘Molniya-M'" (English title), Novosti kosmonautiki { (January 1-12. 1997): 29-34. The
Molniya-1 satellite in question was |1F67 no. 5.

25.  Kamanin, Skrytiy kosmos: 1964-1966. p. 337.

26. Ibid. pp. 338-39, 343.
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murmurs of resuming preparations for the launch as late as Novemnber 1966, the Voskhod pro-
gram was irrevocably over by June.”

Smirnov was clearly the instigator in the decision, but it seems that Mishin had played a
major role in its termination. Having just assumed the role of chief designer of the most presti-
gious organization in the Soviet space program, he was no doubt reluctant to start off his
tenure with an obsolete spacecraft that would guarantee only marginal safety to its crew. As
one Russian journalist later wrote, Mishin "managed to convince the leaders that the ‘old junk’
couldn't take the country far and would only increase the lag between the United States and
Russia.”* In much the same vein, another source suggests that Mishin was concerned about
the obsolete design of the Voskhod spacecraft and persuaded the leaders of the Soviet space
program to permit him to terminate the fruitless effort in favor of moving ahead with the much
more versatile and advanced Soyuz spacecraft.”

In retrospect, Smirnov and Mishin’s decision to terminate the Voskhod project was a prag-
matic one. Originally planned as a modest extension of the capabilities of the Vostok space-
craft in 1962 and 1963, engineers at OKB-1 continued to formulate plans for the vehicle well
into 1966. The spacecraft had extremely poor characteristics and capabilities, and it was only
by “cutting corners” that the engineers had managed to establish a manifest that included EVA,
long-duration, and high-altitude missions. Voskhod had no capability to change orbits and.
therefore, to conduct rendezvous and docking operations, placing it clearly in the first genera-
tion of space vehicles rather than the second. To spend the remaining months of 1966 prepar-
ing an obsolete spacecraft for flight would have undoubtedly delayed even further any attempts
to bring the much more capable Soyuz to quick operational status. It is, however, tempting to
consider the effects on public opinion and the U.S. space program if any or all of the project-
ed Voskhod missions had been conducted on time. Many of the same objectives fuifilled in
NASA's Gemini program were also planned for Voskhod. Voskhod's EVA mission was flown as
Gemini IV (in June 1965). and the two-week-long mission was flown as Gemini VIl (in
December 1965). Then. the astronaut maneuvering unit was flown on Gemini IX (in June 1966,
although the test of the unit never took place because of astronaut Eugene Cernan's troubled
spacewalk), and the artificial gravity experiment and high-apogee flight was conducted on
Gemini X! (in September 1966).

Some of the remnants of the Voskhod program were incorporated into Soyuz, while some
were postponed indefinitely. The eighteen-day long-duration mission fell into the former group.
becoming part of planning at an early stage.* The female EVA mission lost much of its support
when Voskhod was canceled. The four unflown women once again found themselves without
a program for which to train, and they were ordered back into their theoretical studies in pur-
suit of graduate degrees. The extensive medical experiments program, which included surgery
on a mammal in orbit, was dropped from any further consideration; science in the Soviet pilot-
ed space program continued to be play second fiddle to military or political exigencies. The
physicians selected for the Voskhod program never formally entered the cosmonaut team and
returned to their jobs with little hope of ever flying into space. The autonomous EVA maneu-

27 Onuly 23 1966, Kamanin ordered the Voskhod 3 crews to immediately resume training for the mis-
sion so as to be ready by September 5. Then on October 12, Kamanin wrote that Mishin ordered the resumption
of preparations for the mission. Finally. on November 25, Kamanin proposed carrying out Voskhod 3 in January 1967.
None of these plans were evidently very serious. See ibid., pp. 354. 360. 382, 409.

28 Leonard Nikishin. "Soviet Space Disaster on the Revolution’s Anniversary: How and Why Soviet
Cosmonaut Komarov Died." Moscow News 9 (March 1-8. 1992): 16.

29, S. Shamsutdinov and 1. Marinin, “Flights Which Never Happened" (English title). Aviatsiya { kosmon-
avtika no. | {January 1993): 44-45.

30 This is hinted at in V. P. Mishin, "Why Didn't We Fly to the Moon?" (English title). Znaniye: tekhnike:
seriya kosmonavtika. astronomiya no. 12 (December 1990): 3-43.
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vering unit named the UPMK, set for use on a later Voskhod mission, was the subject of many
delays. Engineers at KB Zvezda did not complete the design of the unit until 1968, two years
after Voskhod was canceled. By that time. anticipating little use in the near future, the built
units were put in storage for a future time. Soviet cosmonauts would not use a similar con-
traption until 1990, during a mission to the Mir space station. That unit, also developed by
Zvezda, was designed on the basis of experience creating the UPMK. There had also been
much talk of military missions in the Voskhod program. These lost all justification once the
Soyuz came along, particularly the military 7K-VI variant. Finally, the artificial gravity system
was found to be too complex. Even before Voskhod's cancellation, in February 1966, Mishin
had proposed to Minister Afanasyev to postpone the use of the IT system to a Soyuz mission.
Although crews did indeed train with the system, other priorities in the Soyuz program meant
that the system was never flown in space.

The Lunar Flotilla

Korolev had adopted the lunar-orbit rendezvous profile for the mission of landing Soviet
cosmonauts on the Moon. Through the mid-1960s. engineers continued to fine-tune the plan.
motivated by considerations of safety. By 1967, in fact. the single-launch N1-L3 mission plan
had grown into a dauntingly complicated flight plan, involving several launch vehicles and
spacecraft. Mishin's engineers were most concerned over the conditions at landing. What if the
LK lander was damaged upon landing on the surface of the Moon? Could the lone cosmonaut
have any way of knowing this before exiting the craft to set foot on the surface? To preclude a
premature disembarkation. the engineers decided to launch a separate small lunar rover to
inspect the exterior of the lander. Then another question arose: what if the LK was indeed dam-
aged and could not take off? In such a case. TSKBEM engineers proposed having a backup lan-
der launched separately, which would land near the primary one. There were more questions:
what if the primary and backup landers were too far from each other for the cosmonaut to walk
from one to the other? The pilot would have to travel from site to site via the lunar rover. These
complex operations on the surface of the Moon also significantly raised the requirements for
precision landing. The engineers introduced two additional lunar orbiters to map the potential
landing sites prior to the piloted mission. Finally, there would be supplemental lunar orbital
communications satellites to act as relays during landing and surface operations. All of this was
motivated because of the tight mass constraints that precluded redundancy of many of the cru-
cial systems on the LK.

The adoption of the more complex plan meant that the piloted lunar program was inextrica-
bly linked with the vigorous robotic lunar probe program. The latter had begun in early 1958,
when Korolev had proposed a series of probes—the Ye-1, Ye-2, Ye-3, and Ye-4—for initial explo-
ration of the Moon. Of the nine launches of the first generation of probes, only three achieved
any modicum of success, but these were some of the most significant firsts in the early years of
the "space race.” The first was the first probe to achieve escape velocity and enter solar orbit (the
Cosmic Rocket in January 1959). The second was the first probe to impact on another celestial
body (the Second Cosmic Rocket in September 1959). The third was the first probe to take pho-
tographs of the far side of the Moon (the Automatic Interplanetary Station in October 1959)."
Retroactively called Luna I, Luna 2. and Luna 3. respectively, these modest spacecraft inaugurat-
ed a glorious era of robotic space exploration. By 1959, Koralev was already planning for a more

31, Fora Western summary of the early Object Ye lunar missions, see Asif A. Siddiqi, "First to the Moon."
Journal of the British Interplanetary Society 51 (1998): 231-38.
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ambitious series of spacecraft: the Ye-6 lunar soft-lander and the Ye-7 lunar orbiter. In January
1960, the Soviet government approved preliminary work on these two classes of probes.”

The Ye-6 lunar lander fared extremely poorly in the ensuing years, hampered partly by the
lack of redundant systems on any of the probes because of mass constraints. There were eleven
launches of Ye-6 probes between January 1963 and December 1965. Of these, four were orbital
launch failures, two failed to leave Earth orbit because of failures in the Blok L acceleration stage,
two missed the Moon, and three crashed onto the surface of the Moon.” It was a dismal record
of missions that no doubt demoralized thousands of engineers. By this time, Korolev had trans-
ferred all automated lunar and interplanetary programs to the design bureau of the S. A.
Lavochkin State Union Machine Building Plant, led by Chief Designer Georgiy N. Babakin. The
first funar soft-lander type flown under Babakin's command was the Ye-6M, identical to the
Ye-6 except for the use of modified shock absorbers and an independent guidance system.*

It was seventeen days after Korolev's death, on January 31, 1966, that the first Ye-6M
probe, vehicle no. 202, lifted off from Tyura-Tam and headed for the Moon. Once it was dis-
patched toward the Moon, it was named Luna 9 by the Soviet press. By all standards, Luna 9
and its predecessors designed by Korolev’s engineers were ingeniously constructed probes. On
its way to the Moon, the probe was about 2.7 meters high and consisted of three sections. At
the rear was the S5.5A engine powered by an amine-based fuel and nitric acid with a thrust of
4.64 tons. The main purpose of this engine was to reduce velocity upon the approach to the
Moon to facilitate a soft-landing. In addition, there were four arm-mounted thrusters that would
be used for the vehicle’s stabilization during landing. The central cylindrical section controlied
the whole craft and carried telecommunications and command units. Strapped to the central
section were two jettisonable units that had a total mass of 312 kilograms. The first of these
carried a radar altimeter, which would trigger the final retroburn based on the altitude from the
surface of the Moon. This unit also carried attitude control thrusters for mid-course corrections
on the way to the Moon. The second unit carried Sun and Moon sensors for attitude reference.
The top section of the vehicle was the landing capsule of the probe.*

At an altitude of 8.300 kilometers from the surface of the Moon on February 2, the attitude
control jets "froze" any rolling motion in the craft and aligned it to a vertical trajectory. The radar
then triggered the terminal descent sequence, and the two compartments on the side were eject-
ed. The 55.5A engine then ignited, and five meters from the surface, a deployed sensor made con-
tact with the ground and ordered engine shutdown. At this point, the landing capsule was thrown
away from the main bus and bounced separately on the lunar surface not far from the main craft.
The exact time of impact was 2145 hours, 4.25 seconds Moscow Time on February 3. Exactly
258 seconds after landing, an automatic timer activated radio transmissions from the fifty-eight-
centimeter-diameter spheroid capsule. The Soviets had finally accomplished the first soft-landing
of a probe on another heavenly body. nineteen days after the death of Chief Designer Korolev.

32 The earliest published mention of these two variants is in a letter dated March 26. 1960, to Military-
Industrial Commission Chairman D. F. Ustinov, published as S. P. Korolev, "On Expediting Operations Concerning
Automated Lunar Stations (1960)" {English title) in M. V. Keldysh, ed.. Tuarcheskoye naslediye Akademika Sergeya
Pavlouicha Koroleva: izbrannyye trudy i dokumenty (Moscow: Nauka, 1980). pp. 414-15. See also Semenov, ed.,
Raketno-Kosmicheskaya Korporatsiya, p. 146.

33, Semenov, ed.. Raketno-Kosmicheskaya Korporatsiya, p. 148.

34, K. lantratov. "Anniversaries: 25 Years for Lunokhod-1" (English title). Novosti kosmonautiki 23
(November 5-18. 1995): 79-83. Lunar and interplanetary programs were transferred to Babakin in April-May 1965.
The Ye-6M program was approved by a decree (no. 055-263) of the Central Committee of the Communist Party and
the USSR Counct! of Ministers on August 3. 1964 . What seems to be a technical prospectus for the Ye-6M has been
published with disguised designations as S. P. Korolev. et al.. "Automatic Stations for the First Landing on the Moon
(1964)" (in Russian). in M. V. Keldysh, ed.. Tuorcheskoye naslediye Akademika. pp. 515-19.

35, Andrew Wilson. Solar System Log {London: Jane's Publishing Co.. 1987). p. 33.

CHALLENGE TO APOLLO




A NeEw BEGINNING

The 105-kilogram probe’s intemal equipment was protected by shock absorbers and was installed
in a pressurized compartment loaded toward the bottorn. Four spring-loaded petals opened on top of
the lander, and the TV system was activated, returning the first panoramic pictures of the lunar surface.
Ironically, the first pictures published from Luna 9 were in the British press. from transmissions inter-
cepted by the famous Jodrell Bank radio telescope. The Soviet bureaucracy’s customary inefficiencies
prevented Prauda from getting the scoop. About nine full or partial scans of the surface were received
by the Soviets over the following four days, by which time the batteries were exhausted. The only other
experiment on board was a radiation detector measuring the interaction of cosmic rays with the lunar
soil* Luna 9 was the first of two such spacecraft to land on the Moon. An almost identical vehicle, Luna
13. successfully landed on the Moon in December 1966.

By the time that Luna 9 landed on the Maon, Korolev's design bureau had already spent more than
five years developing another robotic lunar probe that figured significantly in the Soviet piloted space
program. In early 1960, Mikhail K. Tikhonravov's department at OKB- | began exploring the possibility
of designing and creating a mobile research station to travel the surface of the Moon. Unlike the earlier
Ye-6 lunar probes, which were launched by the four-stage 8K78 booster, the new heavier probes would
be launched by a variant of the NI booster.” These studies may have had a link to even earlier research
from the mid-1950s, which was publicized widely in the Soviet press. In November 1955. Yu. S.
Khlebtsevich authored a detailed article in a popular journal on the technical aspects of a mobile “tan-
kette laboratory” for traveling on the surface of the Moon. Bearing a remarkable likeness to early con-
ceptions of such vehicles at OKB-1, Khlebtsevich's design was yet another 1950s-vintage forerunner of
Soviet space achievernents of the 1960s.”

After a slow start exploring various options, such as wheels, tank tracks, and so on, in 1963,
Korolev transferred the development of the mobile probe’s chassis to the Leningrad-based All-Union
Scientific-Research Institute No. 100 (VNI-100) led by Chief Designer Aleksandr L. Kemurdzhian. VNH-
100's primary expertise was building tanks for the Soviet Army. but Kemurdzhian had developed a per-
sonal interest in remote-controlled space probes.” Based on research in 1963 and 1964, Korolev and
Kemurdzhian emerged in July 1964 with a conception for a 900-kilogram rover as part of the L2 theme
that could support piloted lunar operations. The rover's link with the piloted space program was forti-
fied by the famous August 1964 Soviet Union decree commitment to a human lunar landing program.
The rover's primary goal would be detailed photography and research for proposed landing sites for
crews on the Moon. By early 1965, engineers at OKB-| had finished a draft plan for the L2 rover, but at
this point, Korolev decided to transfer all robotic exploration probes to the Lavochkin design bureau.”

36, Ibid. pp. 33-35.

37, The specific variant was evidently the N1 1. with a launch mass of 700 tons and a lifting capacity of
twenty tons. See Lantratov. "Anniversaries: 25 Years for Lunokhod-1."

38 Yu. S. Khiebtsevich, "The Road into Space” (English title). Nauka i zhizn no. 11 {November 1955):
33-37. An English translation of this article is included in £ ). Krieger. Behind the Sputniks: A Survey of Soviet Space
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(English title). in V. S. Avduyevskiy and T. M. Eneyev. eds., M V. Keldysh. izbrannyye trudy: raketnaya tekhnika i
kosmonautika (Moscow: Nauka, 1988), pp. 460-62.

39 N. G. Babakin, A. N. Banketov, and V. N. Smorkalov, G. N. Babakin: zhizn i deyatelnost (Moscow:
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lunar rover on a simulated lunar surface. See Yu. A. Mozzhorin, et al.. eds.. Nachalo kosmicheskoy ery: vospomi-
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Thus, in May 1965, all documen-
tation and research on the rover
ended up in Chief Designer
Babakin's lap.

Babakin had had an interest-
ing career. A completely self-
taught engineer who received his
college degree at the age of forty-
three, he was an unusually gifted
researcher who held a particular
disdain for formal educational
learning. He briefly worked at the
famous NII-88 from 1949 to 1951,

where he first met Korolev. He
spent the next fifteen years  The Ye-8 rover appears here in its final design incarnation in 1971, by
designing high-priority missiles which time it was publicly known as Lunokhod. The two square

including the infamous Buryz; objects in front are cameras. while the container at the top front with

: . i o the lid open is a laser reflector built by the French
intercontinental cruise missile at {copyright Quest magazine)

OKB-30! in Khimki under Chief
Designer Semyon A. Lavochkin. By 1960, he had risen to the post of deputy chief designer for guid-
ance systems.” For a few years in the early 1960s, Babakin worked for Chelomey, when the
Lavochkin firm came under the Chelomey's control. When Chelomey lost control of his empire,
Babakin rose to the top of the Lavochkin design bureau. at the exact same time that Korolev trans-
ferred all automated deep space probes to the organization. He was fifty years old at the time.
Babakin and Kemurdzhian opted to start from scratch on the rover design. By this time, the
rover had been renamed Ye-8. To a certain extent, the redesign was dictated by the switch in
launch vehicles to Chelomey's UR-500K booster in late 1965. Just like the LI circumlunar project,
the latter would use the Blok D translunar-injection stage to boost the rover to the Moon. More
modifications came from data on the lunar soil received from the Luna 9 soft-lander probe. The
firmness of the soil as well as the thinness of the dust layer led designers to drop the caterpillar
track in favor of eight small wheels for movement. Babakin finished and signed the draft plan for
the Ye-8 in the fall of 1966." One of the lead designers of this first mobile probe on the Moon
was Oleg G. Ivanovskiy, a veteran from the Korolev days. He had served as the "lead designer"
of the Vostok spacecraft and early lunar probes until June 1961, when he left engineering to
become the space department head at the Military-Industrial Commission. There for five years, he
was responsible for a variety of important tasks, including preparing long-range space goals. In
November 1965, he returned to designing as a deputy chief designer responsible for lunar probes
at the Lavochkin design bureau.®

41.  Babakin, Banketov. and Smorkalov. G. N. Babakin, pp. 25-29; B. Ye. Chertok. Rakety i lyudi (Moscow:
Mashinostroyeniye, 1994). pp. 272-73: O. G. Ivanovskiy and M. B. Faynshteyn. "On the Life and Scientific Activities
of G. N. Babakin” (English title), in B. V. Raushenbakh, ed., Issledovaniye tuorchestva osnovopolozhnikov kosmon-
avtiki i yeye sovremennye problemy (Moscow: Nauka, 1989), pp. 29-37.

42, Konstantin Lantratov, "Anniversaries: 25 Years From Lunokhod-|: Part II" (English title), Novosti kos-
monautiki 24 (November 19-December 2. 1995): 70-79. Curiously, one otherwise reliable source states that the first
meeting at Babakin's organization to discuss the Ye-8 rover was on June 14, 1967. See Babakin. Banketov, and
Smorkalov. G. N. Babakin. p. 53.

43, Yu. A Mozzhorin, et al., eds., Dorogi v kosmos: Il (Moscow: MAI, 1992). pp. 13~14; O. G. Ivanovskiy.
Naperekor zemnomy prityazhenyu (Moscow: Politicheskoy literatury. 1988). p. 265. There were two other deputy chief
designers under Babakin: V. G. Perminov (deep space probes) and A. G. Chesnokov {applied themes and satellites).
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Although the engineers finished the draft plan for the Ye-8 in 1966, it would be late 1967
before all the design documentation was finished, allowing for the construction of flight mod-
els. The complete Ye-8 vehicle had a mass of about 5.700 kilograms and consisted of a lander
stage (the KT) and the actual rover (the 8Yel). The latter was designed to operate for three
months on the lunar surface. The central components of the KT stage were four eighty-eight-
centimeter-diameter spherical propellant tanks arranged in a square-shape linked by cylindrical
connections. Two additional pairs of large cylindrical propellant tanks were attached vertically at
the opposing sides of the central frame. These detachable tanks had mountings for antennas.
One tank also had a nitrogen attitude control system, and another had attitude control sensors
for the entire mission to landing. All the tanks contained the same unsymmetrical dimethyl
hydrazine and nitric acid propellants. although the cylindrical ones were used only for lunar-orbit
insertion and maneuvers in lunar orbit. Four short compressible landing legs were attached to
the main spherical tanks, providing a maximum base of approximately four meters in diameter.
Attitude control thrusters were positioned at various places, including two on a boom. A radar
altimeter similar to the one on the piloted LK lander was installed between the tanks. All eight
tanks fed a single engine designed by OKB-2 at Kaliningrad, designated the | 1D417. with a vari-
able thrust of 0.75 to 1.92 tons. The engine had a main exhaust supported by two verniers on
each side., for use close to the surface so as not to disturb the sampling site. Four additional
verniers around the periphery of the base provided stability during flight.

The KT stage was completed by the main pressurized toroidal compartment, which served
not only as the primary location for all communications. data processing, and command elec-
tronics systems. but also as a platform on which the rover would be placed. The compartment
also included gyroscopes for attitude reference and a set of chemical batteries for power. In
addition, the stage included two sets of ramps, which would be lowered on each side of the
KT following landing. Once the entire vehicle had landed, the ramps would be lowered, and
the rover would track down the ramps to start its journey on the funar surface.”

The 8Yel rover. with a total mass of 756 kilograms, was placed on top the KT lander stage.
It was a pressurized magnesium alloy lightweight container on wheels, with a height of
| 35 meters and a diameter of 2.15 meters across the top of the compartment. As with most Soviet
deep space probes, the majority of the instrumentation was installed within a pressurized com-
partment (at one atmosphere pressure), which contained communications and control systems.
The main chassis had a large hinged convex lid, which opened up to reveal a radiator for daylight
expasure. The inside of the lid also contained solar cells for furnishing one kilowatt for the inter-
nal batteries of the rover. An additional 350 to 660 watts of power would be furnished by eleven
kilograms of radioactive Polonium-2 10 kept at the rear of the 8Yel to ensure heat for the fong lunar
nights. To provide information on the rover's movement, the probe used internal gyroscopes: other
sensors would cut off power in case the rover attempted to overcome dangerous slopes.

Each of the eight wheels was fifty-one centimeters in diameter and equipped with inde-
pendent suspension and direct-current electric motors in the hubs, the latter developed by the
Krzhizhanovich Power Institute in Moscow under A. 1. Moskvitin. The width from left to right
at the wheel level was 1.6 meters. The wheels were made out of fine wire mesh and had tita-
nium blades to grip the lunar surface. The 8Yel. would be capable of two forward and one fixed
reverse speeds. while changes in direction would be achieved by driving the wheels on either
side at different speeds or in reverse. In addition, the rover was designed so as to be able to move
even if only two wheels on each side were operational. If a particular wheel got stuck, a command
from Earth would release a powder charge to burst the shaft, thus making the wheel a passive
component. The 8Yel rover was designed from the beginning so as to be controlled from the

44.  Wilson, Solar System Log. p. 61.
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ground. A five-person team (commander, driver, engineer, navigator, and radio operator) would
guide the vehicle together while sitting in front of TV consoles showing views from the lunar sur-
face. Nominal velocity on the surface of the Moon was limited to 100 to 200 meters per hour.

The rover carried four TV slow-image transmission facsimile cameras of the type developed
earlier for the Ye-6-class of probes. These would be equipped to return 6.000-line images, which
could be assembled into panoramas of the lunar surface. The cameras would be able to scan
360 degrees in the vertical and 180 degrees in the horizontal, thus providing side, down, and
rear views. In addition, there were two TV cameras positioned at the forward end of the rover
for providing stereo photographs with a 50-degree field of view. Communications for all surface
operations would be via two antennas: one steerable high-gain and the other conical low-gain.
All cameras were dual purpose—that is, for controlling the vehicle as well as for research on
topography. Controllers would determine initial direction by using the panoramic cameras and
would negotiate more precisely by the two frontally placed remaining cameras.

Among the scientific instruments eventually included on the 8Yel models built in the late
1960s was a penetrometer to test the soil's mechanical characteristics. The Rifma x-ray fluo-
rescence spectrometer was for irradiating the soil and recording the induced radiation to iden-
tify elemental quantities of iron, calcium, silicon, magnesium, titanium. aluminum. and other
substances. The x-ray device could also be used for measuring extragalactic x-rays.*

The Ye-8 lunar rover probe began to figure into the N1-L3 piloted lunar mission profile as early
as March 1966; it would select a suitable landing site for the Lunar Ship lander and serve as a radar
beacon to allow the LK to make a precision landing at a safe landing site. In December, the
Interdepartmental Scientific-Technical Council for Space Research met under Keldysh's supervi-
sion to discuss requirements for the rover mission as it related to the L3 piloted landing expedi-
tion. The council discussed two different scenarios: a "realistic” one, with the rover having a
lifetime of two to three months and a limited radius of operation, and an "unrealistic” one. with
the rover having a lifetime of a year and a radius of operation extending to 500 kilometers.
Discussions also centered around formulating a specific sequence of launches for the rover in con-
junction with the N1-L3. Curiously. the Soviet press was uncharacteristically forthcoming about
the rover project. On August 20, 1966, a commentator on Radio Moscow told his listeners.
"Soviet experts are designing an automatic mobile station to place on the Moon."*

By early 1967. the N1-L3 profile had expanded into a highly complex plan with a flotilia of
support missions, most designed to compensate for the poor capabilities of the L3 complex.
The first lunar landing mission would be preceded by the launches of two Ye-8LS robot lunar
orbiters, which would take detailed high-resolution photographs of the proposed landing sites.
The photographs would allow scientists to select two landing sites: a primary one and a reserve
one. Once the landing sites were determined, the Soviets would launch two separate Ye-8
rovers within a week of each other on top of UR-500K-Blok D boosters from Tyura-Tam. The
rovers would land at the primary and reserve landing sites, respectively. making sure that the
specific areas of landing would not pose hazards to the piloted lander. Teams on Earth would
control both rovers by remote control.

45 Ibid.. pp. 63-64: Christian Lardier, [‘Astronautique Soviétique (Paris: Armand Colin. 1992), p. 269;
lantratov. "Anniversaries: 25 Years From Lunokhod-1: Part 1I": Kenneth Gatiand. Robot Explorers (London:
MacMillan, 1972). pp. 153-57. Note that the data refer ta the final version of the 8Yel in 1967-68. In (966, the
mass of the rover was limited to only 650 kilograms.

46.  Soviet Space Programs. 1966-70. Goals and Purposes. Organization, Resources. Facilities and
Hardware, Manned and Unmanned Flight Programs. Bioastronautics, Civil and Military Applications, Projections of
Future Plans. Attitudes Toward International Cooperation and Space Law. prepared for the Committee on
Aeronautical and Space Sciences, U.S. Senate, 92d Cong.. Ist sess. (Washington. DC: U.S. Government Printing
Office. December 1971). p. 363.

CHALLENGE TO APOLLO




A NEw BEGINNING

A month or two later. the NI would be launched with a working L3 complex, the latter
including a LOK orbiter and the Reserve Lunar Ship (LKg). The LKg would land automatically at
the site of the reserve Ye-8 rover using radio beacons to guide it to a precision landing, thus sav-
ing the lander's precious propellant supply. The automated LOK would photograph the landing
site from lunar orbit and return to Earth. The Ye-8 rover would then reconnoiter around the LKg.
taking photographs of all sides of its exterior and relaying back TV pictures, thus making sure that
there had been no damage during landing. Only after an analysis that the LKy was indeed in work-
ing condition would preparations begin for launching the actual L3 complex for the piloted land-
ing. This launch would take place during the following lunar launch window after the landing of
the LKg—that is, after about a month. The second N1-L3 would carry out its flight as per the
nominal mission profile, with the flight engineer remaining in orbit in the LOK and the comman-
der landing on the Moon in the LK. The actual landing would be effected by using radio beacons
from the Ye-8 rovers on the surface of the Moon. The landing was to take place as close as pos-
sible to the LKg. The rovers would once again examine the primary LK to ascertain whether the
lander was in good external condition for takeoff. If there was no damage, the lone cosmonaut
would be allowed to disembark and step onto the surface of the Moon. A nominal EVA would
last about two hours. while the total stay on the Moon would be limited to six hours.

In case the primary LK was damaged. the cosmonaut would have to get to the LKy and ift
off in that spacecraft. Because the Soviets were less than confident that the two landers could be
landed within walking distance of each other. the Ye-8 rovers would serve as transport vehicles if
the connecting distance was too far. The rovers would be equipped with reserve oxygen. allow-
ing the cosmonaut to connect the Krechet-94 suit to the rover's internal supply. In addition, there
would be a small platform for securing the cosmonaut in a standing position for travel from one
lander to the other. The cosmonaut could control the movement of the rover via a control panel.
allowing a top speed on the surface of 1.2 kilometers per hour. After arrival at the LKg, the cos-
monaut would board it and take off to enter lunar orbit. The remainder of the mission would be
identical to the standard N1-L3 lunar profile."

There were two more support programs to the Ni-L3 landing mission. The first involved
mapping mass concentrations on the Moon that profoundly affected lunar-orbital trajectories. and
the second was to support reliable communications at lunar distances. Both objectives could be
achieved with the use of robotic lunar satellites. Even before these requirements had surfaced,
Babakin's team had already begun developing a series of small probing lunar satellites. The first
model. the Ye-65. was built almost accidentally. When the Voskhod 3 mission was postponed,
the Communist Party was left without a spectacular space mission to celebrate the 23rd Congress
of the Communist Party in Moscow in March 1966. Babakin proposed that he could launch a
modest satellite to the Moon if given a month. His engineers used the basic
Ye-6 bus to create the Ye-6S probe, which was designed. developed. and built in less than thirty
days and launched on March . A failure in the guidance system of the Blok L stage prevented the
mission’s completion, but an identical probe was launched a month later on March 31 and named
Luna 10. On April 3, Luna 10 became the first artificial satellite of the Moon. Immediately after,
the Internationale. the anthem of the Communist Party, was played aboard the probe and bearmed
back directly to the Kremlin Palace of Congresses where the 23rd Congress of the Party was in
session. Assembled delegates stood at attention as the anthern was played.®

47, K. lantratov, "Anniversaries: The ‘Deceased’ Lunar Plan" (English title). Novosti kosmonavtiki 14 (July
2-15, 1994): 60-61.

48. A, Tarasov, "Missions in Dreams and Reality” (English title), Pravda, October 20. 1989. p. 4: Souviet
Space Programs, 196670, p. 17: Babakin. Banketov. and Smorkalov, G. N. Babakin. pp. 42-43. Although only two
Ye-65 spacecraft were launched, there were apparently a total of five ordered for manufacture by MOM Minister
S. A. Afanasyev on February 11, 1966,
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The Luna 10 craft was shaped similar to Luna 9, except the lander was replaced by a
245-kilogram orbiter. Although the orbiter had no imaging capability, it relayed micrometearoid.
gamma-ray, infrared, and radiation data from near-Moon space for fifty-six days. Scientists also
gathered important information on the pattern of the Moon's gravitational field based on orbital
tracking. Radiation detectors revealed that the Moon had no trapped radiation belts compara-
ble to those around Earth.* The success of Luna 10 allowed Babakin's engineers to design a
dedicated probe primarily to take photographs of the surface of the Moon, the Ye-6LF. two of
which were launched in August and October 1966 as Luna /1 and Luna 12, respectively. Both
carried cameras for surface photography, although the first failed to return any usable images
because of malfunctions in the spacecraft’s stabilization engines, which sent the spacecraft into
a spin.* They also carried the R-1 unit for checking the action in vacuum of motors similar to
the ones designed to turn the wheels of the Ye-8 rover.

Tracking during the Luna 10 mission had proved that the Moon had a very heterogeneous
gravitational field. For Luna 12, ballistics experts on the ground had predictions for its orbit
around the Moon for a six-month period based on prior information. But during the course of
the mission. its perilune reduced by three to four kilometers per day. contrary to predictions.” A
failure in one of the attitude control engines of the probe prevented changing the perilune of the
spacecraft. The data gathered during the mission, however, served as a starting point to design
and develop a new model of a lunar satellite, one of whose mission goals was to study the
Moon’s gravitational field to make precise determinations of trajectories for the various elements
of the N1-L3 lunar landing plan. Babakin's team began development of the Ye-6LS in late 1966.
which also had the dual purpose of testing the Soviet deep space communications network.

Tracking for the Moon

The Soviet tracking and telemetry network, known officially as the Command-
Measurement Complex. had grown in steps and bounds since its early days in the late 1950s.
Approximately fifteen stations, referred to as Scientific-Measurement Points (NIP}, were locat-
ed throughout the contiguous USSR, serving as stations for use during Earth-orbit and deep
space missions, both piloted and automated. The ground stations were augmented in the mid-
1960s by the third generation of Soviet tracking ships. In 1965 and 1966, the new Ristng and
Bezhitsa replaced the older llichevsk and Krasnodar. Later in 1967, four new ships were intro-
duced—the Kegostrou, the Nevel. the Morzhovets, and the Borovichi—each with a displace-
ment of 6,100 tons and a crew of thirty-six.” The same vear, all the ships were officially turned

49.  Wilson. Solar System Log. pp. 35-36.

50.  The Ye-6LF probes were designed to take photographs in two regimes: (1) photographing in a stabilized
made from the perilune immediately after the sateilite braked into lunar orbit and (2) in slow rotation conditions
when oriented relative to the Sun. The failure on Luna 10 was due to "uncompensated parasitic moments” in the
stabilization engine system. See Babakin, Banketov, and Smorkalov. G. N. Babakin, pp. 45-46. A document dated
circa 1965, from Keldysh and Babakin to the government, proposing the Ye-6LF program has been published as
M. V. Keldysh and G. N. Babakin, "On Photographing the Lunar Surface with Artificial Satellites of the Moon”
(English title), in Avduyevskiy and Eneyev. eds., M. V Keldysh. pp. 480-81.

51. Babakin, Banketov. and Smorkalov, G. N. Babakin. pp. 46-48. Both the Luna | | and Luna 12 spacecraft
also had extensive supplementary scientific instruments aboard. The latter carried a gamma-ray detector, a magne-
tometer, radiation detectors, an infrared radiometer, and meteoroid detectors. Luna 12 detected x-1ay emissions from
the Moon's surface as a secondary effect of fluorescence under solar x-ray emission. The Soviets later claimed that this
was the "birth of x-ray astronomy." See G. V. Petrovich. ed.. The Soviet Encyclopaedia of Space Flight (Moscow: Mir
Publishers. 1969). p. 45. Contact was lost with Luna 11 on October 1. 1966, and with Luna 12 on January 19, 1967.
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"Zarya"—pozyunoye zemni (Moscow: Moskovskiy rabochiy, 1987). p. 254.
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over to the Department of Naval Expeditionary Work of the Academy of Sciences, although it
seemns that the "civilian" tag was somewhat of a misnomer because much of the on-board per-
sonnel were military servicepersons.” The Soviets depended to a great extent on these ships.
partly because overflying satellites were in direct visibility of ground stations only nine out of
twenty-four hours on the average. In addition. unlike NASA, the Soviets had less luck placing
stations in foreign countries, although stations were established in Chad, Cuba, Guinea, Mali,
and the United Arab Emirates in 1967-70.* The locations in Africa were evidently built specif-
ically for piloted lunar programs because they would be on the ground track for return trajecto-
ries from lunar distances.

All the ground stations of the Command-Measurement Complex were under the direct
control of the Strategic Missile Forces via military unit no. 32103. This unit, commanded by
Maj. General Ivan |. Spitsa since March 1965, had emerged from the auspices of the military
NIl-4. located in Bolshevo outside Moscow. Since the early days of the ICBM program, NiI-4.
which was subordinated to the Strategic Missile Forces, was responsible for coordinating track-
ing and communications with space satellites via its numerous tracking stations across the
Soviet Union. In December 1957, Nil-4 moved its control center from Bolshevo to Moscow, and
in January 1963, this control center was removed from NII-4's jurisdiction and subordinated
directly to the General Staff of the Strategic Missile Forces as military unit No. 32103.” The
Moscow location was the central control node for the early Soviet space program, supporting
all communications with robotic and piloted satellites in space.

Unlike NASA. however, the Soviets did not have a dedicated mission control facility for
piloted missions until well into the early 1970s. Instead, each mission had its own customized
chief operations and control group (GOGU), somewhat analogous to the Western concept of
a flight control team, which maintained control over all flight operations, such as docking, EVA,
reentry, and so forth. The GOGU was staffed by approximately ten representatives from the
design bureaus, the military, the production plants. and the Academy of Sciences.™ By the time
of the early Soyuz missions, the GOGU oversaw up to about 500 individuals, who worked
around the clock in three shifts. If there were specific technical issues or problems, specialists
from the relevant design bureaus were invited to participate in the operations of the GOGU. Up
until 1966. Colonel Amos A. Bolshoy, an officer in the Missile Strategic Forces, led the GOGU
for all piloted missions. For a particular flight. the GOGU was given access to the military
Command-Measurement Complex, and depending on the circumstances surrounding the
mission. the GOGU could be based at one of several locations. including NII-4's Moscow
branch (for Vostok missions) or the Ministry of Defense’s General Staff control center, also in
Moscow (for Voskhod missions). Because the Vostok and Voskhod missions were relatively
short. State Commission members usually never departed the launch site at Tyura-Tam after

53 The commander of the Department of Naval Expeditionary Work (OMEP) was Rear Admiral 1. D.
Papanin, who served in that capacity from 195! until his death in 1986.

54. Soviet Space Programs: [976-80: Supporting Vehicles and Launch Vehicles. Political Goals and
Purposes, International Cooperation in Space. Administration, Resource Burden. Future Outlook. prepared for the
Committee on Commerce. Science, and Transportation, U.S. Senate. 97th Congress, 2d sess. (Washington, DC:
U.S. Government Printing Office. December 1982). p. 124

55 K. V. Gerchik. ed., Nezabyvayemyy Baykonur {Moscow: Intesregional Council of Veterans of the
Baykonur Cosmodrome, 1998), p. 379 See also B. A. Pokrovskiy. Kosmos nachinayetsya na zemlye (Moscow:
Patriot, 1996). p. 272. For military unit No. 32103, see Semenav. ed.. Raketno-Kosmicheskaya Korporatsiya. p. 351

56.  For the early Soyuz missions, the GOGU included nine men: P. A. Agadzhanov (TsKIK). 5. N. Anokhin
(TsKBEM), B. Ye. Chertok {TsKBEM). K. P. Feoktistov (TsKBEM). G. 1. Levin (NII-4), Paviov (affiliation unknown),
B. V. Raushenbakh (TsKBEM), M. S. Ryazanskiy (NII Priborostroyeniya), and Ya. 1. Tregub (TsKBEM). See Chertok.
Rakety i lyudi: goryachiye dni kholodnoy voyny. p. 422.
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liftoff. Thus, for these early flights. senior officials such as Korolev, Keldysh, or Tyulin would
remain at Tyura-Tam and maintain a constant communications link with the Moscow center,
which itself maintained contact with the Command-Measurement Complex. The nerve center
at Tyura-Tam was usually at site 2 on the second floor of the giant Assembly-Testing Building
in the offices of Maj. General Anatoliy S. Kirillov, the famous chief of the First Directorate at
the launch range during the early 1960s.”

With the commencement of the Soyuz program. officers of the Strategic Missile Forces
proposed moving the main control center for piloted missions to a dedicated facility, the
Scientific-Measurement Point No. 16 (NIP-16) at Yevpatoriya in Crimea. NIP-16 thus became
the second-generation Soviet flight control center, at which the GOGU controlled almost every
single Soviet piloted mission from 1966 to 1975. By 1966. the first-generation flight control
centers. at NII-4 and the General Staff, were. for the most part, turned over to control auto-
mated military satellites.

NIP-16 had originally been built in the late 1950s as a modest station for receiving teleme-
try from overflying satellites, but its central role in the Soviet space program grew dramatically
during the early 1960s. In 1959, when OKB-1 first began developing interplanetary spacecraft to
fly to Mars and Venus, Korolev and Keldysh proposed a dedicated site to build a deep space
tracking station. The designers had a deadline of just eight months. A special commission quick-
ly selected Yevpatoriya on the shore of the Black Sea. The future facility was named "Object MV"
to denote its role in tracking spaceships to Mars and Venus, although it was rumored that the
"MV" also stood for Mstislav Vsevolodovich, the first two names of Academician Keldysh.
Korolev had initially invited Chief Designer Ryazanskiy of NII-885 to design the radio tracking
systems for the facility. but he had declined. believing that it would be impossible to develop
antennas capable of tracking signals from a distance of 100 million kilometers. Chief Designer
Yevgeniy S. Gubenko of SKB-567 took on the job and proposed that instead of one 100-meter
parabolic dish, eight sixteen-meter" bowls," designated ADU-1000. be erected at the site,
providing a capability to communicate to distances of 300 million kilometers.*

Korolev came up with an ingenious idea to mount the dishes using leftover parts from the
Soviet Navy. Construction workers dug a huge crater out of the rocky ground. poured in a
foundation. took the revolving gun turret of a former seafaring battleship consigned to the
junkyard, and placed it on the foundation. Then the open framework of a railroad bridge was
placed over the turret. The bridge itself was covered by the solid hull of a scrapped submarine.
The eight antennas were fixed to this hull.* Eventually, the Object MV station at NIP-16 con-
sisted of three complexes separated by several kilometers: one designed to send commands
and the two others to receive incoming information. Each complex had eight antennas with a
diameter of sixteen meters and a surface area of 1.000 square meters. The transmission power
was rated at 120 kilowatts, and the maximum range was 300 million kilometers. The sensitiv-
ity was sufficient to detect a match struck on the surface of the Moon. The facility came on

57 Ibid.. pp. 413-14; Semenov, ed Raketno-Kosmicheskaya Korporatsiya, pp. 351-53.

58.  Pokrovskiy. Kosmos nachinayetsya na zemlye, pp. 309-12; B. Ye. Chertok. Rakety { lyudi: Fili Podlipki
Tyuratam (Moscow: Mashinostroyeniye, 1996), pp. 301-02. Chief Designer Ye. S. Gubenko died unexpectedly in
1959. and this work was continued by his successor, A. V. Belousev. Other enterprises involved in building the dish-
es included TsNII-173 (mechanical drives) and MNJI-| (systems for aiming the antennas). Note that Chertok says
that the diameter of the dishes was twelve meters. Most other sources suggest sixteen meters. See, for example,
Pokrovskiy, "Zarya"—pozyunoye zemni. p. 228.

59. B Sopelnyak, "The Secret of Facility MV" (English title). Krasnaya zvezda. March 22. 1990. p. 4.
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line on September 26, 1960, on a provisional standing. and it
was fully operational by December 30.*

The Yevpatoriya station was supported by several "ballistics
centers.” These were located at NII-4, at the Institute of Applied
Mathematics of the Academy of Sciences in Moscow, at the
Central Scientific-Research Institute for Machine Building in
Kaliningrad. and at Yevpatoriya itself, for computing all trajecto-
ries. orbits, flight parameters, and so forth. The facilities at
Yevpatoriya were relatively primitive. Mission controllers had no
real-time visual depictions of mission parameters, such as at
NASA's much more modern Manned Spacecraft Center in
Houston. Texas. The primary mode of communications
between the centers and spacecraft were, in fact, old-style tele-
phone and telegraph systems, scrambled to maintain secrecy.

In 1966, Maj. General Pavel A. Agadzhanov, a deputy com-
mander of military unit No. 32103, began his tenure as the head
of the GOGU—that is. the "flight director” of Soviet piloted

Pavel Agadzhanov was the
“flight director” for Soviet piloted
T > - - - space missions during the late
space missions. An amateur radio enthusiast in his youth, he  1960s. His early career had been
joined NII-4 in 1948 and contributed to the development of  at the military Nil-4. Later. he

tracking networks at Kapustin Yar, Tyura-Tam, and eventually ~ served as a deputy chief of the

Command-Measurement
Complex, the Sovtet tracking
network. (files of Peter Gorin)

the space Command-Measurement Complex. Based on this
work, Agadzhanov earned his Ph.D. in the late 1950s, and he
moved into ballistics computation work for the Soviet ground
communications segment.” For the top-secret piloted lunar
flights—the UR-S00K-LI circumlunar and Ni-13 landing missions—Colonel Nikolay G.
Fadeyev, yet another accomplished military officer, headed flight operations in the late 1960s.”

The GOGU controlled the missions via the military officers of the Command-Measurement
Complex. but the GOGU itself was subordinated to the temporary State Commission, which
would receive recommendations from the GOGU, make decisions based on these communica-
tions. and then recommend courses of actions. The GOGU would also maintain constant con-
tact with "backup" centers: Group T at Tyura-Tam and Group M at NII-4. TsKBEM played a
major role in the operation of the GOGU. because its "technical leader" (the "deputy flight
director") was usually a civilian deputy chief designer from the design bureau. This post was
occupied by Boris Ye. Chertok from 1966 to 1968 and Yakov |. Tregub from 1968 to 1973.% This
management hierarchy, in which a military officer headed flight control while his principal

60 Pokrovskiy, "Zarya"—pozyunoye zemni. p. 227. 1. Meshcheryakov. "The Center for Long-Range Space
Communications" (English title), Aviatsiya kosmonautika no. 6 {June 1988): 42-43. Object MV was augmented
in 1979 by the seventy-meter-diameter RT-70 radio telescope. which allowed spacecraft tracking to extend to 1.5 bil-
lion kilometers. The RT-70 was designed by NPO Radiopribor {formerly NII-885). Three other large dishes for the
deep space communications network were designed and built by the OKB of the Moscow Power Institute
(OKB-ME1). These included two dishes (twenty-five and thirty-two meters) at Crimea and one dish (sixty-four
meters) at Medvezhiy Lake near Moscow. The twenty-five-meter dish was evidently located at NIP-10 in Simferepol.
See Chertok. Rakety i lyudi fili Podlipki Tyuratam. p. 301: A, V. Ponomarev, "2 June—75 Years From the Birth of
Academician A. F. Bogomolov (1913)" (English title). Iz istorii avialsii { kosmonavtiki 59 (1989): 47-50.

61.  Pokrovskiy. Kosmos nachinayetsya na zemlye. pp. }14-16; Semenov, ed.. Raketno-Kosmicheskaya
Korporatsiya. p. 355.

62. Pokrovskiy, Kosmos nachinayetsya na zemlye, pp. 279-80: Semenov. ed.. Raketno-Kosmicheskaya
Korporatsiya. p. 355. There was a third GOGU chief during the period 1966-73. Colonel M. S. Posternak.

63 Semenov, ed . Raketno-Kosmicheskaya Korporatsiya. p. 355. Whereas, at first. the GOGU was estab-
lished unique to each mission, starting in 1968, Chief Designer Mishin established a specialized control subdivision
in Tregub's testing department at TSKBEM to focus exclusively on mission control.
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assistant was a civilian from the design bureau, was symptomatic of all flight control teams. ft
underscored not only the deeply enmeshed military nature of all Soviet space programs, but
also the decades-long aftereffects of the actions of artillery officers who had pragmatically taken
operational control over missile projects during the late 1940s. Ironically, Tregub had started his
career as an artillery officer overseeing the early A-4 and R-1 faunches from Kapustin Yar. He
later moved on to direct launches of air defense and anti-ballistic missiles for the Soviet military
during the 1950s and 1960s. In 1964, Korolev had invited him to join OKB-1 as the deputy
chief designer responsible for flight testing.

The Rise and Fall of the UR-700

Through the mid-1960s, in the post-Korolev era, General Designer Vladimir N. Chelomey
continued to push his own conception of a piloted lunar landing project. This propasal, involv-
ing the giant UR-700 booster, had gained ground in 1964 when Khrushchev had suggested that
scientists carry out a detailed appraisal of the costs and advantages of the UR-700 over the N1
plan. Despite Khrushchev's ouster, Chelomey lined up a formidable array of supporters, includ-
ing Chief Designers Glushko, Kuznetsov, and Barmin. By October 1965, the Ministry of General
Machine Building had approved the development of a predraft plan at TsKBM. Perhaps realiz-
ing the absurdity of the situation, Korolev had evidently authored a letter to Minister Afanasyev,
requesting that the government not waste money on duplicating the Ni-L3 project. The letter
never reached Afanasyev; days after preparing it, Korolev was dead.

Chelomey’s engineers at his Branch No. | at Fili approached the UR-700 effort with some
amount of humor. There was evidently a joke making the circles at the design bureau that because
Korolev had died. his subordinates could not be expected to make anything out of the "hopeless”
characteristics of the N1I. Therefore, Chelomey's engineers were acting only out of kindness by
offering "humanitarian” aid in the form of the UR-700.% Because they were working in a less-
than-favorable post-Khrushchev climate, Chelomey's deputies developed a technical plan that sig-
nificantly reduced cooperation with outside subcontractors and relied heavily on internal
expertise. In addition, the actual design of both the UR-700 booster and its lunar payload, desig-
nated the Lunar Ship No. 700 (LK-700), was derived from already existing designs to minimize
long lead times for development.* TsKBM completed the predraft plan (the mechanics of the pro-
posal) for the UR-700 and its LK-700 lander in August-September 1966.* The achievernent of this
milestone served as a catalyst for action from the government. Minister Afanasyev finally fulfilled
the deposed Khrushchev's original command by issuing an order on September 17, 1966, for the
formation of a commission to conduct a comparative study between the UR-700 and the Ni-13
on "the reasonability of proceeding with further works on those projects."®

The "expert commission” to compare the UR-700/LK-700 and the N{-L3 proposals was
headed by the ubiquitous Academician Keldysh. According to one observer, most of the
thirty-four members of the commission were sympathetic to the late Korolev. Chelomey’s relation-

64.  Rudenko. "Designer Chelomey's Rocket Planes.”

65 Sergey Khrushchev. Nikita Khrushcheu: krizisy i rakety: vzglyad iznutri: tom 2 (Moscow: Novosti,
1994). p. 518.

66.  Rudenko, "Space Bulletin: Lunar Attraction: Historical Chronicles” (English title), Vozdushniy transport
24 (1993): 1. One source states that in August 1966, "the predraft plan for the piloted ship for circling the Moon
of the type 'LK-3" and the piloted ship for landing on the Moon ‘LK-700° was finished.” The source also implies that
in September 1966, "the work on the mechanics of the proposal for the UR-700 rocket-carrier planned for landing
the LK-700 piloted apparatus on the Moon" was finished. See Mikhail Rudenko. “Space Bulletin: Lunar Attraction:
Historical Chronicles: First Publication” (English title), Vozdushniy transport 27 {1993): 8-9.

67 Vetrov interview, November 15. 1996: Georgiy Stepanovich Vetrov, "Development of Heavy Launch
Vehicles in the USSR." presented at the 10th International Symposium on the History of Astronautics and
Aeronautics. Moscow State University, Moscow, Russia, June 20-27, 1995.
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ship with Keldysh had also evidently soured despite the latter’s occasional support.* In late October
1966, Minister Afanasyev, accompanied by the commission. visited both TsKBM and TsKBEM to
assess the pros and cons of both projects as explained by their respective creators.” Chelomey had
set up a stunning display of posters in his huge sixth floor office room at Reutov. and the commis-
sion spent the day asking detailed questions. The visit to Mishin's design bureau differed only in
the use of models instead of posters. Afanasyev was evidently uncertain of which project to favor.
By this point, Chelomey felt that he was fighting a losing battle because Mishin had the backing of
Keldysh and Ustinov. He told one of his assistants, "| don't want to fight with [the commission]."”
He wanted instead to concentrate his time and resources on the UR-100 ICBM project, one of his
few bright prospects for the future. Finally, on November 16. 1966, Chelomey presented the basic
technical details of his competitive lunar landing proposal at a plenary session of "the advisory
council reviewing the course of work being done in the NI -L3 program."”

The origins of the UR-700 booster can be traced back to 1961, when Chelomey tasked his
Branch No. | to explore possible designs for a booster capable of lifting approximately seven-
ty tons to low-Earth orbit. Serious work on the concept did not, however, begin until the col-
lapse of the LK-1 circumlunar plan in 1965. Chelomey was also inspired to pursue the idea from
yangel’s defunct heavy-lift R-56 rocket project offered briefly as a competitor to the Ni-L3 pro-
gram. Perhaps he did not want to be left out of this mother lode of space projects. Chelomey
made sure that his UR-700 proposal would have radical differences with Korolev's N1-L3; if the
two projects were only marginally dissimilar, any evaluation commission would have little rea-
son to pick the UR-700 over the N1. Like a good politician, he made sure that the UR-700 pro-
posal was not just incrementally, but significantly more superior to the NI project in every
relevant parameter.

When Chelomey formally presented his UR-700 lunar landing project in November 1966,
he emphasized five major requirements for the overall plan, which he believed would give it the
advantage over his principal competitor:

+ His design bureau and only his design bureau. TsKBM. would be the primary contractor for the
project. Mishin's TsKBEM would be completely excluded from any participation in the work.

«  All subcontractors working on the N1-L3 should redirect all their work to the UR-700 pro-
ject. (In addition. all ground equipment developed for the N1-L3 would be used for the
UR-700 with minimum updating.)

«  The UR-700 project could be accomplished in the shortest time possible with the most
minimum of expenditures. Curiously. Chelomey made no mention whatsoever of a com-
petition with Apollo: apparently. Chelomey believed that even in the most favorable of cir-
cumstances, the first landing mission would mostly likely be after an Apollo landing.

« Al stages of the UR-700 and its LK-700 would use storable propellants (nitrogen tetroxide
and unsymmetrical dimethyl hydrazine).

« Al of the manufacturing of the UR-700 and the LK-700 would be carried out at TsKBM and
its affiliate M. V. Khrunichev Machine Building Plant in Moscow.

68. Khrushchev, Nikita Khrushchev: tom 2. p. 519.

69. Rudenko, "Designer Chelomey's Rocket Planes.”

70.  Khrushchev, Nikita Khrushchev: tom 2, p. 521.

71. 1. B. Afanasyev, "Unknown Spacecraft (From the History of the Soviet Space Program)” (English title),
Novoye v zhizni. Nauke. tekhnike: Seriya kosmonavtika. astronomiya no. 12 {December 1991): 1-64.
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For the UR-700 faunch vehicle in particular, there were four design specifications:

*  The booster would launch a payload about one and a half times the mass of the L3 pay-
load of the NI rocket.

¢ The booster would be built on the "block" principle—that is, its separate blocks could be
transported by rail and assembled at the launch site. These blocks would be based in
design on the individual rocket units of the smaller Proton booster.

* The booster would have a minimum number of stages and engines to increase reliability. The
engines of the lower two stages would have very high thrusts per combustion chamber.

*  Booster staging would be designed with a composite layout in mind—that is, the first
stage would be connected in parallel like strap-ons, and the second and third stages would
be linked in tandem.

The LK-700 lunar landing payload had two major requirements:

* Because of the selection of a direct ascent, the LK-700 would have a launch mass of one
and a half times as much as the L3 payload.

*  The design of the LK-700 would be such that maximal use would be made of already cre-
ated space vehicles. This would significantly reduce development time. Engineers would
make good use of already-built robotic spacecraft such as the "1S* and the "US."” the aban-
doned piloted Raketoplan and LK-1 projects, and the UR-100 ICBM."

In exploring various concepts of the LK-700 lunar landing spacecraft, Chelomey proposed
using a "direct ascent” mission profile; it dispensed with both lunar-orbit rendezvous and
Earth-orbit rendezvous. In the United States, NASA had foregone direct ascent in favor of lunar-
orbit rendezvous in 1962, while Korolev's camp in the Soviet Union had done the same in
1964. Chelomey, however, did not want to deal with complex docking operations, which might
introduce weak links in the system as a whole. His engineers also believed that a direct ascent
profile would allow a wide range of landing sites on the Moon. up to as much as 88 percent of
the lunar surface, as opposed to lunar-orbit rendezvous, in which landing sites would be limit-
ed only to the equatorial regions. A direct ascent profile necessitated the use of a very heavy
launch vehicle—one with a lifting power about one and a half times more than that of the N1,
Payload capability to Earth orbit of the UR-700 was in the range of 145 tons, sufficient for a
translunar-injection stage, a lunar braking stage. and a large lunar lander. The mass of the lat-
ter two components—that is, the mass injected on an escape trajectory—was approximately
fifty tons.” The increased mass of the lander would allow a crew of two persons to land on the
Moon. unlike the L3's one cosmonaut. Two cosmonauts on the ground afforded significantly
increased levels of safety and more scientific research. With high-energy stages. this number
could be increased to three during later missions.

Unlike the NI-L3 plan, Chelomey outlined an extensive program of scientific research for
his new project. to be carried out both en route to the Moon and on its surface. This program
would include:

72, E-mail correspondence. Igor Afanasyev with the author, December 16, 1997,

73. The mass of 145 tons is from N. Kamanin, "A Goal Worth Working for” (English title), Vozdushniy
transport 45 {1993): 8-9. Other figures have also been quoted. including 130 tons and 150151 tons. For the for-
mer. see Afanasyev. "Unknown Spacecraft.” For the latter, see V. Karrask. O. Sokolov. and V. Shishov, "Known and
Unknown Pages of the Russian Khrunichev Center’s Space Activity." presented at the 47th Congress of the
International Astronautical Federation, Beijing, China. October 7-11. 1996,
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«  Research on radiation conditions in space

¢ Studies on micrometeoroids in space

»  Research on solar plasma

«  The study of the lunar surface for identifying optimal landing sites and refining seleno-
graphic coordinates for purposes of navigation

«  The collection of samples from the Moon at various depths

«  Passive seismographic studies on the Moon

«  Measurements of lunar surface temperatures

« Studies of lunar soil properties by spectroscopy

«  Research on cosmic rays

«  Research on electrical potentials in lunar soil caused by natural magnetic fields

+ A precise determination of the Moon's movement relative to Earth with the use of lasers
delivered to the Moon

+  The study of variations in the lunar gravitational field

«  Research on variations of the lunar magnetic field

« Extensive surface photography™

In making his report, Chelomey also offered up the somewhat ambitious prospect of gearing all
UR-700 landing missions such that they would eventually lead to the establishment of permanent bases
on the Moon. Initial landing sites would be chosen for their possible use as future "colonies." Work on
these future prospects would be aided by Ye-8 robotic rovers on loan from the Lavochkin organization.

From a hardware perspective, the UR-700 booster was a behemoth. On the pad. the complete
booster-payload stack would be approximately seventy-six meters in length (including the standard
launch escape tower) and have a base diameter of about seventeen and a half meters (excluding four
large aerodynamic stabilizers for use during the active portion of the ascent trajectory). For engines on
the rocket, Chelomey had initially contracted his favorite subcontractor, Chief Designer Kosberg. In
1962, Kosberg’s design bureau, OKB-154, had begun work on a 250-ton engine, the RD-0215. A num-
ber of other research organizations, including the Central Institute of Aviation Engine Building. the
Scientific-Research Institute of Thermal Processes. and the All-Union Institute of Aviation Materials,
were involved in the early work on the engine, which was the most powerful engine Kosberg had ever
designed. Using technologies derived from engines of the UR-200 ICBM. in two years, Kosberg's engi-
neers prepared a large volume of ground equipment for testing the unit at its own manufacturing plant.
Two initial engines were built, one for cold testing and one for ground firings.” In 1965, Glushko
stepped in. For several years, he had been working on a giant 680-ton (vacuum) thrust engine for pos-
sible use on a future Soviet booster. When Korolev rejected all his overtures to use this engine on the
N1. Glushko turned to Chelomey and convinced the latter that his RD-270 waould be a better choice for
the UR-700 than Kosberg's RD-0215. All work on the Kosberg engine was terminated immediately.

The cooperation with Glushko led to two variants of the UR-700: one with a multitude of RD-
253 engines, identical to the ones used on the first stage of the more famous UR-500K (or Proton)
booster, and the second one with the massive RD-270s.”* This second version of the rocket was a
three-stage monster that dwarfed the NI in size. Compared to the N 1-L3's total mass of 2,750 tons,
the UR-700/LK-700 would weigh a whopping 4,820 tons at launch. Its mass was more comparable
to the giant Nova studies pursued by NASA in the early 1960s before the decision in favor of the
Saturn C-5. The new system’s specifications were:

74, Afanasyev correspondence, December 16, 1997.

75. KB KhimAvtomatiki; Stranitsy istorii. tom | (Voronezh: KB KhimAvtomatiki, 1995). pp. 57-58.

76.  Vetrov. "Development of Heavy Launch Vehicles"; Telephone interview, Sergey Nikitich Khrushchev
with the author, October 10, 1996. Lt. General N. P. Kamanin wrote in his journal entry for December 28, 1966, that
“the first and second stages of the UR-700 are basically the same as those of the UR-500." It is possible that he was
referring to the first variant of the UR-700 using the RD-253 engines. See Kamanin, "A Goal Worth Working for.”

541



542

80
7
70
- '
; 60
50
| q i 40
=l
. L
1 L 30
I C
F
20
i{oa 8 ol e 3
t 1o
meters
UR-700 UR-700
1966 (project) circa 1969
(modified project)

Shown are two variants of Chelomey’s UR-700 booster, from 1966 and circa 1969 (copyright Peter Gorin)

Stage Engines Thrusts Total Thrusts
Stage | Nine RD-270s 640 tons each (sl) 5,760 tons (sl)
Stage I Three RD-270s 680 tons each (v) 2,040 tons (v)
Stage Il Three RD-254s 170 tons each (v) 510 tons (v)”

The third stage’s RD-254 engines were merely altitude versions of the Proton’s RD-253 units.
In terms of design, the UR-700 held a superficial resemblance to the Proton and Vostok
boosters, in that it looked like a core booster surrounded by strap-ons. The arrangement and
use of the core and strap-ons were, however, vastly different. In the UR-700's case. Chelomey's
engineers used both a tandem and a parallel strap-on scheme on the same booster. The core

77 E-mail correspondence. Igor Afanasyev with the author. December 17, 1997
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of the launch vehicle—the second stage—consisted of a two-stage booster. The lower portion
was a cluster composed of three long cylindrical modules, each with a diameter of just over four
meters, which was a limit from a rail transport perspective. These modules were derived from
the same tanks used on the Proton booster. Each module was equipped at the base with a sin-
gle RD-270 engine. The upper portion of the core consisted of three smaller diameter cylindri-
cal tanks clustered together, each with a single RD-254 engine.

The core was surrounded through its entire length by three clusters, each with two identi-
cal cylindrical modules. This set of six cylinders was known collectively as the first stage of the
booster. Like the core, the first stage also used single RD-270 engines on each module. All nine
modules of the first and second stages were to fire at liftoff, giving a total sea-level thrust of
5.760 tons, far above both the N1 (4,620 tons) and the Saturn V (3,404 tons). The effective-
ness of the excessively high thrust was tempered to a great degree by the use of low-
performance propellants—unsymmetrical dimethyl hydrazine and nitrogen tetroxide—which
significantly lowered the efficiency of the engines as compared to both its competitors. At a
certain point in the trajectory, the strap-ons would be discarded, leaving the lower portion of
the core to fire at a vacuum thrust of 2,040 tons. This section would eventually fall away, and
the three RD-254 engines would fire at a total of 510 tons thrust to insert the I51-ton payload
into Earth’s orbit. Initial parameters would be 260 by 186 kilometers at a fifty-one-and-a-half-
degree inclination.”

The entire LK-700 complex was a four-stage vehicle. The first stage was for transiunar injec-
tion (TLI), the second for braking prior to landing on the Maon, the third for soft-landing on the
Moon. and the fourth for liftoff and direct return to Earth. Their performance characteristics were:

Stage Purpose Engines Number X Thrust Design Bureau
Stage IV TLI 11023 Three X 23.5 tons Kaosberg

Stage V Lunar braking 11D23 One X 23.5 tons Kosberg

Stage VI Lunar landing 11D416 Three X 0.75-1.9 tons Isayev

Stage VII Lunar takeoff I5DI13 One X 13.4 tons Izotov

After being put on a trajectory toward the Moon, the crew would discard the heavy TLI
stage weighing about 100 tons and settle into their lunar lander, which would have a mass of
fifty and a half tons, en route to the Moon. During this part of the mission. mid-course
corrections would be effected by small 1.67-ton-thrust verniers on the side of the spacecraft.
After a three-and-one-third-day coast to the Moon, the single lunar braking engine, similar to
the ones used for TLI. would fire to reduce velocity to levels safe for the initiation of lunar land-
ing maneuvers. After the use of this engine, this stage would be jettisoned, releasing the
18.3-ton lander proper. At this point, the two-man crew would use a set of three throttleable
I.9-ton-thrust engines for hovering over the lunar surface and selecting a site. At landing. the
LK-700 lander would have a mass of just over seventeen tons. For initial landing sites.
Chelomey’s engineers picked two possible areas stemming from two different trajectories to the
Moon: the Sea of Fertility after a six-and-a-half-day flight to the Moon or the Ocean of Storms
after a three-and-a-half-day flight.

The cosmonauts would spend the majority of their trip in a cone-shaped return apparatus
shaped similarly to the abandoned LK-1 circumlunar ship, but scaled up in size to hold two

78 Kamask, Sokolov. and Shishov, "Known and Unknown Pages.” The mass of the LK-700 complex on the
ground was 154 tons. The three missing tons was the launch escape system. which would be discarded prior to
insertion into Earth orbit.
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On the right of this Russian drawing is one of the few publicly available representations of Chelomey's
LK-700 tunar landing complex. The resemblance of the LK-700 to NASA's Gemini is clearly evident. Below the
lander s the final stage of the UR-700 rocket. For comparison, Korolev's L3 lunar complex is shown on the left.

{copyright Igor Afanasyeu)

cosmonauts. The link in design between the LK-| and the LK-700 would establish a genealogy
of spaceship design across several generations of space vehicles designed at Chelomey’s design
bureau.” The return apparatus would set down on the Moon with its apex pointing upwards—
looking much like an upright Apollo Command and Service Module. The crew would spend about
twelve to fourteen hours on the lunar surface during early missions, sufficient for one excursion
outside. At liftoff from the Moon, the cosmonauts would sever attachments to the descent stage
of the LK-700 and launch from the surface using a single 13 4-ton-thrust engine firing at full
thrust. Two different options were available to the crew in their 14.8-ton ascent stage: either
flying directly toward Earth or entering lunar orbit and leaving for Earth at the most appropriate
moment. After further mid-course corrections on the way back to Farth using three small
200-kilogram-thrust engines, the return apparatus would separate from the rest of the LK-700
spacecraft and reenter Earth’s atmosphere. Looking remarkably similar to the Apollo Command
Module. the 3.1-ton capsule would land by parachute on Soviet territory after a guided descent
through the atmosphere. The total mission would last eight and a half days from start to finish.*

79. A drawing of one variant of the LK-700 has been published in Afanasyev, "Unknown Spacecraft."
80. Afanasyev. "Unknown Spacecraft”; Afanasyev correspondence, December 17, 1997,
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The Kosberg and Isayev design bureaus were contracted to build most, but not all. the
engines for the payload. One exception was the designer for the critical ascent stage engine of
the LK-700 lander, which was contracted out to OKB-117 (later the Leningrad experimental
design bureau named after V. Ya. Klimov). Like many other aviation design organizations,
OKB-117. headed in the mid-1960s by Chief Designer Sergey P. Izotov, was trying to diversify
into the missile and space business to preclude economic collapse. Izotov had primarily been
famous for designing engines for Soviet military helicopters from the Mil and Kamov design
bureaus.® lzotov's first foray into the missile business had been the creation of the 8D423, the
second-stage engine for Chelomey's UR-100 ICBM. This single-chamber engine with a thrust of
13.7 tons also had four one-and-a-half-ton-thrust verniers.** Chelomey took this engine, modi-
fied it, and used it as the liftoff engine for his LK-700 lander. This sort of appropriation and cross-
pollination was symptomatic of many of the elements of the UR-700/LK-700 project, a point that
Chelomey repeatedly emphasized as one of its principal advantages.

When Chelomey presented his conception of the UR-700 project in November 1966, he
did not mince words or hold back. He took every opportunity to firmly criticize various aspects
of the Ni-L3 project, bringing the arguments down to levels that were clear to industry leaders
who had little or no engineering backgrounds. He also had some key supporters in tow, includ-
ing Chief Designers Glushko. Barmin, and Kuznetsov, as well as Air Force Lt. General Kamanin.
According to one respected Russian space historian:

Chelomey tried to convince the leadership of the sector that with financial support and
the research base that had been created in previous operations. his OKB would be able
to execute the program quickly and make the USSR the first to land on the Moon. . ..
The advisory council. however, considered such a declaration too bold and allowed
only the performance of preliminary design work on the UR-700/LK-700 complex.”

Kamanin, with his own biases against the NI, wrote in his journal in late December 1966:

Based on the UR-500 and [the UR-100] Chelomey has designed the UR-700 rocket, which
has been approved by a panel of experts from the Ministry of General Machine Building.
but so far the go-ahead has not been given for its implementation. Our leaders hesitate
about simultaneously building Chelomey’s UR-700 rocket and Korolev's NI (hundreds of
millions of rubles have already been spent to build the latter). But they are oblivious to
the fact that the cost of building a UR-700 will be ten times less than the amount spent
to build the N 1. Because the first and the second “stages" of the UR-700 are basically the
same as those of the UR-500 and, besides. it can use the same assembly and test build-
ing and launch equipment as the NI. ... One would have thought that one should go
ahead with UR-700 immediately, but L. V. Smirnov and D. F. Ustinov will hardly dare to
take such a step because it was they who gave the green light to the NI. .. .»

Despite the compelling nature of Chelomey’s arguments, several members of the evalua-
tion commission were not thrilled by some of the weak links of the project. in particular the

8l.  A. N. Ponomarev. Sovetskiye aviatsionnyye kosntrukiory (Moscow: Voyennoye izdatelstvo, 1990),
pp. 312-13

82 Ye. B. Volkov. ed.. Mezhkontinentalnyye ballisticheskiye rakety SSSR (RF) i SShA (Moscow: RVSN,
1996), p. 148.

83.  Afanasyev, "Unknown Spacecraft.” pp. 39-40

84. Kamanin. "A Goal Worth Working for." p. 9.
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development of the high-thrust RD-270 engines. Glushko had begun work on these in 1962,
but by 1966, there had still been no ground firings of the engine. Commission members were
also less than happy with the environmental dangers posed by such huge amounts of toxic pro-
pellants in the UR-700 rocket. The acoustic problems at liftoff were also unresolved. Finally, the
actual return apparatus of the LK-700 had a very small volume. For cosmonauts who would
have to wear EVA spacesuits the entire duration of the mission, comfort would have to be sac-
rificed. Despite Chelomey’s protestations to the contrary, the commission members believed
that the limited size and performance characteristics of the LK-700 would preclude long-dura-
tion landings on the Moon: such missions would have to use high-energy stages. The NI-L3
also had many of the same weaknesses as the UR-700, but at least work on the former had
already been ongoing for several years. In the end. the Keldysh Commission declined to rec-
ommend serious work on the UR-700 project in November (966, although it seems that a for-
mal termination decision did not take place until August 1967, invoking the "unreasonability
of continuation of further works on the UR-700."* Unfortunately for the Soviet lunar program,
this was only a temporary respite. Like a phoenix, the specter of the UR-700 would rise again.

Deadline for the Moon

If. for the time being, the threat from Chelomey and his UR-700 had receded to the back-
ground. Mishin's N1-13 effort had much more imposing problems:; these involved funding,
delays. and technical obstacles. His engineers had completed the final draft plan for the L3
complex in mid-1966. and it was only after that "with a six year delay the government issued
the decision on subcontractors for the program. "™ Earlier, in April 1966, Mishin met with Soviet
leader Brezhnev to inform him of the sequence of missions in the overall Soviet piloted lunar
program. It would be a three-stage process involving the use of:

*  The 7K-OK Soyuz to master rendezvous and docking in Earth orbit
*  The UR-500K-LI complex to perform a circumlunar mission with two cosmonauts
* The NI-L3 complex to land on the Moon

The N1-L3 complex would consist of three stages:

*  Test the NI booster and accomplish an automated lunar-orbital flight

¢ Test the L3 complex and accomplish piloted lunar-orbitat flight with a robotic landing on
the surface of the Moon

*  Perform a piloted landing on the surface of the Moon

Within the framework of NI missions for robotic lunar-orbital flights, in March 1966,
Mishin's engineers emerged with a plan to launch the stripped-down Soyuz spacecraft known
as the 7K-L1, which was intended for use in the circumlunar project on the Ni booster. In this
variant, the spacecraft was known as the 7K-L1S, with the "S" standing for the Russian word
for satellite ("sputnik”). indicating that its primary mission was to circle the Moon. Engineers
believed that three NI-LI launches early in the NI launch test series would provide valuable
experience in not only proving out problems in the N1, but also mastering operations in lunar
orbit—an essential requisite for the ultimate piloted lunar landing.

85.  For November 1966, see Khrushchev, Nikita Khrushcheu: tom 2, p. 522. For August 1967, see Vetrov
interview, November 15, 1996. See also Vetrov, "Development of Heavy Launch Vehicles.”

86. V. P Mishin, "The Development of Booster-Launchers in the USSR." presented at the 43rd Congress of
the International Astronautical Federation, IAA-92-0197. Washington. DC. August 28-September 5, 1992.
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By October 1966, the plan was to start with two to three launches of the automated
NI1-LI complex. These would lead to three to four launches of the piloted LOK orbiter in lunar
orbit, during which an automated LK lander would set down on the Moon, return to the lunar
orbit, and link up with the LOK. Finally, it would be on the eighth, ninth, or tenth launch that
cosmonauts would accomplish the actual piloted lunar landing.” With strong lobbying from
senior engineers within the design bureau, such as Feoktistov. TsKBEM formulated its N1 flight
plan in such a manner that there was a contingency plan to use a dual-launch Earth-orbit ren-
dezvous mission profile to deliver the landing crew to the L3 complex in Earth orbit. The engi-
neers would resort to this profile only in case there was little confidence in the ability of the
N1 to safely launch cosmonauts into Earth orbit. All these slight modifications to the basic mis-
sion profile put forward by Korolev in late 1964 added layer after layer of complexity to the orig-
inal vision of a Soviet lunar landing. Instead of simplifying matters. each modification
threatened to topple the tenuous balance that barely kept the effort together.

The additions and modifications to the design of the L3 complex through 1967 meant that
models designed for flight differed in many ways to the original technical plan on paper which
was prepared by engineers in 1965.* For example, the use of three different vehicles on the
lunar surface—the LK. the LK and the Ye-8 rover—necessitated having constant communica-
tions and telemetry from more than one spaceship. Additional communications systems for
voice and telemetry, named Foton and Mezon. respectively. were added to the design of the
ground stations by late 1967. Mishin also proposed a special ground communications station
in Cuba specifically for lunar operations. Remarkably. the Soviets announced the existence of
such a station by October 1968.% Power and mass limitations also affected the conceptions of
the LK lander: in late 1967, Mishin was proposing the replacement of the lander’s chemical bat-
teries with solar panels on the fifth and sixth production models. There were other changes in
the Ye-8 rover designed for lunar surface operations. In January 1967, Mishin and Babakin
agreed to a tactical-technical requirement for the rover, stipulating that life support would be
ensured on the lunar car for a full forty-eight hours. By early April, however, mass constraints
deadlocked Babakin's engineers, and a variety of problems arose in the operation of the life sup-
port package on the rover. The problem evidently delayed the preparation of a final draft plan
for the Ye-8 well beyond the expected time period.

The sequence of launches planned in October 1966 meant that, at conservative levels. the
hundreds of contractors and subcontractors would have to sustain a launch rate of about one
N1 every three months through 1967 and 1968. Any realistic assessment of the situation with-
in the lunar program in late 1966, however, would have given pause even to the most superfi-
cial of observers that this pace would be impossible to maintain. Perhaps the most serious
source of delays was the main engines for the NI booster. Space program leaders such as
Smirnov, Afanasyev, Dementyev, and Pashkov met in March 1966 to discuss problems with the
development of the engines. One major source of anxiety was the NK-15V engine for the sec-
ond stage. While the NK- I 5s for the first stage had been tested 153 times in static stands. there
was still no test stand existing that allowed the NK-15Vs to be tested in altitude conditions.
Chief Designer Kuznetsov's OKB-276. the lead developer of the engines, and several plants
located at Kuybyshev were lagging in their work on the engines—a problem compounded by

87, According to production figures from October 1968, three to four N Is were to be manufactured in 1967,
six in 1968, and six in 1969—a total of fifteen or sixteen. These numbers evidently included three for ground test-
ing only: the articles M1, IM2, and IM3. The flight versions began with the designations 2L, 3L. 4L, and so on. By
December 1966, the preparation of IM! was delayed from December 1966 to February 1967.

88 The "final" draft plan for the L3 complex was finished in mid- 1966 according to Mishin. See Mishin,
"The Development of Booster-Launchers."

89. Soviet Space Programs. 196670, p. 150.
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a shortage of labor.” Pashkov reminded the participants that the engines were to have been
delivered for use on flightworthy N1is in January 1965. It was clear that the primary bottleneck
in the program was engine development, and it was this fact that determined the huge delays
in the NI program at the time.

The estranged Glushko also may have contributed to raised tensions among Kuznetsov's
engineers. Astonishingly, as late as 1967. Glushko was still talking openly of revising the N1 rock-
et so as to use his old RD-253 engines, which by then were in use in Chelomey’s UR-500K Proton
booster. One engineer later recalled that "[it] was a difficult period of time for Kuznetsov: there
was one accident after another on the test stands. Glushko followed all this jealously."* The final
testing of the NK-15 engine occasionally displayed partial burnout of the firewall of the combus-
tion chamber or the nozzle. Engineers at OKB-276 later introduced deliberate burn-throughs in
the engines to test engine tolerance, and they were fortunate to discover that the units performed
in a stable manner despite the burn-throughs. Before the NK-15 engines were released for series
production, on one occasion, one of the experimental units "smoked out" during a test, bolster-
ing Glushko's arguments against Kuznetsov's engines. At a meeting of a joint commission to
investigate the accident, Glushko said, "You can see for yourselves that the engine is bad. It's not
fit for work. and certainly not for installation on such a crucial piece of hardware like the N1i."*
Fortunately for Kuznetsov, the commission later ascertained that the fault had been caused by a
production defect and not a design flaw: the engines were recommended for series manufacture.

The program to develop high-performance liquid hydrogen engines, so doggedly pursued
by Korolev in the last years of his life, was also vigorously supported by his successor Mishin.
It took a long time, but seven years after Korolev's first letters to the government requesting
funds for liquid hydrogen engines, the Soviets tested such an engine. On April 8. 1967, engi-
neers directed the first ground test of the first Soviet liquid oxygen-liquid hydrogen engine, the
11D56. designed and built by the Chemical Machine Building Design Bureau (formerly OKB-2)
headed by Chief Designer Isayev.” By this time. the Soviets were a full six to seven years behind
the United States in this critical area of rocket engine technology. While it was clear that liquid
hydrogen would not be an integral part of the first NI version. by September 1967, Mishin had
sent proposals to the Ministry of General Machine Building on the use of [sayev's engine on an
upper stage designated Blok R for a subsequent version of the NI.

There were delays in the development of the L3 complex. The late start of the Soviets in
1964 was finally beginning to have a significant long-range effect on competing with Apollo.
By the end of 1966. neither the Blok | engine (for the LOK orbiter) nor the Blok Ye engine (for
the LK lander) had been tested on the ground. The most optimistic forecast was that they
would be tested in July and August 1967, respectively. The workload on TsKBEM was so severe
in 1966 that Mishin and his deputies even considered handing over all development of the LK
to Chief Designer Babakin's organization.* Naturally, such uncertainties did little to instill con-

90.  Within OKB-276, V. N. Orlov and V. S. Anisimov, two of Kuznetsov's deputies, were appointed to fead
the NI engine team. Several subgroups focused on specific areas. including high-thrust engines (headed by Deputy
Chief Designer N. D. Pechenkin) and N1 third- and fourth-stage engines (Deputy Chief Designer N. A. Dondukov).
Engineers Astakhov and Yelizarov were assigned to lead the development of gas generators and turbopumps. respec-
tively. See Rudenko, "Space Bulletin: Lunar Attraction. "

91. M. Rebrov. "But Things Were Like That—Top Secret: The Painful Fortune of the N-1 Project” (Enghish
title). Krasnaya Zvezda. jJanuary 13, 1990, p. 4.

92 lgor Afanasyev. "N-I: Absolutely Secret” (English title). Krylya rodiny no. 11 (November 1993): 4-5
The chair of this commission was Chief Designer A. D. Konopatav of the Chemical Automation Design Bureau (KB
KhimAvtomatiki). formerty known as OKB-54.

93.  "Calendar of Memorable Dates" {English title), Novosti kasmonautiki 8 (April 7-20, 1997): 59-60:
Semenov. ed., Raketno-Kosmicheskaya Korporatsiya. p. 262.

94. V. M. Filin, Vospominaniya o lunnom kerablye (Moscow: Kultura. 1992), pp. 9-10.
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fidence in the engineers who had worked on the vehicle for several years. TsKBEM's finances
were also stretched to the limit in 1965 and 1966, which led officials to cut corners on various
ground and in-flight systems. The design bureau was beset by a 51 million ruble shortage in
1965 that increased in 1966.

Construction of the launch complexes for the NI was well under way by the time that
Mishin took up his duties as chief designer. The original plan was to build two launch com-
plexes, each with two pads. Financial constraints. however, forced engineers to plan for only a
single launch complex, designed by GSKB SpetsMash led by Chief Designer Vladimir P. Barmin.
It would be the culmination of Barmin’s career in the space and missile business. A contem-
porary of Korolev's, Barmin graduated in 1930 as a mechanical engineer and had the ghoulish
honor of creating a special refrigerating device for Lenin's mausoleum. In 1937, Barmin was
dragged off to the Lubyanka prison to be questioned about a trip he and some other engineers
had made to the United States in 1935 as part of a business delegation. When the group had
come under suspicion. the head of the group committed suicide: most of the other members
were arrested. Barmin was let go, but he lost his job. He made the leap from refrigerators to
missiles in June 1941, when he was put in charge of production at the famous Kompressor
Plant, where thousands of Katyusha missile launchers were manufactured during the war. for
a brief period, Barmin had the dubious distinction of working for Andrey G. Kostikov, the engi-
neer who had been instrumental in sending Korolev and Glushko to the GULag.

After the war, Barmin and Korolev struck up their acquaintance once again, and the former
led the development of launch complexes for almost every single Soviet long-range ballistic mis-
sile, including the famous R-7 ICBM. Barmin also had his run-ins with the Soviet leadership. In
1959. when Khrushchev abruptly decided to terminate further work on the Mirnyy missile
launch site near Plesetsk. Barmin asked permission to speak at a meeting and told Khrushchev
to his face that such a decision would be in error. His persuasive arguments won the day. The
Mirnyy site was completed, eventually becoming the most prolific space launch site in the
world.” Although Barmin's GSKB SpetsMash organization did not retain its monopoly in the
design and creation of launch complexes. it inherited a leading role in the field by the strength
of its participation in the UR-500K and N1 programs. In January 1967, GSKB SpetsMash was
renamed the Design Bureau of General Machine Building (KB OM).

Barmin's team began construction of the first launch pad (site 110 right) in September
1964 and completed it in August 1967. The second pad (site 110 left) was built between
February 1966 and late 1968. The scale of construction associated with the launch complex.
about thirteen kilometers to the northwest of the famous site I, was huge. A large technical
zone and living area was built seven kilometers from the launch pads at site |13 for personnel
from the Progress Machine Building Plant who were on assignment from Kuybyshev to oversee
the assembly and testing of flight-rated boosters. Technical and materiel supplies were brought
to Tyura-Tam on a daily basis via two huge trains, each with several dozen wagons. The rail-
cars were evidently so large that delegations from other socialist countries often came to the
launch site to view the trains.”

When it was finished in 1968, site 110 consisted of two launch pads located 500 meters
from each other. each with 145-meter-tall service towers for propellant loading, power supplies,

95, Col. M. Rebrov. "To Do Tomorrow: Pages From the Life of the Chief Designer of Space Launch
Complexes” (English title). Krasnaya zvezda. October 22, 1988. p. 3- Boris Khlebnikov, "Vladimir Barmin: One of
the Top Six Designers." Aerospace journal no. 2 (March-April 1997): 81-83.

96. ]. Villain, "A Brief History of Baikonur." presented at the 45th Congress of the International
Astronautical Federation, |1AA-94-1AA.2.1 614, |erusalem, Israel, October 9-14, 1994 Leonard Nikishin, "Rough
Going on interplanetary Trajectories. How We Exerted Ourselves to the Utmost in the Lunar Race” (English title).
Obshchaya gazeta, july 15, 1994.p. 9.
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crew boarding, and thermal control. After the com-
pletion of prelaunch procedures, the tower would
be moved away, leaving the NI at the pad, "held
down" by forty-eight pneumo-mechanical locks. In
addition, four 180-meter-tall lightning rods were
built around each launch pad. A total of ninety
unique structures were eventually constructed at
site 110 for NI operations. dwarfing any other
launch complex at Tyura-Tam.” In the early 1960s,
engineers had originally proposed assembling the
|05-meter-tall launchers vertically in a special
assembly building. Because this would have neces-
sitated the construction of a gigantic building
160 meters tall, the engineers decided to lessen the
funding strain by opting to assemble the boosters
horizontally in a “smaller” building. The latter was
the gigantic assembly-testing building for
NI assembly at site 112. with the dimensions of
forty-seven (height) by 240 by 250 meters. It was
reputed to be the largest building on the Eurasian  chief Designer Viadimir Barmin was one of the
landmass. A second assembly-testing building at  original members of the Council of Chief Designers.
nearby site 2B was dedicated for assembling the His or_gam’zation was responsible /o‘r designing and
L3 complex, while the fueling station was located ?’eql‘”g launch complexes for a wide spectrum of
. . . oviet missiles and space launch vehicles. In later
at site 112A. During launch operations, the years. Barmin expanded into other areas. such as
L3 would undergo preflight checking in its build- designing tunar bases, lunar sample return scoop-
ing. covered by cowling, and be transported by rail  ers. and space-based furnaces. {files of Peter Gorin)
to the fueling station for propellant loading. From
there, the L3 stack would be transported to the larger assembly building, where it would be con-
nected to the assembled NI in a horizontal position. After further tests, the N1-L3 booster stack
would be transported by two diesel locomotives moving on parallel tracks to the launch pad.”
With such an impressive level of construction at Tyura-Tam in the 1960s, it is not surpris-
ing that U.S. photo-reconnaissance satellites were able to pick up convincing signs that the
Soviet Union was indeed running the race to the Moon. The first public indication that the
USSR was engaged in building a massive rocket came in the fall of 1966 when a reporter from
The New York Times. Evert Clark, quoted "official sources” that the ”Soviet Union is believed
to have finally begun developing a rocket of 7.5-to-10-million pounds of thrust enough to send
men to the Moon. .. ."* A top-secret CIA report from early 1967, declassified twenty-five years
later, indicates that U.S. intelligence services were well apprised of concurrent Soviet efforts.
Designating site |10 at Tyura-Tam as "Complex ].” the authors of the report wrote:

The construction of Complex | at Tyuratam [sic] makes it clear that the Soviets have
under development another and much larger booster [than the Proton]. Complex | is a
very large launch facility which appears to be of the same magnitude as the U.S. Apollo
launch facility at Merritt Island. It has been under construction for the past [three-and-

97. . A Marinin and S. Kh. Shamsutdinov, "Soviet Programs for Piloted Flight to the Moon" (English title).
Zemlya i vselennaya no. 5 (September-October 1993): 77-85.

98.  Ibid.: Villain, Baikonour. pp. 65-66.

99.  Evert Clark, "Soviet Is Reported Developing a Big. New Rocket,” New York Times. September 13, 1966.
p. 28.
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a-half] years and we estimate it will be ready for initial launch operations in the first
half of 1968 at the earliest."™

As for the actual piloted lunar landing. the CIA was evidently under the impression that the
Soviets were not in it to beat Apollo:

Two years ago. we estimated that the Soviet manned lunar landing program was prob-
ably not intended to be competitive with the Apollo program as then projected, [that is.]
aimed at the 1968—1969 time period. We believe this is still the case . . . we estimate
that the earliest the Soviets could attempt a manned lunar landing would be mid-to-late
1969. We believe that the most likely date is sometime in the 19701971 time period.""

NASA Administrator James E. Webb joined the chorus of believers who were convinced
that the Soviets were building a huge rocket—a belief no doubt bolstered by his access to clas-
sified reports from the CIA. During testimony to a House Appropriations subcommittee in
August 1967, he stated that "the U.S.S.R.is building a larger booster and will shortly, | believe,
in calendar year 1968. be flying a booster larger than the Saturn 5."' Webb's claims were dis-
missed by many, because he was unable to provide any supporting evidence. The complete lack
of physical evidence would come in handy in later years when the Soviets engaged in one of
the most successful deceptions in the history of space exploration.

The Soviets themselves were not being particularly coy at the time. Although they were shy
about specifics, the general tone of Soviet public figures did not leave any doubt as to the ultimate
goal of the Soviet space program. As one would expect, the cosmonauts were the most vocal in
their pronouncements; although the Communist Party rmaintained strict control over each and
every word uttered by these young men, they were more amenable to fits of spontaneity than their
elder bosses. On April 12, 1965, during celebrations in honor of Gagarin’s flight, cosmonaut
Belyayev, fresh from his recent trip on Voskhod-2, spoke in hyperbolic terms about the lunar pro-
gram: "Preparations are in full swing. The Americans speak broadly about their preparations to
land a man on the Moon, but naturally, we in our country, are not idle either. We shall see who
will be there first."  Less than a year later, Bykovskiy, praising NASA's lunar-orbit rendezvous mis-
sion profile, added that work was in full swing to develop maneuvering ships and suits needed for
work on the lunar surface.”® A few months later, in April 1966, Leonov spoke candidly in Hungary:

| think that ! do not disclose any secret by saying [that] Soviet cosmonauts are prepar-
ing for such a journey [to the Moon]. I should very much like it if a Soviet man went to
the Moon first because we were the first who made the most important steps in space.
| believe we shall soon witness man’s landing on the Moon. | cannot say when. but it
will be during this five-year plan period.

In the complete vagueness that surrounded Soviet pronouncements on the space program at
the time, cosmonaut Komarov made one of the most specific statements during a visit to Japan
in july 1966:

100. U.S. Central Intelligence Agency, "National Intelligence Estimate 11-1-67. The Soviet Space Program.”
Washington, DC. March 2, 1967, p. |1, as declassified December |1, 1992, by the CIA Historical Review Program.
101, Ibid. p. 2.

102. Evert Clark. "New Soviet Shot is Expected Soon," New York Times. August 19. 1967,
103. Soviet Space Programs, 1966-70. p. 359.

104. Ibid.. p. 361.

105. Ibid., p. 362.
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There is no need to make haste about a Moon trip by human beings—and the impor-
tant thing is how to carry out everything in safety. But | can positively state that the
Soviet Union will not be beaten by the United States in a race for a human being to go
to the Moon.'*

Upon his return to Moscow, cosmonaut overseer Kamanin confronted Komarov about his
unauthorized statement. Having deviated too much from the doctrinal line. there were calls
from the Central Committee and the Council of Ministers regarding the "incident.”
Remarkably, it was roughly at the same time that one of the most authoritative aerospace trade
journals in the United States. Aviation Week & Space Technology. reported that the Soviets
were not heading for the Moon. In a long article in November 1966. the author reported
that the:

Soviet Union is showing increasing signs of having conceded the manned lunar landing
race to the U.S. as part of a vastly revamped space program. The new space philoso-
phy. which the Soviets consider better balanced though less dramatic than their previ-
ous one, could produce a much less complex manned circumlunar mission without
landing within the next year."®

It was one of the best examples of how much Western analysts misread the intentions of the
Soviet space program at the time. which as it happens was going through a transition, but one
that was not clear to observers of that era.

In contrast to the early 1960s, the Soviet space program as a whole was not afforded rela-
tively uncontrolled access to funding. Brezhnev was considerably less sympathetic toward the
space program than his predecessor. and salaries in the space industry were said to have grav-
itated to more average levels during the early years of the post-Khrushchev era. As one senior
official at the Central Scientific-Research Institute of Machine Building (TsNilMash) recalled,
Brezhnev "supported space only if brought political dividends.”"™ While detailed figures on
appropriations for space still remain classified, it is known that the Soviet Union spent 7.9 bil-
lion rubles on its space program during the period 1966-1970."" At the prevailing unofficial
conversion rate, this amounted to approximately $24 billion, or 1.25 percent. of the Soviet
Union's yearly gross national product during the same period."' The NI-L3 project was about
20 percent of the total space budget each year, amounting to roughly $4.8 billion of expendi-
ture from 1966 to 1970 (in 1966 U.S. dollars)."? Thus, although the Soviet Union's expendi-
tures on space were close to twice the portion of its gross national product as in the United

106. Evert Clark, "Soviet Spaceship Hunting Quarks."” New York Times, July 17, 1966, p. 55; Ibid.. p. 363.
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States. actual dollar expenditure on space and the lunar program in particular was far less than
that of its primary competitor.'”

The end of 1966 was a particularly critical decision-making point for the leaders of the
Soviet space program. NASA had just completed ten highly successful Gemini missions, dis-
playing a remarkable level of expertise in mastering complex operations in Earth orbit, while the
Soviets had not launched a single cosmonaut into space. American successes were bolstered in
1966 by two launches of the Block | Apollo Command and Service Module, as well as a test
launch of the S-IVB high-energy cryogenic upper stage."* By the end of the year, three astro-
nauts were preparing for the first piloted launch in a Block | Command and Service Module
aboard the Saturn IB to conduct a thorough testing of the entire spacecraft in Earth orbit. The
giant Saturn V., meanwhile, was scheduled to take an automated Apollo spacecraft into Earth
orbit by the summer of 1967. In early January 1967. Boris A. Stroganov. one of Serbin’s deputies
in the Central Committee’s Defense Industries Department, told Mishin that the upper eche-
lons of the Communist Party were extremely concerned about the Soviet lag behind the United
States. All this warranted a response, especially given that many of the deadlines from the orig-
inal August 1964 decree on the Soviet lunar landing had remained unfulfilled as a result of poor
management and insufficient funding. There had already been a number of decrees through
1966 on the lunar program at the level of the Ministry of General Machine Building."” Speaking
of a decree in late 1966, Lt. General Kamanin wrote in his personal journal on November 10:

I read the [Military-Industrial Commission] decree which says that the 1964 decisions of
the [Communist Party] and the Council of Ministers on orbiting the Moon and landing
humans on the Moon are not being fulfilled properly. The resolution reiterates orders to
the industry to give top priority to all work connected with spacecraft and rockets and
to treat them as special state assignments. There are sure to be many more such reso-
lutions, rebukes. and reprimands as the temperature over the Moon rises. But papers and
reprimands don't get anywhere: too much time has been wasted. The bosses, however,
won't hear about our problems and will demand new “spectacular” flights to mark the
50th anniversary of the October Revolution.'

In October 1966. the so-called "Council for the Problems of Mastering the Moon." which
included the leading ministers. deputy ministers, academicians, chief designers. and military
officers from the Soviet space establishment, was set up specifically to examine both the
macro- and micro-level details of the Soviet program to land a human on the Moon. Headed by
Minister of General Machine Building Afanasyev, the council heretofore was the primary advi-
sory body to the Soviet Party and government on all affairs involving the N 1-L3 project. Rumor
had it that Ustinov and Smirnov had set up the council so as to insulate themselves from the
possibility of blame if the Soviet lunar program failed. Another possible motive may have been

13, Central Scientific-Research Institute of Machine Building (TsNiIMash) Director Yu. A. Mozzhorin
recalled, "The Americans had spent $15 billion on the creation of an experimental base: we had spent only about
$1 billion." See Rebrov, "But Things Were Like That—Top Secret.”
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to circumvent the power of the Council of Chief Designers with regard to the lunar landing pro-
gram."” The council in its deliberations returned to the original 1964 decree to discuss the issu-
ing of a second decree to stipulate specific schedules for the achievement of a circumlunar and
lunar landing mission. TsNIIMash Director Yuriy A. Mozzhorin, an individual who probably had
much to do with determining the pace of the space program, recalled:

It was clear to me that the objective was becoming unrealistic and that the volume of the
work ahead exceeded the capacities of the sector by a factor of 2-2.5. At a conference
of Chief Designers and curators, | expressed doubts. They were met with eriticism."®

Mozzhorin evidently refused to approve the conditions of the new decree, but it seems that
he eventually capitulated under pressure from Afanasyev.'* At the same time, Mishin's princi-
pal deputy for the Nt, Deputy Chief Designer Okhapkin, pleaded to Ustinov, "We want to solve
this problem, we can solve it, and we will solve it on schedule if we receive assistance.”'

These intensive discussions in late 1966 eventually led to the adoption of another impor-
tant decree associated with the piloted lunar landing program—one that established goals
competitive with the late President Kennedy's set for Apollo. On February 4. 1967, the Central
Committee and the Council of Ministers issued a document (no. 115-46) titled "On the
Progress of the Work on the Development of the UR-500K-L1.”"' The document, signed just
eight days following the Apollo I fire, in which three U.S. astronauts were killed during a
ground test, called for the consolidation of all national resources in support of the accomplish-
ment of a piloted lunar landing on the Moon prior to the United States. The document was pre-
pared by the four most powerful individuals in the Soviet space program: Ustinov. Serbin,
Smirnov, and Afanasyev.'”

The authors of the resolution, which still remains classified, described as "unsatisfactory"
the work of the government in fulfilling the terms of the original 1964 decree on piloted lunar
programs and stated that "a flight around the Moon by a manned spacecralt and the landing
of a manned mission on the Moon shall be considered to be objectives of national impor-
tance." """ implicitly at least, the resolution freed the purse strings of the Ministry of Defense for
the program, but in reality. it seems that the attitude of the primary financiers of the project

117 Kamanin, "A Goal Worth Working for.” The composition of the council is still unknown but presumably
included all the major chief designers. such as G. N. Babakin (GSMZ Lavachkin), V. P. Barmin (KB OM), V. N. Chelomey
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remained unchanged. Less than two weeks after the document was issued by the leadership.
new USSR Minister of Defense Marshal Andrey A. Grechko refused to provide money for a
search-and-rescue service for returning cosmonauts from the Moon. When he was told by Air
Force leaders that about 25 to 30 million rubles and 9,000 personnel would be required. he
lashed back, "1 won't give you personnel, | won't give you money. Do what you like but [ won't
raise this with the government. . . . And in general | am against Moon missions. "' This lack
of commitment was devastating to the project.

The February 1967 document detailed astonishingly ambitious timetables for both the L1
and the L3 programs:

Mission Date

First piloted circumlunar flight of the UR-500K-L1 June-July 1967
First flight tests of the N1-L3 September 1967
First piloted lunar landing of the N1-L3 September 1968

In an extreme case, the landing could have been achieved between October and December
1968."* It remains unclear what prompted Ustinov and the others to aim for such an unrealistic
schedule. By February 1967, the N1 had yet to fly while the L3 complex existed only on paper,
and yet the Soviets were proposing that this highly complex mission be accomplished in less
than two years. The only visible manifestation of any progress was the completion
of the first full-scale N1 test vehicle, the IMI. which was finally assembled at Tyura-Tam that
same February. although it remained in the giant assembly-testing building. Actual flight mod-
els, although being manufactured, were well behind in the queue. Clearly. the senior staff of
TsKBEM, including Mishin. were as much responsible for stipulating these outlandish deadlines
as was the political leadership. These TSKBEM employees. after all, were the ones who made
assessments of the state of the program in late 1966, on whose basis Ustinov and the others
made their decisions. To have agreed to the late 1968 deadline seems in retrospect to have been
professional suicide, but for reasons that are still not clear, the designer faction accepted them.
Kamanin wrote in his journal entry for March 15, 1967: "There is no doubt in my mind that
these deadlines are anything but realistic. "' It was probably clear to most engineers that if past
experience was any indicator, the government would be unwilling to back this near ridiculous
deadline with any sort of financial commitment.

First Secretary of the Central Committee of the Communist Party Leonid . Brezhnev and
Chairman of the USSR Council of Ministers Aleksey N. Kosygin signed the February 1967 doc-
ument and officially made it binding to all the hundreds of primary and secondary contractors
working on the lunar program. Nearly six years after Kennedy's speech, the Soviet piloted lunar
landing program was an objective of national importance. It was the Soviet leadership's belief
that if the Soviet military-industrial complex performed as stipulated, a Soviet citizen would be
standing on the surface of the Moon by the end of 1968. The fact that the United States’ with
all its industrial might, had been trying for the same objective for six years could not have
escaped the notice of all involved. Speaking of the document that had appeared far too late and
of the government that had ignored the pleas of designers for so many years, a Soviet journal-
ist wrote years later:

124. Ibid.

125. See Tarasov. "Missions in Dreams and Reality." in which Mishin says that the timetable for the flight
tests was to be in the second quarter of 1967 and the landing in the third quarter of 1968.

126. Kamanin, “A Goal Worth Working for.” no. 46.
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This shows the level of competence of the top Soviet leaders Brezhnev and Kosygin who
signed the document [and] the honesty of the Party and government officials who pre-
pared this document: Ustinov, Smirnov, Serbin, Afanasyev.'”

Defining the Circumlunar Program

Through 1966, the LI program to send Soviet cosmonauts around the Moon assumed pri-
macy in importance over the L3 landing effort—a strategic shift motivated very much by the
impending fiftieth anniversary of the Great October Revolution in late 1967. The basic elements
of the project had been frozen by a document issued on December 31, 1965, titled *Initial Data
on the LI Payload Block (Product 115824)," signed just two weeks before Korolev's death. The
main points of this document described the changes necessary to the spacecraft and launch
vehicle to accomplish the piloted circumiunar mission.’® For the 7K-L| vehicle in particular,
there were three goals:

*  Create a modification of the 7K-OK Soyuz spacecraft, designated the 7K-L1, capable of cir-
cumlunar flight with a crew launched in the vehicle

+ Establish a phased realization of the goals:
- Create the technological-model complex IM1 with 7K-LI no. IP
- Create automated variants for circumlunar flight on 7K-L| nos. 4-9

+ Prepare 7K-LI nos. | 1-14 for piloted circumlunar flight'

The 7K-LI spacecraft (also called simply the "L1") was essentially a stripped down 7K-OK
Soyuz, reduced to "fit" the 5.1- to 5.2-ton mass constraints for a circumlunar mission using
Chelomey's UR-500K rocket and Mishin's Blok D upper stage combination. Depending on the
particular variant, total mass varied from 5.2 to 5.7 tons (in Earth orbit) and 5.0 to 5.5 tons (after
TLI). The primary difference between the Soyuz and the LI was the omission of the spheroid
living compartrment in the latter, making the L1 a compact two-module spacecraft built for a sin-
gular objective with little room for upgrades. The two modules were the descent apparatus and
the instrument-aggregate compartment.

The descent apparatus was a segmented-conical body with an improved heat shield suffi-
ciently strengthened to withstand lunar return velocity reentries. This shielding would be cast
off prior to the actual landing on Earth. The two-person crew would spend their entire eight-
to ten-day mission within the confines of this capsule with an internal volume of only two and
a half cubic meters, compared to the Soyuz, which afforded six and a half cubic meters. Apart
from the crew couches. the descent apparatus also contained the ship’s control panel. an on-
board computer, scientific instrumentation, a camera, life support systems. portions of the ther-

127. Nikishin, "Inside the Moon Race.” p. 15.

128. Semenov. ed.. Raketno-Kosmicheskaya Korporatsiya, p. 235. The nine points related to the overall com-
plex were: (1} use Blok D from the NI booster as a TLi stage: (2) use the 7K-OK Soyuz as the spacecraft, but with-
out the spheroid living compartment at the forward end, the descent apparatus would be modified for funar speed
atmospheric reentry. and a special supporting cone at the apex of the now-shortened vehicle would allow connec-
tions with the launch escape tower; (3) eliminate mooring and orientation engines from the 7K-OK Soyuz and trans-
fer these functions to the SOZ system on Blok D; (4) develop a new payload shroud: (5) ensure that Blok D can
refire in vacuum conditions; (6) ensure that Blok D can fire to allow TL!: (7) agree on a cycle of events for the
UR-500K Proton booster during launch. allowing launch escape and rocket safety: (8) develop the details of a cir-
cumlunar trajectory with return at lunar velocities; and (9) create simplified 7K-L) spacecraft numbers 2P and 3P for
tests in Earth orbit. which would include two firings of Biok D.

129. Ibid.. p. 236.
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mal regulation and communica-
tions systems, biological sam-
ples. an optical orientation
device, and a storage battery.
One of the improvements on the
capsule compared to the Soyuz
was doubling the number of
thrusters for yaw during guided
reentry. This augmentation in
reentry capability was offset to a
great degree by the omission of
the reserve parachute from the
descent apparatus because of

both space and mass constraints. The 7K-L1I spacecraft was the final iteration of Koroleu's repeated

The single remaining parachute atternpts to design a flight-capable piloted circumlunar ship. The
had a dome area of 1,000 square vehicle. later publicly named Zond. was similar in terms of mos!
meters. The deletion of the living  systems to the Earth-orbital Soyuz. The major design difference between
compartment prompted engi- the two was the omission of the forward living compartment on the

neers to attach a special support Zond quce_craﬂ Two‘cosmonauls would have to spend a cramped
week within the confines of the tiny descent apparatus. (copyright

cone to the apex of the space- VideoCosmos Co., via Dennis Newkirk)

craft to allow a firm connection

with the nose fairing and the launch escape tower of the booster stack. The cone. weighing
150 kilograms, would be cast off from the vehicle prior to TLI. As with the Soyuz and the
N1-13, the launch escape system was equipped with a set of powerful solid-propellant engines
to remove the descent apparatus far from an exploding rocket.

As in the 7K-OK Soyuz, the 7K-L! instrument-aggregate compartment was divided into
three sections: the transfer compartment, the instrument compartment, and the aggregate
compartment. The pressurized instrument compartment contained the primary and backup
buffer storage batteries and additional ship instrumentation for on-board systems. The unpres-
surized aggregate compartment at the extreme aft of the ship contained the single high-thrust
engine on the spacecraft, the $5.53, developed by the Design Bureau of Chemical Machine
Building, led by Chief Designer Isayev. The engine used unsymmetrical dimethyl hydrazine and
a mixture of nitric acid and nitrogen tetroxide (AK-27) and had a thrust of 425 kilograms—that
is. it was identical to its counterpart on the Soyuz spacecraft. The 400 kilograms of propellant
for the engine was contained in four spherical tanks at the aft of the aggregate compartment,
which also included eight attitude control thrusters operating on hydrogen peroxide (of one
and one and a half kilograms thrust). Thermal radiators covered the whole compartment on its
outer surface. As with the Soyuz. primary power on the vehicle was provided by two large solar
arrays, spread like bird wings from the aggregate compartment. Unlike the Soyuz's four seg-
ments on each panel, the 7K-L1 had three per panel, with a wingspan of nine meters and a total
surface area of eleven square meters.

Apart from the deletions, TSKBEM engineers supplemented or changed a number of systems
from the basic 7K-OK Soyuz craft. These included the attitude orientation system, which had
improved solar (the 99K) and stellar sensors (the 100K}, gyroscopes and command instruments,
memory devices, and so on. For transmitting telemetric information, the engineers introduced a
pencil-beam parabolic antenna operating in the decimeter range, which was attached at the front
of the descent apparatus. The antenna had its own self-contained optical sensor for aiming at
Earth (the 101K). The antenna as a whole would be discarded once its work was finished. Other
antennas included short-range ones at the end of the solar panels (for radio communications)
and additional ones for ultra-shortwave telemetry and radiotelemetry.
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The guidance system for the 7K-L1 spacecraft was developed cooperatively by the organi-
zations of Mishin and Pilyugin based on earlier models used for deep space probes as well as
control engines for earlier ships and rocket stages. For the first time in a Soviet piloted spacecraft,
the guidance systems operated on the basis of a three-axis stabilized platform and a special com-
puter named the Argon-1/. developed by Scientific-Research Institute of Digital Electronic
Computing Technology. It would serve as the prototype for all further models in the Soyuz
spacecraft.

The 7K-LI spacecraft had a total length of five meters with the support cone and four and
a half meters without. Maximum diameter was 2.72 meters at the base and 2.2 meters around
the main body. The total length on the pad of the UR-500K, Blok D. 7K-L1. and launch escape
tower combination was just over sixty-one meters, far exceeding the length of Soyuz spacecraft
stack.™®

A nominal mission profile of the circumiunar mission would begin with the launch of the
UR-500K Proton booster with its 7K-Lt and Blok D payloads. During the launch. the ship would
be beneath a fairing. which would be cast off after passing through the dense layers of the
atmosphere. The partially filled Blok D would fire for the first time to achieve sufficient veloci-
ty to lift itself and the 7K-L1 into an Earth orbit with the parameters of 220 by 190 kilometers
inclined at fifty-one and a half degrees. The cosmonauts aboard would check the state of all
systems for a period of one orbit or one day, depending on the circumstances, orient the stack
for boost toward the Moon, and then separate the support cone from the apex of the space-
craft. Blok D would fire for a sufficient period of time to accelerate the stack to Earth escape
velocity toward the Moon. The stage would then separate while the ship’s solar orientation sys-
tem would put the spacecraft in a one-degree-per-second turning mode while ensuring maxi-
mal solar panel exposure to the Sun. The 7K-L1 ship would circle around the Moon at a range
of 1.000 to 12.000 kilometers while the cosmonauts would carry out photography and TV ses-
sions. The scientific investigations planned for the automated precursor missions would
include studying radiation through the flight path. studying cosmic rays, and performing exper-
iments on small biological payloads. During the course of the seven days in flight, the $5.53
main engine of the ship would carry out three or four mid-course corrections: the first on the
outbound trajectory at 250,000 kilometers from Earth and the second and third ones on the
return trajectory at 320,000 and 150,000 kilometers, respectively, from Earth.

Before reentry back into Earth's atmosphere. the parabolic antenna and instrument-
aggregate compartment would separate from the descent apparatus with its two-person crew.
The precision-guided reentry had two endo-atmospheric phases and an intermediate exo-
atmospheric portion to radically decrease the gravitational loads subjected to the crew. The first
"dip" into the atmosphere would decelerate the vehicle to about just over seven and a ha!f kilo-
meters per second. after which the capsule would "bounce" out of the atmosphere along a bal-
listic trajectory and reenter the atmosphere again at a reduced velocity of 200 meters per second.
A special guidance system would control the motion of the descent apparatus throughout this
entire portion by changing the lift force via rolf control of the capsufe. The length of return tra-
jectory would vary between 6,000 and 10,500 kilometers, depending on the angle between the
horizontal plane and the ship at the moment of entry; this was also an important determinant
of radio visibility with ground communications stations. After the double-dip reentry, the capsule
would come down by parachute, discard its thermal shielding, and finally land in Kazakhstan by
using soft-landing engines much like the Soyuz spacecraft. If for some reason the guided reentry

130. /bid.. pp. 235-36; Afanasyev, "Unknown Spacecraft”: |. A. Marinin and S. Kh. Shamsutdinov. "Soviet
Programs for Lunar Flights” (English title), Zemlya ( uselennaya no 4 (July-August 1993); 62-69: Lardier,
LAstronautique Sovitique. p. 159: Glushko. Kosmonavtika entsikiopediya, pp. 129-30. The two batteries for the
7K-L1 were a silver-zinc battery and calcium-nickel battery (blok 800).

CHALLENGE TO APOLLO




A Niw BEGINNING

procedure failed, the descent apparatus would be able to accomplish a simple ballistic reentry into
the atmosphere with a subsequent landing in the Indian Ocean.™

There was one additional cautionary element of the L1 circumlunar project, introduced to com-
pensate for any potential troubles with the UR-500K Proton launch vehicle. From early discussions
in the fall of 1965, Korolev's engineers had expressed reservations of launching cosmonauts on the
still-untested Proton booster—concerns motivated primarily by the use of toxic storable propellants
in the rocket. As insurance against the possibility of designers not being able to declare the Proton
safe enough to launch humans, Mishin came up with a plan to launch the 7K-L| on the Proton in
an automated mode. The crew would be launched separately on a special variant of the Soyuz,
which would dock with the 7K-L1 ship. The two cosmonauts wearing their Yastreb ("Hawk") EVA
suits would exit the Soyuz and transfer into the 7K-L1 via "a curved tunnel in the . .. support
cone."™ The Soyuz would then automatically undock, while the cosmonauts in the LI would carry
out their circumlunar mission after a corresponding boost from the Blok D stage. For this plan to
work, TsKBEM had to accommodate the manufacture of two special modifications of the 7K-OK
and 7K-L1 vehicles. The 7K-OK's modification, designated 7K-OK-T, was equipped with a forward
unit equipped for docking with a 7K-L1. The 7K-L1's modification not only had the "curved tunne!”
but also a custom-built passive docking unit installed at the forward end of the spacecraft at the
support cone. This heavy unit would be discarded once the transfer took place and before TLI."™

The Military-Industrial Commission, on April 27, 1966, adopted a decree (no. 101 ), titled "On
Approving the Work Plan to Build the 7K-L1 Piloted Spacecraft.” which addressed the entire spec-
trum of issues associated with the LI circumlunar program. The commission approved the manu-
facture of fourteen such spacecraft: five in 1966 and nine in 1967. Ground testing was to finish and
flight testing begin by the last quarter of 1966 or the first quarter of 1967. Among other things. the
decree specified schedules for the development, manufacture, and delivery of L1 simulators and the
establishment of a search-and-rescue service for a spaceship returning from the Moon.” According
to the commission’s decree, a specific schedule of operations was established for the program:

+  September 1966—ground testing of one ship (7K-LI no. IP) at Tyura-Tam

«  October 1966—two automated Earth-orbital tests (using 7K-L1 nos. 2P and 3P)

«  November—December 1966—two automated circumlunar flights (using 7K-LI nos. 4 and 5)

«  December 1966-May 1967—five piloted circumlunar flight with crew transferred to the
7K-L1 in Earth orbit after being launched on the 7K-OK-T Soyuz {using 7K-L1 nos. 6 through 10)

«  June-September 1967—four piloted circumiunar flight with crews launched in the 7K-Lt
(using 7K-L1 nos. || through 14)

Such a schedule would ensure the fulfillment of the primary objective of a piloted circumlunar
mission prior to the fiftieth anniversary of the Great October Revolution in November 1967.

131 Semenov. ed.. Raketno-Kosmicheskaya Korporatsiya, pp. 238-39: Marinin and Shamsutdinov. "Soviet
Programs for Lunar flights"; Petrovich. ed.. The Soviet Encyclopaedia of Space Flight, pp. 513-14,

132. Marinin and Shamsutdinov, "Soviet Programs for Lunar Flights.”

133, The details of the "curved tunnel" and the special docking unit on the 7K-L1 in this variant remain
unknown.

134. N.P. Kamanin, "A Goal Worth Working for," Vozdushniy transport no. 44 (1993): 8-9; Semenov, ed.,
Raketno-Kasmicheskaya Korporatsiya. p. 237. Note that one of the stipulations of the decree was the official termi-
nation of Chelomey's UR-500K-LK-1 program in the “full-scale modeling stage. The remaining stages. which envi-
sioned the complete ground-based optimization of all the systems of the carrier and the vehicle, as well as the
performance of 12 unmanned and 10 manned launches of the UR-SO00K-LK complex. were canceled by the same
decree.” See lgor Afanasyev, "Without the Stamp “Secret’: Circling the Moon: Chelomey's Project” (English title),
Krasnaya zvezda, October 28, 1995.
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As with most other timetables of the Soviet space effort of the period, there were delays.
Many within TsKBEM believed the entire program to be a useless diversion from the main L3
landing project. Although the LI project had moved into first priority over the L3, there were
continuous postponements in issuing the technical documentation on the spacecraft, as well
as testing delays in the construction of and upgrades to the two Proton launch complexes at
Tyura-Tam. Being a matter of state importance, the status of the project was constantly exam-
ined at the ministry level throughout 1966. The concurrent work on the mainstream Soyuz
effort was clearly a major drain on facilities and resources. If TSKBEM believed before that car-
rying out three full-scale piloted projects (Soyuz. L1, and N1-L3) was a manageable prospect.
the employees were finding out that they were stretched to the limit. By December 1966, a sin-
gle 7K-L1 spaceship had yet to get off the ground.

On December 9. 1966, at a meeting of the Council of Chief Designers, Mishin presented a
new schedule of flights for the LI program. Automated test flights of the first phase would
include only four missions. Of these, the first two (2P and 3P) would be in Earth orbit to test
out Blok D firings. while the remaining two (4L and 5L) would fly full-scale circumlunar missions
and return to Earth. After these flights finished in March-May 1967, the first crew would fly to
the Moon on June 25, 1967 aboard 6L. Kamanin noted about the meeting: "All the designers
expressed doubts that the work could be accomplished within such a short timeframe. Mishin
explained to them that he did not invent the schedule, but that it had been dictated to him by
Ustinov and Smirnov."" An ad hoc twenty-member State Commission to guide the entire test
program was established in mid-December with First Deputy Minister of General Machine
Building Tyulin as its chair. Among its members were Mishin, Chelomey, and Keldysh.'*

The State Commission for LI met for the first time on December 24, when Mishin,
Chelomey. and Barmin presented reports on the readiness of the spacecraft, the launch vehi-
cle. and the launch pads, respectively. It was evidently the first time that all the heads of the
various branches involved in the project discussed the project together. In accordance with the
recommendation of the Council of Chief Designers, the new target date for the first piloted cir-
cumlunar mission was set for July 26. 1967. This would be preceded by the four automated
flights. During the meeting. Mishin also presented his conception of the "fall-back” docking-
in-Earth-orbit scenario to launch the crew not on the Proton booster, but rather in a 7TK-OK-T
Soyuz spacecraft. After the first few outbound piloted missions, once engineers had gained a
modicum of faith in the Proton booster. the cosmonauts would fly directly into orbit on the
Proton."

During a second meeting of the commission on December 30, Mishin, Chelomey, and
Barmin reported that all systems were on track for the first LI launch at the end of January. All
the members of the commission were due to arrive at Tyura-Tam on January 10-12, 1967. There
was some discussion on the establishment of search-and-rescue services for vehicles returning
from the Moon. Because, for the first time, the landing of a Soviet piloted spacecraft could be
in the oceans, Marshal Matvey V. Zakharov, the Ministry of Defense General Staff Chief. had
issued an order on December 21 that assigned the Air Force the responsibility for all land recov-

135. Kamanin. "A Goal Worth Working for." no. 45.

136. The members of the State Commission for L1 included: G. A. Tyulin (MOM), V. P. Mishin (TsKBEM).
V. N. Chelomey (TsKBM), M. V. Keldysh (AN SSSR). V. A. Anfilatov (affiliation unknown). N. N. Gurovskiy (IMBP),
N. P. Kamanin (VVS). A. G. Karas (TSUKOS). V. A. Kasatanov {affiliation unknown), V. A. Khazanov (affiliation
unknown). A. A. Kurushin (NIIP-5), G. P. Melnikov (NII-4), N. K. Mordasov (affiliation unknown), Yu. A.
Mozzhorin (TsNitMash). A. G. Mrykin (MOM), D. A. Polukhin (TsKBM Branch No. 1), Ye. V. Shabarov (TsKBEM),
I 1. Spitsa (TsKIK). Ya. |. Tregub (TsKBEM). and Yu. N. Trufanov (TsKBM Branch No. ). See Semenov, ed., Raketno-
Kosmicheskaya Korporatsiya. p. 238.
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ery operations and the Navy the responsibility for all sea recovery operations. In addition, track-
ing stations at Feodosiya and Ussuriysk were being modified to communicate with returning
spacecraft from the Moon.

The final point of discussion at the meeting was the selection of crews for the project.
Cosmonauts had been unofficially grouped together to train for the LI mission by early
September 1966. By early December, the main players had agreed on a list of fourteen men from
the larger team at the Cosmonaut Training Center to train specifically for this project.”” Because
of the increasing requirements for casmonauts in the mainstream 7K-OK Soyuz program., whose
launches had already begun by this time, Kamanin and Mishin agreed to train cosmonauts by
late December for the LI independently of Soyuz. Cosmonauts who would fly Soyuz missions
would be added sequentially to the circumlunar program. The L1 group was to undergo a five-
month-long training program beginning on January |, 1967. Each crew would include a com-
mander who had experience from a previous space mission. By January 1967, eleven lucky men
had been selected to train for the project, including Leonov, the spacewalker from Voskhod 2.
and Popovich, the ebullient pilot from Vostok 4, both favorites for the first outbound flight.””
The training for these men was impeded to a great degree by the absence of LI simulators,
which, despite much discussion, the M. M. Flight Gromov Flight-Research Institute had not
delivered by the end of 1966 to the Cosmonaut Training Center. The cosmonalits instead trained
in 7K-OK Soyuz simulators equipped with new control instruments.

The LI Takes Flight

The first 7K-L1 spacecraft was a model built specifically for ground testing at Tyura-Tam.
These tests were completed successfully in conjunction with a UR-500K-Blok D combination
in January.® The success did little to instill confidence that the planners would be able to main-
tain the compressed schedule handed down by Ustinov and Smirnov. The State Commission
met twice on January 17, 1967. and heard reports from a number of chief designers involved in
the program. There were "new difficulties” in the preparation of the first Earth-orbital mission,
bringing Mishin and TsKBEM under fire from members of the commission. Some designers
received reprimands; the commission decided to report the most glaring lags in work to the
Central Committee. Chief Designers Grigoriy |. Voronin (of KB Nauka) and Gay |. Severin (of
KB Zvezda). responsible for life support, emerged with an unlikely proposal to limit the num-
ber of cosmonauts in the 7K-LI crew to one, because of difficulties with the life support sys-
tem. A final decision on the issue was delayed.™

At a meeting of the State Commission on February 14, the first test flight of the 7K-LI,
originally scheduled for January 1967, was put back to late February or early March. The first
two flights would primarily test the Blok D TLI stage with two firings: one to achieve Earth orbit
and the second to boost the payload to escape velocity. No recovery was planned on either
flight. Incredibly, the commission still hoped to carry out four automated missions prior to a
piloted one set for June 26, 1967. despite the fact that within the same period, Mishin and the

138. Ibid. The cosmonauts for the 7K-LI program were G. T. Beregovoy, V. F. Bykavskiy, Yu. A. Gagarin.
Ye. V. Khrunov. A. A. Leonov, V. M. Komarov. A. G. Nikolayev. V. A. Shatalov. and B. V. Volynov as crew com-
manders and G. M, Grechko, V. N. Kubasov, O. G. Makarov, V. N. Volkov. and A. S. Yeliseyev as flight engineers.

139. Kamanin. "A Goal Worth Working for.” no. 46. The new 7K-L| training group had been agreed on as
early as December 24, 1966. They were P. I Klimuk. A. A, Leonov, P. R. Popovich. V. A. Voloshin, and B. V. Volynov
(all commanders) and Yu. P. Artyukhin. G. M. Grechko, O. G. Makarov. N. N. Rukavishnikov, V. |. Sevastyanov, and
A F. Voronov (all flight engineers).
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other chief designers were to carry out the first highly complex Soyuz mission of docking two
such ships in Earth orbit with the subsequent transfer of cosmonauts. Through it all. Mishin,
Chertok, and others tried to compensate for the poor management conditions by personally
appealing to subcontractors to deliver parts on time. Unbelievably at this late stage, some con-
tractors, such as Chief Designer Ryazanskiy, were not only behind schedule, but did not even
know that they had been assigned to make a parts delivery in the first place.'*” Without a sin-
gular overseeing entity such as NASA. there was no coordinated plan for maintaining deadlines
for dozens of subcontractors.

Some of the pressure on the Soviets to accelerate their lunar program was alleviated by a
tragic accident half a world away. By early 1967. NASA was preparing for the first flight of the
Apollo Command and Service Module, the spacecraft intended to take the first astronauts to
the Moon. The first mission, Apollo 1. was planned to thoroughly test all the essential systems
aboard the Block | class of modules. The fourteen-day mission, set tentatively for launch on
February 21, 1967, was to be crewed by astronauts Lt. Colonel Virgil |. Grissom, Lt. Colonel
Edward H. White I, and Lt. Commander Roger B. Chaffee. Both Grissom and White had flown
previous space missions. In preparation for the launch, the crewmembers were simulating a
countdown on January 27, when arcs from electrical wiring in an equipment bay in the
Command Module began a fire. In the 100-percent oxygen atmosphere of the capsule, the crew
succumbed to burns and asphyxia within minutes of the beginning of the fire.'®

NASA immediately canceled all further missions in the Apollo program and established
several teams to determine the causes of the accident. Outside analysts predicted that this
would set back the Apollo program by at least a year. if not more. The accident inadvertently
gave the Soviet Union an added probability to catch up with the United States following inac-
tivity lasting almost two years. Despite the tragic nature of circumstances, the disaster no doubt
instilled a glimmer of hope among the Soviets that perhaps the “race to the Moon" was still a
race that had no clear winner. It would not have been surprising if Mishin, Chelomey, Keldysh,
and others believed for this brief window that it was a foregone conclusion that the first human
to fly around the Moon would be a Soviet citizen.

The first 7K-LI spacecraft, vehicle no. 2P. was launched from Tyura-Tam at 1430 hours,
33 seconds Moscow Time on March 10, 1967, into a 190- by 310-kilometer Earth orbit inclined
at fifty-one and a half degrees to the equator. It was the very first launch of the graceful silver
four-stage Proton booster. The spacecraft was named Kosmos-146 upon entering orbit, no doubt
to hide the true mission of the vehicle. The Blok D stage, also in its first mission, performed flaw-
lessly, firing both times—the second time boosting the 5.017-kilogram 7K-LI vehicle to escape
velocity. All except two on-board systems on the spacecraft operated without fault. The RDM-
3 radio beacon did not turn off at the computed time because of a circuit error, and the unit
worked continuously for forty-two hours instead of the nominal forty minutes. The second
minor problem was a fault in the thermo-regulation system that led to an unexpected fall in pres-
sure in one of the main lines.'** Kosmos-146 remained in orbit for about nine days, while ground
controllers maintained contact for at least five days.'* The spacecraft probably reached lunar dis-
tance apogee before returning back to the vicinity of Earth and burning up on reentry.

The success of Kosmos-146 was no doubt a tremendous boost for engineers who had
labored over the program for more than a year. The second spaceworthy 7K-L1 vehicle, space-

142. Ibid.

143. Ezell. NASA Historical Data Book. Volume Il. p. 176.

144. Semenov. ed.. Raketna-Kosmicheskaya Korporatsiya. pp. 240~41. The actual type of the 7K-LI space-
craft was 7K-LtP, with the "p" indicating a simplified version not equipped for recovery.

145. Westerners tracked transmissions from the payload during March | (15 at 20.008 megahestz. See Sven
Grahn and Dieter Oslender, "Cosmos 146 and 154," Spaceflight 22 (March 1980): 121-23.
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craft no. 3P, was quickly prepared for launch within less than thirty days. The vehicle would
repeat the exact same profile as its predecessor, except Blok D's second firing would follow one
day after entering Earth orbit instead of after one orbit. On April 6, Chelomey, Glushko, Barmin.
and other chief designers arrived at Tyura-Tam to view the launch, along with ten cosmonauts
who were training for the circumlunar flights. The latter group, including Leonov and Popovich,
would study the equipment at the launch pad and get acquainted with all prelaunch operations
involving the Proton booster. It was the first time that they physically saw the launch vehicle.

On April 8, the designers and guests watched the faunch from site 92, the location of the
assembly-testing building for the Proton. a distance of just over one and a half kilometers from
the pad at site 81. Lt. General Kamanin described the scene:

Unlike the [R-7,] the UR-500K rocket has a simple and well-designed service frame: the
base of the frame is to one side of the rocket. but it "hugs it" with five service landings
and has two elevators. After the frame is opened the rocket stands there like a beauti-
ful white church. . . ."*

At exactly 1200 hours, 33 seconds Moscow Time, the booster gracefully lifted off from its
pad. Despite gusts as high as eighteen meters per second, the performance of all four stages.
including the first firing of Blok D, was nominal. The 5.020-kilogram 7K-L| ship entered a
186- by 232-kilometer orbit with a fifty-one-and-a-half-degree inclination to the equator. TASS
announced the mission under the designation of Kosmos-154. About forty minutes following
launch. all the members of the State Commission gathered at the office of Colonel Kirillav, the
newly appointed Deputy Commander of Cosmodrome, to congratulate Chelomey on the suc-
cess. Throughout the day. ground controllers monitored all systems aboard the Blok D-L! stack
in Earth orbit. conscious of the fact that this would be the first time in the Soviet space pro-
gram when an upper stage would fire after a stay of twenty-four hours in weightlessness and
vacuum.

The news turned sour on April 9. when telemetry proved that Blok D had failed to fire for
the second time. After an analysis of incoming data, TSKBEM engineers believed that an instru-
ment switch had been left in the wrong position because of negligence on their part. The
instrument was used for triggering a system of engines that stabilize the propellant after the
first firing of the Blok D main engine. The engines of this system were apparently prematurely
jettisoned, disabling the main engine completely because it was unable to effectively use the
propellants. The blame for the error fell on Mishin’s shoulders, and State Commission
Chairman Tyulin gave him a dressing down. Kamanin recalled:

Tyulin was furious and swore at him. In the evening. still fuming after the unpleasant
experience of reporting to Ustinov and Smirnov, he gave a devastating but perfectly
accurate assessment of Mishin: "He has five times more arrogance than Korolev and ten
times less competence.”'®

The Kosmos- 154 stack remained in its low-Earth orbit for about two days following launch
before decaying naturally. The failure undoubtedly slowed the pace of the circumiunar program,

146. Kamanin, "A Goal Worth Working for," no. 46.
147. Ibid.- Afanasyev. "Unknown Spacecraft”: Semenov, ed., Raketno-Kosmicheskaya Korporatsiya. p. 241.
148, Kamanin, "A Goal Worth Working for." no. 46. p. 9.
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and the prospect of carrying out the first piloted mission in June or July must have seemed
shaky by any stretch of the imagination, especially given the intensive work concurrent in the
Earth-orbital Soyuz program. At the same time, even if the June—July deadline seemed out of
reach, there was still much hope that two Soviet men wouid circle the Moon by the November
1967 deadline. But this still vibrant hope was dealt a fatal blow just sixteen days after the
launch of Kosmos-154. It would be one of the most devastating incidents in the history of the
Soviet piloted space program—an event that crippled its run in the race for the Moon.
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The Soyuz spacecraft was the centerpiece of the post-Korolev space program. Since Korolev's
death in January 1966, the design, development, and testing of the 7K-OK Earth-orbital Soyuz
were expected to lead to the most spectacular mission in the Soviet canon to date: the docking
of two Soyuz spacecraft in Earth orbit, followed by the transfer of two crewmembers from one
vehicle to the other via a spacewalk. Soviet space program leaders strongly believed that this one
mission would overshadow the cumulative achievements of all ten of NASA's Gemini flights
during 1965-66. Thousands of engineers worked toward this singular goal to reestablish Sowviet
preeminence in piloted space exploration. from a political, technical, and human perspective. the
failure to do so was not an option. But as haste crept into the preparations, an atmasphere of
unease began to pervade the program.

Civilians in Space

For many years before his death. Sergey P. Korolev had spoken of sending not only military
officers into space, but also the young civilian engineers who actually designed and developed
Soviet spacecraft, such as Vostok, Voskhod, and Soyuz. Intermittently throughout the early
1960s, several engineers at OKB-1 had passed through preliminary medical screening. but
their candidacy as cosmonauts was never taken seriously by the Soviet Air Force. the service
responsible for all cosmonaut training.' The impetus to include engineers on spacecraft increased
significantly with the development of the 7K-OK Soyuz spacecraft, which afforded two to three
extra seats for missions. In September 1965, eight military cosmonauts began training for the
docking and EVA Soyuz mission, prompting Korolev to entrust one of his engineers to look into
the matter of forming a parallel civilian training group.” At least eleven civilians from the design
bureau passed the initial medical screening at the Ministry of Health's Institute of Biomedical
Problems. but Korolev's death put the matter temporarily on the backburner.’

| In September 1961, the Air Force allowed Korolev to send civilian engineers through medical screening.
See Rex Hall. "Soviet Civilian Cosmonauts,” in Michael Cassutt, ed., Who's Who in Space: The International Space
Year Edition (New York: Macmillan. 1992). p. 278

2. The eight military cosmonauts who began training in early September 1965 for the first Soyuz mission
were V. F. Bykovskiy, Yu. A. Gagarin. V. V. Gorbatko. Ye. V. Khrunov, P. |. Koladin. V. M. Komarov. A. G. Nikolayev,
and A. F. Voronov. See N. P. Kamanin. Skrytiy kosmos: kniga vtoraya. 1964—1966gg {Moscow: Infortekst IF, 1997).
pp. 347, 349: N. Kamanin, "A Goal Worth Waorking for” (English title). Vozdushniy transport 44 (1993): 8-9. These
eight men were still in training for the first Soyuz mission by late August 1966.

3. These eleven men were 5. N. Anokhin. V. Ye. Bugrov, G. A. Dolgopolov. G. M. Grechko. V. N. Kubasov.
0. G. Makarov. N. N. Rukavishnikov, V. A. Timchenko. V. A. Yazdovskiy, and A, S. Yeliseyev. See |. Marinin. "The
First Civilian Cosmonauts” (in Russian), Novosti kosmonautiki 12-13 (June 3-30. 1996): 81-87.
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With unexpected vengeance new Chief Designer Mishin took up the gauntlet of training
civilians, in part motivated by his hostility toward the Air Force, which coveted its total monop-
oly over cosmonaut training. A governmental decree six years previously had codified that all
Soviet cosmonauts, regardless of their affiliations, should be trained exclusively at the Air
Force’s Cosmonaut Training Center.* But without the agreement of either the Ministry of
General Machine Building or the Ministry of Defense, Mishin signed an official order {no. 43)
on May 23, 1966, establishing the 731st Flight-Methods Department, which consisted of the
first civilian "cosmonauts group" in the Soviet Union. The group members were:

»  Sergey N. Anakhin (fifty-six years old)
*  Vladimir N. Bugrov (thirty-three)

*  Gennadiy A. Dolgopolov (thirty)

»  Georgiy M. Grechko (thirty-four)

*  Valeriy N. Kubasov (thirty-one)

*  Oleg G. Makarov (thirty-three)

*  Vladislav N. Volkov (thirty)

* Aleksey S. Yeliseyev (thirty-one)’

Anokhin was an odd selection for the group because he was more than twenty vyears
older than the rest. A famous World War |i pilot, he had gone on to be one of the most accom-
plished test pilots in the Soviet Union, flying out of the famous M. M. Gromov Flight-Research
Institute outside of Moscow. Acquainted with Korolev since the wartime days, Anokhin had been
invited to head up a flight testing department at OKB-1 in April 1964, ostensibly to oversee the
training of future cosmonauts from the design bureau.® Given his age (he was six years older than
Mishin). his inclusion in the group seems to have been more of a personal favor to Korolev's
memory than to any serious plan to launch him into space.

Without official recognition from the Air Force, the eight candidates had little hope of
actually flying in space and were known only as “cosmonaut-testers.” Mishin, however, tried
everything in his power to bypass official Air Force rules. On June 15, 1966, he forced through
a formal Military-Industrial Commission decree (no. 144) that stipulated that his eight civilian
cosmonaut-testers be considered as candidates for the forthcoming Soyuz flight.” By this time,
the friction between the Air Force, represented by the ubiquitous Lt. General Nikolay P. Kamanin,
and TsKBEM began to affect the course of the Soyuz program. Without any agreement on the
crew, the engineers faced great difficulties in establishing timetables for the highly complex joint
mission. In late June, Mishin even went so far as to propose completely civilian crews for the
mission, although the eight military officers were finishing up several months of training.*

Throughout the month of July. the arguments went back and forth, with both Mishin
and Kamanin refusing to budge on their positions. Although First Deputy Minister of
General Machine Building Tyulin served as a mediator, Mishin convinced him and other officials,

4. This decree was issued on August 3, 1960. See ibid.

5. Ibid: Yu. P. Semenov. ed., Raketno-Kosmicheskaya Korporatsiya "Energiya” imeni S. P. Koroleva
(Korolev: RKK Energiya, named after S. P. Korolev, 1996), p. 426.

6.  Semenov, ed., Raketno-Kosmicheskaya Korporatsiya, p. 425; Hall. "Soviet Civilian Cosmonauts.”
p. 287.

7. Kamanin, "A Goal Worth Working for." no. 44; Marinin, "The First Civilian Cosmonauts”; Semenov,
ed.. Raketno-Kosmicheskaya Korporatsiya. p. 426.

8  The civilian crews proposed by Mishin were Dolgopolov/Yeliseyev/Volkov (primary) and
Anokhin/Makarov/Grechko (backup). See Marinin, "The First Civilian Cosmonauts.” In early July, there was a new
civilian crew proposal: Dolgopolov/Makarov (Soyuz 1) and Yeliseyev/Kubasov (Soyuz 2). See Kamanin, Skrytiy kos-
mos: 1964-1966. p. 348.
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including Academy of Sciences President Keldysh and Deputy Minister of Health Avetik 1.
Burnazyan, to approve a program on july 30 to train a group of civilian cosmonauts for the L1
circumlunar program. The implication was clear: Mishin would no longer use the Air Force's
Cosmonaut Training Center. Kamanin, predictably. called the document "a piece of nonsense."’
The acrimony came to a head in early August. when First Deputy Commander-in-Chief of the Air
Force Marshal Sergey |. Rudenko, Kamanin's immediate boss. agreed on a compromise: to allow
civilians to fly, but only if they passed through military medical screening and then trained at the
Cosmonaut Training Center. Although Kamanin still objected, Mishin apparently found the plan
agreeable, and on August 16, he wrote a letter to Kamanin explaining that civilian engineers should
fly on the Soyuz spacecraft because "design solutions can only be checked by highly qualified
specialists directly involved in designing and ground testing of the spacecraft. . . .""

On August 31, the eight TSKBEM engineers led by Anokhin arrived at the Air Force’s
Central Scientific-Research Aviation Hospital for medical screening. Having passed through the
tests. Grechko, Kubasav, and Volkov arrived at the Cosmonaut Training Center on September
5, the first group of civilians engineers in the Soviet space program to do so. The three. joined
later by Yeliseyev, began training on October I." Makarov arrived in November. All five were
accomplished engineers in their own right. participating in many of the historic events during
the early space program. Grechko had helped fuel the early R-7s before faunches in 1957.
Makarov had been on the teams that designed the Vostok, Voskhod. and Soyuz spacecraft. for
the Soyuz. L1, and L3 programs, each of these engineers were to occupy the flight engineer’s seat—
"the member of the crew . . . with responsibility for the correct operation of on-board systems and
carrying out the flight program.""” The remaining three from the group—Anokhin, Bugrov, and
Dolgopolov—Tfailed to pass the Air Force’s medical screening and were never considered for
these Soyuz missions."”

The addition of civilian engineers to train for the Soyuz flights. while it did not end the
battle between TsKBEM and the Air Force on the issue of cosmonaut selection, did allow Soyuz
training to proceed without further disruptions. The training regime was, however, incredibly
compressed. Although all the civilians had the advantage of being intimately familiar with the
7K-OK vehicle, they still had a scant three months before the docking mission, then set for early
January 1967. By mid-November, Kamanin was looking at a mixed crew composed of military offi-
cers. in training for more than a year, and the new civilians." Ultimately, Mishin’s insistence on
training civilian engineers had a long-lasting legacy on the composition of crews for the next thir-
ty years of the Soviet and later Russian space programs. During the late 1980s and throughout the
1990s, each and every crew to the Mir space station included a flight engineer who was a
spacecraft designer from the design bureau. now known as the Energiya Rocket-Space
Corporation (RKK Energiya).

Despite the arrival of the new civilian engineers at the Cosmonaut Training Center.
Kamanin stubbornly remained resistant to allowing the engineers to fly on the immediate Soyuz
missions. On his orders, the eight military officers continued to train for the flight, two
of whom—Gorbatko and Khrunov—oprepared for the EVA from one ship to another. Mishin,

9. Kamanin, "A Goal Worth Working for." no. 44.

10.  Ibid.

I, Marinin, "The First Civilian Cosmonauts.”

12, Semenov. ed.. Raketno-Kosmicheskaya Korporatsiya, p. 425, first footnote.

13, Grechko. Kubasov, Makarov, Yeliseyev, and Volkov were joined on January 8. 1967, by two more civil-
ian engineers from TsKBEM: V. | Sevastyanov and N. N. Rukavishnikov. Grechko dropped out of training temporar-
ily when he broke a leg during parachute training on ar about October 10, 1966. See Marinin, "The First Civilian
Cosmonauts.”

14. N. Kamanin, "A Goal Worth Working for" (English titie). Vozdushniy transport 45 (1993): 8-9.
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however, insisted that Kubasov and Yeliseyev, two of his own men. be put on the flight for the
spacewalk. On November 16, 1966, the Communist Party’s Defense Industries Department
Chief Serbin finally arbitrated a compromise: of the two EVA cosmonauts, one would be from
the Air Force (Khrunov) and one from TsKBEM (Yeliseyev). There was some controversy over
Yeliseyev's past. The Soviet security apparatus had discovered that Yeliseyev's original last name
was Kureytis, a Lithuanian name. His father, Stanislav A. Kureytis, had been arrested in 1935 and
spent five years in jail for "anti-Soviet agitation." Later, Yeliseyev had taken his wife’s last name
to put the past behind him. Evidently, the KGB let the issue go. although in past years such
"tarnished” biographies had given pause to select cosmonauts for flight crews."

The remaining cosmonauts on the docking flight would all be military officers. Since
September 1965, four Air Force cosmonauts had been training for the commander’s spot on the
two Soyuz spacecraft: veterans Bykovskiy, Gagarin, Komarov, and Nikolayev. Of them. it seems
that Vladimir Komarov had been the leading contender for the commander aboard the active
Soyuz, and he distinguished himself with excellent grades during mission training. Of all
the flown and unflown cosmonauts, there was little doubt that he was the most technically
accomplished as well as the most intellectually sophisticated member, He had originally served as
a fighter pilot in the Caucasus military district during the early 1950s before joining the prestigious
N. Ye. Zhukovskiy Air-Engineering Academy in August 1954. He graduated five years later, in time
to join the State Red Banner Scientific-Research Institute of the Air Force with the rank of
"captain engineer” of the Air Force. When he joined the cosmonaut team—that is. military unit
no. 26266——in 1960, he was only one of two individuals who had graduated from Air Force acad-
emies: the rest had only finished the equivalent of American junior colleges. Komarov nearly
dropped out of training early on, because of the diagnosis of an irregular heartbeat. but he had
persevered and flew into space as the commander of the historic three-person Voskhod crew in
October 1964. Within less than two years, he had become the sole contender for the primary
crew commander’s spot for the first Soyuz flight.'® At a State Commission meeting at Tyura-Tam
on November 21. 1966, it was Komarov who announced the candidates for the two spacecraft:
Soyuz | would fly with Komarov, and Soyuz 2 would fly with Bykovskiy, Yeliseyev, and Khrunov."

Yeliseyev was the sole civilian engineer from Mishin's design bureau, Bykovskiy was the
veteran from Vostok 5. and Khrunov was one of the remaining unflown cosmonauts from the
famous "Gagarin group" of 1960. Gagarin was, for the first time in five years, back on a back-
up crew. Since his first mission in 1961, he had served as more of a public relations linchpin for
the Soviet space program than anything else. Some of his international duties were mitigated
by his appointment in late 1963 as a deputy director of the Cosmonaut Training Center—a desk
job that posited him as a leading member of the State Commissions for the Voskhod flights.
In the intervening period. Gagarin had gained weight. and his flying skills seemed to have
deteriorated. This was not simply Gagarin's fault; cosmonaut overseer Kamanin had continually
opposed Gagarin's reassignment back to cosmonaut training. As early as April 1963, Kamanin
emoted that "Gagarin hopes that someday he will fly new space missions. It is unlikely,
however, that this will happen. Gagarin is too dear to mankind to risk his life for the sake of
an ordinary space flight." * Gagarin, however, pursued a second flight with unfettered vigor

IS, Kamanin. Skrytiy kosmos: 1964-1966. pp. 385-86. 389, 390, 391, 394. 395, 399.

6. I Marinin, "Anniversaries—Vladimir Komarov—70 Years" (English title). Novesti kosmonautiki 6
(March 10-23.1997): 51-53. for details on the training program for the first Soyuz mission through 1966. see Viktor
Mitroshenkov, Zemlya pod nebom (Moscow: Sovetskaya rossiya. 1987). pp. 385-98.

17 Marinin, "The First Civilian Cosmonauts.” The two backup crews were: Gagarin (Soyuz 1) and
Nikolayev, Kubasov, and Gorbatko (Soyuz 2). Note that prior to the admission of civilian engineers (Yeliseyev and
Kubasov) on the crews. two military engineers had trained for the EVA transfer: P 1. Kolodin and & F. Voronov.

18 N. Kamanin. "For Him, Living Meant Fiying" (English title), Vozdushniy transport 9 (1994): 8.
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and was even considered the primary contender for the Soyuz flight until April 1966, when a
combination of political and personal factors forced officials to replace him with Komarov.
Instead, Gagarin served as Komarov's backup."”

Stumbling Toward Piloted Flight

According to the Military-Industrial Commission decree from August 1965, the Soyuz
program was to set off with the first automated missions in the first quarter of 1966. Upon
Mishin's official appointment as Chief Designer in May, one of his first tasks was to evaluate
the state of the project, and he was remarkably optimistic, scheduling the first piloted attempt
in August 1966. The plan at the time was to launch two automated Soyuz spacecraft to
check the operation of all systems in robotic mode.” Needless to say. this schedule was not
maintained. Throughout 1966, engineers carried out ground testing of the spacecraft at a fever-
ish pace. Apart from static testing on stands. the Soyuz was involved in intensive dynamic
design testing, work on the nominal separation of the three component modules, testing of
the payload shrouds, thermal testing, checking of the operation of the life support system in
pressure chambers, docking of ground models by using suspended cables in a high-altitude
chamber, testing of the engine units, flight testing of the landing system, and dynamic testing
of the launch escape system.

The engineers began the ground testing of the first flight model of the Soyuz spacecraft on
May 12, 1966. There were many problems. Instead of the anticipated thirty days. it took four
months to debug the ship. There were as many as 2.123 defects in the vehicle, significantly
affecting the pace of the project. The official history of the design bureau states that the
testing of the Soyuz spacecraft:

required the solution of a number of serious scientific-technical and management prob-
lems. which arose due to the considerable complexity, as compared to the "Vostok" and
"Voskhod" in the composition and logic of the functioning of the on-board systems. . . .*

Among the factors that the engineers had to face were problems with the parachute
system. Serious defects were identified when two out of seven drop tests from the An-12
aircraft at Feodosiya failed. After one test on August 9. when the reserve parachute failed to
open, Kamanin prophetically wrote in his diaries:

One has to admit that the 7K-OK parachute system is worse than the parachute system
of the Vostoks. And the spacecraft isn't much to look at in general: the hatch is small,
the communications equipment is outdated. the emergency rescue system s primitive
and so on. If the automatic docking device turns out to be unreliable (which cannot be
ruled out) our space program will be headed for an ignominious failure.”

9. On April 16, 1966, at a meeting at the Cosmonaut Training Center, officials proposed Komarov instead
of Gagarin as the pnimary candidate for the first Soyuz flight. Gagarin was proposed as his backup. See Mitroshenkov.
Zemlya pod nebom. p. 382. In January 1966, the primary crew for the first mission was Gagarin and Voronov.

20.  There was also a Military-Industrial Commission decree in early 1966 that stipulated that the first two
automated flights would be in August 1966. the joint piloted flight would be in September-October 1966, and the
second joint piloted flight would be in November 1966. See Marinin, "The Ffirst Civilian Cosmonauts.”

21.  Semenov. ed., Raketno-Kosmicheskaya Korporatsiya. p. 177; B. Ye. Chertok, Rakety i lyudi: goryachiye
dni kholodnoy voyny (Moscow: Mashinostroyeniye, 1997}, p. 402.

22.  Kamanin, "A Goal Worth Working for," no. 44. The parachute system was designed and built by NIE|
PDS headed by Chief Designer F. D. Tkachev.
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The political pressure to return to flight was
immense. as official TsKBEM historians noted later:

... it was impossible to allow a gap in
the realization of piloted flights after
the successful series of launches of the
"Vostok" and "Voskhod" ships and it
was necessary to maintain the priority
in space research relative to the
Americans . . there was also pressure
on the part of the government. Thus.
Deputy Minister [of General Machine
Building Valentin Ya.] Litvinov person-
ally daily in the morning carried out
operative meetings in the 44th assem-
bly shop . . . and signed a list of bonus-
es for accelerating work.™

To oversee the test launch phase of the
Soyuz spacecraft, the Soviet government estab- ] , _
lished a new State Commission in October 'r‘]”aj General Kerim Kerimou was the chatr of the ad

o . " oc State Commission for Soyuz from 1966 to 199/

1966, whose official title was the "State A veteran Strategic Missile Forces officer, he
Commission for Flight-Testing of the Soyuz officially served in several high positions in the
Spacecralt." Maj. General Kerim A. Kerimov, a  Ministry of General Machine Building during the
forty-nine-year-old artilleryman. formerly of the Soviet era. (files of Peter Gorin)
Strategic Missile Forces, was appointed to head
the commission apparently to honor the late Korolev, who had originally suggested Kerimov for
the post.” He was an odd choice for the position. Unlike the State Commissions for the Vostok,
Voskhod, LI, and NI-L3, it was the first occasion when a commission chair did not have a min-
isterial or even a deputy ministerial rank. In fact, the actual duties of the chairs of the N1I-L3,
L 1. and Soyuz State Commissions show a progressive decline in state importance with Minister
Afanasyev (for the N 1-L3). First Deputy Minister Tyulin (for the L1), and Chief of the Ministry’s
Third Chief Directorate Kerimov (for Soyuz), respectively. The latter was yet another former
artillery expert who had gone to Germany after the war to recover German A-4s. Throughout
the 1950s the native Azerbayjani had worked at Kapustin Yar before heading the first space
directorate at the Strategic Missile Forces. In 1965, he quit the Strategic Missile Forces under
dubious circumstances before going on to the Ministry of General Machine Building.

Throughout the summer of 1966, senior space officials met on several occasions to agree
on a manifest leading up to the ambitious docking mission. Because almost all the systems on
board the 7K-OK Soyuz spacecraft were automated, some members recommended that instead
of two automated solo flights, engineers carry out a full-scale rendezvous and docking mission

23, Semenov. ed., Raketno-Kosmicheskaya Korporatsiya, p. 178.

24. K. Isaakov, "Earth—OQur Paternal Home" (English title). Bakinskiy rabochiy. August 19. 1987. p. 3; V.
Ovcharov and L. Chernenko, "Recommended by Korolev” (English title). Sovetskaya rossiya. August 22, 1987, p. 2:
S. Leskov, "Sputnik.” Komsomolskaya pravda. October 4. 1987, p. 4; "Living History, Noteworthy Events: Rockets
Go Into Space" (English title), Sovety narodnykh no. 4 (April 1988): 50-53; K. Isaakov, "Breakthrough into the
Unknown: Today is Cosmaonautics Day" (English title), Bakinskiy rabochiy. Apnl 12, 1988, p. 3; Kamanin. Skrytiy
kosmos. 1964-1966, pp. 380, 383.
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between the two ships. Among those in favor of such a plan was Chief Designer Armen S.
Mnatsakanyan of the Scientific-Research Institute for Precision instruments. responsible for the
design and development of the lgla rendezvous and docking radar system. After assessing the
pros and cons, Kerimov and Mishin agreed to Mnatsakanyan's suggestion. The first two auto-
mated flight models of the 7K-OK Soyuz arrived at Tyura-Tam in August 1966 for their launches
in September. Further problems, however, necessitated moving the launches to November 1966.
This was to be followed in January or February of the following year with the piloted mission.

On the morning of November 18, the commission met at Tyura-Tam in preparation for the
upcoming dual launches set for November 26-27. Spaceship no. 2, the active Soyuz, would be
launched first. followed twenty-four hours later by Spaceship no. I, the passive Soyuz. Upon
orbital insertion, if the passive ship was within twenty kilometers of the active vehicle, then
docking would take place between the two ships on the passive one’s first or second orbit. If
the distance was greater, then the docking would occur a day later. If all systems were operat-
ing ideally, then the two spacecraft would remain docked for three days; both would land on
the fourth day of their respective missions.” Engineers believed that a piloted flight with the
third and fourth Soyuz vehicles could be mounted as early as December 26-27. A lot of factors
had to work perfectly to maintain the deadline—for example, both of the two pads (at sites |
and 31) capable of launching the 11A511 booster would have to be available for launches. This
meant that the commission would have to obtain permission from the military to delay the
launch of a Zenit-4 photo-reconnaissance satellite scheduled for launch from one of those pads.
The Soyuz launches would mark the first launches of the 11A511 booster, a marginal modifi-
cation of the earlier 11A57 launch vehicle used for Voskhod.

A final State Commission meeting took place on November 25, by which time the two
launches were set for November 28 and 29. On launch day, Kamanin wrote:

We've been waiting for this to happen for more than four years (the industry delayed the
manufacture of the spacecraft because they were overautomated: they have to be able to
link up even if unmanned). Today and tomorrow will see launches on which the immedi-
ate future of our space program will hinge: all the Moon spacecraft are based on Soyuz.”™

The first Soyuz spacecraft lifted off successfully at 1600 hours Moscow Time on November
28. 1966, from Tyura-Tam. It entered an initial orbit of 181 by 232 kilometers at a 51.9-degree incli-
nation; the perigee was lower than expected because of the less-than-stellar performance from the
new launch vehicle. The Soviet news agency TASS designated the spacecraft Kosmos-/33 and, as
was customary, did not indicate that the flight had any connection with the piloted space pro-
gram. Problems beset the mission almost immediately. As soon as the payload separated from the
booster, the pressure in the tanks of the mooring and orientation engine system dropped from
340 atmospheres to thirty-eight atmospheres in 120 seconds. Within less than fifteen minutes,
all or most of the propellant in the system had been used up. sending the spacecraft into a slow
rotation of two revolutions per minute. Given that these engines were indispensable for attitude
control during approach and docking, there was little hope of carrying out a docking with a sec-
ond Soyuz. Kerimov and Mishin immediately decided to cancel the preparations for the second
launch and instead focus efforts on bringing Kosmos-133 back to Earth.

The spaceship had more problems. The mooring and orientation system thrusters were
required not only for rendezvous and docking but also to position the spacecraft into correct
attitude to fire the main deorbit engine. On Deputy Chief Designer Chertok’s suggestion,

25 Kamanin. “A Goal Worth Working for.” no. 45; Chertok. Rakety lyudi: goryachiye dni kholodnoy
voyny. p. 412. Kamanin, Skrytiy kosmos: 1964-1966. p. 396.
26.  Kamanin. "A Goal Worth Working for,” no. 45. p. 8.
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ground controllers at Yevpatoriya decided to use a backup set of attitude control engines linked
to the backup main engine. A test of these small thrusters, however. showed that they turned
the ship in an opposite direction to the one commanded—that is, they could not be used
for reentry attitude orientation either. Kosmos- 133 seemed to be stranded in orbit. Preliminary
ballistics projections showed that the spacecraft would decay naturally after about thirty-nine
orbits. in which case the automatic self-destruct system would blow up the vehicle during
descent because of an incorrect orientation.

Given these almost insurmountable problems, the Chief Operations and Control Group
found an ingenious way to work around them. The flight control team decided they could use
a third set of tiny thrusters, the orientation engines, which were used only for minor attitude
control, to position the vehicle correctly for short time periods. Thus, instead of firing the main
55.35 engine for a full 100 seconds for reentry, the controllers would fire it in short bursts of
about ten to fifteen seconds while the orientation engine system maintained proper attitude.
The cumulative effect of several of these short firings would be the same as one long burn—
that is, sufficient to deorbit the spacecraft safely. There was, however, little hope of bringing
the ship back to a preselected target area.*’

In the early morning of November 29, after extensive consultations with Chertok at
Yevpatoriya and with Deputy Chief Designer Bushuyev in Moscow. the State Commission opted to
try for a reentry on the seventeenth orbit using a combination of the automatic solar orientation
system. the orientation engine system thrusters, and the main engine. Controllers apparently
doubted whether all the correct commands had been sent to the spacecraft at the time, and Mishin
decided to call off the attempt and not take the risk. Attempts to bring the ship down on the eigh-
teenth and nineteenth orbits using ionic attitude control sensors did not succeed either. Kamanin
in his journal recorded that the controllers fired the engine two times, but each time the unit cut
off after ten and thirteen seconds. respectively. A third burn to change Kosmos-133's orbit to shift
its landing track over Soviet territory also prematurely cut off after twenty seconds, apparently
because the ship was not properly stabilized during the firing. It remains unclear whether these
aborted burns were deliberate firings to guide the ship in for deorbit or failed attempts at reentry.
Ultimately. the State Commission decided to delay the landing for another day to wait for the
following opportune landing opportunity on Soviet soil.™

On the morning of November 30, on the spacecraft's thirty-second orbit, the controllers
carefully sent commands for new engine firings to be carried out on the succeeding orbit. But
on the thirty-third orbit, the main engine apparently shut down prematurely again. A fifth
engine firing on the thirty-fourth orbit using the ionic sensor system did the job: the spacecraft
was sufficiently slowed down to begin orbital decay. Kosmos-133 separated into its three
component modules and began reentry, but the descent apparatus abruptly disappeared from
radar screens about seventy to 100 kilometers over Earth, 200 kilometers southeast of the city
of Orsk. An extensive visual search by the Air Force’s search service ended without result. Later,
the State Commission ascertained that the descent trajectory had been too flat and the capsule
had begun to overshoot Soviet territory and head toward China. The self-destruct system,
consisting of twenty-three kilograms of TNT, exploded automatically and destroyed the
capsule. Debris apparently rained down on the Pacific Ocean east of the Mariana Islands. The
mission had lasted about one day. twenty-one hours.

27 Chertok, Rakety i lyudi: goryachiye dnt kholodnoy voyny. pp. 416~19.

28, Kamanin, Skrytly kosmos: 19641966, pp. 414-16.

29, Ibid. pp. 416-17; Leonard Nikishin, "Soviet Space Disaster on the Revolution's Anniversary: How and
Why Cosmonaut Komarov Died." Moscow News 9 (March 1-8, £992): t6: Kamanin. "A Goal Worth Working for."
no. 45; |. Marinin. "'Soyuz": 30 Years Since the First Flight” (English title). Novosti kosmonautiki 24 {November
18-December 1. 1996): 64-65.
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Although the flight could hardly have been considered successful, the mission did give
engineers and controllers on the ground a chance to evaluate the operation of all the Soyuz
systems in realistic conditions. The ionic orientation system was stable, the main engine could
be fired repeatedly in vacuum, and the spacecraft could be reentered despite faulty stabilization.
Based on an analysis of the problems, many State Commission members, including Chairman
Kerimov, Mishin, and Ryazanskiy. believed that Kosmos-133 could have been safely recovered
if there had been a cosmonaut on board instead of a mannequin. Four investigation commissions,
which included Chief Designer Ryazanskiy, Deputy Chief Designer Tsybin. and Department Chief
Raushenbakh, reported their findings on December 8. There had been three major failures on the
ship: the complete spurious exhaust of the propellant in the mooring and orientation engine
system; insufficient stabilization of the spacecraft when the deorbit engine was fired: and a
failure of the Tral telemetry instrument on the fifteenth orbit. They found that the failures had
nothing to do with design flaws but rather problems in assembling and testing that particular
model on the ground. The service lines for the jet vane controls of the orientation engines were
evidently tangled up, and a faulty system was installed on the vehicle. During reentry, the
retro-engine had fired for less than a nominal period because of the lack of vehicle stabilization.
which itself was a result of the faulty orientation system. The State Commission recommended
that the second Soyuz. the passive 7K-OK, be launched no later than December 18 on a
solo flight. Igla system Chief Designer Mnatsakanyan opposed a solitary launch and continued
to insist on an automated docking flight, but he was overruled by Mishin, who apparently
regretted following Mnatsakanyan's advice to mount a joint flight on Kosmos-133. If all went
well, cosmonauts would fly into space aboard two different Soyuz vehicles in late January or
early February.™

The pace at Tyura-Tam was intense. A little more than two weeks later, the remaining
Soyuz spacecraft, vehicle no. I, was ready for launch, this time from the pad at site 31. The
launch was set for 1430 hours local time on December 14, 1966. At the count of zero, shards
of flame shot out from the base of the | 1A51 1 booster, but they were suspiciously smaller and
less powerful than normal. The rocket remained fixed on the pad. and those present assumed
that computers had aborted the launch at the last minute because of a then-unknown glitch.
The flames at the base died down soon, and steam filled the area as thousands of gallons of
water poured onto the launch mount. Approximately twenty-seven minutes after the abort,
observers saw the launch escape system suddenly start firing. At this point, there were many
pad workers who were engaged in "safing” the booster, as was customary following a launch
abort. Although the rocket seemed to remain inert, within a few seconds. the flames from the
escape system directly engulfed the lower portion of the Soyuz spacecraft and the booster's
third stage below. As the fire spread, scores of workers near the pad took cover in their bunkers.
Kamanin described the scene:

I ran to the cosmonauts’ house and ordered everyone who was there to quickly go from
the rooms into the corridors. It proved to be a timely measure: within seconds a series
of deafening explosions rocked the walls of the building which was located 700 meters
from the pad. Stucco fell down and all the windows were smashed. The rooms were
littered with broken glass and pieces of stucco. Fragments of glass hit the walls like
bullets. Clearly, if we had remained in the rooms a few seconds longer we would all
have been mowed down by broken glass. Looking out through the window openings
I saw huge pillars of black smoke and the frame of the rocket devoured by fire. . . .*

30.  Kamanin, "A Goal Worth Working for,” no. 45: Semenov. ed.. Raketno-Kosmicheskaya Korporatsiya,
p. 179; Marinin, ""Soyuz’: 30 Years Since the First Flight."
31, Kamanin. "A Goal Worth Working for.” no. 45, p. 9.
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State Commission members met about twenty minutes later at the Soyuz assembly-testing
building. but among those missing were Mishin, Kerimov, and Maj. General Kirillov, the Chief
of the First Directorate at the Baykonur Cosmodrome. As concern mounted for the missing
individuals. Baykonur Commander Maj. General Aleksandr A. Kurushin quickly sent an
emergency medical team to the launch pad area to search for survivors. Within a short time,
Mishin, Kerimov, and Kirillov turned up safe at another command bunker. The Soyuz descent
apparatus miraculously landed safely at a distance from the pad without incident.

On December 16, an investigation commission reported on the probable causes of the
terrible accident. It seems that when the command to ignite had been sent to the booster, only
the second stage of the | I1A511 launcher (that is, the strap-ons) had fired, and computers had
instantly aborted the launch. After the announcement for pouring water around the launch
mount. Mishin and Kirillov had concluded that it was safe to egress from their bunkers because
all engines on the booster were shut down. Ground control then sent a command to relocate
the escape frames of the pad structure onto the vehicle to prevent the launcher from swaying
in the gusty winds present at the time. By this point, many service personnel had already
arrived at the pad to climb up the service tower to inspect the rocket. As the frames were lift-
ed near the booster, one of these touched the booster prematurely and tiited it. This occurred
because the launch vehicle had moved very slightly from its original position at the launch
abort. As soon as the booster tilted. the emergency rescue system was automatically triggered
by gyroscopes, which detected a vertical angle exceeding seven degrees. The ninety-ton
solid-fuel engine of the system fired on command, and its long exhaust penetrated the Soyuz
propellant tanks on top of the booster; at that point, all service personnel fled the area in panic.
It took almost two minutes between the firing of the system and the final explosion of the first
and second stages of the booster—a length of time that no doubt saved the lives of most of
those who were close to the booster, including Mishin, Kerimov. and Kirillov. Most managed
to run as much as 150 to 200 meters to safety, while Mishin and the others fled to a nearby
bunker. A Major Korostylev unfortunately tock refuge behind the concrete walls of the launch
assembly and, as a result, became the sole fatality in the accident. Several others were severely
injured. The entire pad complex and associated structure was completely destroyed.>

At the meeting on December 16, Mishin admitted that the design of the emergency rescue
system had been fundamentaily faulty because the gyroscopes could trigger the operation of
the system even when all power was cut off to the booster. Remarkably, just three days prior
to the explosion, engineers carried out a test of the rescue system at the Air Force's test site at
Vladimirovka near Kapustin Yar. Because the goal of the test was not to check fire safety, the
tanks of the spacecraft were left empty for the firing of the rescue system engines. A fueled
spaceship could have easily precluded such a disaster. Engineers introduced a number of design
changes on the rescue system based on the recommendations of the accident commission,
including ensuring that the solid-propellant engine of the system could be turned off manually or
remotely immediately after aborts.**

The explosion and destruction of an 1 1AS11 booster, a Soyuz spacecraft, and the pad at
site 31 significantly delayed any hope of mounting an early piloted Soyuz mission. Another
automated Soyuz flight was inserted into the schedule, to be carried out on January 15, 1967,
from the other remaining pad at site I. Mishin had ordered re-equipping one of the piloted ver-
sions for the solitary robotic mission. The piloted mission was postponed to March—a delay
accounted for by the time needed to transform the pad at site | to support dual Soyuz launches.
In the meantime, on December 21, Kamanin sent the eight primary and backup cosmonauts for

32, Ibid.: Nikishin, "Soviet Space Disaster."
33, Semenov, ed.. Raketno-Kosmicheskaya Korporatsiya. pp. 179-80.
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the first mission. who had been intensively training through November and December, on
a short vacation ™ The year would end without a single Soviet piloted flight, the first such year
since crewed spaceflight was inaugurated by Gagarin in 1961

The next Soyuz spacecraft, a passive 7K-OK, vehicle no. 3. was prepared for its two-day
mission in late January 1967. The State Commission met on January 19 in Moscow before
flying to Tyura-Tam starting January 23.* Mishin was evidently ill for the two weeks preceding
the launch, set for February 6. and was not present at many of the technical meetings. Due to
minor technical reasons. the launch was delayed exactly twenty-four hours, and the vehicle lift-
ed off successfully from the pad at site | at 0620 hours Moscow Time on February 7, 1967.
Initial orbital parameters were 170 by 241 kilometers at a 51.7-degree inclination. TASS
announced the flight as Kosmos-140, another in a long series of nondescript generic satellites
with no particular mission. One of the unusual payloads aboard the ship was a cryogenic
superconducting magnet on board for the analysis of charged particles. The Soviets later
claimed that this was the first such instrument launched into space to study cosmic rays.”
Communications were interrupted briefly during the powered ascent, but they were restored
once in orbit. which was once again lower than intended because of the fess-than-nominal
booster performance.

Trouble began to appear on the fourth orbit. The vehicle failed to respond to a command
to orient itself to tumn the solar panels to face the Sun to recharge the on-board batteries. The
astro-orientation sensor system used for this maneuver had evidently malfunctioned. Worse, pro-
pellant levels in the attitude control system had dropped to 50-percent levels during this test. After
anxious consultations. the State Commission decided to raise the orbit and try one more time to
test the sensor system, which used the 45K solar-stellar sensor. On the twenty-second orbit, the
Soyuz main engine fired for fifty-eight seconds, but the spacecralt failed to respond to the "spin
up to the Sun" command, and all the propellant in the main attitude control system was spent.
By the end of the day. commission members were looking to terminate the flight early. Once
again, most members believed that the failures on Kosmos-140 were only in systems that had
duplicates for manual control, such as "spinning up" and the astro-orientation system. All of
these malfunctions could have been compensated by cosmonauts.” The remaining systems such
as life support, the main engine, thermal control, and so on, worked without problems.

The State Commission decided to use the ionic sensor system of orientation to posit the
vehicle in the correct attitude prior to retrofire. The designer of the system, TSKBEM Department
Chief Raushenbakh. had little confidence in the device, because he believed that the main
engine might misfire as a result of exhaust, which could disorient the ionic sensors. Luckily for
everyone, the system worked without a flaw, and the descent apparatus of Kosmos- 140 began
its reentry.

Following deorbit. the search-and-rescue service received faint signals from the descent
apparatus, which were evidently originating from the Aral Sea, far west of the intended landing
site. It was apparent by then that the capsule had automatically changed its landing profile from
a guided reentry to a ballistic return. About four hours after landing. searchers discovered the
descent apparatus eleven kilometers from Cape Shevchenko, lying on an iceberg in the Aral Sea.

34.  Mitroshenkov, Zemlya pod nebom, p. 397. Among the cosmonauts training for 7K-OK missions by late
December were the eight men for the first mission (Bykovskiy. Gagarin. Gorbatko. Khrunov, Komarov. Kubasov.
Nikolayev. and Yeliseyev). as well as four other cosmonauts training for future missions {Beregovoy. Makarov.
Shatalov, and Volkov).
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It was the first sea landing for a Soviet piloted vehicle. Unfortunately, soon after the rescue
teams discovered the capsule. it sank through the ice to a depth of about ten meters. It seems
that the capsule had crashed through the iceberg and floated in the resulting hole until
it became water-logged and simply sank. Engineers back in Moscow were naturally alarmed by
the news, because the descent apparatus had been repeatedly tested for floatation in case of a
water landing.

The recovery of the capsule proved to be extremely difficult, and the Air Force had to call in a
team of divers. Helicopters were not able to lift the capsule because it was too heavy. With much
difficulty. an Mi-6 helicopter managed to accrue sufficient horizontal velocity to drag the thing the
three kilometers back to the shore. In their postflight analysis, engineers discovered a thirty- by ten-
millimeter hole at the center portion of the bottom of the vehicle, which was sufficient for loss of
pressure and the subsequent sinking. The investigation showed that the hole was the result of an
infringement of the unity of the heat shield. which had been cast off. The heat shield itself had
a maintenance hole with a plug attached with special glue for a thermal gauge pipe. The plug
was incorrectly mated to the heat shield, resulting in a chain of events that led to the hole in the
spacecraft. If a crew had been on board, they would have died. since Soyuz crewmembers would
not be wearing spacesuits during reentry. To address the problem, engineers eliminated the
plug completely from the heat shield, and they also made the heat shield a monolithic structure
instead of being assembled piece by piece. In addition, all "suspect” areas of the heat shield were
reinforced with extra material as a cautionary measure. At a meeting on February 16, Mishin and
Bushuyev reassured the State Commission that the necessary measures would be carried out to
preclude such an accident from happening again.”®

Soyuz |

From an outsider's perspective, the natural course of action for the State Commission
would have been to add another precursor Soyuz mission to the schedule. The two spacecraft
flown in 1966 and 1967 had significant problems, primarily in their reentry phase, and certainly
there would have been the need to verify the operation of all the compenents of reentry. such
as the heat shield, parachute system, reentry orientation systems. and so forth. Despite
the three attempts to launch the 7K-OK Soyuz. Mishin and his engineers recovered only
a single descent apparatus after a space mission—one whose thermal protection system had
a catastrophic failure. This is not to say that Mishin did not undertake a thorough analysis of
the situation. The results of the three Soyuz attempts were the subject of intense discussion:
the main decision for the engineers was whether to carry out another automated mission or
whether to go directly to a piloted mission. Deputy Chief Designers Konstantin D. Bushuyev
and Yakov |. Tregub of TsKBEM led this analysis in February and March 1967 Mishin invited
a host of representatives from all organizations involved in the Soyuz program to hear their
individual assessments of the status of their particular system and its potential readiness for a
piloted flight. Remarkably, most of the other designers and engineers recommended crewed
flight. Among the dissenters was TsKBEM Department Chief Ivan S. Prudnikov. who based
his objections on the insufficient testing of the new, improved heat shield. The majority of
engineers, however, expressed confidence in the work of the heat shield.”

38 Ibid: Semenov. ed.. Raketno-Kosmicheskaya Korporatsiya, p. 180; Nikishin, "Soviet Space Disaster";
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On March 25, 1967, Chairman Smirnov's Military-Industrial Commission met to discuss
the preparations for the mission. Representing the State Commission. five men spoke on the
flight. including Chairman Kerimov, Mishin, and Kamanin.® Smirnov asked several questions,
including: "Do you think the equipment will work smoothly?" Kamanin replied:

Three launches of Soyuz spaceships and the completion of all ground tests have made us
confident that the flight will be successful. although at one point some of the cosmonauts
had certain doubts about the ship's bottom. We know that following the burn-out of the
bottom of ship no. 3. the Central Design Bureau of Experimental Machine Building has
worked hard to reinforce it. Chief Designer Mishin has said on more than one occasion
that now there should be no doubts about the bottom. We believe Mishin.*

Kamanin introduced all the cosmonauts preparing for the flight: the eight primary and
backup crew members—Bykovskiy, Gagarin, Gorbatko, Khrunov, Komarov, Kubasov, Nikolayev.
and Yeliseyev—as well as four additional understudies who were expected to fly a subsequent
Soyuz mission after finishing their training on June 1.# Although there was no formal decision
on the primary crew, Komarov (for Soyuz 1) and Bykovskiy, Yeliseyev, and Khrunov (for Soyuz
2) were the leading candidates. Mishin personally met with Ustinov two days later to discuss
the flight, setting in motion a series of events that would cripple the Soviet space program.”

The decision to move ahead with the docking mission has been obfuscated and mired in
controversy and speculation for thirty years. One TsKBEM engineer, who later emigrated to the
United States in the 1970s, added to the rumor mill by recalling that:

The management of the Design Bureau knew that the vehicle had not been completely
debugged: more time was needed to make it operational. But the Communist Party
ordered the launch despite the fact that four preliminary launches had revealed faults in
coordination. thermal control. and parachute systems. It was rumored that Vasiliy
Mishin. the deputy chief designer who headed the enterprise after Korolev's death in
1966, had objected to the launch.*

There was clearly much political pressure from Brezhnev and Ustinov to get the flight off
the ground. It had been almost two years since a piloted Soviet spaceflight, while the
Americans had flown ten Gemini missions. In addition, May Day, one of the most important
holidays in Soviet culture, was imminent, and there is reason to believe that the Soyuz flight
was timed to roughly coincide with the anniversary. A simple automated flight of the vehicle

40, Kamanin, "For Him. Living Meant Flying." The other two speakers were Maj. General A. G. Karas
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rescue and recovery operations).
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would have hardly mattered for such an auspicious occasion. When asked in an interview in 1990
whether the he had been pressured to carry out the mission. Mishin replied:

Truly, there never was a time when we worked in peace. without being hurried or pres-
sured from above. The unskilled. totally bewildered, high-ranking bureaucrats believe that
they are fulfilling their duties if they are shouting "Let's go. let's go!" at people who don't
even have time to wipe the sweat off their brows.*

Asked about the possibility that his deputies may have committed errors during the preparations,
Mishin emphasized:

No. the deadlines and the pressure from above have nothing to do with that. Not a single
supervisor for any of the Soyuz systems would have given the "go-ahead" to the flight if
he were not certain of that system'’s satisfactory operation.*

Ultimately, it was a decision motivated by the apparently huge lag in piloted space explo-
ration accrued through 1965 and 1966 as compared to the United States. Throughout 1966, both
the political and technical managers of the Soviet space program banked on the inauguration of
the Soyuz program to take some steam out of U.S. space achievements. which finally seemed to
have gained momentum after years of humiliation. When Mishin, Bushuyev, Tregub. and others
recommended a go-ahead with the flight, clearly they did not have full confidence in their ship.
Korolev, of course, had also taken his own risks, particularly with the two Voskhod missions.
which were highly risky endeavors. The EVA mission of Voskhod 2. for example, was not pre-
ceded by a successful precursor mission. But Soyuz was a far more complex spacecraft; it was a
completely untested quantity in terms of crewed operations. The Soyuz mission was a gamble of
extraordinary levels.

The intensive discussions on Soyuz in February and March 1967 were mirrored by the slowly
increasing number of rumors emanating from "unofficial” sources from the Eastern bloc that a
Soviet space spectacular was imminent. On March 7. a commentator on Prague Radio reported
that "much more complicated manned operations in Earth orbit are about to begin which have
taken over two years to prepare."" Just two days later, Lt. General Kamanin. in a long interview
with Warsaw Radio. said that piloted flights would begin again that spring. He added that the
Soviets were not locked onto any particular date and that the flight would come only when they
were assured of success. He implied that the deaths recently of the three American astronauts
were the result of unnecessary haste in the U.S. space program, a factor absent in the Soviet space
program.®

After an unusually grueling training program involving countless hours in simulators on the
ground. the eight primary and backup cosmonauts for the mission took their final exams for the
flight on March 30. and all passed with excellent marks. On April 6, the men visited the depths
of the Kremlin to meet with high Central Committee officials and receive wishes of good luck.
The same day. Kamanin, accompanied by veteran and rookie cosmonauts, flew into Tyura-Tam.
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The crews of Soyuz | and Soyuz 2 present themselves before the State Commission in front of the launch pad in

April 1967. In the foreground from left to right are the primary crew of Vladimir Komarou. Valeriy Bykouskiy.

Yeugeniy Khrunov, and Aleksey Yeliseyev (in civilian clothes) and the backup crew of Yurly Gagarin. Andrian

Nikolayeu. Viktor Gorbatko. and Valeriy Kubasov {also in civilian clothes). Chief Designer Valentin Glushko is
visible in the background between Yeliseyev and Gagarin. (copyright Christian Lardier)

Komarov followed on April 8 and Gagarin on April 14.” For many, it was the first time that they
had spent the celebrated "Cosmonautics Day," the anniversary of Gagarin's pioneering flight. at
the Baykonur Cosmodrome.

There was a meeting of the State Commission on April 14 at which the members decided to
begin fueling the two faunch vehicles and spacecraft. Assuming an eight-day period for
complete preparation, the first launch was tentatively set for April 24-25. Mishin telephoned both
Ustinov and Brezhnev later: Ustinov evidently expressed some anxiety over the impending flight.
The mission would be inaugurated by the launch of the active 7K-OK Soyuz 1, on the first day,
with Komarov. The following day. as the ship was flying over Tyura-Tam. the passive 7K-OK
Soyuz 2 would be launched with Bykovskiy. Yeliseyev, and Khrunov. The two spacecraft would
dock on the very first orbit of Soyuz 2; it would be the first docking of two piloted spaceships.
After docking, Yeliseyev and Khrunov would exit from their depressurized living compartment and
craw! over to the depressurized living section of Soyuz 1. following the transfer, Soyuz [, with a
crew of three. would return the following day. Soyuz 2. with a crew of one, would also return that
same day. Apart from the dramatic nature of the flight. the mission had significant value for future
operations in the Ni-L3 project as well as possible Earth-orbit rendezvous profiles for the
circumlunar LI program.

49. Mitroshenkov, Zemlya pod nebom, pp. 405-06. Among the cosmonauts accompanying Kamanin were
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(Moscow: Paliticheskoy literatury, 1989). p. 97.
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The EVA itself had been the subject of much discussion for months. In November 1966,
two of Mishin’s Deputy Chief Designers, Sergey O. Okhapkin and Pavel V. Tsybin, proposed
having one cosmonaut move away from the docked vehicles to a distance of about ten meters
to photograph the complete complex and the second cosmonaut. After opposition by some of
the cosmonauts, TsKBEM opted for the use of a ten-meter boom to ensure that the vehicles
would be photographed—a problem entrusted to Deputy Chief Designer Bushuyev.* By the
time of the actual mission, Bushuyev had abandoned the idea. possibly projecting its use on
a later Soyuz docking mission. The cosmonauts on this first flight would simply crawl from ship
to ship. There were other changes to the spacewalk schedule. TSKBEM engineers had apparently
designed the hatch on the Soyuz ship with too small a diameter (0.66 meters). This would
be barely enough for a spacesuited cosmonaut to egress from the ship and make it all but
impossible for the men to get back into the second ship. Mishin and his boss, Deputy Minister
Litvinov, were categorically opposed to redesigning the hatch to a larger size for the first few
Soyuz vehicles, believing that a redesign would delay the initial launches by months. Instead, at
a meeting on August 4, 1966, attended by Chief Designers Mishin (spacecraft) and Severin
(spacesuits), officials decided to move the Yastreb EVA suit backpacks from the cosmonaut's
back to the waist. Mishin promised that future Soyuz ships, beginning from vehicle no. 8.
would have larger hatches.* Such changes added an extra level of tension to an already hurried
situation. Just a week prior to the launch, on April 15, Kamanin wrote in his journal:

I'am personally not fully confident that the whole program of flight will be completed
successfully. although there are no sufficiently weighty grounds to object to the launch.
In all the previous flights we believed in success. Today there is not such confidence in
uictory. The cosmonauts are prepared well. and the ships and the instruments have gone
through hundreds of tests and verifications. and all seems to have been done for suc-
cessful flights. but [still] there is no confidence. This can perhaps be explained by the fact
that we are flying without Koroleu's strength and assurances: we were spoilt by Koroley's
optimism.*

The fueling of the Soyuz | launch stack began at 2300 hours Moscow Time on April 15,
The morning of April 17. the cosmonauts attended a final five-hour class under Raushenbakh's
supervision to study once again the modes of docking, orientation, and so on. In the afternoon.
Mishin arrived to talk personally with the crews about various portions of the mission. Fven at
this late point, there seems to have been some disagreement over which mode of operation to
use for the crucial docking maneuver. Mishin favored a completely automatic docking, believing
in the infallibility of the ship, but he was opposed by Kamanin and some of the cosmonauts.
including Komarov and Gagarin. For more than two years. Bykovskiy. Gagarin. Komarov, and
Nikolayev, the four commanders, had been training for an automatic approach followed by a
manual docking and were reluctant to let automation do the whole thing. At the meeting,
Komarov argued that the Igla system could automatically bring the active vehicle within 200 to

50.  Kamanin, Skrytiy kosmos: 1964—1966. pp. 396-97. 400

S1. Ibid. pp. 355, 361. Present at the August 4 meeting were S. M. Alekseyev (Chief Designer of KB
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300 meters of the passive vehicle, following which he could manually dock the two spacecraft.
Mishin listened to their arguments and delayed a final decision on the matter until the following
day. By the end of the day. the fueling of the Soyuz | launcher had concluded while the fueling
of the Soyuz 2 booster had begun. Thus. the launching was informally set for April 24-26.”

The Council of Chief Designers met on the morning of April 18 to discuss the docking issue.
State Commission Chairman Kerimov supported an automatic approach via the lgla to fifty
to seventy meters, followed by manual docking, although many engineers still defended
the fully automatic variant. TsKBEM Department Deputy Chief and cosmonaut Feoktistov medi-
ated the issue and argued in favor of the semi-automatic profile, and the council accepted his rec-
ommendations. Later in the day, Feoktistov discussed various contingency measures for
emergency situations with the cosmonauts. The final State Commission meeting prior to launch
took place on April 20 at site 2. The launch of Soyuz | was set for 0335 hours Moscow Time on
April 23, while the launch of Soyuz 2 was set for 0310 hours Moscow Time the
following day. All the Chief and Deputy Chief Designers confirmed that the launch vehicles, space
ships. and support services would be completely ready to accomplish the launch on time. The
commission also formally approved the crews for the two missions and gave the official go-ahead
for the flight.”

On April 22, the 1 1AS |1 rocket was already at the launch pad at site 1. In the late morning.
the primary and backup crews had their customary meeting with the launch command
and industrial representatives. A number of chief designers met with the crews and informed them
that after the Soyuz | launch. there would only be two reasons for a postponement or cancella-
tion of the Soyuz 2 launch: if there was a failure in the Igla system or if there was a low charge in
the solar batteries on Soyuz |. Kamanin counseled Komarov that the most important factor on
the mission would be safety: in the case of any malfunctions. there would be no need to proceed
with the complicated docking procedure. Later in the day, Komarov attended a press conference
for journalists with special access. Komarov dedicated his flight to the fiftieth anniversary of the
Bolshevik Revolution.”

A final meeting of the State Commission, lasting forty-five minutes, began one-half hour
before midnight and concluded with recommending a full go-ahead for the flight. Komarov woke
up about two hours after midnight, and doctors attached sets of medical sensors to his body. He
was dressed in a plain light woolen gray suit and a blue jacket. At 0300 hours, he arrived at the
pad to give a short speech to State Commission Chairman Kerimov and then embraced senior
officials goodbye. Mishin, Kamanin, and Gagarin accompanied him to the rocket; Gagarin went
up with him all the way to the top of the rocket and remained there until the hatch closed.

There were no anomalies prior to launch. The spacecraft. 7K-OK no. 4. lifted off exactly on
time at 0335 hours Moscow Time on April 23, 1967, with its sole passenger. forty-year-old
Colone! Engineer Vladimir M. Komarov. He was the first Soviet cosmonaut to make a second
spaceflight. It took 540 seconds for the ship to successfully enter orbit. The official Soviet news
agency TASS released a brief statement, calling the flight Soyuz /. and announced the orbital para-
meters and some vague objectives of the program. Characteristically, there was no mention of the
impending Soyuz 2 mission. Rumors in the West, however, had reached crescendo proportions,
some clearly indicating that a docking with a second ship was planned . Cosmonaut Popovich

53, fbid. There was a minor delay on April 18, when a valve on one of the systems for loading nitric acid
into the spacecraft failed. The problem was fixed without much defay.
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informed Komarov's wife, Valya, that her husband was in orbit about twenty-five minutes after
launch. She told reporters that "my husband never tells me when he goes on a business trip.”*

For the first time on a Soviet piloted mission, the Chief Operations and Control Group—
that is, the flight control team—was located at the Scientific-Measurement Point No. 16 at
Yevpatoriya in Crimea. A team of twenty controllers, including TsKBEM Deputy Chief Designers
Chertok and Tregub and Department Chief Raushenbakh, assisted Chief Operations and
Control Group Chief Colonel Pavel A. Agadzhanov, the "flight director.” The flight control team
would actively communicate with the spacecraft in orbit while maintaining continuous contact
with the State Commission, all of whose members remained behind at site 2 at Tyura-Tam.
Additional ballistics support was provided by NII-4's military control center in Moscow.

The initial incoming report from telemetry streams from two ground stations indicated that
the Soyuz spacecraft’s left solar panel had not opened upon entering orbit. As Agadzhanov’s
team examined the data, they found other anomalies. A backup antenna in the telemetry
system was inoperable and the 45K solar-stellar attitude contro! sensor's optical surface had
probably been contaminated by engine exhaust. While the antenna was a minor annoyance,
the sensor malfunction was serious because without it, Soyuz | would be unable to orient the
ship properly to change orbital parameters in preparation for the rendezvous and docking.
Telemmetry indicated that current orbital parameters were 196.2 by 225 kilometers at a 51° 43
inclination. It was on the second orbit that controllers first established stable communications
with Komarov on ultra-shortwave frequencies; for reasons unknown, the shortwave system was
inoperable. Komarov calmly reported:

I feel well. The parameters of the cabin are normal. The left solar battery has not
opened. There's been no spin toward the Sun. The "solar current” is /4 amperes.
Shortwave communications are not working. Attempted to manually perform spinning.
Spinning did not occur. but pressure in the [orientation engines] dropped to 180.%

Unconfirmed reports suggest that Komarov even tried to knock the side of the ship to jar
open the recalcitrant panel. Already. the situation had deteriorated dramatically. Because one
solar panel was not operative and the ship had failed to automatically orient the other toward
the Sun, power on board the ship was far below normal. Power experts at Yevpatoriya had
calculated that the buffer batteries could operate with the current levels of power up to the
seventeenth orbit, after which Komarov could use reserve batteries for up to two more orbits.
This meant that Soyuz | could safely operate for about a day. significantly less than the three
days needed for a docking mission. In the meantime, Agadzhanov told Komarov to shut down
nonessential systems and to try at all costs to orient the right panel toward the Sun. On the
third orbit, Komarov told ground control that the left panel was still folded against the ship and
that the vehicle had not oriented toward the Sun. Current had stabilized at a low fourteen
amperes, far below that required for a nominal flight. The 45K attitude control sensor was still
inoperative. Despite the troubles, the State Commission believed that the orientation problem
would be solved, and it recommended that preparations for the launch of Soyuz 2 be contin-
ued. Kamanin meanwhile sent Gagarin directly to Yevpatoriya to assist the Chief Operations
and Control Group in its operations.®
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On the fifth orbit, Komarov attempted to manually orient the ship by using Earth’s horizon
to position the vehicle at correct attitude, but he found it difficult to do so. partly because it
was difficult to keep a target hold on the moving Earth. In addition, his attempt seems to have
been overruled by the on-board control system. Apart from the astro-orientation system, which
used the 45K solar-stellar sensor, and the manual orientation system, the vehicle was also
equipped with ionic sensors. The use of these, however, also met with little success on the fifth
orbit. From the seventh to the thirteenth orbits, Komarov was outside radio visibility using ultra-
shortwave communications because the spacecraft would pass over the Atlantic and the
American continent. As planned earlier, Komarov was ordered to sleep during this period. while
consultations among Moscow, Tyura-Tam, and Yevpatoriya continued throughout the day at a
feverish pitch.

Most of the senior members of the State Commission, including Chairman Kerimoyv,
Keldysh, and Kamanin, recommended the immediate postponement of the Soyuz 2 launch and
the return of Komarov at the earliest possible opportunity—that is, the seventeenth orbit.
Incredibly, Mishin still had hope and believed that the commission should make a final decision
on the thirteenth orbit, once Yevpatoriya reestablished contact with Komarov. There was even a
plan to have the two EVA cosmonauts, Yeliseyev and Khrunov, manually unfurl the jammed solar
panel during their spacewalk from one ship to the other. But on the thirteenth orbit, Komarov
reported that his second attempt to use the ionic orientation system had failed.* He added that
the left solar panel was still jammed: current on the ship had remained static at twelve to four-
teen amperes. Mishin later recalled that "because of the emergency, the shortage of power on
board caused a chain of problems [including] a change in the temperature conditions."
Immediately. the State Commission unanimously canceled the Soyuz 2 launch. Evidently, the
Soyuz 2 cosmonauts were bitterly disappointed, blaming the commission for “excessive caution
and indecisiveness."*

The problem at that point was how to return the spacecraft from orbit, nominally on the
seventeenth orbit, but with the eighteenth and nineteenth orbits as reserve. Agadzhanov's team
at Yevpatoriya considered the matter carefully. There were three main failures on board Soyuz |:
the unopening of the left solar panel, the failure of the ionic orientation system. and the mal-
function of the 45K solar-stellar attitude control sensor. The recalcitrant solar panel not only
deprived the spacecraft of much-needed power, but also caused an asymmetry in the ship, which
prevented the open solar panel from facing the Sun. Because of this mechanical imbalance, engi-
neers were all but sure that all of Komarov's efforts to spin the ship in the direction of the Sun
would fail and. in fact, would simply waste the precious propellant in the orientation engine sys-
tem. If there was too little fuel in this system. then during retrofire, Komarov might not be able
to compensate for moments arising from the mass displacement because of the single opened
panel.

The Soyuz had three orientation systems. If all three orientation systems were inoperative,
it would be practically impossible for Komarov to return his ship. With an incorrect attitude,
Soyuz | would either burn up in the atmosphere or fly into a higher orbit. The ionic orientation
system had already failed to perform twice. Engineers also believed that the system would be

60. Kamanin and Nemov. "Komarov's Star"; Russian Space History, Sale 6516 (New York: Sotheby's, 1993),
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trol system'’s ion sensors."
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unreliable during the morning hours when the return was planned because of ion pockets, which
could disrupt the work of the sensors. As for the 45K solar-stellar sensor. it was not
functioning at all. This left manual orientation, which was working, but as Komarov reported,
it was extremely difficult to manipulate in Earth’s shadow because it would be difficult to locate
Earth’'s horizon. Normally, using manual orientation, the cosmonaut would cross Earth's
terminator into lighted areas. In Komarov's case, with a reentry at the earliest opportunity. he
would still be in the dark.”

Time was already running short for Komarov. If he was to perform a successful reentry on
the seventeenth orbit. then Agadzhanov’s team needed to transmit a precise set of commands to
Komarov on the sixteenth orbit. It was already the fifteenth orbit, and officials at both
Yevpatoriya and Tyura-Tam were still arguing over a proper choice of orientation for reentry. it
had been almaost twenty-four hours since the launch, and not one member of either the State
Commission or the Chief Operations and Control Group had slept. in their state of alarm,
members continuously violated established rules to communicate only via secret channels
between the two centers. On the fifteenth orbit, Komarov reported that he believed that the
ionic system and its associated attitude control engines were in working order. Based on his
recommendations and assessment from data on the ground. the State Commission recom-
mended that the ship be landed on the seventeenth orbit using the automatic ionic orientation
with the backup set of orientation engines. Agadzhanov, Raushenbakh, and Chertok carefully
checked over the set of instructions that Gagarin personally transmitted to Komarov. In the final
seconds before loss of contact, Mishin and Kamanin both wished Komarov good luck

At the appointed time, Soyuz | initiated the reentry sequence. The main engine was supposed
to fire for deorbit at 0256 hours, 12 seconds Moscow Time on April 24, but nothing happened.
Ballistics reports pouring into Yevpatoriya indicated that Soyuz |’s orbital parameters had remained
the same. Once communication with Komarov was reestablished, the cosmonaut reported that the
ion system seemed to have worked fine, but evidently, as the ship had crossed the equator, it had
flown into an "ion pocket" in Earth's shadow where the concentration of the ions was less than
what the sensors could detect. The ship’s control system correctly issued a command to prohibit
the firing of the retro-engine.” State Commission members decided to immediately begin prepara-
tions for another landing attempt on the eighteenth orbit. As the seventeenth orbit was ending,
however, the flight control team did not have any new instructions ready to transmit to Komarov.
Finally. the State Commission decided to land Komarov on the nineteenth orbit.

With the use of both the ionic and solar-stellar orientation systems out of the equation,
the only remaining option was for Komarov to manually orient the ship prior to retrofire, but
using a very complex series of operations in orbit. Komarov would have to orient the ship man-
ually to Earth's horizon in the light portion of the orbit. Just before entering Earth's shadow, he
would transfer attitude control to the spaceship’s KI-38 gyroscope system. Once he was out of
the shadow. he would check to see whether Soyuz | was still correctly oriented for retrofire. If
not. he would once again take over manual control and issue all the commands to complete
the retrofire sequence for a landing on the nineteenth orbit. It was an incredibly difficult task—
one for which none of the cosmonauts had ever trained on the ground. One of the power
specialists warned at the time that Komarov had one to two orbits at the most—that is, he
might not have very many more chances to attempt reentry. Gagarin once again transmitted the
new set of instructions to the Soyuz | cosmonaut. Komarov seemed calm and agreed to carry
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out all the operations on time, which would lead to a 150-second retrofire with engine ignition
at 0557 hours, 15 seconds on April 24.

Komarov performed skillfully and carried out his assigned program almost to the letter.
He replied through the increasing static, "The engine worked for 146 seconds. Switch-off
occurred at 0559 hours 38.5 seconds. At 0614 hours 9 seconds, there was the command
‘Accident-2"."* The "Accident-2" signal threatened to give controllers a collective heart attack.
but Raushenbakh gathered his resolve and explained to the team not to worry. The attitude
control system had been unable to handle the strong moments because of the asymmetry of
the vehicle, and the gyroscopes had issued the "Accident-2" command after the spacecraft
deviated from its set angle by eight degrees. That only meant that instead of a guided reentry,
Komarov would perform a direct ballistics return. All other parameters, such as the length of
the burn, were well within range for a successful reentry.

At Tyura-Tam, the members of the State Commission were huddled together on the
second floor of the administrative portion of the huge assembly-testing building at site 2.
Journalists at the launch site were excluded from the meeting but were able to overhear voices.
Cosmonaut Leonov served as an intermediary to brief reporters on the ongoing situation.
Mishin. Kerimov, Keldysh, Minister Afanasyev, and Air Force First Deputy Commander-in-Chief
Marshal Rudenko all exchanged brief comments as they heard Komarov's report. About fifteen
minutes after retrofire, there was the expected break in communications as Komarov's capsule
entered an ionization layer. A few minutes later, Komarov's voice cut through the radio silence;
he evidently sounded "calm. unhurried, without any nervousness."*’ By this time, Kamanin
and a group of Air Force officers had already taken off from Tyura-Tam in an [I-18 aircraft to
head for the projected landing range—the reserve landing area for the mission, about sixty-five
kilometers east of Orsk, far west of the planned site for a guided reentry. According to ballistics
data, Soyuz | had landed at 0624 hours Moscow Time.

Once search services determined the landing site, the reserve search-and-rescue service
at the town of Orenburg was called into operation to locate the descent apparatus. It was a
beautiful and sunny morning at the landing site, and visibility was evidently very good.
Members of the rescue service recalled that:

The commander of one of the An-12 search aircraft reported to the helicopter commander
that he could see Soyuz-1 in the air. All the group members were immediately at the win-
dows. But we couldn't see the reentry vehicle descending in the air. The helicopter com-
mander began a rapid descent. Then the helicopter turned sharply to the right. and many
of the group members saw the reentry vehicle down in a green field. It was lying on its
side, and the parachute could be seen right next to it. And then the soft-landing engines
kicked in. That alarmed the specialists on the helicopter. because the engines were sup-
posed to switch on just before the landing of the reentry vehicle. right above the ground.*®

The first helicopter landed seventy to 100 meters from the capsule, which was surrounded
by a cloud of black smoke. The fire inside the vehicle was still very intense, while the bottom
of the ship, where the soft-landing engines were, had completely burned through. Witnesses
claimed that streams of molten metal were falling on the ground. Along with foam fire
extinguishers, they used dirt around the ship to temper the fire: "The vehicle was completely
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This shows the wreckage of the Soyuz | descent apparatus immediately after the crash. Cosmonaut Viadimir
Komarou's body was still buried within the wreckage at the time of this photograph (Rudy. Inc., via Quest magazine)

destroyed while the fire was being extinguished, and the spot looked like a small earthen mound,
beneath the peak of which was the cover for the hatch-crawlway."*

The rescue service originally communicated on an open channel with ground controllers at
Moscow, Tyura-Tam, and Yevpatoriya, although they spoke in code. Once the rescuers had seen
the ship on the ground and on fire, one of the pilots had cryptically reported, "1 see the object,
the cosmonaut needs urgent medical attention out in the field. "’ At that point, perhaps to
preclude rumors, the search service terminated all communications with the three control centers.
For the next few hours, there was no news from the site as Mishin, Kerimov. and others anxiously
waited for any scrap of news.

Kamanin, meanwhile, landed at Orsk airport about two hours after the Soyuz | impact, fully
expecting to meet Komarov there. Once out of his plane, he was told that the ship had landed
sixty-five kilometers away, that it was burning, and that the cosmonaut had not been found.
Another unconfirmed report came in that Komarov was wounded but alive in a hospital at a town
three kilometers from the landing site. The Air Force general decided to go directly to the landing
site first, although he had been explicitly ordered to wait for a call from Moscow to report on
Komarov's status. Back at the three control centers, there was complete confusion. Ustinov in
Moscow was frantic for information. He began calling up Party secretaries in Orenburg and Orsk
on special lines, but could not reach anyone. Aithough the vehicle had landed at 0624 hours,
Ustinov received no information on the state of the cosmonaut for the next three and a half hours.

When Kamanin arrived at the landing site, the Soyuz | descent apparatus was still on fire.
He was not the first high-ranking space official on the scene. Academician Georgiy |. Petrov, the
Director of the Space Research Institute of the Academy of Sciences, had arrived there first and
was directing efforts to assess the situation. There was still no sign of the cosmonaut. Local
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residents reported that the ship had fallen toward Earth at a great speed and that the parachute was
turning and not filled up with air. They confirmed the observations of the search-and-rescue service
that at the moment of landing, there were some explosions followed by the fire. Kamanin recalls:

A cursory examination of the ship convinced me that Komarov was dead and was still
in the remains of what used to be his ship. | ordered to clear out the debris on the ground
and search for Komarov's body. Simultaneously | sent one of the workers by helicopter,
and others by automobile to the local hospital in order to verify the story of the injured
cosmonaut. After an hour of excavations [that is. at around 0930 hours] we discovered the
body of cosmonaut Komarou among the remains of the ship. .. ."

Finding the body had been a difficult job. One of the rescuers recalled:

The group’s physicians set to work—they shoveled away the top layer of dirt from the
top of the mound from the hatch cover. After the dirt and certain parts of instruments
and equipment were removed. the cosmonaut’s body was found lying in the center chair.
The physicians cleaned the dirt and the remnants of the burned helmet phone from the
head. They pronounced the death to be from multiple injuries to the cranium, spinal
cord, and bones.”

Meanwhile, Kamanin flew back to Orsk and personally telephoned Central Committee
Secretary Ustinov with the following short message:

| was at the location, cosmonaut Komarou has died. the ship burnt up. The primary
parachute of the ship did not open. and the reserve parachute did not fill with air. The
ship hit the ground at a speed of 35-40 meters per second: after impact there was an
explosion of the braking engines and a fire started. | was not able to report on the fate
of the cosmonaut earlier since nobody could see anything. and during that time we
extinguished the fire in the ship by covering it with dirt. Only after carrying out exca-
vations were we able to find Komarov's body.”

At noon on April 24, Ustinov called Soviet General Secretary Brezhnev, who was at
an international conference of communist parties in Czechoslovakia, with information on the
accident. Ustinov also edited a TASS report, which was issued after a full twelve hours of
silence from the Soviet press. The official line was that although the flight had been eventless
until reentry. "when the main parachute was deployed at a height of 7 kilometers, the space-
ship. according to preliminary reports, crashed at great speed as a result of the parachute cords
getting entangled. [and] killed Komarov.""

In the early afternoon, State Commission members Kerimov. Keldysh. and Chief Designers
Mishin. Tkachev, and Severin arrived at the impact point escorted by KGB agents. Soon, senior
engineers from TsKBEM, including Deputy Chief Designer Tsybin and specialists involved in
Soyuz development, arrived to catalog and inspect the entire landing area. Komarov's remains
were taken in a coffin back to Moscow, arriving an hour after midnight on April 25. Aboard the
aircraft were Keldysh, Kamanin, and the other cosmonauts who had trained for the mission:
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Bykovskiy, Gagarin, Gorbatko, Khrunov, Kubasov, Nikolayev, and Yeliseyev. They were met in
Moscow at the airport by Komarov's widow Valentina Yakovlevna Komarava. His remains were
then cremated and the urn placed in the Red Banner Hall of the Central House of the Soviet
Army for mourners to pay homage. The next day. the Soviet Party and government gave him a
state funeral with full honors, and his ashes. like Korolev's, were interred in the Kremlin Wall.
In a grisly aside to his death, not all of Komarov's remains were found during the initial search,
and a group of Young Pioneers, the equivalent of Boy Scouts in the Soviet Union, discovered
additional remains that were later buried at the crash site itself. Reportedly. Party officials took
great pains to hide this fact from the general public.”

The death of Vladimir Mikhaylovich Komarov was a catastrophic blow to the Soviet space
program. Apart from the pure psychological cost of losing a cosmonaut on a space mission, the
disaster immediately stopped all three major Soviet piloted space projects—the Soyuz. the L1,
and the L3. Any hope of accomplishing a circumlunar flight by late 1967 was in great doubt,
while landing a Soviet cosmonaut on the Moon by late 1968 was sheer fantasy at this point.
The blow to morale was incalculable, not only to the design bureaus, institutes. and military
units involved in the project, but also to the nation as a whole. It was bitter news to swallow
that the first Soviet piloted spaceflight after two years had ended in tragedy. in the process
losing perhaps the Soviet Union's most accomplished spacefarer. At the spot where Komarov
landed. Party officials later collected the remaining tiny fragments of his last ship and erected
a small hill. Sergey N. Anokhin, the famous Soviet test pilot. who at the time was the head of
the testing department at TsKBEM, placed Komarov's officer's cap in the hill, after which a gun
salute sounded out, paying tribute to what many considered a fallen hero of the Soviet Union.

All further piloted flights were indefinitely canceled at the time. On April 27, Ustinov
met with the leading space industry representatives and established a special governmental
commission headed by himself to determine the causes of the accident. This commission
included seven subcommissions. One of them, to investigate the landing itself, was headed by
the recently appointed Director of the M. M. Gromov Flight-Research Institute. Viktor V. Utkin.
a respected aeronautical engineer. The commission included two representatives from TsKBEM,
Chief Designer Mishin and Deputy Chief Designer Bushuyev. Soyuz | and 2 backup cosmo-
nauts Gagarin and Bykovskiy also served as members.”

Utkin's subcommission finished its work, which included some experimental analyses,
by June 20 and emerged with the cause of the accident: a release failure of the container block
of the primary parachute. The parachute was packed in a container whose hatch was jettisoned,
releasing a "braking" or drag parachute, slowing down the vehicle to a manageable forty meters
per second, sufficiently slow to allow the primary parachute to fill up with air instead of
shredding. The drag parachute itself was supposed to pull out the main parachute, but it did not
do so because the latter had gotten jammed in the container. Under nominal circumstances.
automated instruments on board the capsule would have detected an increase in velocity.
discarded the primary drag and main parachutes, and activated the backup system. On Soyuz-1.
once instruments detected the velocity increase, the capsule was unable to discard the primary
chute because it was still stuck in the container. This meant that the primary drag chute was
still deployed above the spacecraft. Once the single backup parachute was released. it was to
have come out in the shape of a long. thin cylinder and then unfurl to its dome shape. In
Komarov's case. the backup chute began to extend under the still attached drag parachute from
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the primary system, and it never filled with air. Without any means of braking, the ship
plummeted and hit the ground at a velocity of 144 kilometers per hour (forty meters per second).
An autopsy of Komarov confirmed that he died on impact with the ground and that the effects
of the fire were secondary. Despite rumors to the contrary, Komarov did not cry or scream before
the impact, although during the last seconds. he was surely aware that he had little chance to
live.” Because of the rapid velocity of descent, the frontal heat shield was never discarded at an
altitude of three kilometers, and the soft-landing engines never fired prior to touchdown. Those
engines, in fact, detonated after landing, burning with the thirty kilograms of concentrated hydro-
gen peroxide from the capsule’s attitude control engines. From launch to impact, Komarov's
ill-fated flight had lasted one day. two hours. forty-seven minutes, and fifty-two seconds.

The commission discovered that the reason that the primary parachute never issued was
because of friction within the container between the parachute and the inside walls of the
container. The increased pressure within the parachute container relative to the low pressure
outside the vehicle caused the parachute to simply block up against the insides of the container.
This effect was never detected on four drop tests of the parachute system prior to the flight. As
late as 1990, however, Chief Designer Mishin continued to believe that the parachute had been
incorrectly packed during preparations. The solar panel failure was later traced to the panel getting
snagged on the external vacuum-shield cover of the spacecraft. The 45K attitude control sensor
had failed because of a "steam-up" of its optical surface. The commission recommended
redesigning the parachute container by making it conical instead of cylindrical, increasing its inter-
nal volume. and polishing the inside walls. Additional measures would include installing an
autonomous node for separating the primary drag chute and photographing the assembly of the
parachute packages.”

There was also an unofficial and more likely version of the cause of the accident—one that
attributed the accident to gross negligence on the part of technicians at TsKBEM’s manufac-
turing plant. During preflight preparations, the two Soyuz ships had been coated with thermal
protection materials and then delivered into a high-temperature test chamber to polymerize the
synthetic resin. In the case of the two Soyuz ships for the April 1967 mission, technicians test-
ed the vehicles in the chamber with their parachute containers. but apparently without the cov-
ers for the containers. In Deputy Chief Designer Chertok’s investigation of the matter in the
early 1990s. he could not find anyone still alive who could remember why the covers had been
left off. Because of the omission of the covers. the interiors of the parachute containers were
coated with a polymerized coating, which formed a very rough surface, thus eventually
preventing the parachute from deploying on Soyuz 1.” Clearly, the most chilling implication of
this manufacturing oversight was that both Soyuz spacecraft were doomed to failure—that is,
if Komarov had not faced any troubles in orbit and the Soyuz 2 launch had gone on as sched-
uled. all four cosmonauts would have certainly died on return.

The unofficial cause of the accident was never included in the official report on Soyuz 1.
partly because those at the manufacturing plant who knew of the violation of testing procedure
chose to remain silent on the issue so as not to incriminate themselves. The one major casual-
ty of the post-Soyuz | investigation was Chief Designer Tkachev of the Scientific-Research and
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Experimental Institute of the Parachute-Landing Service who had designed the Soyuz parachute
system. Although the unofficial version clearly exonerated his organization of any blame, Tkachev
was fired from his job in 1968, ending his role in designing the parachute systems for Vostok.
Voskhod, Zenit, Soyuz, and many other Soviet spacecraft of the era. Two parachute testing
failures following Soyuz | apparently sealed his fate * He was replaced by Chief Designer Nikolay
A. Lobanov.

In retrospect, the Soyuz | flight should not have been carried out at that time. The spacecraft
was insufficiently tested in space conditions, and it was certainly not ready for the ambitious
first mission it was scheduled to accomplish. Although participants continue to deny that there
was explicit pressure from Brezhnev, Ustinov, and Serbin to accomplish the flight as soon as
possible, the implicit pressure had a much more imposing effect. It was not just a matter of Soviet
prestige in space exploration. it was also the fact that perhaps many of the leading designers’ jobs
were on the line. When Brezhnev or Ustinov complained about the lack of Soviet successes
in space, it translated into political pressure on Mishin, Kerimov, Keldysh, and others. Thus,
both sides made decisions that were counterproductive and eventually had fatal consequences
for the Soviet space program. All told, the responsibility and guilt for the accident lay not on the
conscience of any one person. but rather on a technological culture that considered high risks
acceptable in the cause of satisfying political imperatives.

A Diamond ...

The Soyuz | disaster crippled the three major Soviet piloted space programs in the mid-1960s:
the Soyuz. the LI, and the L3. While these were the central components of Soviet efforts to
compete with the United States in space. these were not the only ones. There was, in fact, a huge
parallel effort aimed at piloted military operations in space—one that was completely hidden from
view, and whose existence, as with most other Soviet space projects, was unknown until the late
1980s. The Soviet military, left out of the Soyuz. LI, and L3 programs, had promoted its own
participation in space research by financing projects dedicated to establishing a Soviet military
human presence in space. These efforts were motivated to a great extent by perceptions about
the U.S. Department of Defense’s well-publicized conceptions of a military space program. After
several years of intensive research, President Lyndon B. Johnson canceled the X-20A Dyna-Soar
spaceplane program in December 1963. Opinions at the time were moving in favor of a military
space station in Earth orbit capable of supporting multicrewed long-duration missions. Preliminary
work on such a vehicle, later named the Manned Orbiting Laboratory (MOL). began in late 1963,
concurrent with the termination of the X-20A program, although official approval did not come until
President Johnson's announcement on August 25, 1965.%

The underlying concept behind the U.S. Air Force’s MOL was the use of a modified
Gemini spacecraft named the Gemini-X (later referred to as the Gemini-B), which would be launched
together with the Mission Test Module (later the Laboratory Module) as a single unit by a Titan lIIC
launch vehicle. Once in orbit, astronauts would open a hatch in the heat shield of the Gemini-B
vehicle and crawl into the Laboratory Module for a month-long mission. By the time that Johnson
made his announcement. MOL's primary goal was overhead reconnaissance, primarily over the
Soviet Union. Other tasks emerged later, including satellite inspection, accuracy testing of orbital
bombardment systems. command and control over military operations during wartime, assessing
the effects of month-long missions on humans, and electronic intelligence reconnaissance *
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Plans for MOL caused of much anxiety in the USSR Ministry of Defense. On August 24, 1965,
the day before Johnson's announcement, the Central Committee and the Council of Ministers
issued a joint decree calling for the expansion of military research in space.” By this time, the Soviet
Union had already begun the development of a specialized. piloted vehicle exclusively for military
purposes, the Soyuz-R, which was a small "space station" consisting of a modified Soyuz docked
to another modified Soyuz. Work on the Soyuz-R had proceeded from about 1963 to 1965 at
Korolev's Branch No. 3 at Kuybyshev under the direct command of branch chief Dmitriy . Kozlov,
one of Korolev's protégés. The appearance of the MOL seems to have quashed Kozlov's hopes as
the Ministry of Defense’s General Staff began looking for a more substantial military presence in
space. They found a willing provider in General Designer Chelomey, whose proposals seem to have
originated from a combination of the Soviet's own desire for crewed reconnaissance and their fear
of MOL. It was rumored that Khrushchev had a "fixation" on U.S. aircraft carriers and desired a
Soviet response. perhaps some way to keep track of them. Apprised of the MOL effort, Chelomey
emerged with a mirror concept: a space station containing sophisticated reconnaissance equip-
ment. including powerful radars to track U.S. naval forces

On October 12, 1964, just two days before Khrushchev's overthrow, Chelomey gathered all
his deputies and proposed the creation of a new Earth-orbital complex named Almaz
("Diamond"). The twenty-ton station would be crewed by two to three military officers on
a rotating basis and launched by a three-stage UR-500K booster, better known as the Proton. The
station was intended for operation for about one to two years, during which time cosmonauts
would conduct experiments and scientific activities formulated by the Ministry
of Defense, primarily consisting of photographic and visual reconnaissance.” With the MOL pro-
ject clearly accelerating, Kozlov's modest Soyuz-R proposal was no match for Chelomey's Almaz.
In early 1966, the Scientific-Technical Council of the Ministry of Defense’s General Staff reviewed
both projects on a competitive basis and decided to recommend Almaz for formal approval. All the
technical documentation on Soyuz-R was turned over to Chelomey for planning and designing the
Almaz complex.*

As projected in 1966-67. the Almaz complex consisted of two elements: a space station prop-
er called the Orbital Piloted Station (OPS). or 1 1F71, and a transport ship to bring crews back and
forth between Earth and the station. Originally, Chelomey had proposed a large cargo ship based
on the design of the Almaz and about as large, but this proposal was not adopted by the Scientific-
Technical Council. As an alternative, Chelomey used Kozlov's transport ship for the Soyuz-R com-
plex. a modified 7K-OK Soyuz spaceship named the 7K-TK. On March 30, 1966, Minister of
General Machine Building Afanasyev formally assigned TsKBEM's Branch No. 3 under Kozlov to
design and build this modified Soyuz to serve as a ferry vehicle for the Almaz complex. It was the
second occasion on which the Mishin and Chelomey design bureaus would undertake significant
cooperation with each other despite a competitive rivalry extending back to 1960. Kozlov, using
the 7K-OK vehicle as a basis. quickly completed the draft plan for the 7K-TK the same year and
began working on preparing the technical documentation for the manufacture of the ship.”
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One of the major bottlenecks in the Almaz program was incorporating a wide variety of
systems as specified by various factions within the Ministry of Defense. Technical requirements
were revised over and over again, causing significant delays. For example, on December 28,
1966, the Military-Industrial Commission adopted a decree (no. 304) to change the timelines
for the 7K-TK transport ship’s development. By 1967, Chelomey completely dropped Kozlov's
transport ship from the Almaz plan—a decision perhaps partly motivated by a reluctance to
cooperate with the old Korolev design bureau. The Almaz space station, the OPS, would
include its own large return capsule for the crew. At the same time, Chelomey continued to
promote his old idea of a separate transport craft to deliver crews to the station at a later date.
During this period, the Soviet government established an "interdepartmental” commission of
seventy renowned scientists, heads of design bureaus. and research institutes from the aviation
industry and the Ministry of Defense to evaluate the design of the Almaz complex. Their rec-
ommendation and high appraisal of the technical characteristics of the plan were critical to the
further progress of the project. The final details of the Almaz design were frozen by june 21,
1967, when Chelomey signed the draft plan for the spacecraft, which consisted of more than
100 volumes of technical documentation from twenty-five major design bureaus. Two months
later, on August 14, 1967, the Central Committee and the Council of Ministers issued a joint
resolution fully committing to the project.*

The central component of the Almaz complex was the OPS {1 1F71), a space station just
under twenty tons that was composed of three sections:

*  The return apparatus (1 1F74)
*  The station proper (11F75)
* A small recoverable capsule (11F76)

The station proper was shaped like a long cylinder with sections of two different diameters:
a large-diameter (4.15 meters) portion and a small-diameter portion. It had a mass of fifteen tons
and a length of 11.61 meters. The small-diameter section was in the forward portion of the
station and would be enclosed during launch by a conical nose fairing. The large-diameter area
was at the aft of the station and ended in a spherical airlock with a passive docking port, called
Konus, along the main axis of the station for visiting spacecraft. There was a hatch between
the airlock and the large-diameter area, allowing for depressurization for spacewalks. EVAs
would be carried out via a large hatch at the upper portion of the spherical airlock. There was
a second smaller hatch at the lower end of the airlock that connected to a chamber containing
a small drum-shaped recoverable capsule. the | 1F76. which was capable of being ejected from
the station and returning to Earth with the exposed film and other scientific materials. Once
the capsule was packed with its payload, the crew would spin-stabilize the pod and then eject
it from the OPS. The one-meter-long capsule had its own solid-propellant propulsion system
for reentry, a parachute system. a jettisonable heat shield, and the actual descent compartment
equipped with a radio beacon for recovery forces on the ground.

There were antennas as well as two main engines positioned around the airlock on the end
of the large-diameter portion for orbital corrections. Fach RD-0225 engine with a thrust of
400 kilograms was developed by the Chemical Automation Design Bureau (formerly OKB-154)
under Chief Designer Aleksandr D. Konopatov. Power for the station was provided by two large
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This is a mode! of the military Almaz space station on display. This model is of the original variant of the
space station, with the large Gemini-shaped reentry capsule attached on the forward end (to the right).
This capsule was later deleted from the station. The folded-up solar panels are on the left. surrounding the
single docking port of the station. (copyright Dietrich Haeseler)

solar panels spread like wings to a span of 22.8 meters, whose bases were attached to the
spherical compartment. The panels would provide 3.12 kilowatts of power. The entire aft end
of the station was surrounded by a cone-shaped shield made of vacuumed thermal insulation.

Cosmonauts would dock at the aft docking port, open the hatch into the spherical airlock,
and crawl through a short tunnel into the large-diameter area. The tunnel itself was enclosed all
around by a stubby instrument compartment containing spherical propellant tanks for the OPS
main engines. the engines themselves, pressurized gases. and small attitude control thrusters.

Going back toward the station, there was the large-diameter area that had a control
console, a work station, an optical sight allowing the cosmonauts to "freeze" the movement
of Earth below and observe specific details. and periscopes allowing for the inspection of the
space around the station. Instruments were designed and installed as detachable modules to
facilitate easy repair. The compartment also included athletic instrumentation and the toilet.
The centerpiece of the large-diameter area was the Agat-/. optical telescope, a large device that
occupied a considerable portion of the compartment. The telescoping camera had a focus
length of 6.375 meters and was certainly one of the largest mirrors ever put into orbit. In the
open media, Russians have claimed that the resolution was less than three meters, but given
the size of the mirror. it is more likely that the telescope was capable of distinguishing targets
smaller than one meter. The cosmonauts would use Agat-1, in conjunction with the ASA-34R
wide-film camera, to photograph targets on Earth, develop the film on the station, conduct an
analysis, and send back the more militarily important ones directly to Earth via a TV link, all
within about thirty minutes. The remaining photographs would arrive on Earth in the 1F76
recoverable capsule. Other optical instruments on the station included the OD-5 optical
viewfinder, the POU-1 | panoramic instrument for wide coverage of Earth's surface. topographic
and stellar apparatus. and the Volga infrared instrument with a resolution of 100 meters.

Heading further to the aft of the station. the cosmonauts would enter the smaller
diameter section. which was the crew living compartment containing sleeping areas with
deployable bunks, a dining table and chair. a food storage area, and viewports for photography.
For the first time on a Soviet piloted spacecraft. the life support system included a device,
designated Priboy ("Surf"), with the capability to recycle water from air humidity.

One of the most interesting components on the station was motivated by concerns among
Soviet military leaders that the United States might attack such an explicitly military space
station in orbit. Given the paranoia about U.S. military space plans, Chelomey agreed to the
military’s proposal to install a means to defend the station in case of such an attack. Under a
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contract. the Design Bureau of Precision Machine Building (formerly OKB-16) under Chief
Designer Aleksandr E. Nudelman designed a twenty-three-millimeter-caliber rapid-fire cannon
for the station. Cosmonauts would be able to use a gunsight to turn the station and aim the
cannon at a selected target. Nudelman's previous claim to fame had been as the designer
of several major anti-tank guns and missiles for the Soviet armed forces. The Soviets evidently
considered the weapon more of a defensive system rather than an offensive one., given the
limited maneuvering capabilities of the Almaz OPS.

Because its primary mission was overhead reconnaissance, the OPS would have a low oper-
ational orbit (220 by 270 kilometers) and be oriented toward Earth'’s surface for long periods. The
search and observation of targets on the ground thus posed complex demands on the guidance
system. As per the original requirements, Chelomey's engineers designed a guidance system that
would control the station continuously from the moment it separated from the launch vehicle
to orbital decay many months later. What they emerged with was a "decentralized” system,
with subsystems for orientation, stabilization. movement control of the center of mass of
the vehicle. navigation, and programmed control of the on-board apparatus. The primary flight
control system was based on an analog system because a digital device that was continuously
operable for a year was not in existence in the Soviet Union at the time. Instead. the All-Union
Scientific-Research Institute for Electromechanics (formerly N1I-627) headed by Chief Designer
Andronik G. losifyan developed a new low-power electromechanical stabilization system using
a spherical ring flywheel with a large kinetic movement. Unlike conventional orientation
systems, there was almost no propellant consumption for this device. Cosmonauts would be
able to carry out rapid roll control at one degree per second to expand their field of view.
Precision would be achieved by a system that corrected the gyroscopic orientation system with
a Doppler signal from a radar instrument, which itself was part of the radar observation gear for
the station. This gyroscopic orientation system was developed by the Scientific-Research
Institute for Applied Mechanics (formerly NII-944) under Chief Designer Viktor I. Kuznetsov,
one of the original members of Korolev's old Council of Chief Designers from the 1940s.

The control system had various modes of operation. including precise orientation and
stabilization, restoration of orientation from a disoriented position, and the spinning of the
station into "storage" position. Cosmonauts themselves could also manually orient the station
when observing targets by putting the target in the cross-hairs of their optical sight with a turn
of the control stick. As a result, the guidance system would allow all the optical instruments
on board to inspect the selected target. Although analog computers were used on the overall
station’s guidance system, Chelomey's engineers designed a digital system based on the
Argon-12A computer for the observation instrumentation, a first for a Soviet piloted space vehi-
cle. The computer was developed by the All-Union Scientific-Research Institute for Digital
Computer Technology.”

The first version of the Almaz OPS was equipped with a large return apparatus (| F74),
which was similar to the LK-1 and LK-700 lunar spacecraft. Apart from its shape, the OPS return
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apparatus had two striking similarities to MOL's Gemini-B: the Soviet vehicle was designed to
have a hatch in the center of the heat shield for transfer to and from the station proper. and the
spacecraft was designed for reuse on subsequent stations. Originally. it seems that Chelomey
intended to launch the return apparatus and the OPS separately and assemble the two in orbit,
but this plan was abandoned later in favor of launching the crew in Almaz on a Proton rocket.
The return apparatus consisted of three sections: a conical crew capsule with a flat top shaped
remarkably like the Apollo Command Module: a second longer cone with a sharper angle
attached at the apex of the crew capsule; and a short, thin cylinder at the very forward end con-
taining a powerful deorbit engine. The length of the return apparatus was 3.64 meters, and the
base diameter was 2.79 meters.

On the OPS, the truncated spherical base of the return apparatus was fixed at the forward
end of the station on the opposite end from the docking unit. The 4.9-ton module had three
seats in its internal volume as well as control panels for operations during mission end. The
longer cone section of the return apparatus was equipped with a set of attitude control thrusters
for use prior to reentry, as well as the primary and backup parachutes. At launch, the entire OPS-
return apparatus complex was topped off by a long thin escape tower equipped with two sets of
solid-propellant rocket engines for emergency situations during passage through the lower
atmosphere. Once in orbit. the crew would vacate their seats and remove the center seat to open
a hatch at the base of the return apparatus and crawl into the small-diameter area in the Almaz
OPS. There were evidently many engineers who believed that having a hatch in the middle of a
heat shield—that is. the most stressed part of a spacecraft—was akin to suicide, but Chelomey
was confident that this was a workable design. For return to Earth, the cosmonauts would secure
themselves in the return apparatus, close the heat shield hatch, and undock from the station.
After they fired the deorbit engine, the conical capsule would separate from the cylinder and brake
into Farth's atmosphere. Independent flight was limited to about thirty hours. The return appara-
tus was capable of returning at least 360 kilograms of equipment, film. and other materials to
Earth after a long-duration flight. It was designed to have a lifetime of five flights.* Some of these
missions would be as part of a future projected delivery vehicle to the Almaz station, named the
Transport-Supply Ship. which was at a very early stage of planning in 1967. By this time, the first
Almaz space station launch was set for sometime in 1968-69. The first cosmonaut training
group for the Almaz station was established as early as September 1966, although crew training
proved to be of a very preliminary nature through 1967.”

The early Almaz station’s design and capabilities were quite similar to the American MOL.
This was partly attributable to the ancestry of both complexes. The Almaz OPS descent appa-
ratus emerged from the LK-700 and LK-1 capsules, which were based to a great degree on
Gemini. Similarly, MOL Gemini-B was simply an uprated Gemini. Chelomey clearly had access
to information on MOL. During the 1960s. the Soviet government used to publish a classified
weekly journal entitled Raketno-kosmicheskaya tekhnika (Rocket and Space Technology) con-
taining abstracts of articles published in the open media in the West. In 1964 and 1965, the
journal evidently published numerous articles on the MOL.” While there is no clear evidence
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to suggest that Chelomey took MOL plan wholesale, macro-level design characteristics of Almaz
were probably influenced significantly by the American project.

...aStar...

As befits the story of any Soviet space project from the 1960s, the Soviet Union did not
respond to a singular U.S. space project. such as MOL, with a singular response. Almaz, in fact,
had a complementary military piloted project that, while a little more modest, was also a response
to the MOL. When the Military-Industrial Commission approved the initial plans for the Almaz
station in 1965, the first flight was expected in 1968. Motivated by concerns of having
a Soviet crewed military presence in the intervening three years, the commission looked into other
options. In early August 1965. Commission Chairman Smirnov signed an order to develop a
military version of the 7K-OK Soyuz for missions involving visual and photographic reconnais-
sance. satellite inspection, the testing of early warning technologies, and the verification of the
operation of weapons in orbit. The Central Committee and the Council of Ministers. in its decree
of August 24. 1965, approved a timetable for the development of such a vehicle, officially named
the Zvezda ("Star"). Coincidentally or not, by this time, OKB-i’s Branch No. 3 in Kuybyshev
under Deputy Chief Designer Kozlov had. on his own authority, completed the draft plan that
fulfilled the government's requirements. After further discussions, on July 7. 1966, the Ministry
of General Machine Building signed an order (no. 296ss) selecting Kozlov's branch as the lead
developer of the Zvezda ship. Kozlov proposed a modification of the original 7K-OK Soyuz named
the 7K-VI*

In its original conception, the design of the 7K-V| was very similar to Korolev's 7K-OK_ It had
three major components arranged from the front to the aft: the living compartment, the descent
apparatus, and the instrument-aggregate compartment. The first section would have carried a
full complement of military instrumentation. By late 1966, Kozlov began to rethink this design,
motivated by the two failures in the Soyuz precursor program. including the catastrophic launch
failure in December 1966 when a military officer had been killed. To preclude such problems from
occurring on his ship, Kozlov prepared a new design for the 7K-VI, which departed significantly
from the 7K-OK. In the new design, the descent apparatus and the living compartment switched
places. This meant that just as in Almaz and MOL, there would be a hatch in the middle
of the crew compartment’s heat shield to allow cosmonauts to move into the main experiment
module of the ship. The new ship had a heavier mass of just over six and a half tons and could
fly thirty-day-long missions in Earth orbit with two crewmembers. The heavier ship required an
uprated version of the basic 11ASI1 Soyuz launcher, called the 11A511M. The Ministry of
Defense found the new design worth pursuing, and in a governmental resolution onJuly 21, 1967
set a formal timetable for the first launch, targeted for 1968. The system would reach operational
status a year later.™

As with the early Almaz station, the 7K-VI was equipped with a weapon designed by Chief
Designer Nudelman's Design Bureau of Precision Machine Building. The complement consisted
of a single rapid-firing gun modified for use in vacuum, mounted on the descent apparatus.
Cosmonauts would be able to aim the gun by maneuvering the entire spacecraft using a special
visor. Skeptics believed that pilots would not be able to aim the gun: they also believed that the
recoil from gunfire would send the entire ship into a spin. To eliminate such problems, Kozlov's
engineers built a dynamic test stand at Branch No. 3 in mid-1967, consisting of the descent

93.  Lantratov. "Dmitriy Kozlov's ‘Zvezda™ Part I1." Its production index was 11F73.

94.  Ibid. Initially. Kozlov wanted to have one crewmember aboard the 7K-V] to compensate for the heavier
mass. but the Ministry of Defense believed that one cosmonaut would not be able to accomplish all the planned
work in orbit.

CHALLENGE TO APOLLO




TRAGEDY

apparatus. an optical visor, control systems. and
seats set on a platform resting on an air cushion.
Subsequent tests dispelled any doubts about
the capability of both the pilot and the ship dur-
ing a shooting match. As in the Almaz OPS,
Zvezda's gun was insurance against the possi-
bility that American satellites on anti-satellite or
inspection flights would engage the Soviet
spaceship.

The descent apparatus, although shaped like
the basic Soyuz version, had two seats in it, but
facing in slightly different directions, like a "v"-
shaped pattern. The hatch was positioned under-
neath the seats. Tests at the time verified the
hatch-in-the-heat-shield design. which was the
subject of much concern, both in the Zvezda and
Almaz programs. The living compartment of the
7K-V| contained the primary reconnaissance
instrument, the OSK-4 optical visor and camera.
installed on a side porthole. The cosmonaut  Dmitriy Kozlov was the First Deputy Chief Designer
would sit in a saddle, |Ooking somewhat like a at TsKBEM under Vasiliy Mishin. He headed the
cyclist, and use a visor to observe and photo- Koro{eu design bureau's Branch No. 3 in Kuybysheu

. starting in 1959. As chief of the branch. which later
graph Earths, surface. Cosmonauts COUld also became independent in 1974, Kozlov oversaw the
mount other instruments on the porthole. includ-  gevelopment of robotic and piloted reconnaissance
ing the Suinets device, a throw-over from the  spacecraft for the USSR Ministry of Defense Koziou
abandoned Voskhod 3 flight, for observing ballis- ~ rematns the head of his organization (o this day.
tic missile launches. They would also use a long ~ "emaiming one of the last chief designers from the

. . - Koroleu era who are still active in the Russian space
mast extending from the. O,Uts‘d_e of the living program. His design bureau continues to build
compartment for electronic intelligence and the almost all of Russia’s photo-reconnaissance
detection of any approaching enemy spacecraft. spacecraft. {files of Peter Gorin)

One unusual attribute that set the 7K-V!
apart from any previous piloted vehicle was its power source. Kozlov dispensed with solar arrays,
believing them to be a potential source of problems (confirmed on Soyuz |). He proposed the
use of two radio-isotope generators, which would convert heat produced by the radioactive
decay of plutonium into the large amount of electricity required for the extensive instrument
complement aboard the vehicle. To preclude accidents upon reentry, the generators were
encased in landing capsules capable of surviving reentry. Once they were recovered, engineers
would reuse them for subsequent missions.

A final design objective of the 7K-VI spaceship was to serve as a transport ship for future
crews to the Almaz space station, much like the terminated 7K-TK from Kozlov's early plans for
a military space vehicle. Branch No. 3 engineers looked into the possibility of installing a docking
unit at the forward end of Zvezda to allow it to dock with the Almaz station, thus establishing
quite a formidable military space complex in Earth orbit, designated imaginatively the 1 1F711.%

Given the several years of work on the abandoned Soyuz-R variant, progress on the 7K-VI
Zvezda program was swift. By mid-1967, Kozlov had defended a revised draft plan for the
ship and its launch vehicles, based on a tactical-technical requirement for the spaceship issued
by the Ministry of Defense in March 1967. His engineers had also transferred all technical

95. lantratov, "Dmitriy Kozlov's ‘Zvezda™: Part lll."
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documentation to the Progress Plant for
the manufacture of the first models. The
Air Force Commander-in-Chief’s Aide for
Space Matters Lt. General Kamanin estab-
lished the first 7K-VI cosmonaut training
group in September (966, comprising six
cosmonauts headed by the veteran Pavel
R. Popovich.* Through 1967, Popovich
spent much time in Kuybyshev training on
the ship and testing out its rapid-fire gun
in simulators. In addition to career cosmo-
nauts, the Ministry of Defense was also
intent on including scientists from its vari-
ous research institutes. Three researchers Zvezda (TK-VI, 11F73)
from NII-2 of the Air Defense Forces joined
the team at the Cosmonaut Training
Center on April 12, 1967. N!-2 was the This is a drawing of Dmitriy Kozlov's 7K-V! piloted

leading institute developing strategy for reconnaissance spacecraft developed in the 1960s.
anti-satellite operations on automated Although the spacecraft design was based on the original

. . Soyuz spacecraft. there were major differences in the
97
Soviet satellites. such as the IS system. layout of the main modules of the vehicles
Schedules for the program were aiso set (copyright Peter Gorin)

at that time. On August 31, 1967, Military-

Industrial Commission Deputy Chairman Georgiy N. Pashkov chaired a meeting to discuss the
course of the Zvezda project, calling it a program of "extraordinary importance.”* Kozlov opti-
mistically predicted that the first automated flight would take place in the second half of 1968,
although Progress Plant Director A. Ya. Linkov believed 1969 was more realistic.

That military piloted operations were of great concern not only to the Ministry of Defense
but also to the Soviet leadership was underlined by a meeting of the Council of Defense on July
15, 1967. The council, a shadowy body attached to the Politburo, was the supreme arbiter
for all defense issues in the Soviet Union. At the meeting, Brezhnev and Kosygin expressed
dissatisfaction with delays in the Soviet piloted space program and ordered an expansion of
military operations in space. The breadth of Soviet plans for the late 1960s and early 1970s was
astonishing. In a diary entry for September 16, 1967, Lt. General Kamanin summarized his
notes on the next eight-year plan for Soviet space operations, covering 1968 to 1975. According
to his calculations, the military would need twenty Almaz space stations and fifty Zvezda
ships. in addition to 400 “transport ships,” presumably the Soyuz. The total annual launch rate
of crewed ships would reach forty-eight.*

Soviet plans for the military piloted dominance of space were not limited to conventional
systems such as Almaz and Zvezda. As more evidence of an almost unprecedented military
buildup in space. the USSR had a third. much more ambitious, piloted space project approved
in the mid- 1960s. Since the beginning of the space era, a host of Soviet aviation designers, such

1987 (project)

96. N. Kamanin, "A Goal Worth Working for.” no. 44. The six cosmonauts were Yu. P. Artyukhin, B. N.
Belousev. A. A Gubarev. V. I. Gulyayev, G. M. Kolesnikov, and P. R. Popovich. They were fater joined by A F.
Voronov and D. A. Zaykin.

97.  These three cosmonauts were V. B. Alekseyev, M. N. Burdayev, and N. S. Porvatkin. See V. Semenov.
I. Marinin. and S. Shamsutdinav, Iz istorii kosmonautiki: vypusk I nabory v otryady kosmonavtov i astronavlov
(Moscow: AO Videokosmos, 1995). pp. 10, i2.

98.  Lantratov. "Dmitriy Kozlov's “Zvezda': Part 1"

99. Ibid
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as Tsybin, Myasishchev. and Chelomey, had doggedly pursued a dream of building a reusable
spaceplane. one that could eventually fly from airport into space and land back on a runway.
Thwarted mostly by the winds of political change. none of their three projects ever got
off the ground. By 1965. the Soviet Air Force gave it yet another try, in a project that would
eventually span thirteen long years.

. .. and a Spiral

General Designer Viadimir N. Chelomey's Raketoplan project. consisting of the R-1 and
R-2 spaceplanes, had died an ignominious death around 1965—a result of the technological
limitations and the political exigencies of the period. At the same time, the primary raison d'étre
for the project, the U.S. Air Force’s X-20A Dyna-Soar, had long been consigned to history.
For the immediate future, there were no serious plans by the U.S. armed forces to pursue the
creation of such vehicles. Only some test vehicles were flown. Under a joint NASA-Air Force
program. lifting bodies such as the M2-F2 and HL-10 were tested at NASA's Flight Research
Center (later the Dryden Flight Research Center) at the Rogers Dry Lake in California.”
The lack of U.S. support for spaceplanes did not deter the Soviets. Unlike almost any other
Soviet piloted space project of the Cold War era. something prompted the Soviets to push the
development of a piloted spaceplane well after the Americans had abandoned such hopes.
Historical precedent suggests two reasons: either the Soviets believed that secretly the United
States was developing such a vehicle, or it was insurance against the possibility of the United
States developing such a vehicle in the future. Both rationales, of course, hinge critically on the
assumption that in their Cold War-era space projects, the Soviet Union and the United States
were doing things in a parallel and responsive manner instead out of a unilateral need to do
such things. Whether this is a hypothesis that will hold up to historical scrutiny remains to be
seen. The record from the former USSR still remains vastly incomplete.

In the early 1960s, the Air Force contracted two aviation industry design bureaus, OKB- 156
headed by Andrey A. Tupolev and OKB-155 headed by Artem . Mikoyan, to propose elements
of an integrated reusable aerospace transportation system." Little is known about the Tupolev
proposal. Scientific research on lifting bodies had apparently begun during the late 1950s at
the famous N. Ye. Zhukovskiy Central Aerohydrodynamics Institute (TsAGI). Based on this
research. OKB-156 had initiated work in the late 1950s and the early 1960s on a suborbital
lifting body using "hot” construction—that s, frames using heat-resistant alloys without
special thermal shielding. In the 1960s, General Designer Tupolev apparently designed and built
a full-scale hypersonic vehicle capable of Mach 2 to 5 to verify ground research on developing
a winged space glider. Research conducted in cooperation with the famous M. M. Gromov
Flight-Research Institute helped engineers experimentally verify data already obtained from
wind tunnels on such parameters as aerodynamic quality, characteristics of longitudinal and
lateral static stability, and balance at different angles of attack during reentry. The engineers
discovered that for a winged hypersonic vehicle with a relatively large stern area, air resistance
could reduce aerodynamic quality by 30 to 40 percent. The overall research helped identify
changes in further research on the basic layout of a reusable spaceplane.'”

100 Richard P. Hallion. On The Frontier: Flight Research at Dryden. 19461981 (Washington. DC: NASA
Special Publication (SP)-4303., 1984), pp. 147-72.
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sostoyaniye: nauchno-tekhnicheskiy sbornik (Moscow: Mashinostroyeniye, 1993). p. 55. TsAGI-Osnounyye etapy
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This early work was to lead to the development of a complete two-stage reusable space
transportation system. The first stage would be a hypersonic carrier aircraft, and the second
stage a small plane for short jaunts into space. Between 1961 and 1966, Tupolev's engineers
apparently built a small automated prototype of the winged space launcher designated "prod-
uct 130." Although details still remain classified, the aircraft was developed on the basis of the
Tu-95 bomber as part of a large-scale study of hypersonic flying vehicles in the 1950s and
1960s. Work on the 130 was to have led to the creation of a rocket-propelled spaceplane named
Zvezda, which would have been launched into orbit by some modification of the UR-200
ICBM. The launch system for the 130 would have been similar to the one used on the American
B-52A aircraft for "drop-launching” the X-15 rocket-plane." Unlike his competitor Mikoyan,
Tupolev apparently had a "cool" attitude toward the spaceplane program in general. By 1966,
whatever work had been accomplished at OKB-156 was terminated. Instead of a unilateral
spaceplane program. it seems that Tupolev joined up with Mikoyan for a cooperative project,
which proved to be the most famous Soviet spaceplane of the early Soviet space era.

General Designer Mikoyan. the head of the MiG design bureau, had had a long interest in
such topics. He had publicly expressed an interest in space as early as 1962, when in an article
in the Soviet military newspaper Krasnaya zvezda (Red Star). he described a spaceplane design:

The spaceplane is an intermediate link between aviation and rocket technologies. a
combination of a ballistic rocket and airplane; viewed as a whole. the spaceplane will
have the general outlines of a modern airplane with elements of a spaceship. The space-
plane will be launched as is a ballistic missile and will fly at altitudes of 100 to 200 km.
After acceleration to a speed of 7.9 km/sec. the spaceplane will follow a ballistic tra-
Jectory with deceleration.'

It seems that Mikoyan had begun exploratory studies on such topics in the early 1960s,
possibly derived from Chief Designer Tsybin's research on the abandoned PKA spaceplane from
the late 1950s. It would be 1965, however, before Mikoyan initiated any productive work on the
spaceplane project."” At the time. Mikoyan inherited a secondary source of information to
accelerate his efforts. When the new Brezhnev administration terminated Chelomey’s R-1/R-2
spaceplane project in 1965. much of the database was transferred to Mikoyan's Moscow-based
OKB-155, along with a number of engineers who had worked on Chelomey's project. This
information proved invaluable for Mikoyan's designers to quickly advance from a research to an
experimental stage in the development of a new aerospace system.™ Chelomey. of course, had
inherited his spaceplane research from Myasishchev's work on the promising but ultimately
abandoned M-48 design. Mikoyan also was favorably placed to take advantage of the massive
research work at the prestigious TsAGI during the early 1960s on various Chelomey and Tupolev
research projects. In the topsy-turvy world of space politics. Mikoyan had thus inherited the

103. Bill Gunston. The Osprey Encyclopedia of Russian Aircraft: 1875-1995 (London: Osprey Aerospace.
1996). p. 435 E-mail correspondence. Mark Hillyer to the author, April 30, 1998.

104. A. Mikoyan. "Future Aerospace Technalogy” (English title}). Krasnaya zvezda, January 9. 1962, pp. 2-3,
quoted in Soviet Space Programs: Organization. Plans. Goals. and International Implications. prepared for the
Committee on Aeronautical and Space Sciences. U.S. Senate. 87th Cong.. 2d sess. (Washington, DC: US.
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complete database for most prior spaceplane research in the Soviet Union. it put him in
an extremely favorable position to move quickly on the project.

Less than two years after the cancellation of the X-20 Dyna-Soar, on July 30, 1965, the
Ministry of Aviation Industry approved work on a new spaceplane project named Spiral.”
The head of the Spiral project at OKB-155 was one of Mikoyan's principal deputies. Chief
Designer Gleb Ye. Lozino-Lozinskiy, a fifty-five-year-old engineer who had played a tremen-
dously significant role in the development of numerous MiG fighters. During Khrushchev's
downsizing of aviation in favor of rockets, Lozino-Lozinskiy had stood up to the Soviet leader’s
tirades against airplanes, suggesting that "in spite of all the enthusiasm with regard to rockets,
one should nat forget the little wings. They are still of use to us."'® As chief designer of the
Spiral project, Lozino-Lozinskiy signed off on the preliminary design of the system on June 29,
1966, just a year after work had begun.”” To expand the work profiles at his design bureau,
Mikoyan subsequently established a branch of OKB-155 (by this time renamed MMZ Zenit)
dedicated specifically to space themes at the premises of the Dubna Machine Building Plant
near Moscow. Coincidentally, it was at this same plant that former Chief Designer Tsybin had
directed his work on spaceplanes in the late 1950s. Mikoyan's new Dubna branch, created in
1966, had its own design bureau, headed by Yuriy D. Blokhin, who supervised all of Lozino-
Lozinskiy's work on Spiral. A third man, Petr A. Shuster. served as the chief of the branch."

The primary goal of Spiral was piloted spaceborne reconnaissance, satellite inspection, and
anti-satellite operations. To do this, engineers needed to create a system capable of operating
within very short lead times, one that was reusable, and one that could be launched from
a variety of locations. Thus, Mikoyan dispensed with the idea of launching the spaceplane
on conventional rocket boosters and. in fact, adopted a design that was in some ways very
similar to the Chelomey and Tupolev concepts—that is, launching the spaceplane into orbit
from a mother aircraft. Rummaging through the extensive database on spaceplane research
available to them, Mikoyan's engineers firmly believed that this would be the most efficient
option. Early analyses showed that with an air-launched system., effective payload increased by
about 9 percent over standard ballistic models, while the associated costs were projected to be
three to three and a half times lower for launching one kilogram of payload into orbit over con-
ventional single-use launch designs. There were also operational advantages. Soviet engineers
believed that an air-launched system would afford them all-weather and twenty-four-hour
launch capability. Space visionaries, of course, continue to debate to this day the advantages and
disadvantages of such systems for delivering payloads to orbit, but in the heyday of the
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mid-1960s, to a generation of old-school aeronautical engineers such as Mikoyan and Lozino-
Lozinskiy, there was no question that air-launched spacecraft were the wave of the future.

Lozino-Lozinskiy's 114.8-ton Spiral system was a two-stage system consisting of the
reusable Hypersonic Booster-Aircraft ("product 50-50") and a two-stage payload. The payload
consisted of an expendable two-stage booster rocket and the Orbital Aircraft {"product 50").
The engineers proposed two near-identical Spiral systems—a primary and a secondary model,
each differentiated only by the choice of propellants:

Primary Model Secondary Model
Component Propellants Propellants
Hypersonic Booster-Aircraft  Liquid hydrogen Kerosene
Booster rocket LOX-liquid hydrogen LOX-kerosene
Orbital Aircraft Nitrogen tetroxide-unsymmetrical Nitrogen tetroxide-unsymmetrical
dimethy! hydrazine dimethyl hydrazine

The Hypersonic Booster-Aircraft (the 205) was a large tailless aircraft built somewhat
like a "flying wing," with sweptback wings and vertical stabilizer surfaces on the wing tips. it
was equipped with four multimode air-breathing turbojet engines operating on kerosene (on
the secondary variant) or on liquid hydrogen (on the primary variant). The aircraft's turbojets
were under the main long fuselage and had a common, regulated supersonic air intake.
The actual orbital payload was fixed on top of the aircraft to a pyton, with its forward and rear
ends covered by fairings. The Hypersonic Booster-Aircraft had a total length of thirty-nine
meters, a wingspan of sixteen and a half meters, and a mass of fifty-two tons (primary version)
or seventy-two tons (second variant)."" One of the more imposing technical challenges was
the development of a hydrogen-fueled carrier aircraft. Much of this research was carried out
at TsAGI near Moscow in cooperation with the Institute of Theoretical and Applied Mechanics
of the Academy of Sciences, based in Novosibirsk. Siberia. Beginning in 1967, Institute Director
Academician Vladimir V. Struminskiy was instrumental in laying the foundation for this work.
which was not only in support of the Spiral carrier aircraft but also for future transport
and bomber aircraft. "

The payloads—the two-stage rocket and the Orbital Aircraft—were attached on top
of the Hypersonic Booster-Aircraft's fuselage from the rear, to two-thirds of the way toward
the front of the carrier aircraft. The booster rocket was a classical cylindrical rocket with a mass
of 523-52.5 tons consisting of two stages. both fueled on either liquid oxygen
(LOX)-kerosene or LOX-liquid hydrogen. Unconfirmed reports suggest that this rocket,
designed to accelerate the Orbital Aircraft into orbit, may have been a contribution from
Korolev’s OKB-I. Other contradictory evidence suggests that Lozino-Lozinskiy may have
considered using one of Chelomey’s ICBMs, the UR- 100, for the role. If indeed the UR-100 was
actually under consideration for the Spiral system. Mikoyan and Lozino-Lozinskiy must have
factored in a significant amount of redesign to accommodate the new propellant combinations
because the UR-100 used storable hypergolic combinations. In the Spiral conception, the

I't1. Afanasyev. "Unknown Spacecraft”; Lardier, L Astronautique Soviétique. p. 248; E-mail correspondence.
Igor Afanasyev to the author, December 6. 1997.
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Rossiyskaya entsiklopediya, 1994). p. 546.
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This is a mode! of the complete Spiral system on display. The high-speed 50-50 carrier aireraft would have
returned to an airport after accelerating its combined payload to a velocity of about Mach 5-6. The actual Spiral
spaceplane is mounted on top of the carrier's fuselage backed by a two-stage cylindrical rocket at its base
{files of Asif Siddig!)

boaster rocket would have a first-stage thrust of 100 tons, a little more than the eighty tons
on the UR-100 ICBM. Second-stage thrust would be twenty-five tons.""

The main component of the Spiral system was the Orbital Aircraft (the 105). The relatively
small vehicle was built on a triangular base and had wings swept back at fifty-five degrees. The
vehicle had a length of eight meters and a wingspan of just under seven and three-quarters
meters. Four meters of the wingspan covered the width of the fuselage. The mass of the ship
was only 10.3-10.5 tons. The useful payload of the ship would be two tons. The shapes of the
lifting body. the wing, and the rear fin were designed for optimum performance in any given
flight regime and potential shell temperatures as a result of frictional heating. The rear fin
was swept back at sixty degrees and was attached at the rear of the spacecraft on top of the
vehicle’s turbojet engine. Additional airbrakes were hinged on the upper surface of the fuselage.
The wings themselves could be rotated to a vertical position during orbital injection and the
initial portion of reentry to reduce thermal stresses. In the subsequent gliding phase through
the atmosphere, these panels would be folded out to provide maximum surface area and
better lift-drag ratios.

The single pilot's cockpit consisted of a pressurized metallic capsule lined with insulating
material. In case of an emergency in orbit that might prevent the entire vehicle from deorbiting,
the pilot could detach the headlight-shaped capsule from the main fuselage and use its own
engine to reenter and land by parachute. The rear part of the cockpit thus had its own self-con-
tained heat shield. To facilitate ejection, the capsule was mounted on two rails anchored to the
fuselage structure with a pyrotechnic ejection device. Internal pressure and temperature would
be maintained at 760 mm Hg and ten to fifty degrees Centigrade. respectively. While the pilot

113, Kazmin, "The ‘Quiet’ Tragedy of EPOS": Afanasyev. "Unknown Spacecraft”; Lardier, LAstronautique
Sovietique. p. 175; Afanasyev correspondence, December 6. 1997.
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could control most operations manually, including the elevons and rudders as well as the main
turbojet engine, there was an on-board computer for navigation and automatic flight control.

For landing, instead of wheels, Lozino-Lozinskiy chose to use four skids retracting via
compressed air stored at the front of the struts. With a high angle of attack, the ship would
land on the rear skids first. before tipping forward onto the forward ones. Each skid strut was
equipped with special shock absorbers.

For propulsion, the Orbital Aircraft had three different sets of engines. The primary engine
for maneuvering in orbit and deorbiting was a one-and-a-half-ton-thrust rocket engine
positioned at the rear of the fuselage. In addition to the main thrust chamber, the engine also
had two auxiliary combustion chambers at forty kitograms each for use in case of primary
engine failure. The propellants for the engine, unsymmetrical dimethy! hydrazine and nitrogen
tetroxide. were carried in tanks positioned at the fuselage's center, near the ship's center of
gravity. A second set of engines with an independent feed system would be used for attitude
control in both space and the atmosphere. It consisted of six engines at sixteen kilograms
thrust and ten engines at one kilogram thrust. The higher powered ones were the primary
means of controlling pitch, yaw, and roll, while the lower powered units were for precise orbital
stabilization. The final propulsion unit on the Orbital Aircraft was the powerful RD-36-35K
turbojet engine created by the Rybinsk Design Bureau of Engine Building (formerly OKB-36)
under Chief Designer Petr A. Kolesov. the famous aviation engine designer who had up to that
point developed jet engines for Tupolev. Sukhoy, and Yakovlev. Rated at two-ton thrust, the
kerosene engine could be used both at takeoff for test flights to reach Mach 0.8 and at landing.

As in the previous Soviet spaceplane programs, much of the research and development
effort surrounding Spiral was focused on the development of reusable thermal protection
for the spacecraft. For high-speed aircraft of the period, the Soviets were moving slowly from
aluminum and aluminum alloys to titanium alloys and eventually to beryllium and niobium
alloys. In creating the Orbital Aircraft, the engineers designed the vehicle in such a manner as
to compensate for thermal stresses not by a resilient heat shield, but rather by its aerodynamic
design. Tests showed that with a special heat shielding screen, the maximum temperature at
stressful points, such as the front of the fuselage, the edges of the wings, and the tail, did not
exceed 1,500 degrees Centigrade. Consequently, Lozino-Lozinskiy's engineers used titanium
alloys and in some places aluminum alloys without any expensive coatings, such as tiles. The
heat "screen” itself was not solid, but composed of a set of sheets, much like a fish's scales,
suspended on ceramic bearings. Given deviations in temperature, these scales automatically
changed shape while preserving the stability of the shield's relative position to the main body
of the craft."

Each flight of the Spiral system would begin with the use of a "launch truck” to boost the
stack into the sky. In the case of the carrier aircraft using kerosene, the Hypersonic Booster-Aircraft
was to take the complex to Mach 5.5-6 hypersonic velocities until the Orbital Aircraft with its
two-stage booster separated at an altitude of twenty-eight to thirty kilometers. In using the hydro-
gen carrier variant, the separation was to occur at twenty-two to twenty-four kilometers altitude
and at Mach 4. The two-stage booster would then come into operation and accelerate the vehi-
cle to near-orbital velocity. Burn times would vary between 387.2 (liquid hydrogen) to 281.5 sec-
onds (kerosene), depending on the propellant combination used. Then the Orbital Aircraft's own
engine would kick in to inject the spaceplane into a low-Earth orbit at approximately 130 by 150
kilometers altitude. Orbital inclination would vary between forty-five and 135 degrees. The carri-
er aircraft would then flew back to its originating airport, ready for another flight.

4. Kazmin. "The ‘Quiet’ Tragedy of EPOS": Afanasyev, "Unknown Spacecraft”; R. A. Belyakov and J.
Marmain. MiG: Fifty Years of Secret Aircraft Design (Annapolis. MD: Naval Institute Press, 1992). pp. 417-21.
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The flight of the Orbital Aircraft was short in duration, geared to its specific missions
of interception. inspection, or reconnaissance. During the course of its two or three orbits in
flight, the pilot could effectively change altitude and inclination of the orbit. After accomplishing
its primary goal, the aircraft could dive into the atmosphere at a very high angle of attack (up
to fifty-three degrees) with its wings folded at the standard forty-five degrees to the vertical
and drop to hypersonic speed. When folded during reentry, the wings would remain in
an aerodynamic "shadow,” significantly reducing thermal stresses on critical areas while also
improving stability. The spaceship was designed to have a 1,500- to 1,800-kilometer cross-range
maneuver capability, allowing it much flexibility in choosing landing sites. After further reductions
in speed. the pilot would unfold the spaceplane’s wings to a near-horizontal position (ninety-
five degrees to the vertical), glide down, and land at the chosen airport on its skids. In case the
pilot was unable to land on the first pass over the runway. he would fire up the turbojet engine
to steer the vehicle back for another try, at a landing speed of about 250 kilometers per hour.'”

The Spiral project, as proposed in 1965-66. was to be performed in four distinct phases.
During the first stage. MMZ Zenit was to build a suborbital analog of the Orbital Aircraft with a
rocket engine for launch from a variant of the Tu-95 bomber named the Tu-95KM, apparently
derived from the earlier Tupolev studies for the "product 130.” The purpose of such tests was to
evaluate the basic aerodynamic and power performance characteristics of the actual Orbital
Aircralt in conditions close to spaceflight (altitudes of up to 120 kilometers and speeds up to
Mach 6-8). as well as reentry into the atmosphere. Lozino-Lozinskiy planned to build three
analogs. with subsonic flights beginning in 1967 and supersonic and hypersonic flights starting
a year later.

In the second stage. engineers were to design and build the Experimental Piloted Orbital
Aircraft (EPOS) for further improvement of design and flight characteristics of the Orbital Aircraft.
The two vehicles were to be externally identical, differing only in some internal systems. The
launch of the EPOS was planned on a standard Soyuz-type 11A511 booster. When Korolev and
Lozino-Lozinskiy first discussed the use of an R-7-derived booster for use in the
Spiral program, Korolev apparently pushed the idea hard. One of Lozino-Lozinskiy's deputies
remembered later that Korolev's motivations for offering the Soyuz rocket for the Spiral program
was "so he could get a big order for R-7's to make them cheaper."" After launch by the Soyuz
booster, the spaceplane was to enter a 150- by |160-kilometer orbit with a fifty-one-degree incli-
nation. make two to three orbits, and then perform a reentry and landing nearly identical to that
planned for the Orbital Aircraft. According to the initial plan, MMZ Zenit was to build four mod-
els of the EPOS for automated orbital missions beginning in 1969 and piloted missions the year
after.

The third stage was to focus on the creation of the Hypersonic Booster-Aircraft, probably
contracted out to Tupolev's OKB-156. The work on the Hypersonic Booster-Airplane was to
begin with the creation of four models of the kerosene variant by 1970. After further experi-
mental testing at hypersonic speeds, Tupolev's engineers were to proceed to the construction
of the more complex hydrogen variant, with flight tests beginning in 1972. Four models were
slated for production in the initial plan.

The final stage of the Spiral program included integrated testing of the entire system, with the
Hypersonic Booster-Aircraft, the two-stage booster rocket, and the Orbital Aircraft. Automated

115. Afanasyev, "Unknown Spacecraft”: Kazmin, "The "Quiet’ Tragedy of EPOS”: Lozino-Lozinskiy and
Plokhikh. "Reusable Space Systems and International Cooperation”: Andrey Batashev, "Steep Turns of the Spiral. A
Quarter-Century Did Not Suffice for Implementing the Project Created by the ‘Father’ of the Soviet Shuttle” (English
title). Trud. June 30, 1994, p. 4; Afanasyev correspondence, December 6, 1997.

I16. James Harford, Korolev: How One Man Masterminded the Soviet Drive to Beat America to the Moon
(New York: john Wiley & Sons. 1997). p. 275.
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flights in the kerosene variant were to begin in 1972, leading to full-scale testing of a piloted vari-
ant using liquid hydrogen in 1973. It was, in all senses, a long-range program and one not tied
to meeting unrealistic deadlines arising from a necessity to respond to a similar U.S. project.

The Spiral project was huge. much larger than any of the previous spaceplane programs in
the Soviet Union, certainly rivaling and perhaps exceeding the amount of effort the U.S. Air Force
had invested in the Dyna-Soar program. The rich historical legacy of spaceplane research in
the USSR, leading all the way back to the Singer-Bredt studies in the late 1940s. served as a
springboard for the new project. Apart from MMZ Zenit, another important player in the program
was the famous TsAGI, whose director ironically at the time of Spiral's birth was former General
Designer Myasishchev. Earlier, during 196164, Myasishchev had initiated a program under
the codename Tayga to study complex phenomena associated with hypersonic flight, inspired
apparently by concurrent American projects such as PRIME. Throughout 1965-69. TsAGl
scientists conducted extensive tests in wind tunnels to refine the design of the Spiral Orbital
Aircraft. Here, scientists used the MK-105 stand for determining the architecture of the complex
guidance system for the spaceplane. The institute also conducted tests in support of Spiral in
specially re-equipped L-18 flying laboratories. In 1967, a team of TsAGI scientists also began
research on determining the layout for a single-stage-to-orbit aerospace system using hydrogen
engines. Engineers studied the possibility of extrapolating the results of the Spiral program from
a one-person spaceplane to a multicrewed orbital transport vehicle. Remarkably, the Orbital
Aircraft's excellent lift-drag ratio and thermal characteristics were retained in the large model.

Based on the research at TsAGI, especially on the Tayga program, three institutions—the
M. M. Gromov Flight-Research Institute at Zhukovskiy, Plant No. 166 at Omsk. and MMZ
Zenit—cooperated in the design of a series of test beds to prove the basic technologies of the
new Spiral spaceplane program. Under the name Unpiloted Orbital Rocket-Glider (BOR).
the engineers set out to study the various critical points in a spaceplane’s trajectory during both
suborbital and orbital flights. The early BOR vehicles came in three different variants. scale mod-
els of the EPOS at one-half and one-third size for launch on suborbital ballistic trajectories.
BOR-1. BOR-2. and BOR-3 were to be used primarily to study stability and controllability
characteristics at supersonic and subsonic speeds and also to evaluate the performance of
thermal shielding to be used on the EPOS.'

Some cosmonauts also got into the act. As early as December 1965, three pilots,
including veteran cosmonaut Titov, began preliminary studies in connection with the Spiral pro-
ject. They performed more intensive flight training than was usual for other cosmonauts at the
time. first flying MiG-17s and then moving on to MiG-21s in 1966. By the following year, they
were flying fighter-interceptor aircraft of all types currently in operation with the Soviet Air Force.'
Perhaps not coincidentally. fifteen Air Force officers were at the time completing their graduate
degree work at the prestigious N. Ye. Zhukovskiy Military-Air Engineering Academy in Moscow.
At Korolev's behest, the entire group. which included most of the 1960 and 1962 cosmonaut
enroliments, were studying the development of a single-seat reusable spaceplane.'” Among their
study duties was to analyze the performance characteristics of the defunct Dyna-Soar spacecraft.
The cosmonauts later named their own project "Buran-68," which as it turned out differed

I't7. E-mail correspondence. Igor Afanasyev to the author, December | 1. 1997; Kazmin, "The ‘Quiet’ Tragedy
of EPOS": TsAGI-Osnounyye etapy nauchnoy deyatelnosti. 19681993, pp. 156, 244

118. G.Titov, ". .. This is Needed for All of Us" (English title), Aviatsiya i kosmonautika no. 4 (April 1993):
2-3. The other two cosmonauts training with Titov were A. V. Filipchenko and A. P. Kuklin. both rookies. See also
Kamanin, Skrytiy kosmos: 1964—1966. pp. 295, 306, 347.

119. 5. M. Belotserkovskiy. Gibel Gagarina: fakty i domysly (Moscow: Mashinostroyeniya. 1992). p. 19. The
fifteen cosmonauts were V. f. Bykovskiy. Yu. A. Gagarin. V. V. Gorbatko, Ye. V. Khrunov, A. A. Leonov. A. G.
Nikolayev. T. D. Pitskhelauri. P. R. Popovich, Zh. D. Sergeychik, G. S. Shonin, |. B. Solovyeva. V. V. Tereshkova,
G. S, Titov, B. V. Volynov. and D. A. Zaykin.
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significantly from Dyna-Soar, but was very
similar to the Spiral EPOS spaceplane. Through
complex mathematical modeling and theoretical
research, each cosmonaut developed a particular
part of the spaceplane. Gagarin was responsible
for the general layout. the aerodynamic design of
elements ensuring landing, and control systems.
Titov developed the emergency rescue system.
Nikolayev created the aerodynamic form for
hypersonic and supersonic speeds as well as the
thermal protection.”™ The Air Force’s decision to
have all of these cosmonauts focus on the space-
plane theme underscored the fact that they were
indeed very serious about the program.'”

The Almaz, Zvezda, and Spiral projects
were critical to Soviet plans to militarize space At top is a winged rocket-glider developed by the
operations. Adding to the concurrent Soyuz. LI, Tupolev design bureau in the early 1960s to carry
and L3 programs, there were six major Soviet out research at Mach 2-5 on the aerodynamic

: . : characteristics of a hypersonic winged vehicle. At
crewed projects by 1967, an impressive contrast botiom is the BOR.2 {ifting body developed by the

to the two U.S. piloted space programs of the M. M. Gromou Flight-Research Institute in the late
time. Apollo and MOL. From a political and pub- 19605 within the framework of the Spiral program.
lic relations perspective, the military projects {copyright Asif Siddigi)

were, perhaps. less important than the three

major efforts in support of crewed lunar operations. The military and civilian programs
ran parallel with each other with some modicum of interdependence. but all were affected
by cosmonaut Komarov's tragic death in April 1967. For those involved in Soyuz, LI. and L3, in
particular. the disaster paralyzed their efforts with uncertainty and doubt. Numerous deadlines fell
through the cracks as engineers from TsKBEM began their long. hard road back to recovery.

120. Ibid., pp. 16-17. 20. The topics of focus for some of the other cosmonauts were: Zaykin (work on com-
ponents and computation of mass characteristics), Popovich (power sources), Khrunov (orientation systems).
Bykovskiy (propellant system for the liquid-propellant rocket engine), and Sergeychik (safety systems on the flight).

121. There may have been a third competitor in the Soviet spaceplane programs apart from Mikoyan's
OKB-155 and Tupolev's OKB-156: General Designer P. O. Sukhoy's OKB-S1. whose proposal was evidently based
on an existing high-speed bomber design named the T-4. In the early 1960s, Sukhoy had proposed the creation of
a new-generation strategic supersonic bomber, which was part of a competition with the Tupolev and A S. Yakoviev
{OKB-115) design bureaus. On May 21. 1963. Sukhoy presented his conception of the T-4, also known as the "prod-
uct 100" because it weighed 100-120 tons. The forty-four-and-a-haif-meter-long aircraft had a maximum design
speed of 3,200 kilometers per hour (Mach 3.01) and a supersonic range of about 6.000 kilometers. The T-4 bomber
made only ten test flights between August 1972 and January 1974, one of which achieved supersonic speed. The
Soviet Air Farce. however, soured on this technological marvel by the early 1970s. believing that its goals could be
performed by more conventional and reliable aircraft. such as the famous Tu-145. also known as the Tu-22M Backfire
bomber. Three prototypes of the T-4 were scrapped. while a fourth one was consigned to an air museum after work
was stopped in 1975. According to an interview with test pilot Maj. General V. S. llyushin on December 23, 1990.
the T-4 was planned as a booster for a spaceplane. E-mail correspondence, Sergey Voevodin to the author. September
2. 1997: letter. Peter Pesavento to the author, August 15, 1997. See also Piotr Butowski, “Steps Towards ‘Blackjack’.”
Air Enthusiast 73 {January~February 1998): 36-49: L. L. Selyakov. Maloizvestnyye stranitsy tvorcheskoy deyateinos-
ti aviatsionnogo konstruktora Vladimira Mikhaylovich Myasishcheva (Moscow: AO ANTK im. Tupoleva. 1997). p.
112 Gunston, The Osprey fncyclopedia of Russian Aircraft, pp. 352-53; Mikhail Rebrov, "The Unknown ‘One
Hundred™ (English title), Krasnaya zvezda, September 13, 1995, p. 4 Svishchev. Aviatsiya entsiklopediya. pp
550-51.
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CHAPTER FOURTEEN
GETTING BAcCK

ON TRACK

The road out of the quagmire of the Soyuz | disaster was a difficult one. Because all three
major piloted space projects—the Soyuz, the L1, and the L3—depended greatly on the vagaries
of the basic Soyuz spacecraft, the accident had a widespread effect on the Soviet space program.
Throughout 1966-67, the most important goal for the Soviets had been the celebration of the
fiftieth anniversary of the Great October Revolution in November 1967 with a circumlunar
flight of two cosmonauts in the L1 spacecraft. Because the LI shared the same design as the
Soyuz spacecraft that had killed Komarov, the disaster had grave implications for an early
circumlunar flight. Technical issues were the primary determinant to any plans for lunar flyby
in November 1967, but remarkably, the leading Soviet space officials still held out hope for
meeting that increasingly elusive deadline.

The Tough Road Ahead

In late May 1967, two veteran NASA astronauts, Lt. Colonel Michael Collins and
Lt. Colonel David R. Scott. arrived at the Paris Air Show to make a joint appearance with two
Soviet cosmonatts, Colonel Pavel |. Belyayev and Konstantin P. Feoktistov. It was only a month
after Komarov's death. but the unexpected meeting provided a brief but illuminating view of
the Soviet space program. Over numerous toasts of vodka, what the astronauts found out was
not so surprising: the cosmonauts indicated "that there would be several Earth orbital flights
and then . . . a circumlunar flight."' As Collins later recalled, "Belyayev himself expected to
make a circumlunar flight in the not-too-distant future."” The revelation was noteworthy pre-
cisely because of the almost complete information blackout on future plans in the Soviet space
program. What was particularly astonishing was that despite the Soyuz | disaster. the Soviets
were being remarkably optimistic in public of their circumlunar plans.

In October 1967. Academician Obraztsov stated with unusual explicitness that "the very
next milestone in the conquest of space will be the manned circumnavigation of the Moon,
and then a lunar landing."’ But as if to cover their bets, in their typically confusing way. Soviet

I "Soviet Plans Manned Trip Round Moon,” Washington Post. June 4. 1967, p. A9.

2. Michael Collins, Carrying the Fire: An Astronaut’s Journeys (New York: Farrar, Straus and Giroux. 1974).
p. 280.

3. Souviet Space Programs. 1966-70. Goals and Purposes. Organization. Resources. Facilities and
Hardware. Manned and Unmanned Flight Programs. Bioastronautics, Civil and Military Applications, Projections of
Future Plans. Attitudes Toward International Cooperation and Space Law. prepared for the Committee on
Aeronautical and Space Sciences. U.S. Senate, 92d Cong., Ist sess. (Washington, DC: U S. Government Printing
Office. December 1971), p. 366.
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spokespersons of the period ensured against the possibility of failure. Academician Leonid I.
Sedov, the chairman of the "Commission for the Promotion of Interplanetary Flights" under the
Academy of Sciences, was particularly notorious for brilliant obfuscations of the Soviet reach
for the Moon. Because Western observers found it difficult to identify any single individual with
real power within the Soviet space program, by default, many of Sedov's statements were
magnified out of proportions, despite the fact that he had almost no connection whatsoever
with the space program’s operation. In September 1967, Sedov confidently told journalists that
"manned flight to the Moon is not in the forefront of Soviet astronautics, as the problems of
return from the Moon have still to be solved.”* It was a typically disingenuous statement that
was symptomatic of the Soviet public relations effort of the time.

One of the more prominent pronouncements of the period was a cryptic news item in
August 1967 that ten Soviet cosmonauts were practicing sea landing tests for future space mis-
sions.” Unlike standard Earth-orbital flights, cosmonauts flying back from the Moon would
potentially land in water areas because of the nature of their return trajectories. Among the
group were four Air Force officers preparing for the commander’s seat on the first lunar mis-
sions: veterans Leonov and Popovich and rookies Klimuk and Voloshin Remarkably, because
of poor planning and bureaucratic gridlock, the trainees did not have the luxury of a 7K-LI
spacecraft simulator throughout 1967. One interesting component of their training regime
in 1966-67 was to rehearse for the possibility that it would not be sufficiently safe to launch
cosmonauts on the Proton booster, and, therefore. they would have to transfer to the 7K-LI in
Earth orbit from a Soyuz ship launched on a more reliable 1 1A51 1 rocket. The cosmonauts flew
on parabolic trajectories in a Tu-104 aircraft and used a special curved tunnel to carry out
the transfer. The results of the training were not too encouraging, and it proved to be a very
difficult exercise.’

Immediately after the Soyuz | accident, despite pervasive uncertainty, TsKBEM engineers had
assumed that the problem with Soyuz | would be quickly identified and eliminated.
Just six days after Komarov's death, Chief Designer Mishin set a new tentative plan for the
circumnlunar project, with four automated 7K-LI spacecraft flying around the Moon between
June and August 1967. They would be followed by three piloted flights on spacecraft 8L,
9L. and I0L in sufficient time to make the November 1967 deadline. By June. however,
a one-month delay had already accumulated, possibly because of the extensive and time-
consuming work of the Soyuz | accident investigation commission. The Komarov disaster had
other repercussions on the L1 program. It was clear to most senior space program leaders that
the Soyuz docking and EVA mission would be delayed possibly to early 1968. This meant that
the cosmonauts would not have an opportunity to rehearse an extravehicular transfer prior to
a dual-launch circumlunar flight. During a meeting of the LI State Commission in early June
1967, Chairman Tyulin officially decided to abandon the docking-in-Earth-orbit option for the
circumiunar project and opt for launching cosmonauts on the new UR-500K Proton booster. As

4. Ibid. p. 365,

5. "Soviet Describes Splashdown Tests,” New York Times. August 25. 1967: "Cosmonauts Train for Water
Recoveries.” Aviation Week & Space Technology. September t1. 1967, p. 31: Viktor Mitroshenkoy, Zemlya pod
nebom (Moscow: Sovetskaya rossiya, 1987). p. 424.

6.  There were twelve cosmonauts training for the LI program in May 1967. They were pilots V. F.
Bykovskiy. P. 1. Klimuk, A. A. Leonov. A. G. Nikolayev, P. R. Popovich, and V. A. Voloshin, as well as engineers Yu.
P Artyukhin, G. M. Grechko, O. G. Makarov, N. N. Rukavishnikov, V. |. Sevastyanov, and A. F. Voronov. See Vadim
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a compensatory measure, he introduced two additional automated circumiunar missions into the
flight sequence, making a total of six robotic flights before a piloted one. Of the six
precursor missions, two had already flown in March and April 1967 with mixed success. The
results of the remaining four would make or break the ability of the space program to make the
sacred November 1967 deadline. The immense pressure to celebrate the anniversary with a pilot-
ed circumlunar mission was such that the first of the four remaining L1 ships would fly in July
with the old parachute system because there was simply no time to install a modified version,
corrected following Komarov's death

If there was any hope left for a circumlunar flight before the end of 1967, by mid-July, it was
clear to most in the State Commission that the engineers would simply be unable to make the
deadline. The first fully equipped 7K-L| vehicle, spacecraft no. 4, had only just finished its exper-
imental testing in July after a long four months.” TsSKBEM Deputy Chief Designer Yevgeniy V.
Shabarov, overseeing the preparation of the vehicle, spent many long days ensconced at the
Kaliningrad plant eliminating problems from the vehicle. Preflight testing, usually lasting several
weeks, had yet to even begin. Top Communist Party and government leaders. such as Ustinov,
Serbin, and Smirnov, were simply in a state of panic. knowing that the first launch of the Saturn
V was slated for late 1967, while the N1 was still many months away from flight. At a meeting
of top officials in August 1967, Secretary of the Central Committee for Defense and Space
Ustinov was infuriated. He told Mishin: “We have a celebration in two months, and the
Americans are going to launch again, but what about us? What have we done? Imagine October
1967. Please understand this! We must suppress all personal interests and partiality!"*®

On September 7, the L1 State Commission met to set a date for the launch of the first auto-
mated circumlunar flight of a 7K-LI spacecraft. Several chief designers. including Mishin,
Ryazanskiy (radio-control systems), and Barmin (launch complexes). reported on the readiness
of the booster and the spacecraft.’ Although many of the participants believed that their
systems were 99 to 99.9 percent reliable, Mishin himself believed that the complete booster-pay-
load system had a reliability rate of 60 percent, illustrating a remarkable lack of faith in the
equipment. According to the plan, after flying around the Moon and heading toward Earth, the
spacecraft would have the option of two different reentry profiles: a direct ballistic reentry into
a 100- by 2.000-kilometer area in the Indian Ocean or the more preferable guided reentry in
Kazakhstan. As a precautionary measure, the Soviet government signed an agreement with the
Indian government in early September that would allow Soviet spacecraft to be brought to Indian
soil following recovery. "

There were several malfunctions during the days leading up to the planned launch. but
nothing critical enough to delay an automated flight. The 7K-L! vehicle, spacecraft no. 4L,
lifted off precisely on time in the dark night at Tyura-Tam at 0111 hours, 54 seconds Moscow
Time on Septermnber 28, 1967. Air Force representative Lt. General Kamanin recalled the scene:

8. N. Kamanin, "A Goal Worth Working for" (English title), Vozdushniy transport 46 (1993): 8-9.
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0. A. Tarasov, "Missions in Dreams and Reality" (English title}. Pravda, October 20, (989, p. 4.
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This still from a mouie shows the transport of a 7K-Li circumiunar spacecraft on its Proton booster on the way
from the assembly building to the launch pad at Tyura-Tam. Note the cluster of solid-propellant rocket engines
at the lop of the launch escape tower. The hatch on the external fairing for cosmonaut entry into the actual
spacecraft can be seen in the foreground as a dark oblong shape. (files of Asif Siddigi)

It immediately seemed to me. as well as other observers. that the rocket was going up
slower than usual. But none of us counted seconds. and we all hoped that it was the
rocket’s unusual night launch that inhibited our ability to assess the takeoff adequately.
When the first stage’s side units decoupled, we were prepared to cast off doubts. but
suddenly the automatic rescue system came into action, and the burning mass abrupt-
ly changed its path and began moving down to Farth. . . "

It later transpired that one of the six main engines of the Proton first stage had failed to fire
at launch. Remarkably. the ascent was steady for sixty-one seconds before diverting from a
nominal path, which provoked the emergency rescue system into action. The booster itself
crashed about sixty-five kilometers from the pad amid the thunder of loud explosions. The LI
descent apparatus separated from the wandering launch vehicle on time. Although the capsule
was destabilized at the moment of separation because of an unexpected pressure shock, the
vehicle landed safely in one piece not far from the exploded booster. When rescuers arrived.
they were greeted by a strange scene: from one end of the horizon to the other. there was an
eerie yellowish-brown cloud of nitrogen tetroxide and unsymmetrical dimethyl hydrazine all
over the steppes. The descent apparatus lay majestically on top of a hill amid the toxic vapors.
The difficulty in rescuing the capsule was a nagging reminder of the dangers of using storable

3. N. Kamanin. "A Goal Worth Working for” (English title). Vozdushniy transport 47 (1993): 8-9.
14. Semenov. ed.. Raketno-Kosmicheskaya Korporatsiya, p. 241.
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propellants on a booster intended for launching humans into space. If there had been a crew aboard
the descent apparatus, they might possibly have been exposed to the dangerous propellants.

With the foregone conclusion that there would not be any piloted circumlunar missions in
1967, the engineers trudged on with their work on the next 7K-L1 spacecraft. Late on the day
of the launch failure. some members of the State Commission met to discuss the preliminary
results of the accident investigation. Chief Designer Mishin, perhaps to lift the rapidly falling
spirits of his engineers, told those present that they should not be discouraged and should work
even more energetically for the next flight of the L1 spacecraft, tentatively set for the next lunar
launch window in two months. It would be a busy time for TsKBEM engineers because Mishin
had also scheduled the first post-Komarov flights of the Soyuz spacecraft in October. These
would be followed by the L1 launch on November 21-22."

On October 7, there was a major meeting at the Kremlin presided by Ustinov to discuss
various aspects of the troubled LI program. Chief Designer Glushko reported on the reasons for
the unfortunate Proton failure on September 28. The single engine failure on the first stage had
occurred because of the blocking of the propellant supply system by a rubber plug. The plug
had evidently fallen into the engine during its assembly at Plant No. 19 at Perm, where the units
were manufactured on order from Glushko's Design Bureau of Power Machine Building (for-
merly OKB-456). Ustinov castigated Minister of Aviation Industries Petr V. Dementyev for his
negligence in the matter, telling his audience that the Proton failure had cost the Soviet gov-
ernment 100 million rubles and a two- to three-month delay in the circumiunar program. All
the reports, from Minister of General Machine Building Afanasyev, Mishin, Tyulin, Chelomey,
and others. were filled with recriminations against subcontractors who were inefficient in their
deliveries.'”

The fiftieth anniversary of the Great October Revolution passed with much fanfare in the
first week of November 1967 all over the Soviet Union. But for those involved in the space pro-
gram. it was a time marked by the acknowledgment that their handiwork had failed the task
given them by the Soviet government. Since 1964-65, numerous decrees and decisions from
the Central Committee, the Council of Ministers, the Military-Industrial Commission. and the
Ministry of General Machine Building had all aimed for this date as the holy grail of Soviet cos-
monautics—the month when two Soviet citizens would fly around the Moon and bring their
hammer-and-sickle flags back to parades and celebrations in honor of the Bolsheviks. It, of
course, never happened that way. Engineers, cosmonauts, chief designers. ministers, and mili-
tary officers all dug back into preparations for the next circumlunar launch attempt. A success
would bring some consolation to a beleaguered effort.

In mid-November, L1 State Commission Chairman Tyulin arrived at Tyura-Tam to oversee
the prelaunch testing of the flight vehicle, the 7K-LI, spacecraft no. 5L. Several of the lunar cos-
monauts, including Leonov, Popovich, and Dobrovolskiy, were escorted to the launch site by
Kamanin on the morning of November 18."" After the launch. they were evidently to fly to
Yevpatoriya to participate in the control of the vehicle during its weeklong circumlunar mission.
The only prominent chief designer present at the launch range to oversee preparations was
Glushko: Mishin and Chelomey did not arrive until 36 and 1 | hours, respectively, before launch.
probably because of numerous prior commitments in several other concurrent projects. It was a par-
ticularly chilly launch night at Tyura-Tam, with the Moon beautifully suspended over the Proton

iS.  Kamanin, "A Goal Worth Working for." no. 47

16. Ibid. Cosmonaut A. A. Leanov has also described the reason for the Proton failure: "It turned out that
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launch pad. The 7K-L1 spacecraft lifted off just after midnight local time, 2208 hours Moscow Time,
on November 22, 1967. Everything seemed to be working perfectly until second-stage operation,
when one of the four engines of the second stage failed to ignite. The remaining three engines
continued to fire for four additional seconds until an automatic signal from the ground detecting
trajectory deviation shut them off. Once again, the emergency rescue system fired on time and shot
the LI descent apparatus away from the launch vehicle. The descent apparatus crashed about
300 kilometers from the pad. while the automated crew capsule flew eighty kilometers southwest
of the town of Dzhezkazgan. Because of a spurious command from the vehicie’s altimeter. the soft-
landing engines fired at an altitude of four and a half kilometers instead of just prior to touchdown,
causing the capsule to perform a "hard” landing. Engineers later added a filter to the gamma-ray
altimeter to preclude such malfunctions, in both the LI and Soyuz spacecraft.®

At the end of 1967, the pressure was off Mishin a little bit. No longer chasing after an
impossible target. his immediate goal was to beat the Americans in a circumiunar flight. Given
that piloted Apollo operations were not expected to resume prior to the fall of 1968, the Soviets
could be forgiven for being optimistic about doing just that. The accumulated delays allowed
engineers to continue fine-tuning the 7K-L I spacecraft design. One of their ultimate goals was
to replace the original Argon-/1 computer by the more improved Salyut-1 model sometime in
1967-68. The engineers also continued to shave off weight from the vehicle in an attempt to
optimize its capabilities. The major changes introduced into the Soyuz spacecraft parachute
system were also incorporated into the LI. The results of the testing were. however, not very
encouraging. On January 26. during a test of the LI landing system at the Air Force range at
Vladimirovka near Kapustin Yar, the parachute shot out and filled with air but abruptly
collapsed. and the capsule crashed on to the ground and exploded.

In January. the LI cosmonauts finally began training in a specially built simulator delivered
by the Special Experimental Design Bureau of the M. M. Gromov Flight-Research Institute at
Zhukovskiy near Moscow. The simulator, known as Volchok ("Top"), was installed at the Air
Force’s Institute of Aviation and Space Medicine to allow cosmonauts to train for the return to
Earth at lunar velocities. The simulator was part of a complex that included an M-220 computer,
a centrifuge. the L1 cockpit, and an instructor's control panel. The LI group conducted at least
seventy runs on the simulator using precise methodologies for the circumlunar training program
consisting of the two different reentry profiles: one ballistic and the other guided. The favorite
to command the first circumlunar mission, cosmonaut Leonov, later recalled:

We had to learn to choose the angle of entry after the last [mid-course] correction using
the star-tracker and sextant. [The angle] depended on the magnitude and direction of
the deceleration burn. It was possible to "bury" oneself in the atmosphere with a large
angle and to "slip through" it with a small angle. The optimum version was an entry
with a "pop-up”: enter. exit the atmosphere after extinguishing great speed. and reen-
ter. already knowing the angle of incidence at which the craft had to be held to get to
the calculated landing point. The "manual firing input” instrument highlighted the
number of burns after passage of the first sector. Ffrom that we figured the distance to
the calculated landing point. then converted distance into angle of incidence. .. As a
result we learned to make a "landing" with an accuracy to one kilometer*

18. Semenov. ed., Raketno-Kosmicheskaya Korporatsiya, p. 241 Kamanin. "A Goal Worth Working for.”
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19. N. Kamanin, "A Goal Worth Working for” (English title). Vozdushniy lransport 48 (1993): 8-9.
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General L1 training consisted of studying the 7K-LI ship’s on-board systems, the dynam-
ics of its motion. mathematical support, programming, ballistics, and astro-navigation.
Included in the cosmonauts’ training program was a ten-day trip to Mogadishu. Somalia, in the
summer of 1968 to familiarize themselves with the constellations in the southern sky: return-
ing LI vehicles would fly over Antarctica, then Africa, before heading toward Soviet territory.
On an actual flight. the vehicle would use its star-tracker and sextant for autonomous naviga-
tion. and the cosmonaut would take over in case of sensor malfunction.”

By early February 1968, Mishin and Kamanin had agreed on the selection of four crew
commanders to train for the first few missions: cosmonauts Bykovskiy, Leonov. Popovich, and
Voloshin.” They, along with eight others, were engaged in an intensive program throughout
1967-68. but it seems that they did not have much confidence in the spacecraft. Kamanin
recalled in early March that:

[The cosmonauts] are working diligently and know the craft well. Perhaps, it is precise-
ly because the cosmonauts excellently know all the strong and weak points of the craft
and the carrier rocket that they no longer have their initial faith in the space hardware.”

In their training in the L1 simulators, the cosmonauts remarked that although it was quite
easy to work with the new instrumentation, it would be a very trying job to spend about seven
days cramped in the tiny descent apparatus of the 7K-L1 vehicle.” The two recent launch
failures of the Proton booster did not do much to raise their spirits.

The next L1 launch was set for March 1-2, 1968. The unusually long gap between the
fourth and fifth L1 flight attempts was partly a result of the poor results of the emergency
rescue system’s ground testing of the UR-500K-LI booster stack, carried out under Deputy
Chief Designer Tsybin's direction. There were evidently repeated parachute failures in the escape
system in January and February, but the necessity to maintain deadlines prompted him to
recommend launches despite complete confidence in the systems. On February 20, the LI State
Commission met, presided over by an ill Tyulin. General Designer Chelomey and Chief Designer
Aleksandr D. Konopatov of the Design Bureau of Chemical Automation. responsible for
the Proton’s second-stage engines, briefed the attendees on the possible reasons for the two
consecutive failures in late 1967. While the specific cause of the November 1967 malfunction
was still unknown, the two designers believed that the premature ignition of propellant because
of local heating to more than 200 degrees Centigrade led the suspect engine to fail. Chelomey,
Konopatov, and Mishin proposed a number of changes to the engine design—suggestions that
were approved by the remaining members of the State Commission. At this point, the State
Commission still planned to carry out four more fully automated LI flights before proceeding
with a crewed flight.

A number of the cosmonauts training for the LI program. including Bykovskiy. Leonov.
Popovich, and Sevastyanov, flew to Tyura-Tam in a Tu-124 aircraft on February 28, 1968,

21 Ibid.; Marinin and Shamsutdinov, "Soviet Programs for Lunar Flights."

22 Kamanin. "A Goal Worth Working for." no. 48. By this point, five tentative crews had been formed for
the LI program: A. A. Leonov/O. G. Makarov, V. F. Bykovskiy/N. N. Rukavishnikov. P. R. Popovich/V. |. Sevastyanov.
V. A Voloshin/Yu. P. Artyukhin, and P. 1. Klimuk/A. f. Voronov. In addition, one civilian scientist, V. G. Yershov, and
another civilian engineer, G. M. Grechko, also trained with the core group of ten. For crew complements. see S.
Shamsutdinov and 1. Marinin, "Flights Which Never Happened: The Lunar Program” (English title), Aviatsiya i kos-
monautika no. 2 (February 1993): 30-31.

23, Kamanin, "A Goal Worth Working for." no. 48, p. 9.

24. 1. B. Afanasyev. "Unknown Spacecraft (From the History of the Soviet Space Program)" (English title),
Novoye v zhizni. Nauke. tekhnike: Seriya kosmonavtika. astronomiya no. 12 (December 1991): 1-64.
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accompanied by cosmonaut overseer Col. General Kamanin and first cosmonaut Gagarin, who,
although he was not preparing for a mission, was closely involved in the LI cosmonauts’
training program.” It was very windy and cold at the launch site, and the snow cover gave the
area a beautiful sheen. Later that day, the State Commission held a meeting to discuss the
specific plans for the next launch, set for March 2. Besides Mishin and Chelomey, their deputies
for the 7K-L1 and the Proton booster—Yevgeniy V. Shabarov and Yuriy N. Trufanov,
respectively—spoke on the readiness of all the preparations. Because there was no lunar launch
window at the time, Mishin and Chelomey had agreed to launch the spacecraft out to a
distance of about 330,000 kilometers into deep space—that is, out to lunar distance—and then
bring the vehicle back to Earth, thus simulating an actual circumlunar flight. The nonlunar objec-
tive also gave launch controllers the luxury of having launch windows lasting more than just a
few seconds. The next 7K-L1 launch, slated at the time for April 23, would fly to the Moon

There was a remarkable lack of confidence during the preflight preparations. Even State
Commission Chairman Tyulin had misgivings about the launch. Kamanin wrote in his journal on
March I "All of us need a successful launch like a breath of fresh air. Another failure would bring
innumerable troubles and may kill the people’s confidence in themselves and the reliability of our
space equipment."’” The 7K-LI ship, spacecraft no. 6L, lifted off at 2129 hours.
23 seconds Moscow Time on March 2. 1968, into a circular Earth orbit at around 200 kilome-
ters altitude at a fifty-one-and-a-half-degree inclination. Exactly one hour, eleven minutes, and
fifty-six seconds after launch, the Blok D stage fired for 459 seconds to boost the spaceship
into a highly elliptical orbit with an apogee of 354,000 kilometers. The Soviet news agency
TASS did not announce anything of note about the launch. except to name the spaceship
Zond 4 ("zond" being the Russian word for "probe”). The Zond designation had previously
been used for three completely unrelated deep space probes in the early 1960s, and it was
a curious excavation of an obsolete moniker. Retroactively. the Soviets would call the entire
circumlunar effort the Zond program.

The day after launch. a group of cosmonauts led by Gagarin flew to the flight control cen-
ter at Yevpatoriya to support the activities of the Chief Operations and Control Group. The
L1 crew of Popovich and Sevastyanov. one of the leading contenders for an early mission. spent
long periods in a special "bunker" at Yevpatoriya, playing the role of an actual flight crew.
Communications between the two were routed through Zond 4 back to Yevpatoriya to
simulate as closely as possible realistic conditions during an actual mission.”

The first minor sign of trouble on the flight appeared on the morning of March 4. At 0753
hours Moscow Time, the controllers attempted to carry out the first mid-course correction. but
they failed to do so because of a failure in the attitude control system: the 100K stellar sensor
(using minimum shading) correctly tracked the Sun. but failed to find Sirius. The first mid-course
correction was, however, not a necessary factor for a successful mission, and engineers were con-
fident that everything would work fine. All systems on Zond 4. including the communications
systems, were working without serious disruptions, although the main omnidirectional antenna
had evidently not unfurled properly. A second attempt to use the stellar orientation system on
March 5 was also a failure; the sensor tracked Sirius for only a few seconds (with maximum shad-
ing) before losing it, suggesting some sort of malfunction in the astro-orientation sensor built by

25.  Mitroshenkov. Zemlya pod nebom. p. 436.

26, Kamanin. "A Goal Worth Working for," no. 48. The March mission was timed to be launched a half
lunar month outside the nominal lunar launch window and was, in fact, aimed in the exact opposite direction of the
Moon.

27 lbid. p. 9.
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the Geofizika Central Design Bureau. The engineers finally declared success the next day when a
medium-density filter on the sensor proved to be the right solution to the stellar tracking
problem. The vehicle was oriented properly and fired its main engine to sharpen its trajectory.”
Ballistics calculations showed that Zond 4's trajectory was perfect and that there would be no need
for further mid-course corrections. The vehicle was expected to enter Earth's atmosphere down to
an altitude of only 45.8 kilometers, then bounce out to 145 kilometers and then reenter again.

In the complex schema of Soviet ground control over spacecraft, the Zond flights were
controlled from Yevpatoriya, but supported by ballistics centers at Nli-4 in Bolshevo and a new
Coordination-Computation Center at the premises of the Central Scientific-Research Institute
for Machine Building (TsNIIMash) located right next to TsKBEM in Kaliningrad. The
Coordination-Computation Center had provided only ballistics support for space missions since
January 1963, but it had steadily expanded its activities in the mid-1960s to support the pilot-
ed lunar program. It would eventually form the basis for the famous Flight Control Center
(TsUP) that controlled all missions to the Mir space station. Some of the Air Force officers
involved with the Zond 4 flight were in attendance at the Coordination-Computation Center
during the return portion of the spacecraft's trajectory as they saw the projected "pop-up"
trajectory mapped out on giant screens in front of them. But the projections were unfortunately
markedly different from the true path of Zond 4 on March 11. After the vehicle separated into
its two component parts, the descent apparatus was evidently in the wrong attitude because
of the "unpreparedness of the orientation system." Thus the spacecraft entered the atmosphere
into the correct corridor, but then never left it. Instead, it entered into an uncontrollable
ballistic trajectory. It evidently passed through the atmosphere safely and was about to deploy
its parachutes, when at an altitude of ten to fifteen kilometers over the Gulf of Guinea near the
west African coast. the emergency destruct system of the descent apparatus was commanded
to explode the capsule. The destructive charge had been included on the spacecraft for precisely
such a contingency: "for fear that the Americans may get hold of it."*" The Soviet press
refrained from commenting on Zond 4's fate, although in later years, official Soviet publications
would say that the spacecraft was in heliocentric orbit.” The order to destruct had strong
support: Tyulin and Mishin evidently cleared the decision through Central Committee Secretary
Ustinov and Military-industrial Commission Chairman Smirnov.

A crew in the spacecraft would have endured up to twenty g's during the descent, but
would probably have survived the splashdown. The main problem on the Zond 4 spacecraft
was traced to the 100K stellar sensor, whose surface had evidently been contaminated. For
future vehicles, engineers introduced a special cover for the sensor. which would be cast off
before use. The State Commission for the L1 program met on the afternoon of March 26, 1968,
to discuss the status of the project. TsKBEM Deputy Chief Designer Chertok summarized all the
failures of the stellar attitude control sensor on Zond 4 as well as the results from the flight.

29.  Kamanin, "A Goal Worth Working for." no. 48.
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Mishin reported that the next 7K-L1 vehicle and its Proton booster would be ready for the next
launch by April 20-22, in time for the next lunar launch window just after midnight local time
on April 23>

The LI spacecraft arrived at the Baykonur Cosmodrome on April 12, the anniversary of
Gagarin's Vostok flight in 1961. State Commission members Tyulin and others flew into the
launch range four days later in preparation for the launch. Hopes were high that this would be
the first fully successful automated circumlunar mission in the Soviet space program. The
preparations for the launch proceeded without significant problems. The unusually cold April
temperatures. down to minus five degrees Centigrade at night, did not deter work, which
was concurrent with an unrelated Soyuz precursor flight in Earth orbit. The cosmonauts and
officials were housed for the first time in the new Kosmonavt Hotel, a fully furnished abode for
crews to spend their days before faunch. On the morning of April 20, the State Commission
met to go over all the changes in the 7K-LI vehicle since the flight of Zond 4. including the
modifications to the critical stellar sensor, responsible for the demoralizing failure at the end of
the mission.”

At a last meeting on April 22, one of the topics of discussion was whether to blow up
future 7K-LI spacecraft if they returned to Earth in uncontrolled trajectories. Chief Designer
Mishin, along with Deputy Chief Designer Shabarov. vigorously supported such a contingency
but were opposed by Chief Designer Barmin. Kamanin. and all the cosmonauts. Many,
including Chelomey, remained neutral, perhaps unwilling to take a stand on an issue that had
implications for national security. In the end. a final decision seems to have been postponed:
Mishin evidently believed that a ballistic landing would be unlikely on this particular flight.

It was another cold night launch for the program. The UR-500K rocket lifted off precisely
on schedule at 2301 hours, 7 seconds Moscow Time on April 22 with the 7K-L1, spacecraft no.
7L. The rocket flew gracefully into the dark skies as observers watched the exhaust become
smaller and smaller. About seven minutes after launch, at T+260 seconds, the flame abruptly
disappeared, although the third stage had yet to fire. It was clear that there had been some
malfunction and that the emergency rescue system had been activated. The controllers at
Tyura-Tam received a report from the rescue service about four hours after launch that the LI
descent apparatus had landed 520 kilometers from the launch site, about 110 kilometers east
of the town of Dzhezkazgan in Kazakhstan. The initial reports were distressing: a helicopter
commander relayed that he had located the capsule but that it was on fire, an impression
confirmed by search service commander Air Force Maj. General Aleksandr I. Kutasin. In the
moring. it turned out that both had been mistaken: the 7K-L1 capsule landed without
problems, and all elements of its rescue system had worked flawlessly. By the afternoon, the
capsule was back at Tyura-Tam. a stop on its trip back to Moscow the following day.”

A cursory investigation into the accident indicated that the failure was not because of a
booster problem. A sensor on the spacecraft had erroneously detected a breakdown and
ordered the booster's second-stage engines to shut down and abort the flight. By the late
morning of April 23, engineers were leaning toward some sort of failure in the 7K-L1's power
supply system. The failure laid to rest any hope that there would be a crewed circumlunar flight
before the fall of 1968 at the earliest. Of the four LI attempts in 1967-68 to fly to lunar
distances, only one, Zond 4, had been a partial success. The remaining three had failed to reach
even Earth orbit, underlying serious problems in the launch vehicle. The entire program was
already more than a year behind schedule, with many tests still to be carried out. With little
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619



620

hope of an impending piloted mission. the L1 cosmonauts were sent on leave on June 1, 1968.
On May 20, Mishin held a meeting at his design bureau and targeted July 17 as the next launch
opportunity for a circumlunar flight, putting a three-month gap between missions. The accident
investigation of the last launch failure was evidently a big factor in the long interval.

Not surprisingly. the political leadership at this time was extremely disconcerted by the con-
tinuing series of failures in the program. Mishin met with Military-Industrial Chairman Smirnov in
May 1968 to discuss the status of the project. The latter asked Mishin to accelerate the pace of
work on the LI as much as possible to launch a crew around the Moon by October 1968.
Smirnov's boss, Ustinov, had also set the same deadline. which took into account
three more automated launches in July, August. and September. leading to a flight by two
cosmonauts in October.” Despite the spate of setbacks. publicly the Soviets continued to
maintain their interest in a piloted circumlunar flight. On a tour of Hungary in February 1968, cos-
monauts Belyayev and Bykovskiy were remarkably explicit in their pronouncements. The
latter, one of the leading candidates for commanding the first circumlunar flight, told journalists:

The Souviet Union will send men to the Moon only when there is no longer any risk, and
there (s every guarantee that a safe return can be made. One of our next steps is not a
Moon landing. but the orbiting of the Moon by a manned space vehicle. Naturally [the
death of Komarov] had a certain retarding effect. It took many weeks to investigate and
learn the causes of the accident. However, it caused no essential revisions in the space
research and spaceship development program which had been worked out.*

Ina hint of the troubles facing the circumlunar project, Academician Vasiliy V. Parin, one of the
leading space biomedicine specialists in the Soviet space program, did admit that precursor
"pathfinder” flights could delay the first Soviet piloted lunar mission.*

U.S. observers were also getting in on the act. Through the spring of 1968, ULS. government
officials and the American press were unusually vocal about imminent Soviet space plans. Noted
journalist John Noble Wilford wrote in February that among the immediate goals of the Soviet space
program was “[aJn unmanned flight of the Soyuz around the moon and back to earth,
without attempting a landing on the lunar surface . . . this summer,"* That U.S. intelligence was
clearly cognizant of the troubles plaguing the Soviet space program at the time was confirmed by
articles in the U.S. media. clearly noting the two recent LI launch failures in November 1967 and
April 1968. which were covered up by the Soviets.® The knowledge of these failures does not seem.
however. to have given pause to exclamatory pronouncements in the American media. In
a prominent page-one article in The New York Times on May 5. a reporter claimed: "A mass of pub-
lic and private evidence about the Soviet Union’s recent space exploits has led analysts to believe
that the American public is in for a series of space surprises.”* No one could guess at the paramount
level of managerial. technological, and funding chaos plaguing the Soviet piloted space effort.
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A little more than a month after that article, on June 26, 1967, the LI State Commission
met to discuss preparations for the next launch. Engineers from TsKBEM admitted that they.
and not Chelomey's engineers responsible for the Proton booster, had been to blame for
the most recent L1 launch failure in April. A short circuit in the power supply system of the
spacecraft's computer resulted in the "Accident in the Autonomous Guidance System"
command being sent from the vehicle to the booster. Consequently, the engines in the second
stage of the Proton automatically switched off. The problem was traced to a design error on the
part of Department No. 212 at the TsKBEM, which had incorrectly mounted the three-axis
stabilized platform in the descent apparatus of the L1.* Mishin and Tyulin agreed to attempt
the next circumnlunar launch on July 19. This flight would be followed by similar launches in
August, September, and October. After three to four automated flights of the UR-500K-LI
system. cosmonauts would fly to the Moon in November—December 1968, well over a year later
than originally intended.

This schedule was again put into jeopardy as a result of a near-catastrophic accident at
Tyura-Tam during the summer of 1968. On July 5. four days prior to the intended launch, the
7K-L1 spacecraft, the Proton booster. and the Blok D upper stage were undergoing combined
testing at the launch pad at the Baykonur Cosmodrome. The stack had already been fully loaded
with propellant when the oxidizer tank of the Blok D stage exploded. The first reports suggested
that the rocket. the spacecraft, and the pad were destroyed, killing three pad technicians. Later.
it transpired that although the Blok D stage was destroyed. both the UR-500K launcher and its
LI payload were relatively intact. One person, a Captain |. D. Khridin, had been killed and
another seriously injured. The accident had occurred because of an erroneous electrical
command from a malfunctioning ground cable network, which resulted in excess pressure in
Blok D. The situation after the accident was extremely dangerous. The LI spacecraft and part
of Blok D tipped over to one side, supported only by the emergency rescue system tower. which
was stuck on a service girder on the pad structure. Blok D's fuel tank. with five tons of kerosene
and two attitude control engines with their own oxidizer and fuel, had broken away from the
girder and had pushed deep into the third stage of the Proton. Observers watched in terror as
the seriousness of the situation became deathly clear. At the time of the accident, the payload
contained five tans of fuel in Blok D, one and a half tons of solid propellant in the emergency
rescue systemn tower, more than one and a half tons of toxic propellants for Blok D's attitude
control system. thirty kilograms of highly concentrated hydrogen peroxide in the L1's guided
reentry system. four and a half liters of triethylamine for the ignition of the Blok D propellants,
benzine-based fuel for the thermo-regulation system connected to more than 150 pyrocar-
tridges. and twenty-five kilograms of explosive for the payload's self-destruct system. it was a
highly toxic explosion waiting to happen as more than 50 pad technicians stood in shock on
trusses and girders all around the booster. Fortunately, not one of the pipes in any of the
systems punctured.”

Because the situation was so serious, Minister of General Machine Building Sergey
A. Afanasyev headed up an emergency commission to save the pad. the booster, and the space-
craft. Afanasyev’s First Deputy Tyulin supervised the general work of cutting the payload block
to begin slowly pouring out propellants. Mishin personally directed all operations at the launch
pad to separate, painfully and slowly, each component of the payload from the launch stack in
the unbearably hot temperatures at the launch site. It took two weeks of concerted effort to
finally dismantle the complex, based on thorough calculations on each component’s center of
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gravity after the accident. Both the July and August lunar launch windows were
abandoned as a result, reducing further the odds of a piloted circumlunar mission before the
end of 1968. The best-case scenario was a December launch, although unofficially many
engineers believed that January 1969 was a more realistic target. Maintaining this new deadline
was complicated further by plans to concurrently run Soyuz missions in Earth orbit, which were
indispensable to advancing the Soviet lunar landing program. Unlike the L1, however, the Soyuz
had a less painful road back to recovery after the Komarov tragedy in 1967.

Docking in Orbit

In April 1967, when cosmonaut Komarov set off on his last mission, there were fairly
distinct plans for at least two further Soyuz missions to follow. Both would have been solo
Earth-orbital missions, the first (Soyuz 3) commanded by Gagarin and the second (Soyuz 4)
commanded by rookie Beregovoy.* For Gagarin’s career, the Soyuz | disaster was a severe
setback. Having lost one of Soviet Union’s best and brightest, cosmonaut overseer Lt. General
Kamanin was not about to jeopardize Gagarin's life in grueling training programs. On April 29,
1967. five days after the accident, Kamanin met with a number of cosmonauts, including
Cagarin. Beregovoy recalled that:

... Kamanin, who looked aged by the tragedy, called us all together and laid out the
future flight programme. He told Gagarin straight out that there was practically no
chance he would be allowed to fly again. Kamanin himself would recommend that
Gagarin not be permitted to participate in any other flights. Yuri listened to this terrible
pronournicement in silence.®

The most immediate matter at hand for Kamanin was to reestablish a training plan for
Soyuz, contingent upon a new schedule of flights set by Chief Designer Mishin. In revising the
Soyuz manifest, all agreed that the first subsequent crewed mission should be a repeat attemnpt
to carry out the aborted docking and EVA flight from Soyuz 1. By May 5, Kamanin had tapped
test pilot Beregovoy to pilot the active vehicle. As plans stood at the time, the old Bykovskiy
crew from Komarov's mission would remain as a team to fly the passive Soyuz spacecraft. They
began training with the Volga rendezvous simulator by the fall of 1967.

Ironically. by the time that the Soyuz | disaster paralyzed the Soviet piloted space program,
the cosmonaut corps was welling to its greatest number. Traditionally, most cosmonaut
trainees were military pilots or engineers. Mishin’s insistence on including engineers from
TsKBEM had forced the Air Force to accept civilians who had participated in the design of the
Soyuz spacecraft. Although such a group of eight engineers had begun training in late 1966.
they did not receive official status as "cosmonaut-testers” until an order of the Ministry of
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was G. T. Beregovoy/L. S. Demin/G. S. Shonin (pnmary) and D. A. Zaykin/A. N. Matinchenko/G. T. Dobrovolskiy
(backup). See also V. Molchanov. "First Selection” (English title). Apogey 8 (March 1994): 2. In his diary entry dated
December 7. 1966. N. P. Kamanin provides a slightly different crew composition. The Soyuz 3/4 crews would have
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Beregovoy. Bykovskiy, Gagarin. Komarov. Nikolayev. and Shatalov. The remaining two crewmembers would be one
of four candidates: V. G. Fartushniy. P. | Kolodin, Yu. N. Lapkin. and an unnamed engineer from TsKBEM. See N. P
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Machine Building on May 27. 1968. Of the eleven men inducted at this time, ten were from
TsKBEM and one, Vladimir G. Fartushniy, was a senior scientist at the Ye. O. Paton Institute for
Electro-Welding based at Kiev.* His selection was primarily motivated by plans to carry out weld-
ing experiments in space, an idea that had originated as early as November 1964 when Korolev
had instructed his deputies to draw up plans for the work. Paton Institute Director Academician
Boris Ye. Paton was also very supportive of the project and had initiated the development of an
instrument named Vulkan to allow Soyuz cosmonauts to carry out such experiments in space.”

In addition to engineers, the Soviets, like NASA, also looked into the matter of training
career scientists for future space missions. in January 1965, Academy of Sciences President
Keldysh set in motion the process of selecting scientist-cosmonauts, despite the almost
customary resistance from the Air Force on the issue. What little science had emerged in
the early 1960s was only after much lobbying by numerous highly placed academicians. While
science was a junior partner in the U.S. space program. in the Soviet Union. it was considered
an iritation at best. After the formation of the academy’s institute of Space Research, many
scientists expected an expansion of scientific activities in space, but judging by the number of
scientific satellites launched as part of the Kosmaos cover name, it seems that the situation had
not changed much. The only major components of scientific research were the continuing
projects to send automated probes to Mars and Venus, but these efforts were to a great degree
motivated by competition with the United States. Roald Z. Sagdeyev, later the Director of
the Institute of Space Research, summarized the situation as one in which "the guiding
philosophy behind Soviet space launches reflected the interests of the space industry to the
complete neglect of science per se.”*

in this climate. Keldysh sent the files of twenty-four scientists to the Air Force. Of them,
the military allowed nineteen to undergo medical screening in September 1966. By November,
only four passed the rigorous testing at the Air Force's Central Scientific-Research Aviation
Hospital. Finally, on May 22, 1967. a month after Komarov's death, they arrived at the
Cosmonaut Training Center to begin training. They were:

o Mars N. Fatkullin (twenty-eight years old)
« Rudolf A. Gulyayev (thirty-two)

«  Ordinard P. Kolomiytsev (thirty-two)

»  Valentin G. Yershov (thirty-nine}*”

These four men were joined by Georgiy P. Katys, the accomplished scientist who had been
passed over for several Voskhod missions because of his "questionable" background. Of the
four new scientists, Fatkullin, Gulyayev, and Kolimiytsev were all researchers from the academy’s

46. | Marinin, "The First Civilian Cosmonauts” (English title). Novostt kosmonautiki 12-13 {June 3-30.
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Institute of Terrestrial Magnetism, lonosphere, and Radio Wave Propagation, while Yershov was
from the famous Institute of Applied Mathematics, which Keldysh headed at the time. Yershov
was chosen specifically to provide navigational support on LI circumlunar missions. He, in fact,
participated in the development of the LI autonomous navigation system. By coincidence.
NASA selected its second group of scientist astronauts a little mare than two months after the
Soviet selection. These eleven new astronauts would be unofficially known as the "Excess | "
to indicate their less than hopeful chances of ever making it into space.*® Under the command
of Katys, the Soviet scientists finished their initial training program in July 1968 to await formal
assignment to a flight.

Scientists were not the only civilians considered for spots on a Soviet spaceship. Decades
before NASA considered sending a journalist into space, the late Korolev had given the
idea some thought. One of those in the running was Yaroslav K. Golovanov. a writer for the
newspaper Komsomolskaya pravda, who would thirty years later publish a biography of
Korolev. Golovanov, one of the few Soviet journalists allowed into the inner sanctum of the
Soviet space program, had spoken to Korolev in January 1965 on the possibility of beginning
cosmonaut training. On February 12, 1965. the chief designer signed papers permitting him to
begin initial medical screening tests. He was joined by a second reporter, Yuriy V. Letunov of
the TV program Viemya (Time). In July-August 1965, both passed their initial medical tests.
but the journalist-in-space idea receded into the background after Korolev's death. Golovanov
tried to pursue the matter with a letter to the Central Committee in the spring of 1968, but the
space leadership politely rejected the idea, no doubt because the Soyuz at the time was still a
raw, untested machine, better to be flown by experienced pilots.”

Declaring the Soyuz safe took a considerable amount of time. Based on the recommendations
of the Utkin subcommission, engineers at TsKBEM. the Scientific-Research Institute
for Automated Devices (responsible for designing parachutes), and the M. M. Gromov Flight-
Research Institute carried out an intensive series of corrective tests on the Soyuz capsule
throughout 1967. The tests resulted in some supplementary modifications to the Soyuz
parachute system, including changes in the operations schedule of the reserve parachute
during launch aborts up to six kilometers altitude. Engineers built several boilerplate models of
the descent apparatus to test these modifications: the Utkin subcommission evidently had the
authority to recommend changes in design.

The process to declaring the 7K-OK Soyuz vehicle safe for automated flight was fraught
with difficulties and accidents. Two new Soyuz spacecraft were the subject of vigorous testing
for an automated docking flight in the fall of 1967. During a ground test of the solar panels on
one of them, electric equipment burnt out, forcing engineers to dismantle the ship and replace
the damaged instruments. Of the twenty tests at the Air Force site at Feodosiya by late
September 1967, nearly half had malfunctions: three were complete failures.” Despite the
setbacks, by the autumn of 1967, the Utkin subcommission declared the 7K-OK Soyuz vehicle
safe for automated missions.” Parachute testing would continue until commission members
were satisfied that the complete system was safe for humans.

50.  For a discussion of the events and controversy behind the selection of scientist astronauts in the U.S.
space program, see William David Compton. Where No Man Has Gone Before: A History of Lunar Exploration
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The two Soyuz spacecraft finished their testing at the Baykonur Cosmodrome by
mid-October 1967 and were prepared for launch soon after. On October 16, ata meeting of the
State Commission. Mishin announced that the flight profile for the new faunches would be
slightly different than the one planned for the aborted Soyuz 1/2 mission. The primary goal of
this test would be to check the reliability of all major spaceship systems of both spacecraft. The
active Soyuz would spend almost three days flying solo in orbit, while controllers at Yevpatoriya
would pore over incoming data. If the "health” of the ship was still acceptable, then the
Strategic Missile Forces would launch the passive Soyuz at the end of the third day. The two
spacecraft would merely approach each other in space using their Igla radar systems. Docking
was not completely excluded from the plan. but it was not considered a primary goal. The first
ground training simulation for the plan was held on October 19, with cosmonaut Gagarin
participating as a member of the Chief Operations and Control Group. Later, he flew into
Leninsk near the test site the day before the scheduled launch. Coincidentally. his Air Force boss
Kamanin was promoted from lieutenant general to colonel general the same day.™ For Kamanin,
his rank was not the only good news of the week.

The active spacecraft, vehicle no 6. simulating the role of the lunar orbiter in the lunar
landing mission, was launched successfully from site 31 at Tyura-Tam at 1230 hours Moscow
Time on October 27, 1967. The initial orbital parameters of the spaceship, named Kosmos-186
in the Soviet press, were announced as 209 by 235 kilometers at a Si.7-degree inclination.
Naturally, TASS neglected to mention that the flight had any relation to the piloted space effort.
For the first time in the Soyuz program, all systems were working without fault in orbit. The
solar panels deployed, and the lgla system was operational ** There was some sign of trouble
on the second day of the mission when controllers discovered that the spacecraft was unable
to change its orbit on the seventeenth orbit, apparently because of a malfunction in the 45K
stellar-solar attitude control sensor. There were also disruptions in the work of the ion sensor
system the following day. Engineers dug into their work and managed to overcome the most
serious problems by the third day of the flight, prompting the State Commission to give a
go-ahead for the second Soyuz launch.

Before the launch of the passive Soyuz. Mishin, perhaps motivated by the relatively good
state of Kosmos- 186 in orbit, decided to attempt not just rendezvous, but full docking between
the two vehicles.®® Thus, with a new mission, the passive Soyuz. spacecraft no. 5. was
launched at 1212 hours Moscow Time on October 30 and entered a 200- by 276-kilometer
orbit, also at a 51.7-degree inclination. The vehicle was named Kosmos-188 in the Soviet press.
The performance of both vehicles fulfilled all expectations. The launch of the second spacecraft
was performed in such a way as to insert the vehicle within twenty-four kilometers of the active
ship. The latter then fired its engine twenty-eight times (over three minutes of burn time) on
completely automatic commands from the Igla system. Within just sixty-two minutes of the
launch of Kosmos-188. both vehicles were successfully docked to each other on the target's
first orbit. At the time of docking, the two ships were out of communications range with Soviet
surface tracking stations, but once they were over Soviet territory, ground controllers began
recelving clear video pictures from the ships showing their docked configuration. These images
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were later shown on Soviet TV, giving the public their first brief look at the Soyuz spacecraft.
It was an impressive display of automation, bolstering somewhat the argument that
cosmonauts were mere passengers in the Soyuz spacecraft. It was also the first docking of two
robot spaceships in history.

After the two ships were linked, the controllers discovered that there had not been
full "hard" docking because, for reasons unknown, there was still an eighty-five-millimeter gap
between the two ships. This was considered a minor problem, and after three and a half hours
of connected operations over two and a half orbits, Kosmos-186 and Kosmos- 188 separated.
Both ships were to finish off their missions with guided reentries, but both ran into problems.
In Kosmos-186's case, on October 3 1. the failure of the 45K sensor changed the reentry profile
into a direct ballistic return. The descent apparatus, however, was recovered safely. The
following day. Kosmos-188 was unable to perform a guided return because of incorrect attitude:
the ship had flown into an ion pocket, confusing the ion attitude control sensor. The ship
entered on a steep trajectory, and its self-contained explosive automatically destroyed
the descent apparatus to prevent a landing on foreign territory. It was proved later that if the
explosive had not been carried on board, the capsule would have landed 400 kilometers east of
Utan-Ude north of Mongolia, but in Soviet territory.”

The Kosmos-186/188 flight was timed to occur a week before the fiftieth anniversary of the
Great October Revolution. It was a poor substitute for a piloted circumlunar mission, but it was
a minor advance for a space program beleaguered by failures and catastrophes. The confidence
imparted by the docking mission was, however, tempered by the two unrelated L1 launch
failures before and after Kosmos-186/188. Immediately after the docking success, the Soyuz
State Commission met on November 15 to discuss the future manifest for the project.” With
no authorization from the Utkin subcommission to carry out piloted flights, it seems that
Mishin had planned a repeat performance of the automated docking mission in early 1968,
which would allow further testing of the problematic attitude control sensors on the Soyuz
spacecraft. In the meantime, crews training for upcoming Soyuz flights continued their
training program at a less intensive pace.

for "Cosmonaut No. 1" Yuriy A. Gagarin, the post-Soyuz | period was a particularly
transitional time. Having been denied flight status, in November 1967, he was subjected to the
additional humiliation of being grounded from flying aircraft solo. Apart from his important role
in various State Commissions, he continued to serve as an international ambassador for the Soviet
space program. His various obligations took their toll. Kamanin wrote in his journals in 1968:

There were many situations when Gagarin miraculously escaped big troubles. These sit-
uations often occurred when he attended parties, drove in cars or boats, or when hunt-
ing with the big bosses. | was particularly concerned about his driving cars at high
speeds. | did a lot of talking with Yura on this issue. The active life style, endless meet-
ings and drinking sessions were noticeably changing Yura's image and slowly. but
steadily erasing his charming smile from his face.*

Training for the Soyuz | flight and an assignment to the subsequent Soyuz 3 mission
apparently curbed his extracurricular activities. The cosmonaut lost weight. trained regularly,
and eventually mastered the Soyuz spacecraft. In addition, by late 1967, he was finally
wrapping up work on his graduate degree at the N. Ye. Zhukovskiy Military-Air Engineering
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Academy in Moscow dealing with a reusable single-seat military spaceplane. At Gagarin’s own
request, Kamanin temporarily relieved the young cosmonaut of his duties as training center
deputy director to allow him to focus exclusively on his dissertation. At the same time,
Kamanin and Center Director Maj. General Nikolay F. Kuznetsov promised Gagarin that he
would be allowed to resume flight training once his academic work was finished.®

On January 8. 1968, several of the fifteen cosmonauts pursuing higher degrees graduated
with their "Candidate of Technical Sciences.” Gagarin and Titov defended their dissertations
on February 17 at the academy. and both passed with excellent grades.” Immediately
afterwards, Gagarin threw himself back into flying in training aircraft to gain enough experience
to resume flying solo. After passing his medical tests on March 12, he was cleared to fly, and
he did so jointly with another pilot the following day for a one-hour, fifty-two-minute jaunt. He
flew several times the following days, always with other more experienced pilots who kept their
hands on the controls. On March 23, Kamanin expressed some reservations about Gagarin's
frenzied training pace, but could not dampen the cosmonaut's enthusiasm.*

On his flight on March 27. Gagarin was escorted by Colonel Vladimir S. Seregin, a
forty-five-year-old test pilot with impeccable credentials, who had been assisting flight training
for cosmonauts since 1963. The two took off from the Chkalovskaya airfield near Moscow a
little after 10 a.m. in the morning for a flight over the town of Kirzhach. A few minutes after
takeoff, Gagarin requested permission to alter course: "This is 625. Mission accomplished.
Altitude 5.200. Request permission to approach.”* It was the fast communication from the
UTI-MiIG-15 trainer aircraft. Communications abruptly ended at 1030 hours, 10 seconds
Moscow Time. As alarm began to rise back at the Cosmonaut Training Center, Air Force
officials put together a search team to determine the fate of the two men. About four hours and
twenty minutes after loss of contact, a helicopter commander finally reported back that he had
found the wreckage of the airplane about sixty-four kilometers from the airfield. Debris was
scattered in a very woody area, with snow as much as one meter deep. The engine and the
cockpit were evidently buried six to seven meters in the ground, indicating that the plane had
hit the ground at a velocity of 700 to 800 kilometers per hour. It was not long before searchers
found a fragment of an upper jaw. which doctors identified as belonging to Seregin. Air force
officials immediately informed Soviet leaders Brezhnev and Kosygin of Seregin’s fate. although
they had no incontrovertible proof of Gagarin's death.*

Throughout the night. an emergency commission held meetings to establish what had
happened. It was a long torturous night for many. as it was becoming increasingly clear that
there was almost no chance that Gagarin had survived. One cosmonaut recalled, "We saw
Kamanin with his lips pressed tightly together. Kuznetsov struggling to control his trembling
chin. Leonov with his face to the wall and Popovich repeatedly leafing through flight
documents."® As soon as dawn broke on March 28, a search party led by Kamanin was back
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at the crash site. At around 8 a.m., Kamanin saw a piece of cloth hanging from a birch tree
about ten to twelve meters in the air; the cloth was identified conclusively as a piece
of Gagarin's flight jacket. By then there was no doubt: Gagarin was dead. Both pilots’ bodies
were found soon after. Gagarin’s wallet contained his 1D, a driver's license, 74 rubles, and small
photo of Sergey P. Korolev. Both bodies were cremated by 2115 hours the same night. In
contrast to the deaths of Korolev and Komarov, the outpouring of grief from the average Soviet
citizen was unprecedented. The urns with the two pilots’ ashes were laid at the Central House
of the Soviet Army the following day for 40,000 people to pay their respects. On March 30, the
urns of Gagarin and Seregin were escorted by Soviet leaders Brezhnev. Kosygin, Podgorniy. and
others to the Kremlin Wall to be interred in their final place. Hundreds of thousands of
Muscovites were on hand to view the dour funeral march for a man they considered a fallen
national hero.*

The investigation commission into the disaster discerned a cause of the accident by late
July 1968, although it was a process fraught with diverging opinions because of the absence of
"a smoking gun" despite the thousands of hours spent poring over the evidence. The official
report, issued in December 1968 by the Central Committee. hinted at pilot error:

The most probable cause of the death of Gagarin and Seregin was a sudden turn of the
aireraft to avoid a collision with a sounding balloon; a less probable cause was turn-
ing of the aircraft from the upper edge of the clouds. As a result of the sudden turn. the
airplane entered critical flying angles: the adverse meteorological situation complicated
aircraft control; and the crew died.*

Both the senior cosmonauts and Kamanin seem to have objected vigorously to attributing
the accident to pilot error; they even sent a letter to Central Committee Secretary Ustinov on
the issue. On the other side. many of the Air Force members investigating the accident were
evidently reluctant to admit that there were defects in the UTI-MiG-15 aircraft.

Almost twenty years later, the files for the crash were reopened, and a number of researchers
carried out a detailed investigation using computer modeling to determine the causes of
the crash. The new study found that the accident did not occur because of pilot error or from a
mid-air collision. There were a number of cumulative causes. Ground equipment was evidently
faulty at the time of the accident and thus was unable to track the UTIMIG-15 in flight.
In addition, Gagarin and Seregin did not have accurate information regarding the altitude of the
ceiling in that area. Other violations of safety regulations included the flight of two MiG-21s and
a MiG-15 in the same area at the same time. As for Gagarin and Seregin, after receiving their last
instruction to fly home, they began a turn and descent to 700~ 1200 meters. At that time, they
were flying between two layers of clouds and could not see the horizon. The other MiG-15 then
passed Gagarin's plane at a distance of only 500 meters. although the pilot of the other craft did
not notice Gagarin's aircraft. Soon after, Gagarin's plane entered a trailing vortex created by the
second MiG and flew into a spin. Gagarin and Seregin managed to pull out of the spin after five
full revolutions but only in thick cloud cover, which disoriented the pilots. They overestimated
their altitude by 200-300 meters and exited the cloud cover assuming their altitude was much
higher than the actual 400-600 meters above the ground. Their angle of attack at the time was
seventy degrees. The pilots were unable to activate the emergency ejection system in the less
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than five seconds remaining and crashed into the ground. An extra two seconds or 250-300
meters altitude would have easily saved them.*

Clearing the Soyuz

Gagarin’s death was an unprecedented psychological blow to the Soviets, especially
because it came at a time when the Soviet piloted space program was reaching a nadir
of sorts—a situation that no one could have anticipated a few years before. From the days of
consecutive victories in the early 1960s. the Soviets witnessed an almost unending series of
setbacks, tragedies, and failures. Perhaps the only bright spot in the quagmire was the recent
successful docking-in-Earth-orbit Soyuz flight in October 1967. Since then, tests had continued
slowly on the parachute and landing systems of the TK-OK vehicle in preparation for a repeat
attempt of the original Soyuz | mission. There were, however, a number of landing failures that
progressively delayed plans—malfunctions that in retrospect were critical in moving piloted
Soyuz flights downrange at a time when NASA was beginning to finally recover from the
Apollo | disaster. The State Commission for Soyuz, under Lt. General Kerim A. Kerimov, met
on March 26. 1968. the day before Gagarin's death, to discuss immediate plans. Mishin and
Chief Designer Fedor D. Tkachev of the Scientific-Research Institute of Automated Devices,
which was responsible for parachute design. reported that the 7K-OK ship's primary parachute
system was already cleared for flight while the reserve system would be ready by launch time,
then set for April 9-14.7

On April 10, exactly two weeks after Gagarin’s death, several cosmonauts. including rookie
Beregovoy, slated to command the Soyuz | repeat docking flight, flew to the Baykonur
Cosmodrome accompanied by Air Force First Deputy Commander-in-Chief Marshal Sergey .
Rudenko. Many officials remained in Moscow. because of the investigation into the causes of
Gagarin's death and also to celebrate April 12 or "Cosmonautics Day." the seventh anniversary
of Gagarin's pioneering first flight. After arrival at Tyura-Tam, the State Commission set the two
Soyuz launches for 14 and 15 April. Unlike the Kosmos-186/188 mission. this particular joint
flight was to simulate an actual piloted flight as closely as possible. Consequently, the primary
and backup crews training for the docking and EVA mission were sent to the flight Control
Center at Yevpatoriya to follow the flight on the ground and train in such a manner as
to simulate their actions on a real mission. Both ships were also equipped with new infrared
attitude control sensors to augment the chronically faulty ionic sensor system on the early Soyuz
spacecraft.”

The active 7K-OK vehicle, spacecraft no. 8. was launched from Tyura-Tam at 1300 hours
Moscow Time on April 14, 1968. Initial orbital parameters were 210 by 239 kilometers at a
51.7-degree inclination. The Soviet press announced the mission as Kosmos-2/2. A day later,
on April 15, engineers successfully launched the passive Soyuz spacecraft. vehicle no. 7, at
1234 hours Moscow Time, with only a two-second delay. The target vehicle, named
Kosmos-213. entered an initial orbit of 205 by 291 kilometers at a 51.4-degree inclination. At
the point of orbital insertion, the active spacecraft was only four kilometers away from the
passive one, a remarkable achievement in precision. With great economy of propellant,
Kosmos-2 12 approached Kosmos-213 and automatically docked at 1331 hours, just fifty-seven
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minutes after the target spacecraft’s launch. Ground controllers at Yevpatoriya were able to view
the docking on their consoles via a live TV feed from both spacecraft. The two spacecraft
remained connected for three hours and fifty minutes before continuing autonomous flight;
each vehicle clocked up about five days in space. The major remaining objective of the flight
was to verify the complete reentry procedure. Kosmos-212 successfully carried out the first
guided reentry in the Soyuz program (with an aerodynamic efficiency ratio of 0.3) and landed
near Karaganda in Kazakhstan on April 19. Winds were very high at the landing site, up to
twenty-two to twenty-three meters per second, and although the descent apparatus landed
safely, winds dragged the capsule about five kilometers from its landing spot, damaging the
outside coating”’

Kosmos-213 remained in orbit for another day and conducted some unusual scientific
experiments. On board the spacecraft was an extensive scientific payload, including a new type
of luminescent micrometeoroid detector, an ultraviolet photometer, and a radiation-sensing
package. The photometer measured ultraviolet and visual spectrographic night sky brightness,
while the Luch-/ instrument measured cosmic ray positrons and electrons. In addition. a
cryogenic superconducting magnet, first tested on the Kosmos- 140 Soyuz precursor, was used
to detect cosmic rays in conjunction with scintillation, gas discharge, and Cherenkov detectors.
The spacecraft's descent apparatus landed on April 20 near Tselinograd after another guided
reentry. All systems worked without fault, but once again the descent apparatus was dragged
after touchdown by twenty-five-meter-per-second wind speeds. Rescuers had to wait for the
dust storm to subside before they could recover the capsule.”

The successful conclusion of two consecutive automated docking missions raised
the question of moving on with piloted flights. One of the biggest factors were the results of
ongoing ground testing of the redesigned parachute system. Throughout 1967-68, engineers
carried out a series of approximately forty drop tests of mock-ups of the descent apparatus from
Tu-16 aircraft to verify the parachutes and elements of its design. In addition, they also
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