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FOREWORD





In 1960 a dramatic event occurred which was to paralyze for a time the entire Soviet missile community and even the political leadership. It was the missile launch site disaster which cost the lives of Marshall Metrofan I. Nedelin and 200 Soviet missile experts.  The involved missile exploded just before military tests were to begin. Blame for the explosion directly falls on the shoulders of Marshall Nedelin, who, out of anger and impatience, ordered the improper replacement of some faulty equipment, which resulted in the accident. The author of this monograph was a member of the Soviet aerospace community. His account of this accident is of particular interest.


Despite the Nedelin disaster, the Soviet domination in space was not seriously threatened until the US landing on the moon in 1969.   This feat the Soviets have not been able to match. Officially, the Soviets deny that they ever made this effort but it is generally recognized that this failure cost the job of Academician Vasily Mishin, who succeeded Korolev.   There can be no question: they tried and failed.


      There have been other failures, and even though no major loss of life occurred, some had greater technical significance.  For example the oscillation problem discussed in Chapter Eight caused the 1966 explosion of a Soviet ICBM.  The repercussions from this explosion shocked the Soviet leadership, and sent them scrambling for a solution.  For a while the Soviet missile community was not only paralyzed but made vulnerable by this accident.


On the whole, frustrations encountered by the engineers in the development of Soviet liquid rocket engines were similar to those encountered  by  US  engineers:  sticky  valves  and  combustion instability,  to name two.    They also encountered the  same bureaucratic pressures to meet fixed launch dates determined by political realities. For example, Sergei Korolev was under intense pressure to launch the first Sputnik in 1957. To worsen matters, it was preceded by six failed launches. Khrushchev was so angry, that had the seventh attempt failed, the design bureau would have been closed and Korolev's career would have ended. This marked the beginning of the Soviet lead in the space race.


But the Soviet presence in space was and remains awesome. The author of this monograph was a witness to this program, and hopes that this study will allow the Western reader to trace Soviet developments in a technical field in which they had — at least for a time —  unquestioned worldwide leadership.


This monograph is largely a historical account of early rocket engine developments  at GDL,  and after WWII  at the Glushko Experimental Design Bureau (0KB).  The author was associated with the Glushko Design Bureau where he was Chief Designer of the Rocket Engine Reliability Section in 1965.


The author took part in many of the happenings in the Soviet rocket industry during the 1960s, 1970s and 1980s that played a key role in the developments of Soviet rocketry.  He provides insight into what happened and answers many questions which we, in the United States had only speculated on including the development of Sputnik, the Soviet Lunar program and many of the failures and accidents that were hidden from the West.  For example, he provides insight into why the Soviets use clusters of engines on their launch vehicles rather than the one or several large engines that we use for our launch vehicles.


The evolution of the Glushko liquid rocket engines from a basic combustion chamber and steel nozzle to the cluster engine with the "shaped (contoured) nozzle" is illustrated in addition to reasons for the Soviets to take this approach.  Glushko preferred the multi-chamber (clustered) engines because they could be easily and economically modified, they were shorter and more reliable during operation. If one chamber failed, the engine was shut down and the remaining engines could operate for a longer time to enable the mission to be successfully completed. The Glushko engines ultimately used propellants similar to those used in the United States; nitrogen tetroxide oxidizers and amine fuels.


Dr. Bolonkin also had experience with the Antonov Aviation 0KB in Kiev from 1958 thru 1960, and various academic institutions. The author has extensive research and design experience within the Soviet aerospace  industry and the State Committee on Higher Education  (Gosobrassovaniye)1 (1) under  contract  with  the  Soviet aviation, rocket, and aerospace industries.


More important was the author's work at the leading Soviet R&D facility, TsAGI (the Zhukovsky Central Aerohydrodynamic Institute) in Ramenskoe, of the Ministry of the Aviation Industry.  It was TsAGI that was responsible for carrying out wind tunnel tests of most Soviet rocket vehicles and aircraft.


The reader will be interested to note that Delphic Associates has concurrently prepared another monograph on a related topic, The Production of Soviet Ballistic Missile Engines, by Vladimir Konstantinovsky.    This  monograph  examines  in  depth  engine production at the Metalist Plant in Moscow.


J.M. Murphy, Martin Marietta


- - - - - - - - - 


Gosobrazovaniye was formerly Minvuz, the Ministry of Higher and Specialized Education.


- - - - - - - - - - -





CHAPTER ONE 


HISTORICAL SURVEY





Soviet missile and space program is a realm in which the Soviets were once the recognized leader.  Even today the Soviet space program represents one of the last symbols of success in a country embittered and disillusioned after seventy years  of communist rule.  The reader should recall the electrifying shock that rocked the US scientific and technical community in 1957 on the announcement that Sputnik was orbiting the globe.  The second shock came in 1961 when the youthful Yury Gagarin became the first cosmonaut to circle the earth. Then followed a string of Soviet firsts in space: from the first walk in space to the first woman in space (Valentina Tereshkova).


Russian experimentation in astrodynamics and propulsion, however, extends back to the turn of the century, when Konstantin E. Tsiolkovsky (1857-1935) developed theories of interplanetary travel, rocketry, and aerodynamics.  Tsiolkovsky's theories paved the way for the giants to come later.   In fact, Tsiolkovksy predicted many rocket developments half a century or more before they were realized.


The Soviet missile program began when a handful of enthusiasts formed societies to promote rocket flight. In 1924, three organizations were founded: the Interplanetary Flight Group, the Society for Interplanetary Communications, and the Central Bureau for the Study of the Problems of Rocket Flight.  They were all disbanded by the end of the twenties to be replaced in 1928/29 by the first institute devoted to rocket research: the Gas Dynamics Laboratory (GDL) in Moscow.  This was operated by what would later be known as the Ministry of Defense. In 1931, two additional centers for rocket research were created, known as Groups for the Study of Jet Propulsion (GIRD). One was established in Moscow (MosGIRD), and one in Leningrad (LenGIRD). The entire structure was reorganized in 1932/33 when the rocket program was placed under the new Jet Propulsion Scientific Research Institute (RNII) in Moscow. The GIRD facilities were moved to Moscow.  Meanwhile, a new rocket society was created in 1931 called the Central Committee of the Society for the Support of the Defense, Aviation, and Chemical Industries (Osoaviakhim), but unlike the former amateur groups, this council had somewhat more official status and in some measure participated in the activities of RNII.


At RNII, some of the old research activities continued, but now under these four departments or laboratories:


•Gas Dynamics Laboratory - V.P. Glushko (liquid rocket engines)


•Military Solid Rockets - A.G. Kostikov, G.F. Langemak


•Rocket Aircraft - S.P. Korolev


•Rocket Vehicles - M.K. Tikhonravov


To guide the reader through this confusion of organizations, a simplified diagram is presented to graphically demonstrate this evolution of the Soviet rocket program from its beginning to the end of WWII.


At GDL, Frederikh A. Tsander developed the liquid fuel rocket OR-1   (experimental rocket—optynii raket) while Glushko concentrated on the competing ORM-1 (experimental rocket motor), which is generally regarded as the first viable liquid-fuel rocket engine. At MosGIRD, Korolev designed a rocket assisted aircraft, the RP-1, for which Tsander created the improved OR-2 engine. Though successfully flight tested, RP-1 project was terminated in 1933 —coincidentally with Tsander's death. Now the Soviets began to concentrate on solid rockets and liquid missiles. The liquid fuels used as early as 1933 were liquid oxygen, alcohol, and jellied gasoline.


Although the RP-1 project of Korolev had been cancelled, he was rewarded by being given the title of deputy director of the new RNII at the age of 25.  At RNII, the emphasis was on high altitude sounding rockets as well as "winged missiles" and ramjets. One more organization entered the missile field before WWII: Design Bureau #7, created in 1935. The number designation meant that it was devoted to strict military rocket projects.


Some milestones in the high altitude rocket development are the ORM-56 which attained a height of 10 km in 1932. The engine, designed by Glushko, developed a thrust of 3,000 N for a payload of 20 kg and an overall launch weight of 400 kg. The engine was fueled by nitric acid and kerosene. To propel the liquids into the combustion chamber, Glushko developed a gas generator (GG series).


The Soviets were best known for their solid propelled rockets; the Katyusha, which was also known as the BM series of rocket launchers. These developments are discussed in detail in Chapter Two.


After World War II, missile technology in both the United States and the Soviet Union became national priority targets. These two countries were to remain deadlocked in competition for the next few decades.  The race began in the attempt to obtain control of German missile experts.  Americans have long believed that they had captured the jewel in the missile crown:  Wernher von Braun, who had led the German V-2 effort at Peenemuende.


Peenemuende was destroyed by British bombers but the V-2 program had already been transferred to Nordhausen in the Harz Mountains where massive underground production was initiated. In April 1945, American troops overran Nordhausen and found many assembled V-2s and great  quantities  of  components  and subassemblies.  When, a few weeks later, the Americans evacuated Nordhausen, they carried away nearly all the V-2 assemblies and equipment as well as about 150 leading German  scientists, engineers, and technicians. Within a year, the Germans that were captured as a result of the Allied invasion were transferred to the United States where they reconstructed the V-2 missile and launched the US missile-space program.


The Soviets, at first, attempted to reconstruct the German wartime technological advances inside their zone of occupation. For example, when they entered Nordhausen in the summer of 1945, they created the Institute Raabe where German missile experts launchers.  These developments are discussed in detail in Chapter Two.


After World War II, missile technology in both the United States and the Soviet Union became national priority targets. These two countries were to remain deadlocked in competition for the next few decades.  The race began in the attempt to obtain control of German missile experts. Americans have long believed that they had captured the jewel in the missile crown: Wernher von Braun, who had led the German V-2 effort at Peenemuende.


Peenemuende was destroyed by British bombers but the V-2 program had already been transferred to Nordhausen in the Harz Mountains where massive underground production was initiated. In April 1945, American troops overran Nordhausen and found many assembled V-2s  and  great quantities of components  and subassemblies. When, a few weeks later, the Americans evacuated Nordhausen, they carried away nearly all the V-2 assemblies and equipment as well as about 150 leading  German  scientists, engineers, and technicians.  Within a year, the Germans that were captured as a result of the Allied invasion were transferred to the United States where they reconstructed the V-2 missile and launched the US missile-space program.


  The Soviets, at first, attempted to reconstruct the German wartime technological advances inside their zone of occupation. For example, when they entered Nordhausen in the summer of 1945, they created the Institute Raabe where German missile experts in the field.  The first Soviet missile was given the designation R-l, and it may be argued that it was very similar to the V-2. Modification and improvement of the R-l led to subsequent models: the R-1A, R-1B, R-1C, R-1D, and R-1E.2 (2). These rockets were developed over the next several years up to about 1955. The first major change away from the V-2 was the development of the R-2 missile (1949) which was also a Korolev creation.  It may be assumed that by the late fifties all the German missile scientists had been repatriated. It is assumed that the first Soviet ballistic missile, the R-l, the product of Korolev and N11-88, incorporated the ideas of the Germans in Ostashkov. The Soviet missile-space effort was now on its own.


This monograph will review the highlights of this program. The author will trace the developments in terms of the combustion chambers which are one of the most important — if not the most important — element of the overall missile.  Here the author will throw a spotlight on the work of Valentin Glushko who, as stated earlier, was to engines what Korolev was to the overall missile. Glushko developed the engines for the ICBM missile that were to become the strategic arsenal of the Soviets. On their own, the Soviets seemed to have enjoyed a series of successes. The engines developed at the Glushko 0KB in Khimki became the propulsion systems  for Korolev's missiles.  Thus the RD-100 engine was used in the R-l rocket, the RD-101 was used in the R-2 rocket, the RD-103 was used in the R-5, the RD-107 was used in the Vostok 5 (1963), while the RD-214 and RD-253 engines were used in the Proton rocket and the RD-119 was used to launch the Kosmos series.


- - - - - - - - - - - - - - 


(2) Actually, the first five letters of the Russian alphabet were used to designate these models; A,B,V,G,D.





CHAPTER EIGHT 


PROBLEMS OF THE SOVIET ROCKET INDUSTRY


8.1  General





Soviet domination in the early years of the industry came at a very high cost. Although vast resources were devoted to developing rocket engines, many failures accompanied every success. Unlike the Americans, the Soviets never publicized their disasters. Only now, with glasnost, have the facts begun to surface. This chapter will discuss some of the various setbacks the Soviets faced in developing missiles, rockets, and their engine systems.


The problems faced by the early Soviet rocket designers, however, were by no means unique. The Germans, too, had their difficulties with the V-2. To overcome inadequate heat resistance of the materials, they diluted the alcohol fuel with water in order to lower the temperature in the combustion chamber to 2,750° K. A lower temperature, however, resulted in a specific impulse of only 210 seconds on the ground, which was no better than Glushko's prewar ORM-65 engine.


Glushko led the effort in the USSR to investigate the physicochemical properties (impulse, density, boiling point) of rocket fuels and oxidizers, to select  materials for liquid-propellant engines, and to find new design approaches to problems of thermal and chemical stress.  Primitive solutions such as equipping the nozzle  with cooling  fins  were tried  and subsequently rejected as unsound.


Attention then turned to super-cooled fuel (dimethylhydrazine) that was fed to the throat and nozzle (film cooling). The movement of the fuel functioned as a coolant which was distributed by means of special channels in a jacket around the combustion chamber, throat and nozzle. Special heat-resistant alloys and temperature resistant steels, as well as powerful gas generators and turbopumps were developed for the engine. In addition, shaped nozzles began to be used on all engines by the end of the 1950s.





8.2  The Oscillation Problem





By the time that the author joined the Glushko 0KB in 1965, the main design problems of liquid-propelled engines (cooling, heat resistance and chemical resistance of materials) were solved by means of injectors, gas generators, centrifugal turbo-pumps and centrifugal atomizers. The remaining problems pertained to overall reliability and stability of the liquid-propelled engines.


In some instances powerful fluid oscillations sometimes arose in the fuel feed lines during operation in the serially produced engines that underwent numerous tests or multiple firings. Often times this would cause bursting of channels, destroying of the engine, and even cause the rocket to explode.  A similar problem occurred with the wings of aircraft (flutter) or their tail assemblies  (buffeting)  in the early 1930s. The problem of oscillations in the feed lines of liquid-propelled rocket engines proved to be much more complex.


oxidant which often led to an explosion.  This particular problem was never solved while the author worked at the design bureau and it is likely that a solution has yet been found.


In short, the oscillations and their random appearance defied explanation.  Entire research institutes were summoned to solve this mystery, primarily TsIAM, along with the best scientists, all of whose efforts were to no avail.  These scientists did not even succeed in simulating the oscillations under laboratory conditions.


Instead of a genuine solution, oscillation sensors were installed, and when the oscillations were detected, the engine would simply be shut off and the rocket would continue flight with the remaining engines.  Large rockets were designed to allow for failure of one or two engines during launch.  After each engine failure on the bench or in flight, a scientific board was organized and investigations were initiated.


The oscillation problem was one of the primary reasons why Minobshchemash  ceased  to develop powerful  single-chamber liquid-propellant superengines in the 1960s.


Because  the  single-chamber  engine  was  now  considered unreliable, it was replaced by a multi-chamber variant assembled from serially produced single-chamber engines  in 1972. If oscillations arose in any one chamber, it was immediately shut off. A four chamber engine had a thrust loss of 25% as compared to the single-chambered engines, but this approach considerably decreased the number of launch failures.





8.3 Paralysis of the Soviet Nuclear Missile System





In the winter of 1965-66 there occurred an event that shook the USSR Supreme Military Command and Central Committee.    A standard test of a strategic missile deployed by the Strategic Rocket Forces was being made.  Following standard procedure, the missile was removed from its operational silo, the nuclear warhead was replaced with a dummy, and it was transported to a space launch facility  for testing  (The main administration for strategic missiles supervised).


The military leadership was present at the test and the "research ship" Kamorov was already in position at the expected splashdown site of the dummy warhead.  But immediately after the launch command, the missile malfunctioned.  The rocket exploded on the launchpad.   Earlier there had been accidents with Soviet missiles,  but they had usually involved rockets still under development or that were used to launch satellites or space vehicles.  This particular accident was unusual since it was an operational missile that had been serially produced  in the thousands.  The missile had an RD-253 engine.


A commission including representatives of the Nil, 0KB, and plant  responsible  for  the missile  engine's  development  and production was immediately created to investigate the causes of the disaster.  It consisted of representatives of the military command the Main Administration for strategic rocket forces of the Ministry of Defense and all organizations involved in developing the missile


(Yangel 0KB),  its engine  (designed by Glushko 0KB),  and its instrumentation.


The commission's analysis of telemetric data and of the wreckage found the cause of the accident to be the powerful oscillations described in the previous chapter. These oscillations destroyed the engine and caused the entire missile to explode.





8.3.1     Causes of the Disaster





Obviously, the oscillations described in the previous section were not limited to those engines designed at the Glushko 0KB. When they occurred in ICBM engines, however, statistics revealed that in the case of Glushko's engines, they usually lead to complete destruction of the engine and rocket because of their extreme power.  The turbopump units that impelled the fuel into the combustion-chamber and nozzle cooling system sometimes developed tens of thousands of horsepower, and the pressure in the system reached several hundred atmospheres.


Scientists at TsIAM provided several theories to explain the accident, but none of these provided an acceptable explanation. Next, it was suggested that the oscillations had been caused by low air temperature.  Indeed, on the day of launch, the temperature was about -32 degrees Celsius.


Results of previous ground based ignition tests of the engines were re-examined.  It was found that the engine had passed ignition tests with the ambient temperature at 40', 30', 20', 10°,0°, -10', -20' C, and at -40° C.  But for unknown reasons there had been no tests at -30° C.


An RD-253 engine was immediately mounted on a bench and tested at -30° C. The whole engine disintegrated as a result of the oscillations.  A repeat of the test produced the same results.





8.3.2 Political and Military Response to the Accident





      Most Soviet strategic nuclear missiles were stationed in Siberia in the northern part of the country where temperatures of


-30° C were common during the winter months.  It is clear, then, why the political and military leadership were very concerned about the results of the accident and the subsequent testing.  The threat of an explosion with an active warhead was particularly worrisome.


The political and military response to the accident was evident in the number of conferences and briefings that were subsequently convened. Ominous top-priority and super-top-priority orders and instructions showered down to correct the defect. While the accident led to many attempts to ascertain its causes, the KGB sought to conceal the accident from the Americans who could


potentially exploit this 'low temperature' weakness.





8.3.3  Solution of the Problem





   The involved engines could not be replaced since no existing engine design was appropriate for the missiles.  In addition, the design of a new engine would involve exorbitant costs in time and resources.  Rebasing the missiles in underground silos had just begun although the silos turned out to be more costly than the missiles themselves.  The new threat required that the silos be heated, which further added to their cost.  Building the silos would take several years, and the military leadership demanded that steps be taken immediately.


It   is  well   known  that  the  oscillations   in  the liquid-propellant engines depend on the power of the turbopumps, the configuration of the cooling channels,  and on the heat transfer.  The first two factors could be affected by changing the design of the engine, which was difficult, and above all would require a great deal of time.


The third factor which involved heat transfer from the incandescent exhaust gases to the walls of the engine, could be affected by changing the wall material (i.e. changing the heat transfer coefficient) .  All of this would have to be done in an existing engine without removing it from the missile.  For this purpose, it was suggested that a layer of iridium be sprayed onto the inner surface of the nozzle.


Ignition tests of the engine with the iridium coating at -30° C were successful.  Plasma devices for applying the iridium were readied on an emergency basis and sent to military bases.  The procedure at the bases involved opening the nozzle cover, cleaning the interior surface, and applying a layer of iridium to it by plasma spraying.  Iridium was extremely costly, much more so than gold, but its use received top priority.  The author believes that the iridium was not a genuine solution, but only a temporary means


to prevent oscillations in the engines.  When the author mentioned such reservations to his superior, V. Solovyev (Chief of Research Dept.)  at  the  Glushko  0KB,  the  latter  responded  that  the temperature interval had been shifted in an unknown direction.


But the fact remains that the main objective was to achieve stable operation of the engines at -30° C and to alleviate the fears of the military leadership and the Central Committee.





8.4  The Soviet Lunar Program





The Soviet lunar program may be divided into two stages:  the first involved a flight around the moon and the second was to be a manned landing.  Vasily Mishin led the lunar effort as General Designer of the Korolev Design Bureau in Podlipki, having replaced Korolev after the his death in 1966.


The Soviet lunar program differed from the American program in that the former planned to have two cosmonauts travel to the moon rather than three.  One cosmonaut was to remain in lunar orbit while the other would descend to the moon's surface.


For the flight around the moon, the L-l lunar vehicle was to be used.(33)33 . The L-l was a modified version of the Soyuz vehicle which had successfully completed flights around the earth.  The L-1 was to be launched by a Proton rocket which had a payload of 20 tons.


- - - - - - - - - - - 


The L-l was later renamed the Zond.


- - - - - - - -





At the same time, the N-l rocket and the L-3 lunar vehicle were under development by Korolev.  The first launch attempt


failed.  To accelerate the lunar vehicle to the escape velocity (11 tan/second), an additional stage (unit D) was installed on the Proton rocket.  During installation, however, its command switches were miswired so that deceleration rather than acceleration was produced.  The rocket had to be blown up.  In the third launch, the rocket collapsed and exploded on the launch pad.  The cause turned out to be a rubber seal left in the manifold of the turbopump unit which had cut off the fuel supply a few seconds after launch.  Thereafter, major malfunctions occurred in half of the launches of which nothing was publicized.


At the same time, 20 candidates were being trained for the lunar program.   The first two-man lunar crews consisted of cosmonauts Leonov and Makarov, and Bykovsky and Rukavishnikov.  In fact,  the cosmonauts were even taken to Somalia in order to familiarize  them  with  the  constellations  of  the  Southern hemisphere.  The furious pace on which the Soviet lunar program embarked caused a variety of problems.   On its last unmanned flight, the vehicle successfully orbited the moon, but on its return to the earth its parachute system did not operate properly .causing it to detached at a great height and fall to the ground in pieces.  The film taken of the far side of the moon was retrieved from the wreckage and was used by Soviet politicians to claim a successful mission.


After US Apollo 8, Mishin gained permission for one additional unmanned test flight, but the spacecraft suffered a loss of air-tightness during the flight, making it a failure.


The second stage of the lunar program was also fraught with difficulties.  The first three launches of the N-l rocket, which were designed to carry cosmonauts to the moon, ended in crashes. The program was suspended although work continued on a Lunokhod vehicle which would not require a carrier rocket and would move around the moon and transmit pictures.





8.5  The Nedelin Disaster





In October 1960 there occurred an explosion that the lives of as many as 250  leading scientist,  engineers,  and high-level military leaders.  Among the casualties was the Commander-in-Chief of the Strategic Rocket Forces. Chief Marshal of Artillery Metrofan I. Nedelin.  The disaster also resulted in great material loss, destroying a large part of the launch complex.


Annually, the Strategic Rocket Forces performed full tests of strategic missiles, i.e., one or two missiles would be chosen at random from the full arsenal at the batteries and then launch them under simulated war-time conditions.   The rocket could not, however, be fired directly from the battery since the launches of large rockets could be easily detected by the western nations. Therefore, a randomly selected rocket was removed from its battery, its nuclear warheads were taken off, and it was transported to the Baikonur space launch facility.  On a combat alert signal, it was launched to a specified target location, usually in the Pacific Ocean.  Tests of its accuracy, systems operations, and launch time estimations were conducted.  These tests were generally monitored by the top military leadership (Chief Main Department of the Strategic Missile of the Minoborony) and by representatives of the institutes  and  plants  that  produced  the  rockets  and  their components.


At the launch attended by Marshal Nedelin, a check of the systems revealed that the propellant pumps were malfunctioning. The countdown was terminated and Nedelin was informed that in order to replace the pumps, it would be necessary to drain all of the fuel and oxidizer from the tanks—a standard safety precaution that would last several hours.  Reportedly, Nedelin became furious and shouted that such precautions wasted time and would not be available during combat.   He then ordered that the pumps be replaced without draining the fuel.


A slight leakage of propellant (UDMH and nitric acid) acted as a primer for the rocket which was the equivalent of several hundred tons of high explosive.  The resulting explosion sprayed propellant over hundreds of meters and an enormous flame rose over the complex destroyed the majority of the complex 1  A large number of scientists perished as did Nedelin and his entourage despite the - fact that the newspapers reported only that Nedelin and several top officers had died in an air accident.





8.6  Other Rocket Failures





Most rocket failures in the USSR became known only within small circles.  The press was allowed to report only successes. In addition. Soviet propaganda ignored the successful launches of US rockets and constantly publicized their failures.  Even in the mid-1960s, when the Soviets had some of their greatest successes, the percentage of Soviet launch failures was considerably higher than that of the Americans.


Since it was never certain that a mission was a success until it was complete, press reports were often held until the spacecraft had safely returned to earth. Even Gagarin's flight in 1961, which was directed by Korolev, was reported only after the reentry system was shown to be functional.  Gagarin's flight was the first of six missions between 1961-63.


The Vostok 6 carried the first woman into space, Valentina Tereshkova.  The Vostok program paved the way for longer missions. The Voshkhod program (1964-65) consisted of only two flights.  The first of these involved the first multiple crew (Komarov, K.P. Feoktistov and B.B. Yegorov) in October 1964 which was a one-day flight that orbited the earth 10 times at a speed of 700,000 km/hr.


The second flight demonstrated the feasibility of extravehicular activity (EVA).  Aleksei Leonov became the first man to make an EVA in March 1965. From then until 1967, there were no Soviet piloted space flights, despite the fact that the Soviet Union was apparently engaged in a race to the moon with the United States.


On a separate flight, three other Soviet cosmonauts died when their cabin lost pressurization,during the descentycausing them to suffocate.  G.T. Dobrovolsky, V.N. Volkov, and V.I. Patsayev were launched into orbit in June 1971 on the Soyuz 11 and were in space for more than 23 days before their demise.1  After the deaths of the  three  cosmonauts,  it became  obligatory  for  all  Soviet cosmonauts to wear space suits and be trained to turn on their oxygen supply systems.





8.6.1  Pre-Sputnik Failures





Soviet rocket failures were common occurrences during the 1950s and 1960s.  According to one account related to the author by a colleague who worked at the Korolev 0KB, the successful launch of the world's first satellite, Sputnik,  in October 1957 was preceded by 6 failures.  After Korolev's department was separated from RNII as a separate design bureau, Korolev was allocated seven military  rockets  (types  not  known)  adapted  for  satellite launch ings.


After the sixth unsuccessful launch, it was decided to terminate the attempts and to close the 0KB. Reportedly, the decision to shutdown was ordered by the political leadership, but Korolev disobeyed the order and made a last desperate attempt which resulted in the success of Sputnik.


Despite the obstacles, the Soviet leaders used this satellite launch to demonstrate Soviet superiority in the early space race. Needless to say, the idea of closing Korolev's 0KB was dropped and from that time on, Korolev was allocated practically unlimited resources.  Sputnik, of course, led to later successes including the first manned flight, the first female cosmonaut, the first manned mission to outer space, and others.


Actually, the Khrushchev period in space may be characterized as one that devoted little attention to formulating scientific objectives and developing sophisticated instruments.  Instead, the program was evaluated in military terms.





8.6.2  The Death of Cosmonaut Komarov





The author asserts that the only failures that became known were those that were simply impossible to cover up. One example was the flight by V.M. Komarov whose successful launch aboard the Soyuz-1 in 1967 was reported by Soviet radio.  This was the first test flight of the Soyuz class.  Komarov's return was anxiously anticipated by the Soviet public, with television coverage of the arrival planned. The outcome, however, was quite different and the account leading to the disaster was related to the author by a colleague at the involved 0KB.


Brezhnev was anxious to expedite Komarov's flight so that he could cite its progress at the conference of communist parties in 1967.  Sergei Korolev, with his considerable public renown, could have stood up to such demands and forbidden the flight until he was sure that all of the systems were working properly. But Mishin, who had become the head of the 0KB after Korolev's death in 1966, yielded to Brezhnev's demands. The rocket and the new Soyuz-1 space vehicle were hastily prepared for launch.  The first test, however, revealed more than 100 malfunctions.  Another cosmonaut than Komarov was scheduled to fly; but after the malfunctions were reported, his blood pressure went up and the doctors forbade him to fly.   Mishin persuaded Komarov to fly, since he was the most technically skilled and best trained cosmonaut, with prior experience in space flight.


Komarov finally agreed and on 23 April 1967, the space vehicle was put into orbit.   There were so many malfunctions with the spacecraft, however, that after a day the vehicle was forced to make an emergency descent.  Despite all the malfunctions, Komarov managed to control the craft and bring it into its reentry trajectory.  Komarov's skill, however, was not enough to overcome all the malfunctions that had occurred.


When Komarov gave the command to deploy the main parachute, it ejected but failed to open.  Komarov gave the command to deploy the reserve parachute, which ejected normally but became wound around the first parachute's suspension lines.  This caused the reserve parachute to collapse, thus depriving Komarov of any chance for survival.





8.6.3  The Energiya-Buran Program





Problems were also found in the most recent and most powerful Soviet rocket, the Energiya. The Energiya has a thrust of about 3,000 tons (6.6 million pounds) and can place 30 tons (66,000 pounds) of payload in orbit.  Its final stage can carry 100 tons (220,000 pounds) to a height of 180 km.  The Buran space shuttle has approximately the same characteristics as its US counterpart.


The total launch weight of the Buran is 105 tons.  The rocket is 36.4 m long, it has a wingspan of 24 m, and its height on the runway (when landed as a plane) is 16.5 m.  See Figure 25.
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 The Buran Space Shuttle 





The first launch was scheduled to occur in May 1987, at Baikonur. The program called for a satellite mockup to be put into a circular orbit by its own engine. But due to the malfunctioning of its on-board systems, the mockup failed to reach the planned orbit and fell into the Pacific Ocean.


On 23 May 1988, the huge Buran-Energiya rocket weighing 4,500 tons; was delivered to the space launch facility.  On 10 June, however, due to malfunctions, the Buran had to be returned to the hangar (MIK).2 The Energiya rocket was transported by four powerful synchronous diesel locomotives.   The Buran space vehicle was delivered to the Baikonur space launch facility by a specially equipped An-225 aircraft (designed by Antonov's 0KB)3, while the rockets were delivered on a Myasishchev M-3 aircraft.


On 10 October, the rocket was again transported to the launch site.  The launch was scheduled for 28 October at 9 PM Moscow time, but 51 seconds before the launch, the countdown was stopped due to a malfunction.  On 29 October 1988, the launch was canceled.  If the rocket had exploded, it would produce destruction within an 8.5-kilometeir radius.   Additionally,  a 15-kilometer zone was declared dangerous. When preparing for the launch of the Energiya, thousands of people had to be evacuated from the danger zone.


The launch finally took place on 15 November 1988, in the presence of Deputy Chairman of the Council of Ministers I. Belousov,  Department Head of the CPSU Central  Committee 0. Belyakov,  Minister of the Aviation Industry A.  Systsov,  and Colonel-General A. Maksimov.  The flight was unmanned, making use


of  its  automatic  landing  system.    The  development  of  the Buran-Energiya system took 12 years, and was launched 7 years after its American counterpart.


Many malfunctions, especially those involving the Energiya, are to be expected during the development of such complex rocket and space vehicle systems. Overall, there are many reliable Soviet rocket systems, even some of the older carriers such as the Proton (SL-4) that have been flying for over ten years.





8.6.4  Other Failures and Accidents





Continuous improvements in rockets and space vehicles as well as experience in design eventually helped to decrease the number of failures.


During the launch of V. Lazarev and 0. Makarov, on the Soyuz-18A, in 1975, the rocket malfunctioned. Fortunately, the emergency rescue system worked faultlessly.  With a huge overload of 22 g's, it separated the space vehicle from the rocket and ejected it on a ballistic trajectory landing in some remote mountains, on the edge of a cliff.


In another incident in 1976, cosmonauts V. Rozhdestvensky and V. Zudov were forced to make ai\ emergency landing in the Soyuz-23 vehicle after a 2-day flight.  They landed in a lake in Kazakhstan. Furthermore, the reserve parachute cover blew off into the water and the parachute ejected from the compartment.   The parachute became wet, capsized the spacecraft, and started pulling it down to the bottom.  The cosmonauts were found and rescued 11 hours later, gasping for air.


During a flight on the Soyuz T-lOA in April 1983 by cosmonauts V. Titov, G. Strekalov and A. Serebrov, the ships antenna mast did not fully extend, causing ships link up with the Salyut-7 to be unsuccessful.  Because of the failure, the cosmonauts were forced to return after only two days in space.


Two months  later,  in October 1983,  V.  Lyakhov  and A. Aleksandrov were successfully sent into space on the Soyuz T-9. Titov and Strekalov were scheduled for another flight in 1983, but a few seconds before launch, the rocket caught fire.  Initially, they had no idea what was happening, assuming that the engines had ignited prematurely.  Literally an instant before the explosion, the emergency system ejected the space vehicle from the flames and landed it about 4 km away.  On the third attempt, cosmonaut V. Titov (not to be confused with G. Titov) successfully entered space.


In October 1990, during preparations to put a Kosmos series satellite in orbit, a three-stage Zenit rocket exploded on the launch pad.  The rocket and satellite were destroyed, and one of the two launch pads at Baikonur was seriously damaged.





CHAPTER NINE


 SUMMARY





This monograph is a first-hand account of developments in the Soviet rocket industry.  We have seen that the Soviets pioneered the  field of  rocketry and aeronautics with such giants  as Konstantin Tsiolkovksy, Frederikh Tsander, Valentin Glushko, and Sergei Korolev.


The author traces the organization and leadership of the rocket and missile industry from its beginning in the twenties. The majority of rocket engines were developed at the Glushko Design Bureau.  We have seen the evolution of the Glushko 0KB from its creation  as  the Gas  Dynamics Laboratory in  1928/29  to  its absorption into RNII in 1933, and finally to its present form.


By the early thirties concrete results were achieved at GDL with the creation of the first liquid propellant rocket engine, the ORM-1.   Early rocket engines were used in the development of primitive but effective launch systems.   From this evolved the Katyusha which was effective against the Nazis in World War II.


After the war, Sergei Korolev and Valentin Glushko worked on replicating the German V-2, whose development sparked the Soviet rocket industry.  In addition to missiles which delivered explosive payloads, the Soviet Union also developed rocket powered aircraft and winged missiles,  and space vehicles.   Most early Soviet missiles were developed by Korolev, while most Soviet rocket engines were developed by Glushko.


Soviet rockets developed after WWII include the R-l, R-2, R-5, and R-7.  The R-2 represented the first major step away from the V-2 in development.  The R-5 utilized Glushko's RD-103 engine, and saw action until the late seventies.  The R-5 later was called the Vertikal.  The R-7, which employed the RD-107 engine, launched the first Sputnik and the first animal into orbit in 1957.  The R-7 later was modified, and became known as the Vostok, which launched Yury Gagarin into space in 1961.  The Vostok was modified into a 3-seater and took the name Voskhod, which launched the first group flight in 1964.


The author has traced the development of Soviet rocket engines not only in regard to their technical improvements, but also in regard to their use and application in missiles and space vehicles. The RD engine series was most prolific of the time, and included the RD-101,102,103,107,119,216, and the powerful 253.  The RD-253 is still used on Soviet ICBMs as well as space booster and carrier rockets. The RD-170 and its modification are used on the first and second stages of the Energiya space vehicle. Glushko's engines utilized primarily UDMH or liquid oxygen and kerosene as a fuel.


Other more specialized rocket engines were designed at the Kosberg and Isayev OKBs, although Kosberg's influence was secondary to Isayev's. The former developed primarily third stage liquid propellant rocket engines. Isayev worked on engines which assisted space vehicles in their descent to the earth and moon. Isayev led the development of adjustable (vectoring) engines that allowed more directional control of the rocket vehicle.


As the power requirements of Soviet rocket engines grew, so did their complexity. Gas generators, pumps, turbines, and cooling systems were added to the basically simple engine design. The author explains how the engine nozzle was redesigned to allow for greater efficiency. We have also seen the evolution of such innovations as the use the oxidizer as an engine coolant, the redirection of the exhaust product back into the combustion chamber to increase the specific impulse, and the reconfiguration of the nozzle to increase efficiency.


The author has shown in several instances how the Soviet missile and space program was fraught with difficulties. The Nedelin disaster  of  1960  cost the  lives  of more than  200 scientists, engineers, as well as the Commander-in-Chief of the Strategic Rocket Forces, Marshal Nedelin.  The oscillation problem of 1965/66 exposed a weakness in Soviet ICBM missiles.  The author also described the failed Soviet attempt to put a man on moon, in addition to other problems encountered by the space program.


Despite their problems, the Soviet Union alleges that they maintained a lead over the United States until 1969.  But even now, the Soviet hold records for space endurance and for the most launches of unmanned satellites.  The USSR maintains a significant presence in space with their orbital space stations.  In all Soviet cosmonauts have logged more than 5,500 cumulative days in space, the majority of which were spent aboard the Salyut and Mir space stations.


- - - - - - - - -


1. Soviet books note their flight, but generally fail to report that they died.


2. MIK: assembly and measurement facility [montazhno-izmeritelny kompleks]


The Chief Designer of this 0KB at this time was M.V. Balabuyev.
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