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ANNOTATION

[Text] General information is presented on the space rocket launching

complexes. The classification and designations of the cosmodromes, their

composition and structure are presented. Primary attention is given to
- the engineering complexes and launching pads, buildings and structures,
transport, lifting-positioning and launching equipment, service systems
and thermostating. A study is male of the communications between the
ground systems and the on-board systems of the booster rockets. General
characteristics, the organizational and structural principles of the
monitoring and control systems for the technological process operations
and the space rocket complex are presented.

The book is designed for engineering and technical workers, the students
at the higher institutions of learning and people interested in space
rocket engineering. ’
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FROM THE AUTHORS

The book presented to the reader is a first effort to use foreign and

Soviet sources in a systematic discussion of the basic organizational
principles of the engineering complexes and launching pads of the cosmo-
dromes and the requirements imposed on them, to familiarize the reader

with the buildings and structures at the cosmodrome, the structure of the
ground units and systems and to demonstrate the variety and complexity of
equipment required to assemble, prepare for launch and launch from space
rocket systems. General information is also presented about the cosmodromes
of the world and brief characterizations of them are given.

Since space rocket engineering is still a relatively new field,up to now there
is no standardized terminology either in the Soviet Union or abroad; there-

_ fore the terminology of the MALEN'KAYA ENTSIKLOPEDIY KOSMONAVTIKA
[Small Encyclopedia of Cosmonautics] (Moscow, Sovetskaya Entsiklopediya
[Soviet Encyclopedia], 1970) has been adopted.

The book was written by a collective of authors as follows: A. P. Vol'skiy
(the introduction and Chapter 1), A. V. Khaldeyev (Chapters 2 and 6),

N. I. Prigozhin (Chapters 3 and 4), I. A. Shuyskiy (Sections 4.6 and 7.2),
V. N. Nikolayev (Chapter 5 and Sections 7.1 and 7.3), V. M. Karin

(Chapters 8-11). :

The authors assume responsibility for the fact that the book is not free

of deficiencies, and they will be grateful to the readers for critical
comments and suggestions.
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INTRODUCTION

On 4 October 1957 with insertion of the first Soviet artificial earth
satellite in history into space orbit, the era of cosmonautics was born.

As a science, cosmonautics was born far before this date, and by rights

its author is considered to be the Russian scientist Konstantin Eduardovich
Tsiolkovskiy.

The history of development of cosmodromes is closely connected with the
development of cosmonautics. As a compositional part of a united space
rocket complex, the cosmodromes must, in accordance with their purpose,

_ meet the requirements imposed on them by the booster rockets and the space
vehicles,l for the performance of ground preparations, launching and flight
control. The structure and composition of the cosmodromes and the structural
design of the equipment depend entirely on the structure of the space
rocket systems and the goals which have been set for them.

A characteristic feature of the first foreign cosmodromeswas the fact that
the greater part of them were built on the basis of test areas for combat
missiles. The geophysical and meteorological rockets which can be con- ‘
sidered as the first generation of space rockets were launched from mobile
ground complexes. In 1946, the United States began a program of launching
the captured German V-2 rockets to investigate the upper layer of the
atmosphere from the White Sands Proving Grounds (New Mexico, United States),
vhich included a gun mount type erector, mobile fueling units, a diesel
electric power plant and monitoring and testing equipment. The launches
took place from a pad installed on a concrete foundation.

In 1949 the two-stage Bumper-VAK rocket (V-2 and VAK-Corporal) launched
from White Sands Proving Grounds reached an altitude of 303 km. The
ground units making up the launch complex for this rocket were also mobile.

1By space vehicles here and hereafter we mean both manned spacecraft
and various satellites of the earth and other planets.

3
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During the same years the United States built new research rockets of the
Nike, Viking and Bumper family, the ground equipment for which was developed
in accordance with the same "traditional" system. The Aeroby rockets which
found application for many years in studying the upper layers of the
atmosphere were usually launched from launchers in the form of towers

more than 40 meters high.

The Deacon, Rokun and Fireside rockets (United States), the payload of which
included various scientific instruments and experimental animals, consti-
tuted a characteristic group. These rockets were launched at an altitude

of 30 to 40 km above the earth from balloons with a shaft for the rocket

to pass through on launch. Launching the rockets at high altitude offered
the possibility of expending less fuel on overcoming the lower dense layers
of the atmosphere.

In the Soviet Union research rockets were launched at a launching complex
including the gun mount type of erector, the launch pad, tanker trucks,
derrick trucks, service platforms, electric power and launch control equip-
ment. In 1949 the first vertical launch of a rocket with research equipment
weighing about 130 kg was made from such a complex to an altitude of 110 km.

The launches of the V2A geophysics rockets designed to study the upper
layers of the atmosphere, photograph the solar spectrum, perform medical-
biological research with animals on board and other scientific experiments
became a significant step in the study of outer space in the mid-1950's.
The launch complex for the V2A rocket also was mobile and had ground equip-
ment of analogous compositicn and structure.

The next large-scale achievement of Soviet scientists and engineers was the
building of the V5V geophysics rocket and the launch complex for it.

In connection with the International Geophysical Year in 1957, a mobile
ground launching complex was built in the Arctic on Kheysa Island (Franz-
Josef Land) to launch meteorological rockets. In 1957 to 1965, there were
357 launches from this site. Meteorological rockets were also launched
from the launchers of the research ships "Ob'." "Professor Vize," "Voykov"
and "Shokal'skiy."

The operation of the first launch complexes made it possible to acquire
the necessary experience and proceed with building improved complexes to
launch modern space rocket systems.

The cosmodromes providing for launching artificial earth satellites, inter-
planetary automatic stations and manned spacecraft can be considered as

second-generation cosmodromes, Almost all of them were constructed in
the second half of the 1950's and the beginning of the 1960's.

4

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040010-4



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040010-4

FOR OFFICIAL USE ONLY

After organization in 1958 of the National Aeronautics and Space Administra-
tion (NASA) at Cape Canaveral (Florida, USA), the Kennedy Space Center was
formed from the Eastern Proving Ground. The launch complexes belonging to
the Kennedy Space Center were reequipped to launch varicus space vehicles
using the "Titan," “Atlas," and "Saturn-IB" booster rockets; later launch
complexes were built for the "Saturn-V-Apollo" space rocket systems, and

so on.

The building of the Baykonur cosmodrome in the mid-1950's became an out-
standing achievement of Soviet scientists and engineers. During the con-
struction of this cosmodrome maximum use was made of the achievements of
foreign science and engineering. As a result, it became possible to launch
artificial earth satellites, manned spacecraft and automatic interplanetary
stations giving priority to Soviet cosmonautics.

At the beginning of the 1960's France built its own cosmodrome on the

- Khammagir Plateau (the Sahara Desert, west of Algeria). The "Diamant"
rockets were launched from this site, and the French artificial earth
satellites "A-1," "'Diapason-1," "FR-1" and so on were inserted into earth
orbit from Khammagir.

With improvement of the first phase of the Kuru Test Area (French Guiana,
South America) the Khammagir Cosmodrome was closed. In 1970 the "Diamant-B"
rocket was used to launch the French "Peol" satellite from Kuru, and in
1971, the "Turnesol" satellite.

England built the Woomera Proving Ground on the south coast of Australia,
the appearance of which was connected with the development of English
rocket weapons. Geophysics rockets were subsequently launched from this
site, and a launch complex was built for the "Europa" rocket, and the
Australian "Vresat" satellite was launched using the American "Redstone"
booster rocket.

Italian scientists and engineers built a floating cosmodrome from two
floating platforms installed on pilings off the coast of Africa, the coastal
waters of Kenya; one of the platforms acts as a launch pad, and the other,
as the launch command control station. The Italian scientific satellite
"San Marco II" was launched from this site using the American "Scout"
booster.

- Japan has three sites for testing rockets. At one of them, the Utinoura
Test Area, the four-stage solid-propellant "Lamda-4C" rocket was used to
launch the first Japanese artificial satellite "Osumi.'" The first artificial
satellite was launched in the Chinese People's Republic at the same time.

The "Tkhumba" rocket station was built in India on the geomagnetic Equator.
The first high-altitude rocket was launched from that station in 1963,

and then regular launchings began using the small high-altitude ''Nike-
Apache" and "Judy Dart" rockets. The Shrikharikota cosmodrome has now
been built in India.

5
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CHAPTER 1. GENERAL INFORMATION ABOUT THE SPACE ROCKET COMPLEX

The space rocket complex is made up of a booster rocket and a space flight
- vehicle including the space rocket system, and the c.osmodrome is made up
of a set of ground equipment, buildings, structures and services supporting

the pre-launch preparations and launching of the space rocket system,

providing trajectory measurements, issuance of commands, reception and

processing of telemetric data.

The c.osmodrome (in foreign literature, a testing ground or proving ground)
is one of the most important elements of the space rocket complex.

1.1. Cosmodrome

The cwsmodrome is a complex of specially prepared plots of ground with
structures and equipment providing for the assembly, preparation for launch
and launching of space rocket systems, measuring their flight trajectories,
issuing commands and also the reception and processing of incoming tele-
metric data. The cosmodrome also includes plots of ground or bodies of
water for dropping the spent stages of the boosters and for landing the

returning space vehicles (Fig 1.1).

Not only does preparation and launching of the rockets take place at the
cosmodromes, but also experimental development of individual systems,
testing of various types of equipment, obtaining certain fuel components,
the training of service personnel and scientific engineering personnel.
The cosmodrome is the scientific-experimental center of the space rocket

' industry, and some c.osmodromes also perform the functions of a production

base for rocket engineering.

General Information

Usually the cosmodromes are designed for the preparation and launching of
the space rocket systems of varions classes and for various purposes.

This mission arises from the effort to concentrate scientific-experimental
work on the space rocket programs, to make more complete use of the
equipment and structures and exclude the necessity for investment of means
in additional construction. Many cosmodromes can also serve as military

test areas.

6
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In view of this universality of the cosmodromes, they cannot be classified
by any defined criteria, for example, by purpose. Thus, the Kennedy Space
Center (Cape Canaveral, USA), which is the main NASA launching site and is
used to launch space vehicles and test booster rockets in accordance with
the American National Space Research Program, is also suitable for develop-
ing military boosters and providing flight control for space vehicles for
military purposes; the Western Proving Grounds (California), being the
primary launching site for space vehicles in the military programs of the
United States ("Discoverer," "Midas," "Samos" and so on) is also used to
launch artificial satellites for the space research program within the
framework of the two-way American-French-Canadian agreements.

It also appears impossible to divide up the cosmodromes with respect to
type of orbit into which the launched space vehicles are inserted (equa-
torial, polar), inasmuch as it is possible in practice to insert space
vehicles into polar orbits from any cosmodrome; the same applies to equatorial
orbits so long as the power of the booster is sufficient. Here it is
possible to talk about the preferred direction of launch determined by the
location of the measuring stations and the alienation zones considering
safety of the routes. Thus, the system of measuring stations for the

- Eastern Test Area (Florida) permits space rocket systems to be launched
with an azimuth from 44 to 110° and artificial earth satellites to be
inserted in orbits with inclination to the plane of the equator from 28°30'
to 54°24' with an easterly direction of launch.

- The range of launch azimuths usually is selected considering the possibility
of expanding it. However, it is necessary to consider that the width of
the range of initial inclinations in the orbits of the objects is determined
primarily by the geographic latitude of the gosmodrome.

It is also impossible to distinguish the cosmodromes by the length of the
flight paths which depend on the class of space rocket systems, which in
turn determine the choice of the location where the spent stages of the
booster rockets will fall (dry land, ocean). Usually provision is made
for the possibility of increasing the length of the paths. Thus, the path
of the Eastern Test Area of the United States, initially 8000 km long
(ffom Cape Canaveral to Ascension Island) was increased to 20,000 km as

a result of expanding the missions of the cosmodrome.

The expenditures on building cosmodromes are in the billions of dollars,

and the annual expenditures on maintaining them are tens and even hundreds

of millions. Such expenditures are possible only for the economically
developed countries; therefore only a few countries have their own cosmodromes,
above all, the Soviet Union and the United States, which have the largest
cosmodromes in the world at their disposal. The other countries are forced

to combine their efforts both in the execution of space programs and in

the building of cosmodromes. For this purpose, the European Rocket Develop-
ment Organization (ELDO) was formed including England, France, Federal
Republic of Germany, Italy, Belgium, The Netherlands, Australia and the
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Figure 1.1. Cosmodrome:
A,B , B -- launch positions; I' -- engineering position; 1 --
cable service tower; 2 -- service tower; 3 -- servicing station
for the space vehicle; 4 -- installation and testing facility
for the space vehicle; 5 -- installation and testing facility
for the booster rockets (vertical assembly building); 6 --

compressor station; 7 —— launch control center; 8 —- oxidant
storage; 9 -- reception; 10 —- pool with water for the fire
extinguishing system; 11 -- command station; 12 -- gas deflector

of the launch system; 13 —- gas discharge channel; 14 -- launch
system; 15 -— structure for the guidance instruments; 16 —-
caterpillar conveyor; 17 -- radar; 18 -- shelter for service
personnel; 19 -- fuel storage; 20 —-- hydrogen storage; 21 -
communications lines for the hydrogen evaporation sites.

European Space Research Organization (ESRO) which includes England, France,
the Federal Republic of Germany, Italy, Belgium, Demmark, Spain,

The Netherlands, Sweden and Switzerland. France has built its own cosmo-
drome jointly with ELDO, and England, jointly with Australia.

The cosmodromes are unique complexes, the structure and composition of
which are influenced by many factors: the geographic coordinates of their
location, the volume of the national and international space programs, the
purpose and class of the space rocket systems, the level of development

of engineering and the state of the economy of the country, the possibility
of insuring reliability and safety, and so on. Accordingly, defined
recommendations cannot be made which would be considered optimal and
"typical" when creating cosmodromes. Therefore, in the further discussion
the most characteristic layouts.of the cosmodromes, structural designs

of the buildings and equipment are presented beginning with world practice
which does not, however, exclude other solutions constructed on a
theoretically different base.
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Placement and Composition

The selection of the placement of the cosmodrome is a problem on internmational
scale, for when launching modern space rocket systems, their flight paths
sometimes are as long as half the length of the equator, which involves

the interests of many countries. This problem is solved on a complex basis
considering the possibility of creating alienation zones in the locations
where the rockets are launched, the spent stages fall, where the returned
space vehicles land aund also considering the necessity for the location of
ground stations or ships forming the monitoring and measuring complex along
the flight path, Here, the safety arguments are considered in the case

of possible emergency when launching the rocket or in the active part of
the trajectory.

The cosmodrome flight paths must not interfere with shipping, air traffic
or impose losses on any country. Sometimes when space rocket systems are
launched warnings are issued to ships and aircraft to stay out of the
zones where the spent stages of the booster rockets will fall.

The choice of the location for constructing the engineering and launch
positions of the cosmodrome is influenced by the hydrologic conditions of
the area, the relief, soil struc ire, and so on. Usually an even section
without great differences in levels is selected, which reduces the cost of
building highways, railroads and the aerodromes themselves, and it facili-
tates the solution of problems connected with transporting large-scale

loads. The problem of observing the launch of the rocket is also simplified.

The soil strength and the groundwater conditions must permit buildings and
structures to be erected considering the admissible loads and the construc-
tion of the deep structures.

The presence of rivers, lakes and other bodies of water required for water
supply and fire extinguishing systems is also taken into account. The
rivers and canals can also be used as waterways to deliver the large-scale
booster rocket stages from the manufacturing plants.

The location of launch and engineering positions, approach routes and
transport lines, communication lines and electric power transmissions lines
is determined by the zonal layout of the cosmodrome taking into account

the requirements of performing the entire technological cycle of preparing
the space rocket systems, economy of the engineering-construction and
design solutions and also the interests of the development of the economy
of the country,

Important factors are the climatic and meteorological conditions in the
vicinity of the cosmodrome (the mean annual air temperature, humidity,
number of cloudless days per year, and so on), which to a significant
degree determine the technical possibilities, influence the operating
reliability of the ground systems and also the nature of the buildings

and structures. Severe climatic conditions — a large temperature gradient,

9
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high humidity, high winds, and so on -- greatly complicate the operation of
the cosmodrome equipment and force complex technical and engineering
solutions when building it. .

Whereas for safety reasons it is expedient to locate the technical and

launch positions of the cosmodromes in lightly populated areas, far from

the industrial centers, for economic reasons it is more advantageous to

build them in industrial areas, near the plants of the space rocket indus-
_ try, which permits significant reduction in both the construction cost

and the transportation costs commected with delivery of the booster stages,

equipment and fuel components.

‘ These contradictory requirements are difficult to reconcile; therefore
the problem of selecting a location for building a cosmodrome is a compli-
cated problem, the solution of which is influenced by the possibility of
developing new areas, building transportation and communication lines,
the necessary industrial enterprises and the provision of communal and
domestic services,

The cosmodrome usually includes the following (Fig 1.2):
Engineering facility (engineering complex);

Launch facility (launch complex);

Measuring and command complex;

Search and rescue complex;

Living complex and auxiliary services and systems.

A B
: Kocmodpom R
@
- T ' :
] — T | [ ]
) ) Kunrod
Texwuyvecxan Cmapmosas Komanduo - Komnnenc XOMIIENG ¢
nosuguA | nosugust | N ysmepumenst Gpedeme BCIOMOZAMENS
(mexnuvecxud | | (cmapmoosid KOMATENC noucka « Hole .
KOMAREXT) omnnec) | | c§nmwm a?mﬂu u
B /(215 ( 3"5 (4) 5 ucmemsn6

Figure 1.2. Structural diagram of a cosmodrome

Key:
1. Cosmodrome
2, Engineering facility (engineering complex)
- 3. Launch facility (launch complex)
- 4. Measuring and command complex
5. Search and rescue complex
6. Living complex and auxiliary services and systems

10
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Figure 1.3. Engineering complex

All of the cosmodrome equipment is divided into general engineering and
special technological equipment. The general engineering equipment

includes electric power, lighting, heating, ventilation and fire fighting
equipment, communications, water supply, industrial waste, sewage, elevators,
and so on, that is, the equipment of a general industrial profile. The
special technological equipment is designed for transporting, transferring,
assembly, testing, setting up the launch system, servicing with fuel
components and compressed gases, thermostating, preparation for launch,
launch and flight control of the booster rockets and the space vehicles.

The engineering complex (TP) is the complex of buildings and structures
with general engineering and special technological equipment and the plots
of ground with access routes providing for the acceptance, storage,
assembly and testing of booster rockets and space vehicles, the servicing
of the space vehicles with fuel components and compressed gases and mating
them with the booster rockets.

The following basic technological operations are performad at the engineer—
ing complex (Fig 1.3):

Acceptance of the stages, modules and individual assemblies of the booster
rockets and space vehicles from the manufacturing plants;
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Assembly of stages and booster rockets and mating of the space vehicles;
Storage of booster rockets and space vehicles;

Autonomous and complex testing of booster rockets and space vehicles;

N ta

Servicing the space vehicles with high-boiling fuel components and
- compressed gases;

The charging and storage of on-board and ground chemical batteries;

The preparation of the space rocket systems for transportation to the launch
complex;

To support the indicated operations, the engineering complex has the
following:

An installation and test facility (MIK) for the booster rockets (a vertical
assembly building);

An installation and test facility for space vehicles (MIK KO);
A service station for the space vehicle;

A compressor station with receiving area;

A storage battery charging station;

Storage facilities for powdered charges and a building for mating the solid-
fuel boosters; .

Storage of the booster rockets;
Storage for the mating-installation and the lifting-erecting equipment;
Access routes with unloading platforms and ramps;

Structures with power supply, ventilation, heating, water supply and sewage
equipment, fire extinguishing systems, communications systems, and so on;

Administrative and service buildings.

The launch complexes. (SP). include a set of buildings with general engineer-
ing and special technological equipment and grounds with access routes for
delivery of the space rocket systems from the engineering compléxes,
installation of them in the launch system, testing, pre-launch preparation,
servicing with fuel and compressed gases, aiming and launching.

The following basic operations are performed at the launch compléx
(Fig 1.4):
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Installation of space rocket systems in the launch systems;

Assembly of space rocket system (if necessary);

Pre-launch testing of the booster rocket and the space vehicle;
- Servicing of the booster rocket with fuel components and compressed gases;
Servicing of the space vehicle with low-boiling fuel components;
Thermostating the elements of the space rocket system and .the fuel component;
Boarding of the cosmonauts;
Aiming of the booster rocket;
Launch;
Recording the system parameters of the launch complex during preparation,
servicing and launch (the system parameters of the launch complex can also

be recorded from the engineering complexes;

Drainage of the fuel components and removal of the booster rocket from the
launch system (on postponement of the launch).

In order to support these operations, the launch éomplex - includes the
following:

The launching tower with the launching system;

The structures with equipment for storage, servicing and draining the fuel
components;

The gas supply and receiving stations;

The facility for neutralization equipment (if the fuel components are
toxic);

The refrigerating center;

The measuring station;

Command station (launch control center);
Transformer substation and power supply system;
Lightning arrester system;

Cooling towers and sprinkling basins;

13
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Process water tanks for the fire extinguishing system;
Access railways and hard-topped roads;
Administrative and service facilities;

Enclosures and protection means.

Figure 1.4. Launch complex

The cosmodrome usually has an engineering complex and one or several
launch complexés, some large cosmodromes have several engineering complexes
for : preparing the space rocket systems of various classes.

The measuring and command complex (KIK) is the complex of ground stations
and posts or specially equipped ships located along the flight path of the
booster rockets and the space vehicles designed for measuring trajectories,
sending commands, receiving and processing incoming telemetric data.

The measuring and command complex (Fig 1.5) provides for the following:

Flight trajectory measurements of the booster rockets and space vehicles;

14
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Transmission of commands to the space vehicles to switch on the programs
built into the on-~board servosystems and mechanisms and commands to alter
the program;

Reception of telemetric data from on board the booster rockets and space
vehicles;

Telephone or telegraph communications with the cosmonaut;

Reception and relaying of television pictures from on board the space
vehicle;

Transmission of the results of the trajectory measurements over the
communication lines to the coordinating computer centers;

Processing of trajectory and telemetric data.

The equipment of the measuring and command complex is made up of the radio-
telemetric stations, radio receiving and transmitting units, antennas,
television sets, lines for automatic processing of the received data and
mathematical computers, the unified time service equipment, communications
media, electric power sources, and so on.

The search and rescue complex (PSK) for the returned space vehicles (ships)
and their crews includes specially equipped ships, aircraft, helicopters,
radios, visual observation equipment and other means required to search,
detect, service, evacuate the space vehicles and rescue the crew.

The search and rescue complexes (Fig 1.6) provides for the following:

Search and detection of space vehicles;

The operations of opening the vehicle and extracting containers, capsules
and modules with scientific equipment;

Disembarking of the crew from the space vehicle (ship) and rendering first
aid (if necessary);

Loading the space vehicle on the evacuation transport means or on board
a rescue ship;

Transporting the vehicle to the base, and so on.
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Figure 1.6. Complex of search and rescue means:

a -- water landing of the spacecraft crew module; 6 -- place-
ment of pontoons under the crew module; 8 -- 1lifting the
cosmonaut aboard-a helicopter in a cradle; 3 —- exit of the
cosmonaut on an inflatable raft

The living complex and auxiliary services of the cosmodrome (Fig 1.7) have
an administrative and training center with administrative services and

a center for training service personnel; the residential city with
commercial, communal and cultural-domestic facilities; power supply sys-—
tems (heat and electric power plants, electric power plants, transformer
substations and electric power transmission lines), water supply, communi-
cations for all of the cosmodrome services; the storage zone for fuel
components and the production of cryogenic components; the repair base and
storage facilities; transport lines, and so on.

Basic Requirements Imposed on Cosmodromes

The cosmodromes must satisfy an entire series of operating and technical
requirements which include the following:

Insurance of high reliability of the launches and operating safeEy;

Minimum time for preparing the space rocket systems for launch (a series
of launches);

_ 17
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Minimum number of service personnel;

Preparation for launch and launch at any time of year or day under defined
meteorological conditionms.

The high reliability of the launches is insured by fail-safe operation of
, the space rocket system and the ground launching complex.

Reliability is the property of the equipment to maintain its output
characteristics (parameters) within defined limits under given operating
conditions. From determining the reliability it follows that not only is
the system considered unreliable in which mechanical or electrical damage
is manifested leading to unfitmess of it, but also the system for which
the characteristics go beyond the admissible limits.

The reliability of a unit or a system is built in when the system is
designed; the most effective methods of improving reliability are selection
of the elements of increased reliability, simplification of the system,
creation of systems with limited consequences of failures of the elements,
redundancy (redundancy of the assemblies and systems), built-in monitoring,
automation of checks, and so on. The reliability of the equipment is
increased by improving the production technology, automation of the produc-
tion processes, strict monitoring of production quality, the introduction
of special tests with simulation of the operating conditions (usuvally
extreme values of the loads, pressures, vibrations, temperatures, and so

on are used).

Reliability is closely connected with various aspects of the operating
process: observation of the operating rules excluding the possibility of
breakage of the equipment; periodic checks; performance of preventive
repair work; maintenance of equipment in technically good working order,
and so on.

- The preservation of the equipment -- the property of the equipment to remain
in working order in storage -- is an important technical concept. Inasmuch
as storage is an inseparable part of operation and maintenance, the fitness
of the units and systems depends on it to a very high degree.

The characteristics of the possibility of repairing failed systems and

units or individual elements of them -- repairability, that is, adaptibil-
ity of the equipment to the detection and elimination of failures and

also prevention of failures —— has great significance. Frequently when
preparing the space rocket systems for launch, it is not the fact of failure
of the unit or system itself that causes alarm, but the impossibility of
quickly finding the failure and quick elimination of it.

As applied to a cosmodrome it is expedient first of all to consider only
the systems and units which have a direct influence on the preparation
of the rocket for launch and the launch itself and secondly, to investigate
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their reliability only from the point of view that they are either in
working order or not in working order. Inasmuch as uvn appearance of the
failures in individual elements the systems and units of the cosmodrome
as a whole can continue to perform its function, instead of reliability it
is more appropriate to talk about efficiency.

By the efficiency of a complicated technical complex we mean the degree

of its correspondence to the solution of the stated problems. With this
approach the most important criterion is estimation of the completeness

of the fulfillment of the mission. However, such factors as awkwardness
and complexity of the equipment, the application of expensive deficit
components and materials, the requirement of high qualification of the
service personnel, high cost of operation and maintenance, and so on, have
a high influence on efficiency. At the present time these factors are more
and more being taken into account in the development of equipment and
organization of operations at the modern cosmodromes.

The insurance of operating safety at the cosmodrome is an important require-
ment. It is possible to consider that the cosmodrome is an increased danger
zone, and in a number of cases, figuratively speaking, a "powder keg":
explosives and current sources, fuels and spontaneously combustible
components, high pressure lines and toxic working of fluids are side by

side here. Therefore inappropriate technical solutions or insignificant
violations of safety measures in operation and maintenance can lead to
emergencjes and even to a disaster.

The measures to provide for operating safety at the cosmodrome can be

divided into two groups: the first group includes the measures provided

for when designing the structures, the systems in the units of ground equip-

ment and the cosmodrome as a whole; the second group includes the organiza-
_ tional measures providing for observation of safety measures and fulfillment

of the behavioral roles of the service personnel.

The first group includes the placement of the buildings and structures of
the cosmodrome at a safe distance from each other, the corresponding organ-—
ization of the technological cycle of pre-launch preparations and launching
of the space rocket systems, reliable protection of the structures from
fire and the effects of a blast wave, and the presence of means of protect-
ing the service personnel and means of evacuating them in an emergency,
exclusion of improper action taken by operators, and so on.

The buildings and structures of the cosmodrome are grouped in zones depend-
ing on their functional purpose, the degree of danger involved in the
operations and in accordance with the technological process sequence for
preparation of the space rocket systems. The launch facility is usually
placed at a distance from the other zones and facilities of the cosmodrome
in order to protect them from damage in case of the explosion of a rocket
during launch or in the initial phase of the trajectory. The service
station, the powdered charge storage, the zones for production and storage

20

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040010-4



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040010-4

FOR OFFICIAL USE ONLY

of fuel components, and so on are located at a safe distance. The

launch facility structures are designed for dynamic forces, excess
pressure and sound effects. The dynamic forces occur in the case of
emergency postponement of the launch (shutdown of the engines) and with
respect to magnitude exceed by 1.8 to 2 times the launch mass of the space
rocket system. The excess pressure is created in case of an emergency
explosion of the rocket system on the launching paid and it is expressed
in "INT equivalents" -- the amount of TNT equivalent to the blast energy.
The sound effects arise from operation of the rocket engines of the booster
rocket during launch, and they are measured by the magnitude of the sound
pressure,

Thus, the launch complex No 39 for the ""Saturn-V-Apollo" space rocket system,
in accordance with the admissible critical values of the excess pressure

and acoustic effects, is broken down into four functional zones: launches,
launch support, general purpose and industrial.

The launch zone:sdelimited by an excess pressure line of a possible explo-
sion of 0.0028 MPal and a sound level of 135 decibels. The launching pads,
the direct launch support equipment, automatic and remote control optical
and electrical equipment are located in this zone. The distance between
launching paids (2670 meters) was selected so that in case of explosion

the service personnel and space rocket system on an adjacent pad will not
be subjected to above admissible pressures.

The launch support zone is located between the sound effect lines of

135 and 120 decibels. The vertical assembly building, the launch control
center, the facility for storing chemicals, the storage battery charging
station, and so on are located in this zome. The vertical assembly build-
ing is located beyond the reach of large fragments in case a rocket explodes
during launch.

The general purpose zone beings with the sound effect line of 120 decibels
and reaches the boundaries of the large complex. This zone is relatively
safe and is designed for the general engineering equipment structures.

The industrial zone is located within the limits of the general purpose
zone and includes the installation and test facility for the space vehicles,
the administrative buildings, the pyrotechnical buildings, laboratories,

and so on. '

The structures are protected, as a rule, by being partially underground,
the use of high-strength structural elements, embankments, shielding slabs,
‘and so on. The structures in which there are people during the final
operations and launch are especially reliably shielded: these include

L Paz10~> kg—force/cmz; 1 kg-force/cm?=9.80665-10% Pa (exactly):105 Pa=
0.1 MPa.
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the facilities for the central preparation and servicing panels and the
launch control center.

The launch structures are also shielded from the gas jet of the rocket
engine on launch. In cases where it is inexpedient to shield the gas
deflector of the launching system, the elements for fastening the rocket
during launch and some of the ground cables reliably from the gas jet,
they are made to be used only once or for partial. replacement (repair)
after each launch.

The design safety measures include so-called classification of the facil-
ities, that is, division of the buildings and structures into explosion
hazardous, fire hazardous, and so on. For example, the liquid oxygen
storage facility of the launch facility is a fire-hazardous structure,

and the service tower is explosion-hazardous and fire-hazardous, for

the service lines, drainage lines, high pressure lines and electric cables
are run along it. Depending on the category, the equipment of these
structures has also been developed in the corresponding execution.

For safety, the service personnel are provided with means of collective

and individual protection from the effects of toxic vapor, heat and

shielding in case of fire. These means are varied and include the equip-

ment and attachments from the stationary shielding structures (bunkers,

heat shields, fire-fighting systems, ventilation units, and so on) to the
 simplest fire extinguishers and individual gas masks.

Special attention has been given to the problems of evacuation of service
personnel on occurrence of an emergency, for which provision is made for
emergency exits in the facilities, fire escapes, emergency hatches, and
the structures of the launch facility have tunnels or underground passages,
sometimes running for quite long distances. The greatest difficulty arises
in evacuating people from the service tower, the platforms of which are
located at a great height. The elevators cannot provide fully for the
solution of this problem, for the possibility of their failure as a result
of an emergency is not excluded, and descent by ladders is too slow.
Therefore, special cable devices, rescue cradles and chutes are used in
emergencies. Designs have been developed for these catapults, individual
jet packs and even helicopters and dirigibles.

The measures to insure safety of performing operations at the launch
facility include the measures to rescue the spacecraft crews. If an
emergency develops before the crew boards, high-speed elevators, rescue
devices, evacuation systems and other means of leaving the service tower
are used (sometimes the same as for the serwice personnel). Bunkers and
other shielding structures have been provided to shelter the crew. In:
case of an emergency with the booster rocket during launch, the emergency
rescue systems of the spacecraft are used which have various structural
executions, but one goal -- removal of the compartment of the spacecraft
in which the crew is located to a safe distance from the launch site.
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Thus, the compartments with crews on the "Soyuz" and "Apollo" space
vehicles are separated by solid-propellant engines with subsequent descent
of these compartments on parachutes, and the "Vostok" space vehicle had a
catapult seat with the cosmonaut in it.

Incorrect action by the operators during the pre-launch preparation is
excluded by maximum automation of the pPreparation process, modularization
of the units and systems, sound and light signals, warning inscriptions
and all possible forms of monitoring.

The second group -- the organizational measures performed at the cosmodrome
—- primarily includes observation of safety measures. For each type of
operation there are specific safety engineering rules (for example,
inadmissibility of an open flame or the occurrence of an electric spark

in the facility where gaseous or liquid oxygen is to be found; forbidding
repairs of tanks and lines under pressure, and so on). In additionm,

there are the general standards and rules of behavior of the service
personnel working at the cosmodrome: the only people allowed to perform
the various operations are those who have studied the corresponding system
or unit and have the necessary training; people not involved in performing
these operations must be removed from the area where they are performed.
Inasmuch as the operations with respect to preparing the space rocket
systems are performed in a strict technological sequence, the violation of
this sequence without the permission of the launch director is categorically
forbidden.

The preparation time of the space rocket systems for launch is an important
operating and technical index of the cosmodrome. For modern space rocket
complexes the pre-launch preparation cycle involves the time from several
days to 2 or 3 months and depends on the work schedule, the class of
rocket and also the flow chart for preparing the space rocket system for
launch. In certain cases the preparation time is not limited, for it has
no significant effect on the fulfillment of the stdted mission. In other
cases this time is strictly limited. This arises from the need to launch
at given astronomical times (for example, for a flight to the moon or

other planets) or after defined time intervals (when docking space vehicles
in orbit), or when it is necessary to have the space rocket system ready

to launch in the launching system for emergency aid to a mamned spacecraft
which has gotten into trouble

When plamning the preparation time it is considered that on the one hand
shortening the length of the cycle can lead to complication of the equip-
ment, the construction of additional structures, the expansion of the
working areas and an increase in the number of service personnel and on
the other hand, to a decrease in the number of launches from each launch
complex and reduction of the equipment loading coefficient. Therefore

in the general case, when striving to reduce the launch preparation time
of the space rocket system, it is necessary to consider all of these
factors.
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The number of service personnel at the modern cosmodromes, in spite of

the high level of automation and mechanization, will reach several thousands
and even tens of thousands of people. This is explained by the great
complexity and variety of the ground systems and the rocket systems requir-
ing specialists of different profiles for their servicing. In addition,
the buildings, structures and services of the cosmodrome, as a rule, are
split up territorially and are sometimes at significant distances from

each other, which excludes the use of the same specialists, In striving

to reduce the number of service personnel engaged in preparing the space
rocket systems, everything begins with the fact that the machine cannot
completely replace the human operator, who plays the primary role in the
performed operations.

The cosmodrome must provide for launch preparations and launches of

space rocket systems at any time of year and any time of day. This arises

from the necessity for launching at strrictly given astronomical times and

the rocket preparation schedule which must not depend on the capricious-

ness of the weather. Considering that the climatic conditions at the

locations of the cosmodromes are frequently severe, this requirement cannot
- always easily be met. )

1.2, Space Rocket System
General Information

The space rocket system (RKS) includes the booster rocket and the space
vehicle.

The booster rocket is used to obtain the first and second cosmic velocitiesl
and insert the space vehicle into the given orbit. In space engineering
only multistage rockets are used, that is, rockets made up of several

stages in which the spent stage is separated after using up all of its

fuel, and its speed becomes the initial speed for the subsequent stages

and the space vehicle (the payload).

IThe first cosmic velocity is the least initial velocity which must be
communicated to a body at the surface of the earth in order for it to
become an artificial earth satellite. It is equal to the angular velocity,
and in the absence of an atmosphere it is 7.91 km/sec. The second cosmic
velocity is the least initial velocity which must be communicated to the
body for it to overcome the earth's gravity on beginning to move near the
earth -~ it varies with altitude and on being reduced to the surface it

is 11.19 km/sec.
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Figure 1.8. Schematic diagrams of a multistage rocket:
a -- with transverse division of the stages (the "tandem" system);
b -— with longitudinal division of the stages (the package system);

¢ ——- a combination system; 1 -- fuel compartments; 2 -- rocket
engines; 3 -~ payload; 4 -- nose cone; 5 -- control equipment
compartment; 6 —— power plants of the stages

Key: 1. lst stage; 2. 2d stage; 3. 3d stage

Structurally the multistage rocket can be executed with transverse division
of the stages (the tandem system), with longitudinal division (the package
division) or a combination of these two systems (Fig 1.8).

In the system with transverse division of the stages their engines operate
successively; in the system with longitudinal division the engines of

the subsequent stage can operate simultaneously with the engines of the
Preceding stage; in the combined system, both simultaneously and successively,

However, in any of these systems when the fuel is used up the spent stage
is discarded.

The space vehicle is equipped with a nose cone to protect it from aero-
dynamic loads occurring when the rocket passes through the dense layers

B of the atmosphere. Structurally the nose cone, the space vehicle, the
engine of the emergency rescue system (if the vehicle is manned) and the
last stage of the booster rocket or its connecting element (adapter)
constitute a single last stage or top module.
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Figure 1.9. Booster rocket and the "Vostok" spacecraft:
1 —- top module with last (third) stage; 2 -- central module
(second stage); 3 -— peripheral module (first stage)
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The booster rocket of the "Vostok" spacecraft (Fig 1.9) serves as an
example of the combination system of joining the stages. It is a three-
stage rocket made up of six modules: central, four peripheral and the
third stage module. The first and second stages (the peripheral and
central modules respectively) are made in accordance with the system with
longitudinal division, and the third stage which is installed on the
central module, in accordance with transverse division.

In space engineering primarily liquid-propellant rocket engines are
applied which use liquid fuel components to create the jet thrust. The
solid-propellant engines find application only as individual stages or
boosters, and in the space vehicles, for emergency residue systems, soft
landings, and so on.

- The space booster rockets are distinguished by relatively light construc-
tion, the mass of which does not exceed 10 to 12% of the mass of the
entirely filled rocket. When creating the structural design of rockets
having high strength and rigidity, along with using high-strength light
alloys, other solutions are used (maintenance of a defined inside pressure
in the rocket tanks using ground pre-launch blowing systems, supporting
elements for "suspending” the rocket on the launch system, wind fastenings,
and so on).

With respect to launch mass, the space booster rockets are divided into
superlight, light, medium, heavy and superheavy. This classification is
somewhat provisional; it has no clear bounds and nevertheless has found
broad application in the technical literature, especially foreign litera-
ture. TIn the United States the following classification of rockets is
used:

Superlight —- with a launch mass up to 50 tons ("Scout");

Light -~ with a launch mass to 100 tons ("Thor-Alter," "Thor-Werner');

Medium -- with a launch mass to 300 tons ("Thor-Delta," "Thorad-Delta,"
"Thor-Agena," "Thorad-Agena," "Atlas-Agena," "Atlas-Centaur," "Titan-1B");

Heavy ~- with a launch mass te 1000 tons ("Titan-IIIC," "Saturn-IB");
Superheavy -- with a launch mass of more than 1000 tons ("Saturn-v").

The purpose of the space booster system is determined by the space vehicle.
In automatic space vehicles all the operations are performed without

the participation of man using equipment amd instruments. The manned
vehicles are controlled by cosmonauts on board; some of the manned vehicles
can also operate in the automatic mode.

With respect to orbit the space vehicles are divided into artificial earth
satellites and interplanetary stations. Depending on the purpose of the
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satellites, they are divided into scientific,meteorological, communications,
navigational, and so on (Fig 1.10, 1.11). The interplanetary stations

(Fig 1.12) are designed for flight to other planets. Some of them can have
the artificial satellites of these planets also in their position.

The structural line of spacecraft has a number of peculiarities connected
with the specific factors of outer space — weightlessness, deep vacuum,
the presence of meteoritic particles, intense radiation for which the
nature of the friction process changes, the phenomena of so-called "cold
welding" occur, meteor erosion takes place, and so on.

Space vehicles which must operate for a long period of time under space
conditions have systems that insure a defined thermal regime, power supplies
for the instruments and equipment and radio communications with the earth.
On manned spacecraft, the required atmospheric composition is maintained

in the compartments, and conditions required for life support of the crew
are created.

Figure 1.10. "Kosmos" meteorological satellite:
1 —- actinometric equipment; 2 -- infrared equipment; 3 --
television equipment

Usually the entire space vehicle does not descend to the earth, but only
part of it -- the descent vehicle —- which contains the crew and some of

the on-board systems; the remaining compartments with equipment providing
for orbital flight of the vehicle are separated from the descent vehicle

at the beginning of the descent trajectory. At the end of descent the speed
of the vehicle is reduced, and a further decrease in speed before landing

is accomplished usually by a parachute system. On some of the spacecraft
("Soyuz," "Apollo") a soft landing system is included which makes use of
powder propulsion units permitting the landing speed (dry land or water)

to be reduced in practice to zero. .
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Figure 1.11. "Syncom-2" communications satellite:

1 —- telemetric and command rod antenna; 2 -- jet nozzle of the
orientation system; 3 -~ nickel-cadmium storage battery;

4 -- radio receiver; 5 -- hydrogen peroxide bottle; 6 —-- coaxial
communications slotted antenna; 7 —— radio transmitter with
traveling wave tube; 8 -- command radio receiver; 9 -- nitrogen
bottle of the position control system; 10 — solar indicator

Figure 1,12. "Venera-7" ["Venus-7"] interplanetary automatic
station:

1 — solar cell panel; 2 — astronavigational sensor; 3 -- shield-

ing panel; 4 — correcting engine; 5 —- collectors of the

pneumatic system with control nozzle; 6 -- cosmic particle

counter; 7 -- permanent solar orientation sensor; 8 -- orbital

compartment; 9 -- radiator-cooler; 10 -- low-directional

antenna; 11 -~ high-directional antenna; 12 — automation module

for the pneumatic system; 13 -- compressed gas bottle; 14 —-

descent vehicle
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The variety of structural designs of spacecraft, in addition to their
functional purpose, is also connected with their national origin, with
different approaches to the solution of many engineering problems. This
has been manifested in preparation for the joint experimental flight in
docking in space of the Soviet spacecraft "Soyuz" and the American .
"Apollo," in July 1975.

For rendezvous, docking and joint flight, the "Soyuz" and "Apollo" space-
craft (Fig 1.13) were developed considering their compatibility. Instead
of a "rod-cone" docking unit, androgynous docking units were installed
with peripheral location of the locks.

The problem of compatibility of the atmosphere was also solved. Inasmuch
as an "earth" atmosphere is used on the "Soyuz" spacecraft, and pure oxygen
is used for breathing on the "Apollo" in order to provide for transfer of
the cosmonauts from one ship to the other a special chamber was built for
pressure equalization (this transfer module was built into the "Apollo").

Figure 1.13. '"Soyuz" and "Apollo" spacecraft

Key:
1. "Apollo"
2, Transfer module
3, "Soyuz"

Orbital stations play a special role in cosmonautics. The first experimental
space station in the world was created by docking the 'Soyuz-4" and
"Soyuz-5" spacecraft in orbit. The next important step in their develop-

_ ment was insertion of the long-term "Salyut" orbital station into artificial
earth satellite orbit (Fig 1.14).

The further development of space flights is continuously connected with

the creation of large orbital complexes in terrestrial space. The basis
for such complexes will be multipurpose orbital stations made up of various
purpose modules which will be inserted into orbit by multiple-use rockets
and spacecraft and they will be replaced by new ones as they complete their
missions, Crew to service the space stations will be delivered and changed
analogously.
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Recently specialists of many countries have worked on building multiple
use space transport systems. The solution to the problem of saving the
space rocket systems is being sought in different directioms. The possi-
bility of building a multiple use spacecraft with a nonreturnable booster
has been established. The efforts to decrease the amount of nonreturnable
equipment have led, for example, to the investigation of a transport
space system with the multiple use last stage which simultaneously serves
as part of the booster rocket and the space vehicle. The possibility of
saving and multiple use of the most expensive equipment of the booster
rockets has been discussed: the instrumentation of the control and tele-
communications systems, the liquid-propellant rocket engines, the mounted
solid-fuel modules, and so on.

Figure 1.14. Long-term "Salyut" orbital station

American specialists have developed a design for the "Rombus" space trans-
port system which is recovered by parachutes (the recovered vehicle weighs
252 tons); in this case the landing site of the vehicle is planned to be
near the launching pads and waterways. After landing, the vehicle will

be delivered on a self-propelled caterpillar unit to a barge and transported
to the installation and testing facility of the cosmodrome.

The multiple-use space transport systems can be considered as representa-
tives of space rocket engineering of the next generation.

Interrelation of Space Rocket Systems with Ground Complexes

The ground equipment complexes provide for the preparation of space rocket
systems in all stages, beginning with transportation from the manufactur-
ing plant to launching the booster rocket.

During the initial period of development of space rocket engineering, the
goal was not set of insuring (perhaps, even at the expense of some compli-

cation of the space rocket systems) simplicity of operation, convenience
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of servicing, efficient construction of the units and systems of the
ground equipment, or reduction of pre-launch preparation time. This led
to serious complicatlons with respect to automating the preparation pro-
cess and, consequently, required the presence of a large number of units
and service personnel.

The experience in developing space rocket engineering has led to the fact
that the space rocket system has begun to be developed as a unit whole,
which has made it possible to find more efficient solutions to the stated
problems,

The requirements and the possibilities of the ground complex are constantly
considered from the first structural elements of the space rocket system.
Thus, the dimensions of the booster rocket are selected beginning with

the optimal ratio between its length and diameter. However, if only this
condition is adhered to, the rocket can turn out to have dimensions such
that it will be impossible to deliver it to the launch site by the exist-
ing means of transportation, and the creation of special transport means
will lead to increased cost of the entire complex.

If we begin with an effort to decrease the mass of the rocket structures,
it is expedient to make the on-board filling lines and cable networks as
short as possible. However, this is not always advantageous for the space
_ rocket complex as a whole, for in this case it is necessary to have access
to the filling heads and plugs located at significant height during the
pre-launch preparations which complicates operation and maintenance,
records a large number of service personnel and complicates automation
of the operations. Consequently, it is sometimes more expedient to allow
some increase in weight of the structure of the space rocket system and
as a result, to insure convenient arrangement in operational respects of
the booster rocket elements ctupled to the ground equipment.

An analogous situation arises alsc when selecting the fuel components when
it is necessary to consider not oniy their energy but also their operating
characteristics. The choice of fuel components, method of filling and
batching has great influence on the structural design of the space rocket
systems and its pneumohydraulic system. Thus, when using low-temperature
cryocgenic components the rocket tanks usuzily are lined with thermal
insulation; although this increases the mass, it makes it possible to use
the component in the supercooled form which significantly decreases its
evaporation and also prevents air condensation on the tank walls. The
filling and servicing conditions have a significant influence on the
strength characteristics of the tanks, the structure and dimensions of the
drainage and safety valves.

In order to increase the reliability of the launch process it is desirable
at launch time to have a minimum number of couplings of the space rocket
system to the ground systems. Therefore the majority of ground-on-board
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couplings are broken in advance, just as before launch, and only those
which are required up to liftoff time of the rocket from the launching
system are broken directly during launch.

The interrelation of the space rocket systems and ground equipment is
complicated and varied, and the mutual effect is large. The proper con-
siderations of all factors determines how effectively the problem of
building the space rocket complex with optimal parameters will be solved.

Systems For Preparing the Space Rocket Systems for Launch

The preparation of the space rocket systems for launch includes the follow—
ing basic steps:

Transport of the elements of the space rocket system to the cosmodrome;

Assembly and testing of the booster rocket and the space vehicle at the
engineering complex;

Transport of the booster rocket to the launch complex and installation of
the launch system;

Pre-launch preparation of the space rocket system and launch.

The method of assembling the space rocket system, as a function of which
it is possible to isolate three process flow charts, has the most signifi-
cant influence on the entire preparation cycle:

The first flow chart includes the horizontal assembly of the space rocket
system and complex testing on the installation and testing setup at the
engineering complex; the transportation of the space rocket system in the
horizontal position to the launch complex and erection of it to the verti-
cal position on the launch system;

The second flow chart includes horizomtal or vertical assembly of the
individual stages of the booster rocket in the installation and test equip-
ment, transporting-it to the launch complex, assembly of the space rocket
system in the vertical position on the launch system and subsequent
performance of complex tests;

The third flow chart includes vertical assembly of the space rocket system
and performance of complex tests on the installation and test units (the
vertical assembly building) at the engineering complex; the transportation
of the space rocket system to the launch complex and installation of it

on the launch pad (the stationary part of the launch system).

Each of the systems has its advantages and disadvantages, and the applica-
tion of one system or another is determined by many factors.
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In the first system the individual stages of the booster rocket are
delivered to the installation and test facility (MIK), where autonomous
checkout, assembly in the horizontal position using a coupling unit or
installation and coupling dollies, complex testing and coupling of the
space vehicle (the last stage) are carried out. The completely assembled
space rocket system is transported to the launch complex on the erector. At
the launch complex it is put in the vertical position and installed in the
launch system.

This arrangement is applicable for space rocket systems, the structural
design of which permits transportation of them in the horizontal position
- (which is determined by the strength capabilities of the rocket and fre-
quently is connected with some increase in its weight). In accordance
with this system the assembly and testing of the space rocket system is
accomplished in the facility under favorable conditions. which will permit
convenience of performance of the operations and the quality of them.
At the same time there is no necessity for building a high-rise installa-
tion and test facility, the creation of a carrier for vertical transfer
of the space rocket system and special tracks which is connected with great
technical difficulties (in particular, with subjection to significant
wind loads). The deficiencies of the system include assembly of the space
rocket system in the nonoperating (horizontal) position; the necessity for
repeated complex testing in the launch position, for the transfer of the
booster rocket fromithe horizontal position to the vertical position and
installation of it on the launch system can be the cause of the occurrence
of failures; the coupling of the service, pneumatic and electric lines to
the rocket at the launch position, which is connected with deficiencies
and operating difficulties, in particular, under unfavorable climatic
conditions.

The first preparation scheme is used for the heavy class "Soyuz" Soviet
rockets and the American "Scout" rockets.

The second system is used (in American termonology called the "joint
preparation method") when the individual stages of the booster rocket and
the space vehicle are delivered in a defined sequence from the installa-
tion and test facility to the launch site where it is assembled on the
launch system using the service tower, lifts or cranes. During assembly,
the individual systems are tested and checked out, and on completion,

the space rocket system as a whole is subjected to complex testing.

According to this system, only individual stages of the booster rocket are
assembled in the estimation and testing facility, which essentially reduces
the size and cost of construction of the installation and test facility
and excludes the necessity for special transport means to be used for the
completely assembled space rocket system. The deficiencies of this system
are unimproved test process in connection with the performance of opera-
tions in the open air, which lowers the reliability of the preparation
of the space rocket system and the fact that the assembly of the space .
rocket system on the launch system occupies the launch complex for a
- prolonged period of time, reducing its carrying capacity.

34

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040010-4



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040010-4

- FOR OFFICIAL USE ONLY

This preparation system is used primarily for rockets with long intervals
between launches (for example, the "Europa-II" booster rocket), the

medium class rockets (American booster rockets "Chori Delta," "Atlas-Agena,"
"Atlas-Centaur" and so on), and it is admissible for cosmodromes located

in areas with mild climate.

The second system for preparing the space rocket systems for launch became
widespread in the United States during the birth of space engineering,
and it was inherited from the process used in preparing combat rockets.
American specialists consider it expedient to build complexes for space
rocket systems by adapting the related launch complexes for strategic
rockets with established rules for preparing them and not by adopting new
structural designs taking into account the specific nature of space engineer-
ing. This approach which was advantageous from the point of view of rapid

- introduction of the space rocket complex into operation, did not justify
itself when the necessity arose for launching various versions of rockets.

By the third system (according to American terminology, "the mobile prepara-
tion method") the space rocket system is assembled in the vertical position
on the launch platform (the upper part of the launching system) which is
transported together with the space rocket system to the launching site;

the launch takes place from it subsequently (after installation of the
launching pad). This system permits all of the numerous filling, pneumatic
and electrical lines located at various levels to be coupled to the rocket
at the installation and test facility (the vertical assembly building).

In addition, the rocket coupling lines can be led out through the service
cable tower installed usually on the launch platform to a convenient service
zone which facilitates coupling of them to the ground systems at the launch-
ing site. The deficiencies of this system are the construction of an
expensive vertical assembly building, the creation of the carrier with
complex configuration or transportiug the space rocket system in the verti-
cal position from the engineering complex to the launching site and laying

a special track which, as already been stated, is a technically difficult
problem. The third preparation system is used for the heavy and superheavy
class American booster rockets.

In the American literature on space rocket engineering it is possible to
encounter a description of the "fixed preparation method" which is a version
of the second system and is used for the medium-class booster rockets. Its
essence consists in the fact that the individual stages of the booster
rocket, bypassing the engineering complex, are delivered to the launch site
where the vertical assembly of the booster rocket takes place, it is

coupled to the service tower coupling lines, undergoes complex checking

and launch.

For super-heavy space rocket systems it is probably necessary to have other
assembly and transport systems, for the TNT equivalent and sound effect
increase significantly and, consequently, it becomes necessary to place

the launch system at a greater distance from the engineering complex. As
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a result of significant size and weight of such booster rockets, difficul-
ties occur in the application of traditional means for delivering the
space rocket systems to the launching site.

Thus, there is an American plan for the use of a marine floating assembly
and launching system where the basic element is large, the greater part

of which is occupied by the compartment for assembling the space rocket
system. During assembly the barge is kept on a special dock, and its decks
are kept open. The launch will take place at sea. The bow of the barge
where all of the control and launch equipment are located remains in the
horizontal position before the launch, the stern is disconnected and put

in the vertical position by filling the aft tanks with water, and after
launch returns to the initial position.

1.3. Main Cosmodromes of the World

The Baykonur Cosmodrome -~ one of the largest cosmodromes in the world
(Fig 1.15) -- is located in Kazakh SSR, in a semiarid zome with sharply
continental climate (hot, dry summer and cold winter with high winds and
insignificant precipitation); it was founded in 1955.

The basis for selecting the construction site for the cosmodrome was its
sufficient remoteness from large populated areas, the possibility of insur-
ing safety of the rocket launches, the creation of alienation zones, zones
for landing the returnable space vehicles and also the presence of a large
number of cloudless days during the year.

The cosmodrome routes extend thousands of kilometers over the territory

of the Soviet Union and end in the Pacific Ocean where the last stages of
the booster rockets axe dropped. Along the routes there are measuring
stations and especially equipped ships. The space vehicles are inserted
into orbits with an inclination to the plane of the equator from 48° to 81°
with easterly direction of the launch. The space vehicles and manned space-
craft usually land in the northeastern regions of the Kazakh SSR.

Launches have been made from the Baykonur Cosmodrome in accordance with the
National Program of the USSR for the Study and Use of Outer Space, within
the framework of cooperation with socialist countries by the "Interkosmos"
program and also in accordance with agreements for joint efforts to explore
outer space concluded between the USSR, the United States, France and other
countries.

The first artificial earth satellite in the world was launched from the
Baykonur Cosmodrome. The flights by cosmonaut Yu. A. GagarinAand the first
female cosmonaut V. V. Tereshkova into outer space were made from this

same location. It also launched the automatic interplanetary stations
"Luna," "Venera," '"Maris," "Zond," the space stations and artificial earth
satellites of various types ("Kosmos," "Elektron," "Polet"), 'the

satellites of the "Molniya" series for relaying television programs and
long distance telephone and telegraph communications.
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Figure 1.15. Baykonur Cosmodrome (launch site of the "Soyuz"
space rocket system

Launches of manned spacecraft "Soyuz" and the orbital stations "Salyut"
are made regularly from the Baykonur Cosmodrome.

Space vehicles with French equipment have been launched within the frame-
work of a cooperative program with France.
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In accordance with the Soviet-American EPAS program, the "Soyuz" spacecraft
was launched from Baykonur Cosmodrome on 15 July 1975, for docking in orbit
with the "Apollo" spacecraft.

The "Soyuz" spacecraft equipped with a camera made in the German Democratic
Republic was inserted into orbit in September 1976.

The cosmodrome has built a number of launching sites and engineering
complexes. One of the most important is the complex from which the three-
stage booster rockets with the "Vostok" and "Voskhod" manned spacecraft
were launched, and at the present time the "Soyuz" space vehicles are being
launched.

The launch structure for this booster rocket is the semiburied type. It
has a launch system with ejectable supporting beams. The rocket is
"suspended" in the launch system behind the power packs. The space rocket
system is delivered to the launching site from the installation and testing
unit of the engineering complex where it is assembled in the horizontal
position.

In addition to the installation and testing unit, the MIK KO building, the
service station for the space vehicles, the storage battery charging stat.ion
and a number of other buildings and structures are located in the engineur-
ing complex., The measuring stations are located here which are equipped
with telemetric equipment, television set, antennas, radio receiving and
transmitting units.

The living quarters of the cosmodrome in which there is a complex for train-
ing the cosmonauts (classrcoms for exercises of the crew in accordance with
the technical and scientific training program, a sports complex with a
swimming pool, laboratory for preparing the cosmonauts for flight, a medical

- complex) and also an institute, technical high school, schools, club,
stadium, television broadcast center, and so on are located.

The cosmodrome is connected with other plants in the country by air, high-
way and railroad transportation. The cosmodrome territory also has a
branch network of highways and railways.

The eastern test area (before 1965, the Atlantic Missile Range) is the
largest American cosmodrome. It is located at Cape Canaveral and Merrit
Island (inthe state of Florida), and it has a territory of about 400 km2
(Fig 1.16). The basis for the selection of this site was its adequate
isolation, which guaranteed launch safety and offered the possibility of
further expansion of the territory. In addition, the convenient location
of the islands of the West Indies and the South Atlantic made it possible
to install monitoring and measuring complexes on them to observe the flight
of the rockets.

The range track about 20,000 km long runs above the Atlantic and Indian
Oceans to the Prince Edward Islands, and has 15 measuring stations
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equipped with optical, telemetric and radar units. The rockets are
tracked also from ships and aicraft and from more than 100 individual
ground observation stations.

The system of tracking stations exlsting in the eastern test area permit
launches with an azimuth from 44 to 110° and insertion of the artificial
earth satellites in orbits with an inclination to the plane of the equator
from 28°30" to 52°24' with easterly direction of the launch. Launches of
artificial earth satellites both into equatorial and polar orbits are
possible from the test area, but insertion into polar orbits is connected
with the performance of the heading maneuver in the active section of the
booster rocket flight. Much greater expenditures-of the energy reserves
of the space rocket system are required to achieve polar orbits than
equatorial orbits.

The test area is located in a highly swampy, flat area with rock occurring

at a depth of about 50 meters; the air temperature fluctuates from 0 to +50°C
during the year; powerful hurricanes and typhoons are possible with

a wind speed of up to 55 m/sec.

This test area has all forms of communications (air, sea, railroad, motor
vehicle). The booster rockets are transported predominantly by air and
water; the light class booster rockets and their elements are transported
on aircraft, and the heavy class booster rocket stages are transported on
barges and ships.

Along the coast line of Cape Canaveral amdthe southern part of Merrit

Island there are 20 launch complexes, of which 12 belong to the Eastern

Test Area and 8 belong to the Kennedy Space Center. The launch complexes

of the Eastern Test Area are designed for launching various space vehicles
using the "Atlas," "Titan" and other booster rockets and the Kennedy Space
Center, using the "Atlas-Agena," "Saturn-IB," and "Saturn-V" booster rockets.
In addition to forming space research, the Eastern. Test Area is used widely
to test American combat missiles: more than 200 flight tests and several
thousand bench tests are run on the rockets yearly at the test area. The
service personnel, including the tracking stations, number more than 20,000.

The Kennedy Space Center (Fig 1.17) is the main NASA test area and is
designed for launching space vehicles and testing booster rockets in
accordance with the American National Space Research Program.

The mission of the center includes the following:

Planning launches of NASA space vehicles;

Assembly, testing, check out and launching of space vehicles;

Coordination of operations performed by the joint programs with the Eastern

Test Area;
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Performance of scientific research and experimental design work in the
field of developing methods of launching space vehicles, the design of
new launching complexes and also modification of the existing launching
equipment;

The study of the possibility of launching rockets from orbit and servicing
them in orbit;

The planning and design of storage and operational equipment for new fuel
components;

The training of scientific and technical personzel, and so on.

The ballistic characteristics of the center (the directions of the booster
rocket flight paths, the range of launch azimuths; the inclination of the
orbits) are analogous to the -characteristics of the Eastern Test Area,
and the rocket flights are observed by common monitoring and measuring
complexes.

For communications with the plants of the space rocket industry, the same
means are used as at the Eastern Test Area. The staff of the center
numbers about 2800 people.

Although the Eastern Test Area and the Kennedy Space Center are territorially
joined and interact with respect to certain problems, they are two
administratively independent organizations which have different equipment

and solve independent problems in the interests of the U.S. Air Force and
NASA, respectively.

The Western Test Area (until 1965, the Pacific Ocean Missile Range) is
located on the Pacific. :oast of the United States, north of Los Angeles
(Fig 1.18), and it includes the Vandenberg Air Force Base, the Point Mugu
Marine Test Area, the Point Arguelo Test Area and an inland test area,

of which only the Vandenberg Air Force Base and the Point Arguelo Test
Area are used to launch space rocket systems. The Vandenberg Base (the
missile testing range) works om the development and testing of ground
equipment for the air force missiles, training of launch crews to service
the booster rockets, the creation and testing of antimissiles and launch-
ing of military satellites into polar orbits ("Discoverer," 'Midas,"
"Samos" and so on). The Vandenberg Base has three launch complexes for
the "Atlas" rockets, two for "Titan" rockets, one for "Scout" rockets and
14 pads for launching "Minuteman" missiles. The Point Arguelo Test Area
is used for launching artificial earth satellites into polar orbits.
About 140 launches are made annually from the Western Test Area.

The track of the test area which is more than 16000 km runs over the

- Pacific Ocean and is divided into three test areas: the Hawaiian Islands,
Kwagelein Atoll and Eniwetok Atoll. The monitoring and measuring means
are located in these areas, including 10 measuring stations equipped
with optical, telemetric and radar equipment. Ships and aircraft are also
used for rocket flight tracking. ' :
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The admissible launch sector is bounded by azimuths of 301° (the upper
bound) and 170° (lower bound). The central track runs along the 261°
azimuth. The orbits of the launched satellites have inclinations from
34°2' to 90° (when moving west) and from 81°48' to 90° (when moving east).

The test area occupies a territory of about 400 km2 (the continental
section). It is located near large enterprises which build rockets and is
connected with industrial areas by waterways, railroads and air service.
The total number of personnel working at the test area exceeds 17,000.

The Western Test Area has a number of advantages over the Eastern Test Area.
For example, artificial satellites passing over the poles of the earth can
be launched from it, which makes it possible to study almost the complete
surface of the earth, including the northern regions. The trajectories of
the booster rockets, the active section, run over the ocean; no pieces of
dry land are encountered until Antarctica itself., This makes it possible
to insert artificial earth satellites into polar orbit without risk that
the spent stages or failing rocket will fall on populated areas and also

to use coastal waters for separation of the launch boosters.

The test area on Wallops Island (United States) which is part of the Wallops
Test Station is one of the principal NASA bases for launching research
rockets and artificial earth satellites (Fig 1.19. The test area was built
in 1945 by the Langly Scientific Research Center (the National Consultation
Committee on Aviation -- the predecessor of NASA) to test unmanned vehicles
and study the aerodynamic problems of flight., With the formation of NASA
the test area was reorganized into an independent center.

The Wallops Test Station is located on the eastern coast of the United
States 260 km southeast of Washington and is made up of three zones: the
basic zone which was the former air force base, the zones on Wallops
Island (8 km long and 0.8 km wide) and the continental zone which is
located 3.2 km west of Wallops Island.

In the basic zone are the administrative and functional branches, the
experimental design office, laboratories, the launch control center, the
communications center and telemetric data reception center, one of the
stations for transmitting commands and receiving data from the "Tiros"
meteorological satellites and airports. The zone on Wallops Island includes
six launch complexes equipped with equipment for assembly, preparation

and launching of the rockets and also for observation of the flight. The
tracking stations, the radar complex and the experimental flight base of

the Lincoln Laboratory are located in the continental zone.

The vehicles can be inserted into orbits with inclination from 37° to 54°
basically by the "Scout" booster rocket.

The track of the test area runs over the Bermuda Islands where tracking
stations are located which are equipped with measurement means and receiving
radio telemetric stations. The launch sector is bounded by the azimuths

of 67° (upper bound) and 143° (lower bound).
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Figure 1.18. Western Test Area of the United States (location

of the launch complexes at Vandenberg Base):
1 -- flight control center for the "Atlas" rocket; 2 -- installa-
tions for launching the "Atlas" rocket; 3 -- flight control center
for the "Thor" rocket; .4 —- devices for launching the "Thor"
rocket; 5 -- devices for launching the "Titan" rocket; 6 --
telemetric station; 7 -- tracking station; 8 -- control center;
9 -- station for sending signals regarding emergency elimination
of rocket; 10 -- liquid oxygen plant which produces 50 toms a day;
11 -- liquid oxygen plant which produces 25 tons a day; 12 -~ test
area for teaching the techniques for recovering the nose cones.

The test area on Wallops Island is used for flight testing of individual’
structural. elements and equipment of the vehicles developed by NASA and

also for launching research rockets and launching certain artificial
- satellites, including those built by other countries.
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There are more than 400 launches a year at this test area. During its
‘existence it has launched more than 6000 research and experimental
rockets of various classes. Its service personnel number 500-600.

The Kuru Test Area (Fig 1.20) which is under the joint control of France
and the European Rocket Development Organization(ELDO) is located on the
Atlantic coast in French Guiana 32 km from Cayenne (almost on the equator
-- 5° north latitude). The test area has three launch complexes: for
high altitude rockets, the French "Diamant-B" booster rocket, and for the
"Europa-II" booster rocket (the ELDO organization).

The launching complex for the "Europa-II" booster rocket is oriented along
the "north-south” line, but launches are possible to orbits with a declina-
tion from 0 to 100°. The "Europa-II" booster rocket was built on the basis
of the "Europa-I" rocket launched from the English-Australian Test Area in
Woomera. The move from the Woomera test area to the Kuru Test Area was
made because with latter is located closer to the equator and is more
favorable for inserting a payload into statfonmary orbit (the "Europa-II"
rocket is designed for launching communications satellites into stationary
orbits). :

Although the Kuru Test Area is located in a wet tropical climatic zone with
prolonged rainy periods, the rocket equipment has not been modified, for
the launches are undertaken only during the dry seasons. In addition, the
greater part of the time the stages of the rocket and the payload are in
air conditioned facilities.

The first stage of the "Europa-II" booster rocket is delivered by water to
the test area port; the upper stages and the payload are delivered by air
to the airport at Cayenne, and then by motor transportation to the test
area. The port can take ships with deep draught only during high tide
which comes at l4-day intervals, which limits the capabilities of the test
area.

The tracking units (radar, telemetric data reception stations, movie
theodolites and other equipment) are located both in the test area itself
and at other locations.

According to schedule two launches of the "Europa-II" booster rockets
must ‘take place each year.

The permanent personnel of the test area number 600 to 700.

The English-Australian rocket test area in Woomera (Fig 1.21) is located
in the vicinity of Woomera (southern Australia). The dry land part of

the test area track runs 200 km over the lightly populated parts of
Australia and can be extended 4400 km into the Indian Ocean. Experimental
launches of the English "Blue Streak" booster rockets and the "Europa"
rockets and also launches of research rockets to the upper layers of the
atmosphere take place from the test area.
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Figure 1.20. Kuru Test Area:

1 —- Iris and Diana radar; 2 -- launching complex for the "Europa-II"
rocket booster; 3 ~- launching pad; 4 -- storage for toxic fuel
components; 5 -- buildings for repairing stages; 6 -- launching
complex for the "Diamant-B" booster rocket; 7 -- powdered charge
storage; 8 -- launching complex for high-altitude rockets;
9 -- engineering facility; 10 -- electric power plant; 11 -- plant
for making liquid oxygen; 12 -- radio repeater station; 13 --
aqueduct (water supply system); 14 -- "Bretan' radar; 15 —-
movie theodolite; 16 -~ telemetry reception station.

Key:

Kuru

Port Kuru

Kuru River

. to the city of Cayenne

EdNUCIN C
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Figure 1.21. Woomera Test Area (plan of the launching pad
area)
Key:
1. direction of launch

The main part of the work at the test area is testing combat missiles.
The test area is used by the United States and certain other NATO countries.

The test area is equipped with six launching pads. Along the flight path
are more than 200 measuring and monitoring stations and two telemetric
systems.

The dry climate and the presence of a large number of cloudless days
during the year are characteristic of the test area, which facilitates

the launching of the booster rockets.

The Woomera Test Area has 6000 personnel. The administrative agency of the

test area -- the Scientific Research Center for Armament Development -~
is located in Salisbury. ‘
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CHAPTER 2. ENGINEERING COMPLEX
2.1. Purpose, Structure and Composition

The engineering complex is one of the most important elements of the
_ cosmodrome. It is an engineering section with buildings and structures
containing general engineering and special technological equipment
designed for acceptance, storage, assembly and testing of the booster
rockets and space vehicles and also for making adjustments on them
(Fig 2.1).

The final assembly of the booster rockets and space vehicles, autonomous
and complex testing, the servicing of the space vehicles and booster

stages of the rocket with high-boiling fuel components and compressed gases,
coupling of them into a united space rocket system and preparation of the
system for transportation to the launching site all take place in the
engineering complex. The engineering complex is an intermediate link
between the manufacturing plant and the launching site in the united cycle
of preparing the space rocket system for launch.

The cosmodrome can have one or several engineering complexes. Usually the
engineering complex is built beginning with the conditions of preparing
space rocket systems of a defined class and purpose considering the modifi-
cations of them, variation in composition and expansion of the mission,

but they also provide for working with different space rocket systems.

Some cosmodromes have individual engineering complexes for booster rockets
] and space vehicles, each of which includes the installation and testing
- capacity, the required buildings and structures. These engineering com-
plexes can be removed significant distances from each other (up to several
- kilometers).

On installing the engineering complex, we begin with the necessity for
removal of it to a safe distance from the launch complex:s of the cosmo-
drome, but the possibility of decreasing the length of the special path
from the engineering complex to the launching site for the transport and
erecting unit is taken into account in order to reduce the cost of con-
struction of the unit, to reduce the time required to transport the space-
rocket system and exclude the application of thermostating during the trans-
port time.
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Figure 2.1. Engineering complex: .
1 — booster rocket storage; 2 -- building for preparing the
solid-propellant booster; 3 -- railroad for transporting the
space rocket system to the launching site; 4 -— storage of
the liquid fuel components; 5 -- building for coupling the
solid-fuel booster; 6 -- installation and testing facility;
7 —- pad for the launching platform; 8 -- hard topped road.

For the performance of all of the operations of preparation, assembly and
testing of booster rockets and space vehicles the engineering complex has
the following buildings and structures:

The installation and testing facility for the booster rocket (the vertical
assembly building); :

The installation and testing facility for the space vehicle;

The service station for the space vehicle;

The compressor station with reéeiver;

The storage battery charging station;

The booster rocket storage;

The ground equipment storage, and so on.

For rockets with solid propellant boosters and powder charge engines, the
engineering complex also includes powder charge storage (facility for

pyrotechnical devices) and a building for coupling the solid-propellant
boosters. Sometimes these structures are isolated in a separate zome,
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the so-called "pyrotechnical facility." The engineering complex also

L includes the electric power or transformer substation, boiler room, cooling
tower, water tower, air conditioning and installation facilities, administra-
tive and service buildings, communications junctions, security structures,
and so on.

All of the buildings and structures of the engineering complex are connected
by railways or hard topped roads; some of the engineering complexes have
waterways or valves for delivering the booster rockets and their stages

and also docks and mooring walls for unloading. The railroads are equipped
with ramps and the necessary loading and unloading means.

The élass of space rocket system, the method of assembling it and prepara-
tion for launch have a significant effect on the composition and structure
of the engineering complex.

The engineering complexes for the light and medium class rockets occupy
relatively small areas; their structures are small in size and universal
with respect to purpose (for example, it is possible to combine the installa-
tion and testing facility for the boosters and the space vehicles, the
installation and testing facility for the boosters and the rocket storage,
and so on). The engineering complexes for heavy and superheavy class

rockets occupy areas of several square kilometers, and the installation

and testing facilities measure in the hundreds of thousands of square meters.

The method of assembling the space rocket system and the flow chart for
preparing it for launch have the greatest influence on the structure of the
engineering complex. If the space rocket system is assembled at the launch-
ing site, then only the buildings for repairing the stages and space
vehicle are built in the engineering complex, and in this case its role is
minimal; when assembling the space rocket system in the engineering complex,
the composition of the buildings and structures and equipment are signifi-

- cantly complicated, and its role becomes appreciably more important.

Let us consider in more detail the purposes and the composition of the basic
buildings and structures of the engineering complex.

The installation and testing facility (MIK) for the booster rocket is the
main structure of the engineering complex equipped with equipment that
provides for acceptance of the stages, modules and individual assemblies
of the booster rockets from the manufacturing plants, unloading them,
unpacking them, storage, horizontal or vertical assembly, autonomous and
complex testing, checking for seal, coupling the space vehicles (nose
cones) and transfer to the transport and erection unit (Fig 2.2).

The installation and test facility can be made up of either one hall or

several halls (spans). The so-called unpacking facility designed for

receiving individual compartments, modules and assemblies of large booster

rockets, removing the packing from them and preliminary assembly and also

storage of the rockets is adjacent to the basic building at some of the
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MIK facilities. Depending on the size and class of the booster rocket, the
installation and testing facility can assemble and test one or several
rockets, for which there are work areas set up with the necessary equipment.

Figure 2.2. Installation and testing facility for booster
rockets (Baykonur cosmodrome)

The MIK hall or spans are equipped with bridge cranes, the number and
capacity of which depend on the adopted process.

In order to assemble and move the modules and stages of the booster rockets
from one span to another inside the installation and test facility there

- are railroad tracks, and to move the assembled space rocket system to the
launching site there is a special channel or railroad track, the dimensions
and structural design of which are determined by the structural design of
the transport and direction unit.

The installation and test facility is equipped with electric power, lighting,
heating and ventilation equipment, fire extinguishing, water supply,
industrial waste systems, communication means and other general engineer-
ing equipment.

The electric power equipment is designed for supplying the ground equipment,
the measuring system and the systems for remote and automatfc control of
the industrial current.

For maintenance of the defined air temperature inside the MIK there is a
central heating system, an air conditioning system, an exhaust ventilation
system for the entire enclosure and local intake ventilation for cooling

the operating equipment. For cooling the vacuum pumps, the ground electri-
cal equipment, the fire extinguilshing system and other technical and
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domestic needs the installation and testing facility has water supply
system, and to get rid of used water and other fluids, an industrial waste
system. The MIK facility is equipped with telephone, headphone and loud-
speaker communications.

The special technological equipment of the MIK facility includes the
Pneumatic vacuum and the monitoring and testing equipment, the ground
electric supply system for providing specialized currents, the tranmsport,
lifting and transfer, installation and coupling equipment, service means,
and so on.

For pneumatic testing of the stages of the booster rockets, charging the
on-board tanks and checking the seals of the signs and compartments the MIK
has pneumatic vacuum equipment, pneumatic panels, pneumatic shields and
columns through which the compressed gases are fed to the work areas through
hoses and lines. The compressed gases come to the MIK facility from the
compressor station in the engineering complex or from the common gas supply
system of the cosmodrome.

In the installation and test facility the booster rocket is subjected to
autonomous and complex testing., The autonomous testing is checking the
individual systems, assemblies and units in order to determine the correct-
ness of their functioning; the complex testing is a single operation per-
formed to check the proper operation of all systems of the booster rocket.

All the tests are performed using the monitoring and testing equipment,
which includes the control system panels, guidance, telemetry, temperature
and pressure monitoring, and so on.

The monitoring and testing equipment is located in separate facilities
(the so-called panel facilities) coupled to the MIK facility by cable
channels.

The measurement and control systems are provided with direct current and
nonstandard alternating current by the special current ground electrical
supply system (SNEST), which includes converters, current distributors,
remote control panels, a cable network, and so on.

The test for equipment includes means of hauling the stages, modules,
compartments of the booster rockets, the nose cone and elements of them
within the boundaries of the engineering complex (the cosmodrome), and it
includes dollies, specially equipped railroad cars, platforms and carriers.
Various loading means are used for the 1lifting and transforming operations
in the MIK facility.

All of the assembly operations in the installation and testing facility
are performed using installation and coupling equipment (MSO).

The installation and testing facility has service means which provide the
operators and assemblymen with access to the hatches and joining locations
of the booster rocket during assembly and test.
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The vertical assembly building (Fig 2.3) is a version of the testing and
assembly building and is used for the "mobile method of preparation" of

the space rocket system for launch. The space rocket system is assembled

in the vertical position on the launching platform (the upper part of the
launching system) from which it will subsequently be launched; the launching

platform with the assembled space rocket system is delivered to the launch-
ing site by the carrier.

'
rrr T LA,
-

Figure 2.3. Vertical assembly building (Kennedy Space Center):
1 —- high part (long span); 2 -- low part (small span); 3 —-
command post building; 4 —-- space rocket system; 5 —- service
cable tower; 6 —- caterpillar carrier; 7 -- upper stages of the
rocket (one is in the checkout process and the other is being
moved by crane); 8 -- instrument compartment; 9 -- nose cone.

The vertical assembly building has high and low parts. The high part is
designed for the acceptance of the first stage of the booster rocket,
testing it, assembling the space rocket system and preparing to ship it

to the launch site. The low part is used for the acceptance, assembly and
testing of the upper stages of the booster rocket and the nose cone.and

has several compartments. The upper stages are installed in the work
areas, they are completely assembled and tested, and then they are delivered
to the high part and coupled to the first stage.

The installation and testing facility for space vehicles (MIK KO) is used
to accept the space vehicles from the manufacturing plants, unload them,
store them, assemble them, check for seal, subject to electrical testing
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and also for the assembly and testing of the nose cones (see Fig 2.4).

The installation and test facility for the space vehicles is a building
which usually is smaller in size than the booster rocket installation and
test faciliity and is made up of one or several halls (spans). The height
of the MIK KO depends on the dimensions of the space vehicles and the

nose cones and the method of assembling them. The MIK KO facility has
railroads for delivering the objects, lifting cranes for moving them inside

the facility and for performing installation-assembly and loading and un-
loading operationms.

Figure 2.4. 1Installation and test facility for space vehicles
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The monitoring and testing equipment and the current sources usually are
placed in special facilities or rooms (panel rooms), the number of which
depends on the composition of the space vehicle systems and the dimensions
of the test equipment.

The work areas of the MIK KO are equipped with the required pneumovacuum,
lifting and transfer and installation and coupling equipment, the monitoring
and testing equipment, service means, electric power supply and sources of
special currents, telephone, headphone and loudspeaker communications.

For removal of heat released when testing the on-board equipment, liquid
(ZhSOTR) and air (VSOTR) systems for maintaining the thermal conditions

have been designed.

The MIK KO can have several work areas equipped both for like and different
space vehicles with respect to structural design and purpose.

For testing the space vehicles and their compartments for seal, the set of
pneumovacuun equipment includes barochambers installed either in the MIK KO
facility itself or in a separate building. The barochambers or pressure
chambers, depending on the placement of the objects in them, can be
horizontal or vertical.

The installation and testing facility for space vehicles must satisfy higher
requirements with respect to cleanness, which arises not only from the
production culture, but also the functional peculiarities of the operation
of space vehicles. Dust and dirt or foreign objects getting into the space
vehicle can cause serious interference with the operation of the equipment
and life support of the crew members in space under weightlessness condi-
tions. Therefore the entrance doors to the MIK KO are made sealed or with
air locks, and the ventilation systems are equipped with filters. Sometimes
the MIK KO facility is a conditioning system which, in addition to main-
taining a defined temperature and humidity, also provides for cleanness of
the air. In some cases, the access of the service personnel to the space
vehicle is through a so-called "clean chamber" having two compartments:

the first, in which the operator leaves his work clothes, and the second,
where he dons specialized clothing. Before entering the spacecraft the
operator's clothing is cleaned with a vacuum cleamer. A small excess air
pressure is constantly maintained in the "clean chamber" which prevents
dust from getting in it from the outside (from the MIK KO enclosure).

The service station is designed to service the space vehicles and the last
(booster) stages of the booster rockets with high-boiling fuel components
and compressed gases. The station has facilities for filling the sustainer,
braking, and correcting engines, the orientation engines and the propulsion
engines and also the tanks of the last (booster) stages of the booster
rockets with fuel, oxidant and gases (nitrogen, helium, and so on).

The service station is usually a separate building which is built at a
great distance (up to several kilometers) from the other buildings and
structures of the engineering complex for safety reasoms.

56
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040010-4



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040010-4

FOR OFFICIAL USE ONLY

The service station is made up of the service hall (boxes), the storage
facility for the components and the compressed gases, a pumping station,
a batcher, a refrigeration center, panels, and so on.

The station can have one or several servicing halls (boxes). In the first
case the rocket systems are filled with all the fuel components and
compressed gases in a common hall; in the latter case, a separate box is
provided for each component; for safety reasons the boxes are separated
by sealed doors.

A railroad track is laid through the entire station on which the space
vehicle or nose cone is delivered in a car or on a carrier. If the station
has one hall, then comnecting lines are joined to the space vehicle (nose
cone), through which the fuel components and compressed gases are fed
simultaneously or in succession. At a service station which has several
halls (boxes), the serviced vehicle (mose cone) is moved on a railroad car
or carrier from one box to another. Here, in the first box the rockets
are filled with fuel, in the second box, with compressed gas and in the

- third, oxidizing agent.

The service areas, the filling heads and connecting lines are serviced from
platforms and structures which are part of the service stations; sometimes
the railroad car or carrier service means are used for these purposes.

The control of all of the service operations is from the panel rooms where
there are panels for the remote and automatic control systems, the monitoring
and signalling equipment; the servicing operations are recorded on a display
and by the instruments of the corresponding monitoring systems.

The service station is equipped with powerful intake-exhaust ventilation,
an industrial waste system, fire-fighting systems which are made in fire
and explosion safe execution from materials resistant to aggressive
components and their vapors. Especially strict safety measures are taken
at the service station.

The storage facility for the fuel components is usually arranged in separate
structures joined to the service station by a trestle (or channel) through
which the feed lines are laid.

The compressor station is a structure in which the set of equipment, control
means and monitoring and measurement means provide for compressed air,
nitrogen or helium. The air compression units include one or several
compressors and devices for cooling, drying and cleaning the air.

The compressor station has a receiver -- a series of tank batteries for
accumulation and storage of the compressed gases -~ with pressure regulating
equipment.

The gases are fed through pipeline systems to the buildings and structures
of the engineering complex and at some cosmodromes having a single compressor
station, also to the structures at the launching site.
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The storage battery charging station is used to prepare and charge storage
batteries used as on-board sources of electric power for the space vehicles
and booster rockets.

The storage battery charging station is placed, as a rule, in a separate
building and is set up with equipment which provides for preparation and
transfer of electrolite, charging and discharging of the batteries, moni-
toring of them before installation on the space vehicle and also special
coolers (in order to decrease the spontaneous discharge of the batteries).

So-called conditioning of the batteries takes place at the station, con-
sisting in performing several "charge-discharge" cycles, which promotes
the acceptance of high electric power reserve.

The powdered charge storage (the facility for pyrotechrical devices) is
provided for only at the space centers where rockets and space vehicles
including solid-propulsion boosters, powdered charge engines, emergency
rescue engines and other pyrotechnical devices are tested. The storage
facility is usually a separate building removed for safety reasons from
the other buildings and structures of the engineering complex.

The pyrotechnical devices are placed in storage on dollies or mounts; for
loading and unloading operations cranes or manual hoists are provided.

In order to maintain a defined air temperature in the facility and exclude
sharp temperature gradients (to avoid the formation of cracks in the
charges) the storages are built buried in the ground or with embankments;
the large storage facilities are equipped with air conditioning systems.

All the storage equipment is made in the explosion-proof execution, and
it is carefully grounded to avoid the accumulation of static electricity;
a lightning arrester system is provided for protection from atmospheric
electricity.

The building for coupling the solid fuel boosters is a simplified vertical
assembly building and has large and small spans equipped with bridge cranes.
The rocket is moved to the large span on a carrier in the vertical position
on the launch platform, and sections of the solid-propellant boosters are
brought to the small spans. After assembly of the booster sections they
are coupled to the rocket by using the crane in the large span. The same
safety requirements are imposed on the building for coupling the solid-
propellant boosters as the powdered charge storage facility.

Inasmuch as the coupling building is an expensive structure, sometimes
the solid-propellant boosters are coupled in the installation and test
facility for the booster rockets with observation of the necessary safety
measures.

The booster récket storage is a building equipped with bridge cranes and
railroad tracks for delivering the assembled booster rockets.
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Usually the rockets are stored on hangar warehousing dollies or on carriers
and railroad units on which they are delivered to storage; in this case
there is no necessity for cranes which significantly simplifies the
construction of the storage.

The storage facility for the ground equipment units can consist of several
buildings and sheds for storing mobile service units, installation and
coupling, lifting and transfer equipment and transport means. The large
units (the service cable towers, caterpillar carriers, and so on) are
stored, as a rule, in specially equipped open areas.

2.2. Testing Booster Rockets and Space Vehicles

The volume and sequence of testing the space rocket systems at the engineer-~
ing complex are determined by the class of the booster rocket, its struc-
tural peculiarities, the method of preparing the space rocket system for
launch, the flight program and other factors. However, independently of
this there is a defined procedure for performing such tests.

Testing Booster Rockets

Usually the booster rocket comes to the installation and test facility in
the form of individual stages, compartments, and modules, and only the
super-light and light classes of rockets come fully assembled. Before
testing the rocket or individual stage, an external inspection is performed
to see that there is no damage to the structural elements of the rocket,
lines, cable network and instruments installed on the rocket.

After the external inspection, pneumatic tests are made (Fig 2.5), in
which the following are checked:

The seal of the pipeline and fitting connections;
- The seal of closure of the filling, drainage and discharge files;
Adjustment of the reducers, and so on.

During pneumatic tests, compressed air with a dewpoint of no more than
-55°C at atmospheric pressure is used which does not have mechanical
impurities or vapor of any substances. The presence of mechanical impuri-
ties can lead to foreign particles on bhe sealing surface of a valve or
reducer and to loss of their seal; the presence of foreign particles in
the tank with hydrogen peroxide can cause decomposition of the peroxide.
In order to remove impurities and oil from the air, it is passed through
filters and moisture and oil separators.

The use of air with an increased moisture content is inadmissible, for

as a result of lowering of the temperature during reduction, ice crystals
and frost precipitate out of the air, which can cause plugging of the

gas feed system and loss of sealin the pneumatic equipment.
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The electrical testing of the‘booster rocket is usually carried out in
several steps.

Figure 2.5. Booster rocket at the MIK [installation and
test facility]

Autonomous tests are being run on the on-board instrument by using special
panels either on the rocket or after removal of the instruments from the
rocket; the instruments are adjusted and checked out under flight conditions
(by sending programmed instructions), and their operating characteristics
are also recorded. After autonmomous testing the instruments are installed
on the rocket or a stage of it and are connected to the on-board cable
network. If during testing it becomes necessary to change the orientation
of some of the instruments (the hydraulic instruments, the sensitive
elements of the range automation, and so on), they are installed on special
supports or benches beside the rocket and are connected to the on-board
cable network by jumper cables.

Autonomous testing in the complex rocket system is carried out using panels
which enter into the set of equipment for complex checking and launching

of the rocket, for autonomous checking of the operation of the instruments
of the control system and the auxiliary systems connected to the on-board
cable network. If the autonomous tests have demonstrated that all of the
rocket systems operate normally, we resort to complex testing with simu-
lation of the regular and emergency operating conditions.
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In the case of complex testing, instead of ‘the engine automation, a
simulator is comnected which is structurally part of the control panel.
This is explained by the presence in the engine of assemblies for one-time
use (diaphragms, pyrocartridges) and other elements and also a simulator
of the on-board batteries is connected to supply the on-board networks
from ground power supplies.

On completion of the complex testing, all the instruments are initialized.

At the present time broad use is being made of test automation both during
autonomous testing of the insttuments of the control system and the
auxiliary systems combined with the complex booster rocket system and
during complex testing. Here the instructionsto change operations are
issued by the programming mechanism, and a test is run by the "yes-no"
system: if the parameter is in the normal range, an instruction is sent
out for further performance of the operation; when the parameter goes
beyond the limits of the norm, the tests are automatically halted with
indication of the failed system element on a special display.

Figure 2.6. Spacecraft in the MIK KO [installation and test
facility for space vehicles]

7/
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Testing Space Vehicles

The following operations are performed with the space vehicles in the
engineering complex: assembly, pneumovacuum testing, electrical testing,
servicing and finalizing operations (Fig 2.6).

The volume of installation and assembly operations depends on in what form
the space vehicle arrives at the engineering complex at the MIK KO

{installation and test facility for space vehicles]: completely assembled
or in compartments. In the first case the space vehicle is completed (some
of the precision instruments, the power supplies, antennas, solar cells and

other external elements extending beyond the transport dimensions are

installed), and the technological attachments and fittings are removed (the
transport bands, protective covers, fastemers, and so on); in the latter
case the space vehicle is assembled from the individual compartments.

One of the most responsible operations is the pneumovacuum testing. Inas-
much as a space vehicle can be in orbit for a prolonged period of time in
a deep vacuum and any disturbance of its seal can lead to failure of the
equipment, a change in operating conditions of the on-board systems and,

in the final analysis, to failure to‘fulfill the mission stated for the
space rocket system, the seal of the space vehicles is checked with special
care.

The pneumovacuum tests (up to 50% of the time is spent on them) are per-
formed twice: after delivery of the space vehicle to the engineering
complex and before servicing it (in the former case the seal can be broken
during transportation and loading and unloading operations; in the latter
case, during the installation-assembly operatioms and electrical testing).

The test process is set up in such a way that it is possible to detect a
possible loss of seal in the earliest stazge of preparation of the space
vehicle. At the present time the following methods of testing space vehicles
for seal are used:

In a pressure chamber;

By the pressure drop;

By evacuation with respect to the rise in pressure;

By the method of accumulation at atmospheric pressure;

Using a helium leak detector. i

In the first procedure the space vehicle or element of it is placed in a
pressure chamber (Fig 2.7) in which rarefaction 1s created. The tested
vehicle is filled with helium, and by the increased helium content in the
pressure chamber during a defined time (the magnitude of the leak) the

failure of the seal is determined by a helium leak detector comnected to
the pressure chamber.
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If it is impossible to place the vehicle .in the pressure chamber because

of its large size or the tested element is inside the vehicle, the sizes

of the admissible leaks are quite large and the test pressure exceeds

atmospheric, then the seal is checked by the pressure drop (Fig 2.8).

In this case the tested element is filled with compressed air and the

amount of the pressure drop is recorded over a defined time interval by a -
manometer [pressure gauge].

Evacuation by the rise in pressure is used for systems operating with
external excess pressure; the failure of the seal is determined by the rise
in pressure in the evacuated system in a defined time interval.

The accumulation method is used to test systems inside the compartments
not subject to evacuation and having small magnitudes of admissible leaks.
With this method, helium is fed to the system, which will penetrate into
the sealed volume of the compartment through microleaks; the helium con-
centration in the compartment is measured using a helium leak detector and,
by comparing it with the standard helium-air mixture, the seal of the
system is determined.
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Figure 2.7. System for checking a vehicle for seal in a
pressure chamber: ’

1 -- vacuum pump; 2 -- gate valve; 3 -- thermocouple manometric
sensor; 4 -- vacuum meter; 5 -~ pressure chamber; 6 —- valve;
7 == hood of the pressure chamber; 8 -- tested vehicle;

- 9 -~ pressure gauge; 10 -- valve; 11 —- reducer; 12 —- helium

tank; 13 -- mount; 14 -- helium leak detector.
- Key:
1. Compressed air from the network through the panel
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The helium leak detector procedure (sometimes called the "probe' procedure)
is usually used in cases where it is necessary to determine the location of
the leak. For this purpose the tested vehicle is filled with a mixture of
helium and air or nitrogen under excess pressure, and its outside surface
is "probed" by the helium leak.detector. On appearance of helium on the
surface of the tested vehicle (which indicates the presence of a leak at
this location), the indicator of the leak detector (the indicating instru-
ment) is deflected, and the tone of the sound signal changes.
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Figure 2.8. System for checking the seal of a vehicle by the
pressure drop:

1, 6 -~ adapter; 2 -- distribution board; 3 -- connection;

4 —- pneumatic panel; 5,14 -- hoses; 7 -- thermometer;

8 —— pressure gauge; 9 -- pipeline; 10 -- valve; 11 -- tested
vehicle; 12 —- container of the vehicle; 13 -- mount

Key:
1. Air from the gas supply network

The volume and sequence of the electrical testing of the space vehicles
depend to a high degree on their purpose, structural design and flight
program. Usually these tests include several steps:
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Checking the initial condition of the on-board systems;

Complex testing of the systems with simulation of the regular and proposed
(unauthorized) operating conditions in the automated mode;

Complex testing with simulation of the possible manual control conditions
of the on-board system;

Testing in a specially equipped "echo-free" chamber (a facility that does
not reflect radio waves), which excludes the appearance of distorted radio

N signals; these tests are used on space vehicles the flight program of which
provides for docking with other vehicies;

Complex testing jointly with the booster rocket with simulation of the
regular and emergency situations on insertion of the vehicle into orbit.

- On completion of the electrical tests, the test landing of the cosmonaut
is made (for manned spacecraft) in which the fuuctioning of the systems

connected directly with the life support of the crew and convenience of

execution of the operations in the cabin are checked.

ks

At the service station the vehicle is filled with fuel cdmponents and
compressed gases, and before that the thermal regulation systems are filled
in the installation and test facility for the space vehicles.

- The finalizing operations include assembly of the top module, coupling it
to the booster rocket, checking out the circuits of the pyrocartridges for
separation and ejection of the nose cone and the communications circuits
of the on-board cable network of the space vehicle with the last stage of
the booster rocket and also the circuits for communication of the on-board
cable network with the first stage of the booster rocket.

The coupling of the top module to the booster rocket and all subsequent
operations are performad usually in the installation and test facility
for the booster rockets.

2.3. Means of Assembling Space Rocket Systems

» Independently of the method of assembling the space rocket system -~ hori-
zontal or vertical -- all of the installation and assembly operations are
performed by cranes. In the vertical method of assembly, one crane is
used, and for horizontal no less than two (vhen working with two cranes
exact determination of the center of gravity of the lifted load is not
required, it is always between the suspension point).

The installation and test facilities of the modern space centers are
equipped with 250-300 ton bridge cranes with .the lifting height to 140 m.
In the presence of several spans in the installation and testing facility,
the service zones of the cranes in the spans overlap each other.
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Inasmuch as the space rocket systems and thelr elements belong to the
category of the specially responsible loads, and filled with fuel components
(even partially) and having the powdered charges in them, they are explosion-
hazardous, increased reliability and safety requirements are imposed on

the cranes of the MIK and MIK KO facilities:

Insurance of complete operating safety excluding the possibility of damaging
the loads or injuring service personnel;

The presence of basic and irstalling (reduced) speeds of raising and lower-
ing the hook, movement of the dolly and movement of the crane beam;

Smooth (without jerks) variation of speed;

The presence of a united control panel permitting one operator to control
the loading and unloading process and also to realize continuous observa-
tion of the load;

Lowering of the load only in the operating conditions of the motor;
free lowering in the braking mode is not permissible;

The presence of two brakes on each engine, and so on.
During installation and assembly the following are used:

Equipment for transporting the compartments and stages of the booster
rocket within the boundaries of the MIK (the hangar warehousing dollies,
the installation and coupling dollies and the transport units);

The installation and coupling equipment (the coupling unit, the assembly
stocks, the test benches, thé manipulators);

The lifting and transferring equipment (traverses, lift attachments,
rigging);

Service means (service areas and beams, ladders, mounts, and so omn).

Sometimes some of the units combine several functions, for example, it is
possible not only to transport the booster rocket compartments and stages
on the installation and coupling dollies through the installation and
testing facility, but also to assemble them; the assembly stocks can also
include service means.

The structural designs of the installation and coupling equipment for

the booster rockets are varied. The simplest are the installation and
coupling dollies, on the logements of which compartments are stacked in
the horizontal position; in order to match the ends of the compartments,
the logements can be raised, lowered, rotated around the longitudinal

axis and displaced both in the lateral direction and along the longitudinal
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axis as a result of movement of the dollies themselves along the railroad
tracks of the MIK. The drives for the logements can be hydraulic,
electrical and mechanical. The joining units and the assembly stocks are
structures with displacement mechanisms providing for all the necessary
degrees of freedom. The vertical assembly stands are large-scale structures
including the coupling mechanisms, rotating devices and service platforms.

The lifting and transfer equipment includes various attachments: from
small suspensions for lifting containers with elements of the space rocket
system to large cross beams for 1lifting compartments, stages and the com-
pletely assembled rocket. The cross beams are longitudinal (arranged
along the hull of the rocket) and transverse (arranged across the hull);
the transverse cross beams are simpler with respect to structural design.

The service means are divided into stationary and mobile. The stationary
means include various platforms on columns and walls of the installation
and test facility; the mobile means include the ladders, gangways, service
units, which when necessary can be taken up, freeing the space for other
equipment. Some of the service units are equipped with winches and other
attachments with small load capacity for supplying the instruments to the
hatches of the space rocket system.

The installation-coupling and lifting-transfer equipment for the space
vehicles depends to a great extent on their structural design and method
of assembly: horizontal, vertical or combination. With the first method
the space vehicles are assembled on a horizontal stock, coupling units,

z installation and coupling dollies when wofking with large spacecraft and
stations or if the MIK KO facility is not very high. With the second
procedure the space vehicle is installed on the installation dolly, a
mount or stand, and all of the assembly operations are performed in the
vertical position. With the combined method of assembly, part of the opera-
tions are executed in the horizontal position, and part in the vertical
position.

Special stands for assembly, testing and servicing of the space vehicles
have become very widespread (Fig 2.9). Usually this type of stand has
several levels of stationary and movable service platforms for the tested
equipment and access to the various zones of the vehicle. Sometimes the
stand has more complex structure with a rotating device and inclinding
supporting frame equipped with electric or hydraulic drive, which permits
rotation of the object around the vertical axis, inclination of it at the
required angles and movement to the horizontal position with insurance

of subsequent joining of the nose come (it is hauled to the bench on the
installation and coupling dollies). This type of stand is called °
universal and can replace an entire series of units and attachments:
manipulator, service unit, stock for assembly of the top module and so on.
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The set of installation and coupling equipment also includes the installa-
tion attachments, the manipulators and various tilting devices. The
tilting, that is, the movement of the vehicle (or a compartment of it)
from the horizontal to the vertical position and back is an especially
responsible operation. This operation is .performed by using a tilting
manipulator or tilting unit and crane or by two crames. In the first case
the vehicle (compartment) is suspended on the cross beam with respect to
the center of gravity, which permits it to be brought from one position

to the other; in the second, the vehicle is placed with the lower section
in the manipulator, and the upper (by means of the cross beam) is suspended
on the crane and by alternate 1ifting and displacement of the crane hook,
it is brought from the horizontal position to the vertical position; in
the third case, after suspending the vehicle by the cross beam on two
cranes and raising the hook of ome of them before complete unloading of
the other, the vehicle is brought from the horizontal position to vertical.

Figure 2.9. Vertical assembly and testing bench
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The space vehicle is rarely coupled directly to the booster rocket; usually
it is first assembled into the top module, that is, it is covered with the
nose cone and it is fastened to an intermediate element (an adapter, frame,
and so on), which is a fitting of the last stage of the booster rocket,

There are several methods of assembling the top module. In one of these
methods the vehicle is fastened by an adapter on a stock or all-purpose
bench, and the nose cone is fitted on the space vehicle on the installation
and coupling dollies; after assembly the top module is disconmected from
the stock (bench), and it is moved to the side on the dollies. If the nose
cone is made up of two halves (shutters) with a longitudinal slit, it is
assembled on a horizontal assembly bench. In this case the lower half of
the nose cone is placed on the bench, and then the vehicle is placed in it,
and the vehicle is covered with the upper half of the nose cone.

During horizontal assembly, the top module is coupled to the booster rocket
using the longitudinal or transverse cross beams fastened at the correspond-
ing points of the module, and in vertical assembly, by means of the trans-
verse cross beam.

2.4. Engineering Complex for the "Saturn-V-Apollo" Space Rocket System

The engineering complex of the "Saturn-V-Apollo" space rocket system (part
of launch complex No 39 of the Kennedy Space Center) is made up of the
engineering complex itself (see Fig 2.10) and an industrial area at a
distance of 11.2 km (see Fig 2.11). The basis for its development is the
third system for preparing the space rocket systems for launch (the "mobile
_ preparation method") -- vertical assembly of the space rocket system in

the engineering complex, performance of complex testing, transporting the

space rocket system to the launch site in the vertical position and subse-

quent launching. :

The center of the engineering complex is the vertical assembly building,
around which the building with the equipment for air conditioning, water
supply, electric power, the compressor station with receiver, the electric
substation, the storage battery charging station, cooling tower, water
tower, and so on are located. The launch control center building is
adjacent to the vertical assembly building. The areas for parking the
caterpillar carriers and the launch platforms with the service cable towers
are at some distance.

The engineering complex has access routes with unloading platforms and -
ramps. For transporting the space rocket system from the vertical assembly
building to the launching site, a special reinforced concrete channel

39.5 meters wide is laid; the same chamnel is used to connect the areas

for parking the caterpillar carriers with the areas where the launching
platforms are placed. For the delivery of the booster rocket stages to the
space center there is a water canal with a receiving dock.
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Figure 2.10. Engineering complex for the "Saturn-V-Apollo'
space rocket system:
1 -~ waste water purification station;2 —- area for parking the
caterpillar carrier; 3 -~ area for placing the launch platform
No 1; 4 -- area for placing launch platform No 2; 5 -- area for
placing launch platform No 3; 6 -- area for installation of the
service cable tower on the launch platform; 7 -- storage battery
charging station; 8 -~ vertical assembly building; 9 -- cooling
tower; 10 —- electric substation; 11 —- reservoir; 12 -- water
tower; 13 —- building for storing chemicals; 14, 16 -- automobile
parking; 15 -- building with equipment for air conditioning,

water supply and electric power; 17 -- launch control center;
18 —- compressor station with receiver; 19 -- receiving dock;
20 -- water canal for delivering stages of the booster rocket;

21 -- channel for transporting the space rocket system to the
launching site.

The assembly and testing of the space vehicles are carried out in the indus-
trial area where the installation and testing facility for the space
vehicles (the buildings for assembly and checkout of the "Apollo" space-
craft), the buildings for testing the life support systems for the

"Apollo" spacecraft and the systems for supporting reentry of the space-
craft into the atmosphere, the assembly of the parachute structures of

the landing system, the preparation of the pyrotechnical devices, and so

on, and also the computer center, the dispatch panel, administrative and
service buildings are located. All of the buildings and structures have

70

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040010-4



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040010-4

FOR OFFICIAL USE ONLY

10

— 1213
1

- Figure 2.11. Industrial area (arrangement of the basic buildings
and structures):

1 —- road to the engineering complex; 2 —— assembly dispatch
station; 3 -- computer center; 4 —- building for the administrative
divisions and services of the Kennedy Space Center; 5 -- installa-
tion and testing facility for space vehicle (building for assembly
and testing the "Apollo" spacecraft); 6 -- building for assembling
the parachute structures of the landing system; 7 -- building for
testing the life support systems for the "Apollo" spacecraft;
8 -- building for testing the systems to support entry of the
"Apollo" spacecraft into the atmosphere; 9 -- building for test-
ing the auxiliary equipment systems; 10 -~ building for testing
the systems operating on spontaneously combustible fuel components;
11 -- building for testing the fuel element systems; 12 -- pyro-
technical building; 13 -~ warehouse.

access routes with areas for unloading equipment and parking motor vehicles.
A concrete paved highway connects the engineering facility and the indus-
- trial area.

The vertical assembly building permits assembly and testing of four booster
rockets with the spacecraft simultaneously (in the future, six booster
rockets).

The building is made up of two basic spans: a large (the high part) and
small span (low part). The large span 158x135 meters in size and 160 m
high has four compartments (with the possibility of building on two more
compartments) for vertical assembly of the space rocket systems. As the
basic bearing structures of the bridge and monorail cranes and also other
lifting devices providing for the transporting and erecting of the
booster rocket stages, spacecraft and other systems for installation
there are six towers in which the laboratories, the pamel rooms, the
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warehouses with equipment, and so on are located. The small span 135x84 m
in size and 64.3 meters high has eight compartments for testing and pre-
paring the upper stages of the booster rocket for assembly; there are
two-story buildings adjacent to it for testing and preparation of the
instrument compartment of the rocket for assembly.

In the vertical assembly building five bridge cranes have been installed
(two with a capacity of 250 tons, one with a capacity of 175 tons and two
of 15 tons each); eight monorail cranmes with a capacity of 5 tons each and
more than 50 other lifting and transport units, including 16 high-speed
elevators have also been installed.

The rocket stages are serviced from the work platforms advanced from the
walls of the compartments, and a large span, also from the service cable
tower which has 17 work platforms and 9 remote platforms.

The vertical assembly building is planned in accordance with the technolog-
ical flow chart for preparation of the rocket (Fig 2.12).

The first stage of the booster rocket delivered by water to the space center
is transported to the large span after it is put in the vertical position
and transferred to the caterpillar carrier. It is then installed on the
launch platform (the upper part of the launching system). The electrical,
pneumatic and hydraulic lines are conmected to the stage, and the electric
circuits, the instruments, the seal of the engine, the oxidant and fuel
lines and the lines of the pneumatic systems are checked out.

The second and third stages of the booster rocket and also the instrument
compartment are transported to the small span on the carriers. In the
small span they are installed in the horizomtal position on dollies and
checked out. On completion of checkout the stages are delivered in turn

to the large span and coupled to the first stage. The lines are connected
to them and the complex testing of the booster rocket as a whole begins.

The command module and the lunar module of the "Apollo" spacecraft under-

going testing and checkout in the MIK KO facility were first joined to an

adapter, after which they were delivered to the vertical assembly building
where they were coupled to the booster rocket (Fig 2.13).

After assembly, the space rocket system is finally checked out; then the
caterpillar carrier is run under the launch platform with the service
cable tower installed on it, and the entire system is transported to the
launch complex.
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Figure 2.12. Technological flow chart for the assembly of

‘ the "Saturn-V-Apollo" space rocket system:

a -- large span of the vertical assembly building; b -- small
span of the vertical assembly building; c -- compartment for
vertical assembly; d -- compartment for preparation and testing
of the upper stages; e ~~ barge for delivery of the first stage
of the booster rocket; f -- barge unloading zone; g ~- cater-
pillar carrier; 1 -- first stage of the booster rocket on the
barge; 2 —- erecting the first stage to the vertical position;
3 -- delivery of the first stage to the large span and
installation of it on the launch platform; 4 -- upper stage
(second and third) on the barge or carrier; 5 —- lifting of the
upper stage and installation of it in the operating compartment;
6 —— testing of the upper stage; 7 -- installation of the upper
stage on the transport dolly; 8 -- movement of the transport
dolly to the large span; 9 -- installation of the second stage
on the first (or the third on the second); 10 -- payload;
11 -~ installation of payload on the booster rocket; 12 -- test-
ing the first stage; 13 -- installation of first stage stabilizer;
14 -~ final testing of the space rocket system; 15 —- transporting

of the space rocket system on the caterpillar carrier to the
launching site.
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Figure 2.13. Assembly of the "Saturn-V-Apollo" space rocket
system in the vertical assembly building:

a -- second stage in the small span; b -~ assembled booster

rocket on the launching platform; c -~ payload
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- CHAPTER 3. LAUNCH COMPLEX
P 3.1. Purpose, Structure and Composition

The launch complex is a plot of ground which is prepared in engineering
respects with buildings and structures equipped with systems and units
designed for acceptance of the space rocket system from the engineering
complex, pre-launch preparation and launching.

At the launch complex the space rocket system is installed (and at some
launch complexes it is first assembled) on the launching system, the
pre~launch testing, filling with fuel components and compressed gases, aim-
ing and launch are carried out. The operations performed at the launch
complex are the concluding phase of preparing the space rocket system.

The launch complexes are built considering their use for rockets of a
defined class, which conditions their specific nature. The structures and
equipment of the launch complex depend on the structural design of the
space rocket system. Some launch complexes can provide for the preparation
and launching of various space rocket systems that are similar with respect
to class.

The structure and composition of the launch complex are determined by the

class of space rocket system, the flow chart of the preparation system,

the purpose of the space rocket system, the structural-compositional

layout of the booster rocket, the composition of the space vehicle systems,

the planned number of launches, the duration of the pre-launch preparations,
| and so on.

The class of space rocket system has a great deal of influence on the
structure and composition of the launch complex. With an increase in size
and mass of the rocket not only do the dimensions of the ground structures
and equipment increase, but significant qualitative changes appear.

For rockets of light and medium classes, the number of structures is minimal,
the greater part of the equipment is made movable, and only certain systems
and units are made stationary. For heavy class rockets the number of
buildings and structures increases, the spacing between them is increased,
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their dimensions and complexity of structural design increase. For pro-
tection from the excess pressure of a possible explosion and the sound
effects the structures are built with embankments or buried and semi-
buried, and the unit systems a re made basically stationary. This is
especially characteristic for rockets of the superheavy class, although
part of the units (the launch system and the service towers) can be movable.

The structure ané composition of the launch complex are determined to a
great extent by the technological flow chart used for the system of prepara-
tion of the space rocket system for launch. Certain characteristics of
launch complexes are presented in Table 3.1 for various preparation systems.

Depending on the number of launching pads, the launch complexes can be
single or paired, which is connected with the performance of a series of
launches after short time intervals and also with arguments of fitness: in
case of failure of one of the launching pads when there is a rocket
emergency, it is possible to launch from the other pad.

A single launch complex (Fig 3.1) has all of the necessary equipment for
preparation and launching the space rocket systems; the paired launching
complex (Fig 3.2) can be both entirely autonomous and have the common
technological structures and systems (launch control center, systems for
storing and servicing fuel components, gas supply station, refrigeration
center, and so on). "l paired launch complex is more economical than the
single one, for the same systems are used, but it is more vulnerable in
case of a possible rocket emergency on the launching system or in the
initial segment of the trajectory.

The distances between the launching pads and the structures located on them
are selected beginning with the conditions of safety of the ground systems
and the space rocket systems in case of an emergency and with consideration
of the sound effects. Sometimes these spacings are decreased in order to
reduce the length of the coupling lines and to decrease the cost of con-
struction, which excludes the possibility of parallel preparation of a
rocket on an adjacent pad.

Depending on the structural design of the launching structure, the launch
complexes are divided into ground, semiburied and scaffolding type. The
ground launching complexes usually used for light and medium class rockets,
all the basic equipment and, above all, the launch system with gas deflector
are located on the surface of the ground (at "zero" level); the semiburied
launch system with gas deflector is partially buried, and there are gas
removal channels for removal of the gases; at the scaffolding type launch
complexes, the launching system and also some of the equipment (service
tower, the service cable tower, the erector, and so on) are placed on a
scaffolding. The last two types of launch complexes are basically used
for heavy and medium-heavy class rockets.
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Figure 3.1. Single launch complex:

1 ~- camera; 2 -- fuel storage (liquid hydrogen); 3 -- pool
with water; 4 -~ fuel storage; 5 —- oxidizing agent storage
(liquid oxygen); 6 -- service tower; 7 -- launch area;

8 ~- launching pad; 9 -- crane for installing the stages on
the launching pad; 10 -- auxiliary equipment building;

11 -- compressor station; 12 -- launch control center.

In addition to the class of the space rocket system and method of preparing
for launch, the relief of the terrain (the presence of ravines, deep slopes
and so on) can have a significant influence on the choice of one type of
launch complex or another.

The buildings and structures of the launch complex are designed for an
excess pressure from 0.1 to 1 MPa, or more. Out of all the structures,
the command station is the best shielded (the launch control center), for
in addition to the monitoring and testing equipment and the launch and
checkout equipment there are also service personnel in this station.

The launch complex is equipped with special techmological and general
engineering equipment.

The special technological equipment is designed for pre~launch preparation
of the space rocket systems and launching of them. It includes the follow-
ing:

The transport equipment for delivering the booster rockets, their stages
and space vehicles and also transporting them within the boundaries of the
launch complex;
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Table 3.1. Some Characteristics of Launch Complexes
System of preparation Cosmodrome
cf the space rocket Booster (test
svstem for launch rocket area) Launch complex
(€)) (2) 3) (4)
First system "Vostok" Baykonur "Soyuz"
"Vostok"
Ilsoyuzll
Second system "Thor- Western Test
("matched method") Delta" Area (ZIP)
"Thorad- The same
Delta"
"Thorad- The same
4 "
Agena
"Atlas" The same
"Atlas- Kennedy Space 12, 13
Agena" Center
"Atlas- The same 36A, 36B
Centaur"
"Thor- The Same 17A, 178
Delta"
Second system "Titan-II" Eastern Test 19
("fixed method") Area (VIP)
"Titan-IIIA" The same 20

"Saturn~1" Kennedy Space 34
"Saturn-IB" Center

= "Saturn-I" The same 37
"Saturn~IB"
"Scout" Wallops Island 3
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Table 3.1 [continued]

Method of assembly and

Installation on the Service Launch Launch
launching system tower structure system
(5) (6) D) (8)

Horizontal assembly in Stationary Semiburied with With ejectable
the installation and test with eject- trough supporting
facility at the engineer- able deflector beams
ing complex, erection to service
the vertical position beams
using an erector
On the launching system by Rolling Scaffolding Rotating launching
service tower cranes type pad with trough

deflector
The same The same The same The same
The same The same The same The same
The same The same The same The same
On the launching system by Rolling on The same The same
service tower mechanism railroad track
The same The same The same The same
On the launching system Rolling The same Launching pad
by cranes
On the launching system Stationary, Scaffolding type
by rotating service beams rotating with wedge deflector
The same The same The same
On the launching system by Rolling on The same
cranes of service tower railroad track
The same The same The same
Horizontal assembly on the The same Ground launch Stationary
beam of the launching structure special beam
system, installation at '
a defined angle to the
horizontal using the beam
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Table 3.1 [Continued

System of preparation Cosmodrome
of the space rocket Booster (test
system for launch rocket area) Launch complex
- 1) (2) 3 (4)
Third system "Saturn-V"  Kennedy 39
("mobile method") Space Center
"Titan-IIIC" Eastern Test 40, 41
Area

The loading and lifting equipment for lifting and transfer operations
during transporting, assembly, transferring and servicing the space rocket
system;

The 1lifting and erecting equipment -- special units for erection or assembly
of the space rocket system at the launching system and also for removal of
the systems in case of an aborted launch;

The launch systems for acceptance of the space rocket system and maintain-
ing it in the launch position, providing for supplying electrical, fueling,
pneumatic, drainage and other lines to it and performing the pre-launch
preparation, aiming and launching;

The service means for insuring access of service personnel, supplying
instruments and attachments to the hatches of the space rocket system in
vertical position on the launching system and also to the points at which
the ground lines are coupled;

The fuel servicing equipment -- units and systems for transporting and
storing the fuel components and compressed gases, filling the space rocket
system with them and drainage of the fuel components in case of an aborted
launch;

The thermostating systems for insuring the given thermal conditions of the
space rocket system elements and maintaining the required temperature of
the fuel components;

The aiming system for controlling the verticalization of the space rocket
system and guide it along the azimuth;

The remote and automated control systems for the technological process
operations which control the launch system, the direction unit, the systems
for fueling the booster rockets and other equipment used in the pre-launch
operation of the space rocket system;
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Table 3.1 [continued]

Method uf assembly and

installation on the Service Launch Launch
launching system tower structure system
(5) (6) ) 8)

In the vertical assembly Withdrawable Scaffolding type Movable cater-

building of the engineer- omn a ground with launch bench pillar running

ing complex (caterpillar)and wedge gear
running gear deflector

The same Rolling on The same Movable on rail-
railroad road track
track

- Electric power equipment for supplying the space rocket system, the ground
equipment and the remote and automatic control systems for supplying
the ground equipment units with special current;

The monitoring and testing equipment for performing the monitoring and
checkout testing of the instruments, units and systems of the booster rocket
and also coupling the booster rocket and the space vehicle;

The checkout and launch equipment (the ground part of the launch and flight
control systems of the space rocket system) to provide for pre-launch
preparation and giving launch instructions;

The auxiliary equipment (the mobile and stationary water, gas and foam

fire extinguishing systems, the systems for neutralizing the fuel components,
and so on) for performing auxiliary operations, the necessity fo which
appears during the course of the pre-launch preparation of the space rocket
system of on occurrence of emergencies.

The general engineering equipment is designed to maintain the space rocket
system and the specialized technological process equipment in constant
readiness for operation and also to create normal operating conditions for
the service personnel. It includes the following:

A water supply system for supplying the general engineering and specialized

_ technological system with water, the fire cwtinguishing systems of the
-buiidings and structures, the systems for flushing the spilled fuel
components away, and so on, and also for supplying drinking water (usually
of a higher degree of purity) and water for domestic ineeds;

The circulating water supply system for cooling the refrigerators, air
conditioning systems, diesel engines and other units; in such systems,
the water is used 'again after cooling and purification, which permits
decreased water consumption from the water supply sources;
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Figure 3.2. Paired launch complex (with autonomous areas):

1 -- launch control center; 2 -- cable channel; 3 -- liquid
hydrogen, gaseous helium and nitrogen storage; 4 —- liquid
oxygen storage; 5 -— movable service tower; 6 -- launching

pad; 7 —- fuel storage; 8 -- air conditioning unit;
9 -- loading and unloading platform

The industrial waste (sewage) system for collectjion and removal of con-
taminated waste water beyond the boundaries of the launch complex
(cosmodrome), purification of waste water and decontamination before dis-
charge into bodies of water;

A fire protection system to eliminate centers of fire, which can occur in
the structures of the launch complex and also as preventive means for
preventing possible fires when the rocket is launched or during other
operations;

The power supply system for the units and systems of the launch complex to
receive industrial alternating current both from the electric power trans-
mission lines and from diesel electric power plants;

The heating system to provide and maintain the required temperature and

moisture of the air in the buildings and structures using water heating

from the boiler room of the launch complex or the engineering complex;
air and electric heating systems are also used;
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Ventilation systems for insuring purity of the air in the facilities and
structures; especially powerful systems are installed at the structures
where increased gas concentration is possible (the fuel component storage,
the facilities of the launch structure under the pads, the neutralization
facilities, and so on); the systems are usually autonomous for each
structure;

The system for gas analysis of the facilities to determine the concentra-
tion of the oxygen vapor in the structures of the launch complex where
formation of it is possible;

Lightning suppressors to protect the rocket when installed in the launching
system and the ground equipment units of great height from atmospheric
electricity, for which lightning arresters (divergers) are installed on the
launching pad and on the service tower;

Communications means (telephone, headphone) for two-way communications
between the system operators and the operations director; loudspeaker
communications for the operations director to give instructions on preparing
the rocket.

The following structures have been designed for the installation of special
technological and the general engineering equipment at the launch complex:

The launch structure;

The structure for the systems to store, fill and drain fuel components
and compressed gases; for the thermostating systems (the refrigeration
center) ;

For neutralizatio equipment;

For fire-fighting equipment;

Evaporation areas;

Pools for drainage of untreated or contarinated high-boiling fuel
components; D

Spraying basins;

Command station (launch control center);
Railroad access routes on hardtop roads;
Railroads for the moving service tower;

Channels;
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Boiler room;

Automobile parking area;
Administrative and service facilities;
Security means, and so on.

The launch structure is the center of the launching site, around which the
remaining buildings, structured and equipment are arranged. This is the
most complex structure with respect to design and the most saturated with
equipment. Not only is the launch system located here, but also the
service tower and the service cable tower, the elements of the thermostating
and fire extinguishing systems, the equipment for coupling the "ground-on-
board" communications, the ground rescue means, the monitoring and testing
equipment and the clieckout and launching equipment. Access routes for

the transport and installation unit and the connecting lines approach the
launch structure.

The ground launch structures are in the form of a concrete slab on which
the fastenings of the launching system and service units are located.

In order to protect the instruments and equipment from the gas jet of the
engines, special locations and shelters have been provided, and ihe cables
and other lines are laid in channels and service tunnels (the service
tunnels are channels which are used for people to pass through).

The launch structures of the semiburied type have several levels on which
differen: equipment is placed (the so-called facilities under the pad,
that is, the facilities located below the "zero" level) and there are gas
removal channels to remove the gas jet.

The launch structures of the scaffolding type are steel or reinforced
concrete scaffolds, in the upper part of which the launching system is
placed, and in the base, a stationary or movable gas deflector.

The structures for the fuel component storage, filling and drainage systems
are made, as a rule, buried or semiburied with the necessary shielding
from the effects of shock waves (in case of explosion of a space rocket
system), and they are removed a safe distance from the launch system,

Each fuel component has its own storage with tanks for storing the components,
pumping units, fill and drain lines, tanks for drainage, heat exchangers,
tanks with compressed gases and the service system panels. The storages
are connected with the launch structures by service tunnels and passages
with filling and drain lines. These structures also include auxiliary
facilities: ventiiation, power supply boards, pumped water supply, the
spare parts facility, lockers, shower, and so on,

The structures for the compressed gas storage and filling systems are
analogous :ith respect to their structural design to the above-presented
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structures and they are used for the compressor stationms, receiver,
pneumatic equipment and gas distributing boards. They are also joined to
the launch structures by service tunnels and channels with pipelines.

The structure for the thermostating systems (the refrigeration center)
has compressors, condensers, evaporators, .heat exchangers, pumps, tanks
with heat-transfer agent and other equipment. The refrigeration center
can be made either in the form of a separately standing structure of
located in the launch facilities under the pad.

The structure for the neutralization equipment of the space rocket systems
with toxic fuel components is designed for neutralization means, the composi-
tion of which usually includes containers with neutralization solutionms,
water reservoirs, pumping units, lines, and so on. This structure has an
industrial waste system, and it can be executed in the form of a separate
building or be part of the service equipment structures.

The structures for fire-fighting equipment are frequently structurally
joined to the launch structure, and in a number of cases they are joined
to the structures for the water supply system.

The evaporation areas are used to evaporate cryogenic fuel components
(liquid oxygen, hydrogen, and so on) after they are drained out of the
rocket tanks or in case of accidental spills. These are shallow concrete
walls to which lines run from the fuel component storage and from the
launch structure. Each fuel component has its own evaporation area; for
safety purposes the areas are separated from each other by significant
distances.

The basins for draining the untreated or contaminated high-boiling fuel
components usually are removed to significant distances from the launch
structure and even can be placed outside the boundaries of the launch complex.

The sprinkling basins are used to cool the water in the circulating water
supply system and are pools with fountain-like structures. After cooling
the water again is returned to the units and systems (compressors, air
conditioners, refrigeration units, and so on). Cooling towers are also
used to cool the water in the launch complex.

The command station (the launch control center) is equipped with the monitor-
ing-testing and the testing-launching equipment, the equipment for remcte

and automatic control of the technological process operations and also the
communications systems, televisiun and air observation systems. The command
stations are usually made in the form of buried bunkers with several levels.
This is the most shielded structure. At some launch complexes the command
stations are used only for monitoring and esting equipment, and the launch
checkout equipment is placed in remote command stations located at a gignif-
icant distance from the launch complex (including also the engineering
complex).
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The railroad and hardtop road access routes are designed for tranmsporting
the space rocket systems from the engineering complex to the launch complex.
The design of these accesses depends on the structure of the transport-
installation unit. For transporting space rocket systems of the heavy and
super~heavy classes on a caterpillar carrier, a reinforced concrete road
of box cross section with two tracks is provided. In order to move the
other units, automobile roads are built.

3.2. Operations Performed at the Launch Complex

The nature of chie operations and sequence of the pre-launch preparation
of rockets of various classes have many common features and are distin-
guished only by the duration of the operations, the technical means of
supporting them and some specifics caused by the peculiarities of the
structural design of the booster rocket and the space vehicle.

The following are performed at the launch complex:

Adjustment operations with the ground equipment for maintaining the launch
complex in constant readiness;

Operations with respect to preparing the launch complex to accept the
space rocket system;

Installation of the space rocket system on the launch system;
Assembly of the space rocket system;
Aiming of the space rocket system;

Supplying of the service units and connection of the "ground-nn-board"
communications;

Pre-launch checkout of the equipment and systems of the space rocket system;
Filling the space rocket system with fuel components and compressed gases;

Thermostating the elements of the space rocket system and the fuel
component ;

Boarding of the cosmonauts (when preparing manned spacecraft);
Launch of the space rocket system;

Post-launch operations;

Drainage of the fuel components and removal of the space rocket system
from the launch system in case of an aborted launch.
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During the period between launches or during prolonged storage, adjustment
operations are made with the units and systems insuring constant readiness
of the entire complex of ground equipment for operation with the space
rocket system.

The preparation of the launch complex for acceptance of the space rocket
system is a matter of bringing the units and systems into operating condi-
tion from storage. During the preparation process, the storage tanks are
filled with fuel and oxidant, and the receivers with compressed gases, the
fuel components in the storages are thermostated, autonomous checks are
run on the process units and systems without the space rocket system and
then with simulators on the on-board systems of the space rocket systems.

The installation on the launch system is preceded by delivery of the space
rocket system on the erector in the horizontal or vertical position or
delivery of individual stages of the booster rocket and the space vehicle
on the transport dollies from the installation and testing facility to the
launch complex. By using the erector the space rocket system is moved to
the vertical position so that it will be above the launch system, the
mechanisms of launch system or the erector (or both);its supporting elements
are brought closer until they make contact with the supports of the launch
system. Then the space rocket system is made fast with wind and storm
fastenings, after which the grapples of the erector are released, and the
boom is lowered to the horizontal positionm.

When using the "fixed"(or combined) method of preparation of the space
rocket system, the booster rocket is delivered to the launch complex by
individual modules, and it is assembled on the launch system in the vertical
position using cranes or service towers.

The aiming of the space rocket system is made up of a set of operations
providing for orientation of the space rocket system and the control system
sensors with respect to the ground geodetic grid. The accuracy of insertion
of the space rocket system into the given trajectory depends on the initial
orientation of the gyroscopic instruments of the flight control system with
respect to the direction of the ground meridian at the time the space rocket
system is located in the launch system. For this purpose, before the

launch the gyrostabilized platform of the autonomous control system is
oriented in a defined way in space with respect to the coordinate axes of
the launch system defined during geodetic preparation of the launczh.

The aiming of the space rocket system is achieved by verticalization -- a
set of operations with respect to assignment of the space rocket system in
the launch system to a strictly vertical position using the supports or
jacks of the launch system and azimuthal aiming —- matching of the
stabilization plane of the space rocket system with the launch plane by
rotating the space rocket system in the horizontal plane using the rotary
of the launch system or corresponding orientation of the individual elements
of the on-board control system of the space rocket system.
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In order to aim the space rocket system it is necessary to carry out a
geodetic launch preparation and obtain the initial data, that is, determine
the coordinates of the launch system and the reference directions.

In order to service the space rocket systems and comnect the ""ground-
on-board" communications to the space rocket system, service units are
brought in. The pneumatic lines are connected to the ground sections of
the pneumatic fittings installed on the rocket; the fueling and drainage
hoses are connected to the fueling and drainage heads and the on-board
couplings; the electric cables are commected to the on-board plugs and
plates.

Some of the space rocket systems come to the launch complex with coupled
ground lines and cable towers; in this case the lines are coupled to the
corresponding parts located in the launch structure.

The pre-launch (both autonomous and complex) checks of the equipment and
systems of the rocket are made using the monitoring-testing and launch
checkout equipment.

After performance of the autonomous and complex tests, decoding and analysis
of their results, the tanks of the space rocket system are filled with fuel
components, and the bottles with compressed gases.

The thermostating of the rocket system elements includes supplying heated
or cooled air (ait thermostating) to maintain the given temperature of the
equipment, fuel components, on-board power supplies, and so on using a
special ground air thermostating system or by feeding a heat-exchange agent
(liquid thermostating) from the ground system to the space vehicle heat
exchanger.

The cosmonauts board the space vehicle from the beam or service tower
elevators. Before entering the spacecraft, a "clean chamber" can be
installed on the platform through which the cosmonauts and service personnel
must pass.

Before launching the rocket system, the following operations must be per-
formed: uncoupling and removal of all lines, except those which partici-
pate in the launch; the service units are removed to a safe distance;
service personnel not involved with the launch are sent to a safe zone or
shelter; the fire-fighting equipment is put into full readiness.

Dufing launching of the rocket the following operations are performed:
blowing of thd fuel tanks of the booster rocket; starting the control
system instrunfents; uncoupling the "ground-on-board" communications;

starting the rpcket engine and bringing it to the operating state; separa-
tion of the rogket system from the launch system.
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All of the operations with respect to pre-launch preparation and launching
of the rocket system are performed by instructions from the remote control
system for the technological operations and the launch-checkout equipment,
and they are recorded on the launch panel by a set of readiness transparen-
cies. The majority of operations are performed automatically or remotely.
The necessity for service personnel to be located next to the rocket system
is eliminated in this case.

The post-launch operations include external inspection of all of the equip~
ment of the launch complex, checking the functioning of the systems and
units, replacement of the assemblies planned for one-time use, drainage

of the ground lines, and so on. After performance of the post-launch
operations the launch complex is put in storage.

The drainage of the fuel components and removal of the space rocket system
from the launch system take place in case of postponement of the launch
for any reason. These operations include bringing up the service equipment
to the rocket system, evacuation of the cosmonauts, coupling of the fuel
and oxidant system lines, thermostating, checking the communications systems,
television observation, switching on the ventilation and gas analysis
systems, and so on. After performance of the indicated operations, it is
permitted to proceed with drainage of the fuel components initially from
the rocket tanks and then (after assembly of the lines) drainage of the
remainder of the fuel from the lines and the combustion chambers of the

- engines. The remains of the cryogenic components are evaporated, and
compressed gases are removed from the on-board bottles to the receiver.

After draining the fuel components and removing the compressed gases, all
lines are disconnected from the rocket system, the erector is brought up
to thz launch complex, it is put into operating position on the launch
structure and the service equipment is removed. Then the rocket system is
removed from the launch system and it is transported to the engineering
complex.

3.3. American Launch Complexes

Let us consider the launch complexes in the example of two American com-
plexes.

Launch complex No 37 of the Kennedy Space Center (see Fig 3.3) is a paired
(it has two launching pads), scaffolding type and it is designed for
preparation by the "fixed method" and launching the "Saturn-I" and
"Saturn-IB" booster rockets.

The launch sites are 240 meters from each other. They have launching pads,
buildings for equipment and service cable towers, one common movable
service tower, one launch control center. They are supplied with fuel

1 components and compressed gases from centralized storage.
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The launching pad is a square steel structure 14.3 meters on a side and
with eight supports with grapples which hold the rocket system to launch
time and a wedge type steel gas deflector lined with refractory brick which
can service both launching pads. After launch the gas deflector is
removed over long rails for repair and restoration work. In order to
facilitate servicing, triangular platforms are installed around the pad,
form'ng an area of 16.8x16.8 meters together with the pad.

Beside the pad there is an equipment building which has three ground and
several underground levels. The electric generators, the checkout equip~
ment, and the distribution boards of the electric and pneumatic systems are
located in it.

The service cable tower with the fuel and oxidant feed lines, electric
power lines, the cable network of the checkout equipment, and so on, is
installed on the equipment building. The tower is a steel structure 82 m
high with a 9.7x9.7 meter base (if necessary the tower height can be
increased another 15 meters).

The movable service tower 114 meters high weighing 3175 tons is mounted on.
dollies and can be moved along the rails at a speed of up to 0.2 m/sec.
After delivering the tower to the launch site, it is removed by hydraulic
jacks fromthedolly and is installed on a specially prepared foundationm,

A 60-ton crane is installed on the tower which can 1lift all the stages of
the booster rocket and the space vehicle; there are two hoists, two plat-
forms for installing the equipment and several service platforms.

The launch control center designed for comtrolling all operations of pre-
launch preparations is located at a distance 400 meters from the launching
pad, and it is a two-story, circular dome-shaped reinforced concrete block~
house witi wall thickness of 1.5 meters and covered with dirt on the outside.
The control center is designed for a 'shock wave pressure in front of 5 MPa,
and it guarantees safety of the service personnel in case of an emergency
with the rocket system on the launching pad.

The tracking equipment for rocket flights and equipment for telemetric
measurements are placed on the first level of the launch control system,
and on the second level (in the main room), the launch control panel and
equipment for observation and communications.

Liquid oxygen is stored in two tanks: the basic capacity 424 m3 designed
for fueling the rocket and the auxiliary tank of 108 m3 for makeup.

The fuel (of the kerosene type) for filling the first stage is stored in a
167 m3 tank, and it can reach both of the launch platforms on the same lines.

Fuel (liquid hydrogen) for filling the second stage is stored in tanks with
a capacity of 470 m3, and is fed to the tanks by extrusion.

The liquid oxygen-hydrogen storages are separated by safe distances from
the launching pads, and from each other.
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Figure 3.3. Launch complex No 37 of the Kennedy Space Center
(United States):
1 -- service building; 2 -- launch control center; 3 —- cameras;
4 -- oxidant (liquid oxygen) storage; 5 -~ cable service tunnel;
- 6 -~ lines of the liquid oxygen service system; 7 -~ compressed
gas receiver; 8 -- facilities for the regulators and valve blocks
of the underground lines; 9 -- launching pads; 10 -- buildings
for equipmeut and service cable towers; 11 -- ventilation holes;
12 -- tanks for draining liquid hydrogen; 13 -- rails for removing
) | the gas deflector; 14 -- rails for the service tower; 15 -~ fuel
storage; 16 —- fuel (liquid hydrogen) storage; 17 -~ lines of the
liquid hydrogen service system; 18 -- service tower

_ The high-pressure gas supply includes nitrogen and helium systems. The
former is made up of the liquid nitrogen storage with a capacity of 132 m3,
a battery of tanks (receiver) and a gas generator for obtalning gaseous
nitrogen. The gaseous nitrogen is used to purge the systems for filling
the fuel and other equipment, checking out the high pressure lines, and so
on. The second system has 18 tanks 5.6 m3 in volume each for storing
helium. Gaseous helium is used for mixing liquid oxygen in the tanks of
the rocket system in order to prevent the formation of layers with different
temperature. In order to obtain high-pressure helium, compressors are used.
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The launch complex also includes the technical water tank of 112 m3 and
a reservoir for the fire extinguishing system with a capacity of 40,000 m3
with several pumps with a total output capacity of 2 m3/sec.

The carrying capacity of the complex with a 90-day cycle for preparation
of the "Saturn-IB booster on one launch site is 6 launches a day.

The launch complex No 39 of the Kennedy Space Center (Fig 3.4) of the
scaffolding type with two autonomous launching sites is designed for pre-
paring the launch of the "Saturn-V-Apollo" space rocket system by the
"mobile method."

Figure 3.4. Launch complex No 39 of the Kennedy Space Center
(United States):

1 -- remote and movie cameras; 2 -- automobile parking; 3 --
launch bench; 4 -- monitoring and launching station; 5 -- gas
supply system pipeline; 6 -~ building with equipment for
determining the azimuth of the rocket; 7 ~~ pool for draining
the fuel; 8 -- pumping station for hot and liquid nitrogen;

9 -~ lires for the fuel and liquid tLydrogen filling system;
10 -~ sites for placement of the gas deflector; 11 -~ fire

extinguishing system reservoir; 12 —— liquid oxygen pumping station;
13 -- pipelines of the liquid oxygen filling system; 14 -- ventila-
tion device; 15 ~- channel for caterpillar carrier.
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The launch complex No 39 is unique both with respect to size and with
respect to saturation with equipment and technical solution. The units

and systems of the complex (for example, the service cable tower, the
service tower, the caterpillar carrier, and so on) are the largest not only
in the United States. The "Apollo" spacecraft were launched from this
complex, which delivered American astronauts to the moon and also the
"Apollo" spaceship for rendezvous with the Soviet spacecraft "Soyuz"
according to the EPAS program.

The launch site of the complex has in plan view the shape of an octahedron
with transverse dimension of 900 meters. At the center of the site is the
launch tench (Fig 3.5) — a reinforced concrete structure 103 meters long,
97.5 meters wide and 14.6 meters high. Along the axis of the bench a gas
removal channel is built 137 meters long and 17.7 meters wide, on the rails
of which the wedge gas deflector is moved, A channel for the caterpillar
carrier approaches the bench. The launch platform with the space rocket
system installed on it and the service cable tower is delivered to the
launch bench by means of it.

Inside the bench there is a bunker of automation communication systems
(the communications junction), facilities for the air conditioning system,
high pressure gauge storage, an underground filter for the astronauts and

- service personnel, and so on., Switchboards have been placed at the communica-
tions junction to which the communications line from the launch control
center is connected. Equipment is found here to simulate the functioning
of the booster rocket, including the processes of filling during the pre-
launch preparations when the rocket system has not been installed on the
launch bench.

In the air conditioning facility there is equipment for supplying air and
nitrogen at a controlled temperature and humidity to the space rocket system.

The gas storage area has bottles with nitrogen and helium under a pressure
of 42 MPa for purging tanks and the instrument compartment; the nitrogen
reserve is 85 m?, and helium is 255 m3.

The shelter for the astronauts and service personnel (for 20 people) is in
the form of a dome 12 meters in diameter, and it is lined with steel plates
0.9 meters thick. The walls and door of the shelter are designed for pro-
tection against a blast wave with excess pressure of 3.5 MPa and G-loads to
75. The concrete door of the shelter 0.2 meters thick is suspended on
coil springs which damp the G-loads. A bent inclined stainless steel chute
60 meters long leads to the shelter. It begins at the launch platform and
ends 12 meters under the surface of the launch pad. The chute allows the
personnel to descend at a speed of 20 m/sec with braking at the end of the
pad by using materials with different friction coefficients and special
rubber.
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Figure 3.5. Launch bench:

1 —- second level of the communications junction; 2 -- entrance
to the bench (channel for the caterpillar carrier); 3 -- first
stage of the communications junction; 4 -- transformer substation;
5 —- refrigeration unit; 6 -- facility for the air -conditioning
means; 7 -- emergency bunker; 8 -~ gas discharge channel;

9 —- gas deflector; 10 -- compressed gas receiver.
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There is a cableway on the launch stand to rescue the astronauts and
service personnel from the upper levels of the service cable tower and the
service tower. The car on the cableway (for 9 people) reaches ground level
(a distance of about 600 meters) in 30 seconds.

Six supports are mounted on the upper level of the stand (see Fig 3.6) to
install the launch platform, and there are four supports for installing
the movable service tower. There are also elevators, ladders, service

- platforms, mechanisms for running the fuel and pneumatic lines, the air
conditioning system lines, electric power cable and monitoring and measur-
ing equipment.

The launch platform serves as the location for the assembly, testing and
monitoring of the space rocket system,l and it has a mechanism for fasten-
ing it to the caterpillar carrier, the supports and the terminals on the
stand. On the upper plate of the platform grapples are mounted which hold
the rocket system and there are also three service cable masts and a service
cable tower. In the center of the platform there is a hole for passing
gases formed on launching the rocket.

The service cable tower has nine beams with different lines for testing,
filling and servicing the booster rocket and the space vehicle, platforms
on which the filling, pneumatic, electrical and monitoring and measurement
equipment is located and also elevators for delivering the astronauts to
the spacecraft,

The platforms and trusses of the tower are removed from the rocket system
at various times of pre-launch preparation, and part of the trusses, during
the launch process.

The movable service tower is designed for placement of the pneumatic and
hydraulic equipment, an electric power supply system, air conditioning,
communications and fireproof shielding, and it has several working plat-
forms insuring access of the service personnel to the rocket system.

The caterpillar carrier is used to deliver the launch platform with the

rocket system and the service cable tower to the launch site and install
them and the movable service tower at the launch stand; the carrier has

autonomous electric power supply and is controlled by an operator in one
of two cabs on opposite sides of the chassis.

The liquid oxygen filling system is made up of the spherical tank with
perlite thermal insulation about 3400 m3 in volume at a distance of 450 m
from the launch stand, a pumping station for supplying oxygen to the

1Inasmuch as in subsequent chapters a detailed description is presented of
many of the systems and units of the ""Saturn-V-Apollo" space rocket system,
only a general characteristic of the equipment 1is presented in this
chapter.
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rocket tanks and fueling and topping off lineswith distributing fittings
for each of the three booster rocket tanks.

The pumping station has two high-output pumps (one reserve) for servicing
the rocket tanks and two low-output pumps (one reserve) for makeup. The
liquid oxygen is fed from the tank to the pump input by displacement by
gaseous oxygen generated during the filling and the topping off process
in a special gas generator-heat exchanger.

The system for fueling (kerosene type fuel) the first stage has a storage
with 355 m3 tanks also located at a distance of 450 meters from the launch
stand, a pumping station and the feed lines with various fittings.

The 1liquid hydrogen fueling system is made up of a spherical tank 3230 m3
in capacity with perlite-vacuum thermal insulation located near the fuel
storage, the filling and topping off lines with vacuum thermal insulation
and distributing fittings for each of the two tanks. The liquid hydrogen
is fed from the storage to the rocket tanks by displacement by gaseous
hydrogen generated during the filling and makeup process in a special gas
generator-heat exchanger.

The gas supply system includes conversion~compressor equipment and high-
pressure compressed gas batteries located in the bunkers of the launch
stand and in the vicinity of the vertical assembly building; the high-
pressure gaseous hydrogen storage battery and distributors and also under-
ground bunkers for storing gaseous nitrogen and helium under a pressure of
40 MPa. Various blowing systems require about 85 tons of liquid nitrogen
and 80,000 liters of helium.

Nitrogen is used in the environmental monitoring system as a protective
inert gas when filling with cryogenic fuel components and working gas,
when filling with hydrocarbon fuel and in the pneumatic drives of the
cantilevers of the service cable tower; for purging the electric plugs,
for blowing the fuel tanks and purging various systems.

Helium is used to blow off the fuel tanks of the space vehicle, for blowing
the liquid hydrogen tanks, blowing and creating an inert atmosphere in the
system for filling the stages with liquid hydrogen and also as the working
gas for the pneumatic cylinders for removing the ground feed hydrogen
lines.

At launch complex No 39 a great deal of attention has been given to the
selection of safe distances between the structures and the launch platforms.
The planning of the complex provides for maintaining the structures and
units of the ground equipment of the launch platform (with the exception

of the launch system, the launch structure and the service-cable towers)

in the case of possible explosion of the booster rocket on an adjacent
site.
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The preparation time for the "Saturn-V-Apollo" rocket system at the
launch complex was 2 weeks. The carrying capacity of launch complex No 39
is on the average 6 to 8 launches a year, but it can reach 12 launches

per year.

98

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040010-4



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040010-4

FOR OFFICIAL USE ONLY

CHAPTER 4. SPECIAL TECHNOLOGICAL EQUIPMENT
4.1. Means of Transporting the Space Rocket Systems to the Cosmodrome

The space rocket systems are transported from the manufacturing plants to
the cosmodrome by railroad, automobile, air and water transportation

(Fig 4.1). The application of one type of transport means or another is
determined by such factors as the class of rocket, its dimensions and mass,
strength characteristics, transport distance, delivery times, and so on.

The overall dimensions in mass of the space roci:et systems, which on

modern rocket systems is of significant magnitude (diameter several meters,
length tens of meters and mass tens and hundreds of tons) have a significant
influence on the choice of the transport means. It is necessary to trans-
port such loads not by one of the existing forms of transportation; there-
fore the rocket systems are delivered to the cosmodrome, as a rule, in parts,
so-called portable elements (individual stages, compartments, modules and
assemblies), the size and weight of which permit them to be hauled.

All forms of transport means have restrictions with respect to the overall
dimensions of the hauled loads. For traffic safety on railroads, consider-
ing the structures next to the tracks, the bridges and oncoming traffic,
the dimensions of the hauled loads must not exceed defined amounts.

When moving by motor transportation, the possibility of safe passage under
electric lines, across bridges with upper structure and viaducts, on city

streets, and so on are taken into account.

When shipping by air, the size of the load is limited by the sizes of the
cargo compartments and the carrying capacity of the aircraft.

When shipping by water the size of the load is limited by the size of the
vessel and locks, the height of bridge spans, and so on.

All forms of transport means have certain restrictions with respect to
load capacity and speed.

The choice of transport means is also influenced by the G-loads created by
them, The rocket calculated for large loads which are active in flight
is, as a rule, limited in taking loads ocrurring during its ground
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cperation in order to exclude excessive weight. In particular, this per-
‘ains to loads acting in the transverse direction, which gives rise to the
necessity for taking special measures; the introduction of shock
absorbers and unloaders on the transport means, installation of additional
supports, reduction of the transport speed, and so on. The number of
transport supports is determined by the structural design of the rocket,
the location of the supporting chords and the maximum loads. The optimal
version is two supports of which one is designed for taking the transverse
loads during transport and the other, the transverse and longitudinal
loads; one of the supports must be movable to compensate for thermal
deformations. In order to exclude significant bending of the rocket under
the effect of its own weight and the forces of inertia during transporta-
tion, an additional intermediate support that is adjustable with respect to
height with counterweights or springs (the so-called calibrated support)
is installed. Sometimes a support is also installed under the top module
for transport purposes; frequently this support plays the role of the
forward support when installing the rocket system on the launch system.

Special railroad cars, collapsible car bodies, gondolas, carriers, standard
freight flatcars, and so on are used to transport the compartments and
modules of space rocket systems by railroad.

Special railroad cars (Fig 4.2) have been developed on the basis of the
general-purpose cars, and they have the corresponding equipment for loading
and unloading the compartments (modules). Their bodies are equipped with
thermal insulation to protect the transported cargo from solar radiation
and significant temperature gradients.

The collapsible car bodies are made of individual sections of side and end
walls and covers based on standard railroad flatecars; here the compartments
of the rocket are placed on the car supports by a crane with the top off.
According to the foreign press the opening tops of the cars have been
designed in two halves which when closed, converge at the top, forming a
sealed waterproof joint, and a cover has also been designed in the form of
a corrugated strip which is rolled onto a drum at the end of the car when
it is opened.

Gondolas covered with shields or a tent with supports installed on the
floor are also used to transport elements of the space rocket systems.

Multiaxle railroad carriers (Fig 4.3) with increased carrying capacity and
lower level of the freight platform by comparison with regular cars are
used to haul heavy, large compartments. At the present time there are

carriers available with a capacity of up to 230 toms, and carriers are
being built with still greater capacity.
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Figure 4.1. Means of transporting space rocket systems
Key:
1. Transport means 11. Wheeled
2. Railroad 12, Trailer
3. Motor 13. Aircraft
4. Air 14. Helicopters
5. Special cars and carriers 15, Dirigibles
6. Collapsible car bodies 16, Water
7. Self-propelled 17. River ships
8. Towed 18. Maritime ships
) 9. Caterpillar 19. Barges
10. Semitrailer

Containers are also used to transport the rocket system elements. This is
especially important when hauling space vehicles and their compartments,
for the container reliably protects the compartments from dust, dirt,
mechanical damage or solar radiation.

The cars (flatcars, carriers) with elements of the space rocket systems
along the main railroads usually follow with speeds adopted for these rail-
roads, which imposes defined requirements on the structural design and
strength of the transported compartment. When transporting space rocket
systems, jolts and impacks occur; therefore the railroad means are equipped
with shock absorbers (coil springs, plate springs, and so on) which take
the jolts and shocks. The American specialists have developed a shock
absorbing system which uses inflated rubberized pads which convert the
impact loads to contact pressure of insignificant magnitude distributed
over the surface of the compartuent.
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The towed dollies, trailers, and so on are used to haul the elements of
the space rocket system by motor transportation.

Figure 4.4. Ground dolly

The towed dollies, depending on the method used to couple them to the
tractors, are divided into trailers and semitrailers. The length of the
dollies can reach 60 meters. A dolly-trailer for tramsporting a rocket
stage is shown in Fig 4.4.

The trailers are units with lowered cargo platforms designed to haul heavy
and large pieces of freight, including the elements of space rocket systems.

The application of motor transport means is limited by size and weight of
the hauled load. Therefore these meansare more frequently used for hauling

- within the boundaries of the cosmodrome (for delivering the compartments
and modules of the rockets from the airports, from the docks of the water-—
ways, when transporting between structures at the engineering complex, and
S0 on).

In order to transport the space rocket system and its elements by air,
aircraft, helicopters and dirigibles are used. The large dimensions of the
cargo compartments, the large carrying capacity and high flight speeds of
modern aircraft permit delivery of large elements of space rocket systems
significant distances in short times.

When loading the compartments and modules of the space rocket systems on
the aircraft frequently the so-called craneless procedure is used consisting
in the fact that the ground dollies and special frames (corsets) aequipped
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with wheels with compartments and modules located on them are loaded into
the cargo compartments of the aircraft using winches. The containers wirni
the space vehicles are also loaded analogously.

The fastening assemblies of the elements of the space rocket system in
the aircraft are designed for transverse and longitudinal hauling which
can reach significant magnitudes during an emergency landing of the air-
craft.

As a result of lack of seal of the cargo compartments of the aircraft the
"breathing'" valve must be opened on the transported module or container
before flight so that the inside cavity will be connected with the cargo
compartment cavity; otherwise when the aircraft descends "cratering" of
the module (container) is possible as a result of insufficiently rapid
equalization of the pressures in it and in the cargo compartment of the
aircraft.

Figure 4.5. Transportation of the S-IVB stage of the
"Saturn-I" rocket on an aircraft

Transportation by air is widespread in the United States where aircraft
are capable of hauling rocket elements weighing up to 45 tons and up to
3 meters in diamete in the cargo compartments. The transportation of even
larger loads is possible, but in this case the aircraft must be modified
significantly or the load is placed outside the cargo compartment by
fastening it over the aircraft wing using a streamlined container (see
Fig 4.5). Fig 4.6 shows the unloading of a compartment of the "Apollo"
spacecraft (the compartment is transported without a container) through
- the cargo hatch «f the aircraft; Fig 4.7 illustrates the loading of a
booster rocket on an aircraft, and Fig 4.8, unloading the S-IVB stage of
the "Saturn-I" rocket from an aircraft by splitting its fuselage into two
parts.
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Figure 4.6. Unloading a compartment of the "Apollo"
spacecraft from an aircraft

There are plans for using dirigibles to transport the rocket elements.

By comparison with the aijrcraft, a dirigible can 1ift loads of significantly
greater size and weight; it requires a landing site that is small with
respect to size and simple with respect to design. The use of dirigibles

is prospective, for it permits transport of any load unlimited distances

and with minimum G-loads.

The water transport means usually are used to deliver stages of especially
powerful booster rockets. The advantages of water transportation are
small G-loads, the possibility of transporting rocket stages of large mass
(more than 150 tons), and the deficiency is low speed of movement.

Water transportation is widely used in the United States, which is explained
by the location of many of the manufacturing plants and the space centers
along the Atlantic and Pacific coasts and on large rivers. Self-propelled
and towed barges, river and maritime ships, floating docks and special
floating platforms are used for water transportation (Fig 4.9).
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Figure 4.7. Loading a rocket on an aircraft

Figure 4.8. Uuloading the S-IVB stage of the "Saturn-I"
rocket from an aircraft

106

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040010-4



FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040010-4

Transporting a rocket stage by water

Figure 4.9,
4.2,
Ground and rail transport means are used to transport space rocket systems

Transport Equipment
and their elements between individual structures of the cosmodrome.
With respect to structural design the ground means (Fig 4.10) are analogous
to the transport units for delivering the elements of the space rocket systems
to the cosmodrome. Some of the dollies are also used to erect the space

rocket systems to the vertical positon; in this case they perform the
functions of lifting-erecting units and are called erector dollies.

Ground carriers for delivering the S-I stage

Figure 4.10.
of the "Saturn-V" booster rocket
The railroad transport means can be in the form of dollies on standard rail-
road flat cars, carriers with lowered cargo platfcrm, erector dollies,

carriers for vertical transport of the rocket system, and so on.

Thus, the railroad carrier for transporting the "Titan-IIIC" booster rocket

in the vertical position has four chassis with autonomous drives, a control
Each chassis of the carrier

mechanism and electric power cables, and it can move with a speed up to
8 km/hr over a double-track path 8.4 meters wide using two diesel electric
locomotives with a single control system.
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Figure 4.11. Self-propelled caterpillar carrier for the
"Saturn~V-Apollo" space rocket system:

a -- general view; b -- at the launch site (the supports of the

launch system can be seen on the left)

The self-propelled caterpillar carrier (Fig 4.11) is used to transport the
transport-~launch platform with the "Saturn-V-Apollo" rocket system and

the service cable tower located on it to the launch stand. It is also used
to deliver the movable service tower to the stand and return it to the
site where it is kept between launches.

The carrier is a girder structure 40 meters long, 34.7 meters wide and weigh-
ing 2700 tons mounted on hydraulic jacks with four paired caterpillar dollies,
and it has a carrying capacity of about 5500 tons. The power supply for

- the electric motors of the caterpillar dollies comes from diesel generators
installed on the frame.

The maximum speed of the unloaded carrier is 3.2 km/hr, loaded it is 1.6 km/hr
in the horizontal section of the track and 0.8 km/hr in the section with

a slope of up to 5°. The stabilization system insures accuracy of hori-
zontal positioning of the launch platform of +5'.
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On arrival at the launch complex the platform with the rocket system and
the service cable tower is moved by hydraulic jacks from the carrier to
the supports of the launch stand. The movable service tower is moved
analogously.

4.3. Lifting-Erecting Equipment

The lifting-erecting equipment is designed to erect the space rocket systems
to vertical position on the launching structure and for removal of them

in case of an aborted launch and also (in some cases) for transporting the
space rocket system to the launch site, assembly and servicing during
preparation of it for launch.

Different lifting and erecting equipment with respect to structural design
is used at the launch complexes. This equipment includes various special

machines which, depending on their purpose, are called transport-erection

units or erectors.

The transport-erection unit (the gun mount type erector) is designed to
transport the fully assembled space rocket system to the launch complex and

- erect it to a vertical position. Such units can be made with railroad,
wheeled and caterpillar running gear.

The railroad erector for the "Soyuz" space rocket system (see Fig 4.12)
is made up of the base frame with railroad trucks; the side arms or wings
of the frame with the self-propelled mechanism for winding the erector,
_ hydraulic supports for suspension and horizomtal leveling of the forward
part of the erector and the control cab; the booms with logements and
fasteners; the hydraulic mechanism for raising the boom to the vertical
position mounted on them.

By using a diesel locomotive, the erector with the space rocket system is
transported from the engineering complex to the launch complex. At 20 to
30 meters from the launch system the transport train is halted, uncoupled
and the diesel locomotive is moved aside, after which the mechanism for
moving at low speed is used to bring the erector up to the launch system.
The hydraulic supports attached to the "wings" of the frame are moved from
the transport position to the working position 1.5 meters before halting
the erector, and they are lowered on the supporting brackets of the launch
structure.

The erector boom with the rocket system is suspended above the launch sys-
- tem and, lowering or raising the hydraulic supports and the hydraulic
cylinders of the boom 1ift mechanism, regulating the turn buckles (moving
the erector forward or backward), the axis of the space rocket system is
lined up with the axis of the launching system. Then the trusses of the
launching system are brought up to the rocket system and, lowering the
erector with the help of the hydraulic supports, it is suspended on the
structural elements on the trusses. Then the boom of the erector is
lowered to the horizontal position, first releasing the cantilevered tail
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Figure 4.12. Gun mount type erector:
a —— general view; b -~ dlagram; 1 — lower logement; 2 --—

folding arm of the boom; 3 -- arm lock; 4 -- boom; 5 —- calibrated
support; 6 — upper grapple; 7 —- truck; 8 -- cable coil;

9 —— winding mechanism; 10 -~ "wing" of the frame; 11 - tension
bolt; 12 —- suspension shackle; 13 -- guy; 14 —- pump; 15 -- fasten-
ing rod; 16 —-— frame; 17 -- hydraulic support; 18 -- control cab;

19 —- hydraulic cylinder for raising the boom; 20 -- shackle; 21 -—-

boom tie rod; 22 -- suspension rod
Key: 1. A view :
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section of the boom which is fastened in hinges and the erector is taken
out of the launch system.

The gun mount type erectors have their origin in the birth of rocket
engineering; their structural design has been developed, and they are
reliable in operation. The relatively small dimensions (determined by the
diameter and length of the rocket system) and light weight (exceeding the
weight of the rocket system by a total of 2 or 3 times) of these erectors
has insured them quite broad application in rocket engineering.

The stationary and semistationary erectors are placed near the launch sys-
tem,

The stationary erectors with lifting truss (Fig 4.13) are designed for
assembling the rocket system on the truss in the horizontal position and
subsequent installation of the assembled rocket system together with the
truss in an inclined position. The "Scout" rocket system is installed
on the launch complexes of the Western Test Area and the test area at
Wallops Island by this system.

The stationary erectors with lifting service tower are used to erect the
transport dolly together with the rocket stage to the vertical position.
The first stage of the "Titan-II" booster rocket is lifted to the vertical
position by this scheme on the launch complex No 19 of the Eastern Test

- Area.

The semistationary erectors with lifting frame of the transport unit

(Fig 4.14) are used to erect the rocket to the vertical position with the
help of the hydraulic lifter of the frame of the transport-erection dolly.
The frame of the dolly is hinged with the launching pad.

The semistationary erectors with lifting platform provide for erection of
the space rocket system to the vertical position using a boom and the
railroad transport-erector dolly. The boom of the erector has the form
of a platform with rails, and it is located at the launching site so that
the railroad transport-erection dolly can be rolled on the platform. The
dolly is made up of the running gear, frame, supports and fasteners, a
remote mechanism for opening the fastening clamps to release the rocket
system after it is installed in the launch system.

The stationary erectors have the same advantages as the erectors with the
gun mount type lifting boom. In addition, it is possible to consider
among their advantages the possibility of automating the process of
installing the rocket system on the launch system and short installation
time.

Some of the service towers (Fig 4.15) placed at the launch complex near
the launch system are equipped with cranes with a set of attachments for
assembling the rocket system by parts. The application of the cranes
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permits the rocket system or its stage to be moved from the horizontal
position to the vertical position by simple technical means, but it
significantly increases the duration and labor consumption of the operations
required to assemble the rocket system.

This system is uéed on the launch complexes No 34 and 37 of the Kennedy
Space Center when assembling the "gapurn~IB¥ rocket with the space vehicles.

Figure 4.13. Stationary erector with clamping of the rocket
at the top (for the "seout" booster rocket)

4.4, Launch Systems

The launch system which provides for the acceptance, erection, verticaliza-
tion and launching of the rocket is also used to bring various lines to

the rocket system, service it, rotate it and provide azimuthal guidance,
and it is the base on which the service cable tower, the cable masts, the
supports of the erector and other equipment are mounted. Some of the
launch systems can provide for transportation of the space rocket systems
and erection of it to the launch position.
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Therefore, the launch system not only Jepends on the structural design
of the other units coupled to it, but directly influences their structure.
The structural design of the launch system is determined by its primary

function -- support of the launch -- and it is developed considering the
B class of rocket, its power system and the gas dynamic characteristics of
B the engine.

Beginning with the power system of the space rocket the launch systems can
be built to support the space rocket on the end and with suspension on the
supporting elements; the most widespread are the launching systems of the
first type. In order to hold the rocket against wind loads, fastening
assemblies are provided on the launching pad (levers, clamps and locks).

When the rocket is launched, the gas jet is deflected by the gas deflectors.
The distance from the engine nozzles to the gas deflector and the angle of
encounter of the jet with the deflector walls determine the structural
design of the deflector, the dimensions of the launch system with respect

to height and the depth of the gas removal chammels for the semiburied type
of launch structure. The spacing and the angle are selected beginning

with the admissible temperatures and escape velocity of the gas jet which
can cause erosion of the deflector and also considering a decrease in the
possibility of the formation of reflected waves (the so-called bottom effect
phenomenon) which can destroy the tail section of the rocket.

Figure 4.14. Semistationary erector with lifting frame of the
transport unit:

1 -- tractor; 2 —- frame of the transport dolly; 3 -- hydraulic

lift; 4 -- launching pad

With respect to structural design the gas deflectors are pure metal, wedge
shaped and trough. The pyramidal deflectors usually have a number of
faces equal to or a multiple of the number of combustion chambers of the
rocket engines. In this case the gas jet either freely flows over the
launch site or is removed along several gas removal channels. In the

case of the wedge gas deflector the jet is split into two parts and is
removed to the side; in the case of the trough deflector, it is removed

in one direction.
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Figure 4.15. Assembly of the booster rocket stages using
a service tower crane

The launching pads (Fig 4.16) for launching the light class rockets are
made in the form of a frame installed on several supports (from 3 to 6)

in which the lifts for moving the frame during acceptance and verticaliza-
tion of the rocket are mounted. The lift mechanisms have hydraulic
(hydraulic jacks) or mechanical (screw type jacks) drive. The gas
deflector is located between the supports of the bench; sometimes the
supports are protected by fairings.

On the upper section of the frame for erecting the rocket there are support-

ing elements, the number and structural design of which depend on the
supporting elements of the rocket, wind and storm fastenings and also the
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attachments for fastening the electric plugs, the pneumatic blocks, the
£i1l and drain connections. The rotating section is made in the Form of a
frame on a ball race and a rotary mechanism (toothing mounted on the
rotating frame and reduction gear with drive).

The launching pad is fastened to the foundation of the launch site using
anchor bolts or other elements. It can be dismantled and transferred to
another launch site.

The stationary launching pad (Fig 4.17) is a quadratic reinforced concrete
structure on supports with a hole in the upper plate and a wedge shaped gas
deflector. The rocket is installed on the pad using its supporting elements.

The launch platform (the upper part of the launch system) for the "Saturn-V-
Apollo" rocket system has a two—level structural design with a platform

7.6 meters high, 48.8 meters long and 41.1 meters wide with a hole in the
center (13.7x13.7 meters) for the gases to pass through. A service cable
tower is mounted on the platform (Fig 4.18) along with four grapples which
hold the rocket system and three service cable masts. The platform is
equipped with fastening mechanisms to the caterpillar carrier and to six
supports and four telescopic columns of the launch stand.

In the compartments of the platform and on the upper plate electrical and
mechanical plugs are installed which provide for comnecting the booster
rocket systems to the corresponding equipment in the vertical assembly
building and on the launch stand and also the launch and testing electrical
equipment, the equipment for testing the hydraulic systems, the fueling
and pneumatic lines, the ventilators, air conditioners, and so on. The
floor of the compartments is equipped with shock absorbers, and part of

the equipment is mounted on springs. The compartments with electronic
equipment have sound insulation, which reduces the noise level when the
rocket engines are operating.

The launch system with removable trusses (Fig 4.19) is designed for the
booster rockets that do not have supporting elements on the end and are
auspended from the supporting assemblies on the central module at the
point of fastening the side modules (for example, the ''Soyuz' booster
rocket). The launch system is in the form of four supporting trusses on
which the booster rocket is hung and which are withdrawn under the effect
of counterweights after thrust is developed; in the lower section the
system has guides for the movement of the space rocket system in the
initial part of liftoff.

The trusses and guides are fastened to the platform providing for vertical-
ization of the rocket system using the hydraulic system iocated in the
base of the supporting trusses. In the upper part of the platform there

are service trusses, a service cable mast and cable mast for bringing
the fueling and electrical lines to the rocket system.
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2 —- 1ift section

4 — deflector; 5 —— lift mechanism; 6 -- rotating mechanism; 7 -— guides.

a —— side view; b -- top view; 1 —- rotary section;
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Figure 4.17. Launching pad (statiomary):

1,18 ~- service masts; 2,4 -- cable mast; 3,7 -- heaters;

5,16 -- supporting structures of the rocket; 6 -- valves;
8,9,10 —— fill lines; 11 ~-- water supply line; 12 -- hydraulic
system control panel; 13 -- dollies with equipment for ser-
vicing the engine; 14 -- service platform; 15 -- electric
cables; 17 -- shield with instruments for detecting leaks;

19 -- control panel of the engine service system; 20 -—- tail
section of the rocket; 21 -- gas deflector.

The launch system is mounted in the launch structure of semiburied type.

The tail section of the booster rocket is below the "zero" level in this
case.

A single-slope gas deflector and the trough type gas moving channel are
used to remove the gases.
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Figure 4.18. Launch platform (upper part of the launch system)
for the "Saturn-V-Apollo" rocket system with
service cable tower

4,5, Service Means

The service means include the tower trucks, trusses, towers and service
cabs, the service cable towers (masts) and the cable masts.

The tower trucks (Fig 4.20 and 4.21) are used to service the light and
medium class rockets; they are usually towers mounted om a truck chassis
and have a drive to life the service platform with power takeoff from the
truck engine or from an outside current source.
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Figure 4.19. Launch system for the "Soyuz' booster rocket

The basic deficiencies of the tower trucks -- limited service height and
low load capacity -- force them to be used primarily for auxiliary purposes.

The service trusses (Fig 4.22) are designed to service the heavy class
_ rocket systems. They encompass the rocket systems on both sides, they have
: telescopic, folding and stationary platforms with enclosures and ladders.

Each service truss is made up of a bearing structure, the supporting
assembly, the hydraulic system and control panel. The hoist rumns through
all of the service platforms .along one of the trusses. There are hinged
lever mechanisms for folding the service platforms on the bearing structure
of the trusses when they are lowered to the horizontal position. The
trusses can be mounted on the rotary of the launch system and rotated in
the azimuthal plane together with the rocket system.

Before launching the rocket system the trusses are moved from vertical to
horizontal position.
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Figure 4.20. Arm type tower truck

The service towers are used for the same purposes as the service trusses,
and they can be both movable and stationary.

- The movable towers can be moved on railroads (up to 30 meters wide) a
distance insuring their safety during launch or during an emergency with
= the rocket system.

The rotating towers (Fig 4.23) are used to service the rocket system in
one plane. Before launch these towers are rotated along a ring rail
around the central support at an angle insuring their safety.

The stationary service towers are autonomous units with an electric power
plant, an air conditioning system, ventilation, lighting network, heating
and communications, Their height reaches 100 meters, and they weigh up
to 3,500 tons. Electrical, pneumatic, fill and drain lines with filling
connections and also the thermostating system lines are laid on the
service towers.,

© 120
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040010-4



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040010-4

FOR OFFICIAL USE ONLY

Figure 4.21. Telescopic type tower truck

The movable tower for the "Saturn-V-Apollo" space rocket system (the so-

called mobile service tower) of the launch complex No 39 (Fig 4.24) is -
designed to service the compartments of the booster rocket and the

"Apollo" spacecraft and install explosive hazardous equipment (the solid- l
propellant braking rocket engine, the engines of the emergency rescue

system, pyrotechnical devices, and so on). The tower is a welded metal

structure 122 meters high and it has a square base 41 meters om a side.

A rotating 4-ton crane is installed on the upper platform of the tower.

The tower has five trusses used as service platforms and supports for the
pneumatic, hydraulic, electrical and other lines. The two lower platforms

move freely along the vertical; the three upper platforms are rigidly

attached, but the entire truss—platform unit can be installed at different

levels depending on the service zones of the booster rocket and the space

vehicle; the upper and the two lower platforms are open, the two middle

platforms are covered on all sides, and they have an air conditioning

system. -
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The tower is delivered to the launch stand by a caterpillar carrier; then
it is lowered to the supports of the launch site prepared for it, and before
long it is withdrawn to the parking area (approximately 2 km from the

launch stand).

Figure 4.22. Service truss:
1 -- truss support; 2 —- hydraulic cylinder for raising the truss;
3 -~ middle platform; 4 —— intermediate platform; 5 -- bearing
structure of the truss; 6 —- upper platform; 7, 10 ~-- wind
shield; 8 -~ cable of the cargo hoist; 9 -- transfer platform;
11 -- hinged arm mechanism for folding the lower platform on the
truss; 12 —- ladders and gangways; 13 -- lower platform;
14 —- pull rod of the hinged arm mechanism for folding the
middle platform on the truss.

The service cabs (Fig 4.25) are designed to service the lower buried part
of the rocket installed on the launch system and also the necks of the
f11l collector of the launch structure.
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Figure 4.23. Rotary type tower:
1l —- crane; 2 -- tower trunk; 3 -- telescopic support; 4 —-
braces; 5 -- central support; 6 -- supporting frame;

7 -~ rollers.

Before launching the rocket system, the cab is brought to the bottom of
the launch structure along the suspension rail and it is protected by a
heat shield in the engine gas jet.

The service cable towers (masts) and cable masts are used to bring the
electrical, fill, drainage and pneumatic lines to the rocket system. They
have different dimensions (height to 100 meters and weight to several
hundreds of tons), and they can be stationary or removable (withdrawable).
The stationary towers are mounted on the launch system or beside it; such

towers have trusses (platforms) which are withdrawn to a safe distance
before or at the time of launch.
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- Figure 4.24. Service tower of the "Saturn-V-Apollo" space
rocket system

The withdrawable service cable mast (Fig 4.26) or cable masts usually are
installed on hinges on the launch system, and at launch time they are
withdrawn to the required angle, using a counterweight or pneumatic
(spring) drive; the kinetic energy during withdrawal is extinguished by a
hydraulic shock absorber.

If the communications lines with the rocket are coupled to the installation
and test facility (the vertical assembly building), the service cable towers
or cable masts are transported to the launch position jointly with the
rocket system,

- The stationary cable mast (Fig 4.27) is a structure through which the cables
are run to the upper stage of the rocket. At launch time, the plugs are
unplugged, and their ground sections together with the cables are dropped
from the rocket under their own weight. .

The service tower cable for the "Saturn-V-Apollo" space rocket system
(Fig 4.28) is mounted on the upper part of the launch platform and together

with the rocket system is delivered to the launch complex by the caterpillar
carrier. .
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Figure 4.25, Service cab:
1 -~ drive for the displacement mechanism; 2 -~ central pads;
3 —- carriages of the displacement mechanism; 4 -- heat shield;
5 —- telescopic bisectional columns; 6 -- telescopic trisectional
columns; 7 —- hydraulic cylinder; 8 -~ platform; 9 -- telescopic
bridge; 10 -- ring platform; 11 -- rotary disc; 12 —- control
panel; 13 -- mechanism for turning the disc; 14 -- emergency
ladder; 15 ~- gangway; 16 -- chain drive

The tower is a steel truss 116 meters high through which the fuel and
pneumatic lines, electrical and television cables, telephone lines, water
lines and other lines are run. The tower has nine folding arms; eight
fueling units are connected to five of them. A "clean chamber" with con-
ditioned air is mounted on the upper arm. It is coupled to the hatch of
the command compartment of the spacecraft and provides for entry and exit
of the astronauts. The feed lines made up of rigid or flexible lines are
joined through the crossovers to the lines laid in the tower, and they
have plugs connected to the fueling units of the booster rocket. The
service tower is equipped with 17 work platforms; all of the platforms are
are connected by two high~speed 1lifts which were used for emergency exit
from the spacecraft in case of an emergency and delivery of the crew to
the fast-exit chute of the launch structure which begins at the launch
platform,
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Figure 4.26. Service cable mast for the "Soyuz" space
rocket system

A rotary arm drane with a capacity of 22.5 tons is installed on the tower.
It can be controlled from any platform using a portable control panel.

- 4,6, Electrical Equipment

With respect to amount of intake electric power it is possible to compare
the cosmodrome with a large modern plant equipped with complex highly
automated systems and units. The electric power users at the cosmodrome
are the electric drives of the trusses and service platforms, the electric
motors of the elevators and hoists, the electric pumps of the servicing
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systems, the pneumatic pumps and ejectors, electric heating and air condi-~
tioning systems. All of them require 380/220 volt, 50-cycle 3-phase
alternating current to power them. The sources of this electric power are
called primary current sources. At the cosmodrome there are other electric
power users which require special forms of current and voltage for their
power supply. These include the technological operations control systems,
the measurements and functional monitoring systems, the guidance system,
and so on. The special forms of currents are required also by the on-board
equipment which 1s powered from ground power supplies during preparation
of the booster and spacecraft for launch. The power supply for the on-board
equipment comes from special currents, and their sources are called
secondary current sources. The secondary current sources are combined into

Figure 4.27. Cable mast at launch time

the so-called special currents ground electrical supply system (SNEST)
which generates alternating and direct current of different voltages and
frequency. It must be noted that in the measurement and control systems.
secondary electric power supplies can also be used as individual feed
modules.
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Since the launch time of the space rocket system usually is strictly regu-
lated, interruptions in the electric power supply can lead to postponement
of the launch to a given time and sometimes to more serious comsequences,
emergencies. This is why special attention is given to the problems of
reliability and quality of the electric power supply.

The high reliability of supplylng electric power is achieved by the follow-
ing:

The application of highly reliable elements and assemblies of the systems;

Duplication of the primary and secondary electric power sources and cable
couplings, the application of ring systems, and so on;

Clear organization of the work and high qualifications of the service
personnel.

The sources of ground supply with electric power are divided into the primary
ones which include the industrial power systems, diesel electric power

plants and chemical current sources and the secondary ones, that is, the
devices that convert the electric power of the primary 380/200 volt, 50
hertz current sources to currents and voltages necessary to power :the

ground and on-board automatic control and measurement systems.

The direct current converters (unstabilized and stabilized), the mechanical
AC converters and static AC converters with increased frequency are used
as secondary electric power sources.

The system for supplying the cosmodrome and the rocket system with electric
power is presented in Fig 4.29.

The industrial power systems are the basic source of the electric power
supply on which the requirements of increased reliability and maintenance
of high voltage stability are imposed.

The electric power is fed to the launch complex through a step-transformer
(see Fig 4.29), after which it goes through special entrance shields to

the users and to the secondary power supply sources in the form of a three-
phase, 380/200 volt, 50 hertz alternating current.

The diesel electric power plants (DES) are, as a rule, a reserve (redundant)
source which provides electric power when the basic electric power trans-

- mission lines fail. A diesel gemerator is used as the source of electric
power in the diesel electric power plants, the power of which also
determines the power of the plant itself. The continuous operating time
for the diesel electric power plants is not regulated, and it depends on
the amount of fuel, that is, the capacity of the fuel tanks.

Usually automated diesel electric power plants are used which are auto-
matically started when the power is shut down from the industrial sources
and are capable of operating for a prolonged period of time without service
personnel.
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Figure 4.28. Cable service tower for the Saturn-V Apollo Rocket
System

1--control module for the pneumatic system of the equipment module;
2--module switch; 3--cooling module for the equipment module; 4-~control
units for the pneumatic systems of the main engine of the third stage;
5-—cooled gas (helium and hydrogen) feed module for blowing the third
stage tanks, cooling the main engine jacket and filling the tank for
whirling the turbine; 6--control module; 7--control module for the pneu-
matic systems of the auxiliary third stage engines; 8,9,10--control module
for the pneumatic system of the second stage engine; 1l--gas (hydrogen)
feed module for blowing the second stage tank and cooling the engine jacket;
12--control module for the pneumatic system of the first stage engine.
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The diesel electric plants are equipped with units to maintain the normal
operating conditions, for protection, starting and stopping, emergency
warning signals and also a system for automatic monitoring and control of
the current frequency and voltage, the water and oil temperature and
charging the storage batteries. In addition, manual remote control is
provided which provides for starting and shutting down the diesel electric
power plants, switching the generator on and off, reclosure after the
response of the protection and elimination of the failure.

The diesel electric power plants can be portable, placed in the beds of
trucks or on railroad cars and statiomary, located in the cosmodrome

structures.
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- Figure 4.29. System for supplying the cosmodrome and the
space rocket complex with electric power

Key:
- 1. electric power transmission lines 8. mechanical type AC converter
2. diesel electric power plant 9. power drive
3. primary sources of electric power 10. technological process operations
4, transformer substation control system
5. secondary electric power sources 1l. measurement system
6. wunstabilized DC converter 12. 1. general engineering systems
7. stabilized DC converter 2, lighting

The chemical current sources provide direct current with a voltage of 30
and 6 volts to the measuring control systems and also the emergency lighting
system, and they are used in the stationary automatic monitoring control
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units, in the portable lighting units and as a current source in 'ready
reserve"l for the case of failure of the basic source, for which the so-
called "buffered" inclusion 1s practiced.

Inasmuch as the requirements of fire and explosion safety are imposed on

the measurement and control systems in a number of cases, it is possible

to use dry chemical current sources (dry cells) which have high internal
resistance and low power. This permits insurance of operating safety of

the systems, for in the case of the appearance of a failure, the magnitude
of the current is limited by the internal resistance of the source. However,
the small continuous operating time, the dependence of the parameters on the
ambient temperature, the comparatively high cost complicate and limit the
use of the chemical current sources. In recent times the DC rectifiers
based on semiconductor elements have been most widely used.

The ground electric power supply system for special current (SNEST) includes
the unstabilized DC converters (PS), stabilized DC converters (PSS),
mechanical type AC converters (AMG), the current distribution unit (TRU),
remote control panels (PDU), power distribution boxes (RSK) and a cable
network.

The unstabilized static DC converters are designed to supply direct current
to the systems and individual measurement and control instruments when
highly stable voltage and increased reliability are not required. The
voltage at the output of such a converter depends on the fluctuations and
variations of the input AC voltage and the mode current.

The stabilized static DC converters will permit us to obtain a DC voltage
at the output with deviations from the rated by no more than +37%, and
in the best cases, less than +17.

The mechanical type converters or electromechanical converters are electri-
cal machines which convert one type of current to another, with different
voltage, frequency, and so on. Depending on the purpose, they are

divided into DC-AC converters (which convert alternating current to

direct current or vice versa), DC converters (which convert the DC voltage),
frequency converters, and so on.

The current distributing devices in the ground electric power supply systems
to supply specialized currents play the role of the power commutators of

1Ready reserve" is the method of reserving or redundancy in which failure
of the basic source of power does not lead to interruption of the power

to the users, whereas in other reserve techniques time is required to
connect the reserve power supply.
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the output buses, static stabilized converters. These devices are made

in the form of individual bays of usually unitized construction in which
contactors and current protection elements are placed (automatic network
protection systems, fuses), terminals and oil seal entries for cables

used to couple the current distributing devices (TRU) to the output feeders
of the static stabilized converters and load and also intermediate relays
for remote control of the contactors and the current and voltage quality
control instruments on the output buses.

The remote control panels are designed for remote inclusion of static
stabilized converters or connection and disconnection of their output
feeders in the current distributing devices directly from the point of
connection of the instruments -- the power users.

The distributing power boxes in the ground electric power systems for
special currents are used as terminal units designed to connect users
remote from the static converters.

For the SNEST cable network, usually two types of cables are used: flexible
and stationary. The flexible cables with plugs are used to comnect the
individual instruments (panels, bays, converters) entering into the func-
tionally independent equipment complexes located inside one facility.

The stationary cables which are soldered to the terminals inside the
instruments have armor protection and are designed for operation in un-
heated facilities.
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CHAPTER 5. FUELING SYSTEMS

5.1. General Information

The fueling systems are designed to fill the rocket systems with fuel

. components and compressed gases.

The fuels can be divided into high-boiling and low-boiling, two-component
and single-component fuels in accordance with their basic physical~chemical

properties.

The high-boiling fuels are liquids with a boiling point above 298°K at
atmospheric or somewhat increased pressure under operating conditions which,
being put in the rocket tanks or in the ground system storage facilities
can be stored for a long time under the indicated conditions in practice

without losses.

The low-boiling fuels are liquids with a boiling point below 298°K under
operating conditions; they include liquefied gases (liquid oxygen, fluorine,
nitrogen, hydrogen, and so on) having so-called "cryogenic" (below 120°K)
the boiling point, from which they have received the name cryogenic.

Under ordinary operating conditions the cryogenic fluids put in the tanks
without thermal insulation ure intensely evaporated at the expense of the
influx of heat from the enviromment and require the application of effective

thermal insulation to decrease losses from evaporatiom.

The two-component fuels are the fuels, the thermal energy of which is formed
as a result of oxidation of one component (the combustible) by the other
(the oxidizing agent) in the combustion process in the engine chamber.

The two-component liquid fuels can be self-igniting (if combustion begins
when they mix) and nonself-igniting (if additional means are needed for

combustion of them).

The single-component fuels are complex compounds capable of decomposing
under defined conditions into simpler and more stable materials with the
release of thermal energy. The single-component fuels are used for
auxiliary purposes: light thrust engines (orientation and stabilization)
of the space vehicles and the upper stages of the booster rockets, for

turning the pump turbines, and so on.
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The efficiency index of rocket fuels is the specific thrust -- the ratio
of the thrust created by the engine to the fuel consumption per second;
the fuel having greater heat value and lower molecular mass of the combus-
tion products has greater specific thrust.

Another important.characteristic of fuel is its density: the greater the
density, the smaller the volume and, consequently, the mass of the rocket
tanks. An increase in density of the added liquid fuel components is
achieved by cooling them or introducing a heavy inert admixture. This
procedure was proposed for the first time by Academician V. P. Glushko in
1933. Among the assimilated fuels, the two-component fuels are more wide-
spread than single-component fuels, which is explained by their higher
specific thrust.

The fuels must have high specific thrust, high density, safety in handling,
the possibility of long-term storage both under ground and space conditions,
low cost, and so on.

None of the existing liquid fuels fully satisfies all of the enumerated
requirements; therefore in each specific case certain of their advantages
and disadvantages are taken into account, which is one of the causes of
the great variety of them.

In world practice, among the high-boiling oxidizing agents the most wide-
spread is nitric acid, nitrogen tetroxide and nitric acid solutions with
nitrogen tetroxide; of the low-boiling ones, liquid oxygen. Studies are
being made with respect to the use of liquid fluorine, ozone and mixtures
of them with oxygen, for they have better oxidizing properties than oxygen.

Among the high-boiling fuels broad use is made of kerosene, hydrazine

and its derivatives (monomethylhydrazine and asymmetric dimethylhydrazine
—— NDMG); among the low-boiling ones, liquid hydrogen. Hydrazine is usually
used in mixtures with other materials (thus, the fuel "aerozin-50" which

is widespread in the United States is made up of 50%Z by mass hydrazine and
50% by mass dimethylhydrazine). At the present time studies are being made
of the use of pentaborane.

The bicomponent fuels (combustible and oxidant) usually are characterized
by the oxidizing agents, for they are the basic part of the fuel, and their
number is comparatively small. Thus, the fuels used at the present time
with the oxidizing agent —- liquid oxygen -- insure the greatest specific
thrust; such fuels as kerosene, dimethylhydrazine and liquid hydrogen are
used with them. The "oxygen-kerosene' fuel is best assimilated in rocket
engineering, it is cheap to produce and convenient in operation. This
explains its application in the first stages of the American "Thor-Delta"
booster rockets, the "Thor-Agena," "Atlas-Centaur," "Saturn-I," "Saturn-IB,"
"Saturn-V" and also the Soviet booster rockets. The oxygen and asymmetric
dimethylhydrazine fuel has the greatest specific thrust for liquid-
propellant rocket engines of the oxygen class operating on high-boiling
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fuel; it is used on the second stage of the Soviet "Kosmos" booster
rocket.

The "oxygen-hydrogen" fuel has a specific thrust that is 30 to 40% higher
than the other assimilated rocket fuels and, in addition, is ideal from the
point of view of envirommental protection, for the products of its
combustion are water vapor. This fuel has been used in the upper stages

of such booster rockets as "Atlas-Centaur" (third stage) and 'Saturn-V"
(second and third stages). With further development of rocket engineering
hydrogen can find application also in the first stages of the large space
rocket systems.

The fuels based on nitric acid and nitrogen tetroxide are significantly
inferior with respect to specific thrust to the fuels based on oxygen.

They are capable of prolonged storage, the duration of which depends to a
significant degree on their corrosive activity. but they are toxic. Such
fuels as kerosene, asymmetric dimethylhydrazine, and hydrazine are used
with nitric acid. The last two form self-igniting fuels, and with nitrogen
tetroxide the fuels "aerozin~50," dimethylhrdrazine and monomethylhydrazine
are used (all self-igniting). The possibility of prolonged storage without
losses, high density and self-ignitability explain the broad application

of these fuels in the multiple-action engines and in low-thrust engines
(for stabilization, orientation, braking, taken from other planets, and

so on) and also in the booster rockets created on the basis of the combat
rockets where the basic requiremant is insurance of prolonged storage of
the booster rocket in the filled stage. For example, in the engines of the
"Apollo" spacecraft fuel based in nitrogen tetroxide is used: the "nitric"
acid and asymmetric dimethylhydrazine fuel in the last stage of the
"Atlas-Agena" booster and the "Thor-Agena" booster, and the nitrogen
tetroxide and aerozine-50 fuel is used for the "Titan-III" booster rockets.

Hydrogen peroxide in various concentrations, hydrazine and asymmetric
dimethylhydrazine are used as single-component fuels. Thus, in the "Vostok"
booster rocket the products of decomposition of hydrogen peroxide were used
as the working medium for the turbopumps, in the upper stage of the
"Atlas-Centaur" rocket it was used to operate the auxiliary engine and

turn the booster fuel pump drives.

In space rockets for individual systems, cryogenic fluids are used (oxygen,
nitrogen, hydrogen and helium). Electrochemical processes between
gasified oxygen and hydrogen in the fuel elements of the electric power
supply system provide electric power for the on-board equipment of the
space vehicle; oxygen and nitrogen in the life support systems of the
spacecraft compensate for losses of oxygen during breathing and restore the
atmosphere of the spacecraft when performing operations in space or docking
with other vehicles; liquid nitrogen, hydrogen and helium, and in some
cases, solid hydrogen and nitrogen find application in cooling the infra-
red radiation receivers, quantum amplifiers, and so on.
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The application of cryogenic liquid fuel components with reduced tempera-
ture with respect to saturation temperature and atmospheric pressure

(the so-called supercooled or underheated 1liquid) has great advantages.
Such a reduction in temperature in practice is possible in a wide range,
to the formation of a mixture of solid and liquid phases (the so-called
slush).

Slight supercooling of the fueled liquid permits a significant decrease in
the vapor formation in the booster rocket tanks during fueling process
and makes it poussible to have on-board drain valves of smaller size.

Filling the tanks with deeply supercooled liquid increases the time the
fueled booster rocket is ready to launch without losses, for the supercooled
liquid must first be heated to the boiling point and only then does it
begin to evaporate. As a result of an increase in density, such a liquid
permits a decrease in volume and mass of the rocket tanks and an increase
in the drainless storage time under space conditions. Here the maximum
effect is achieved by conversion of the cryogenic liquid to the solid state
although the cryogenic components of the fuel in the solid state are in
practice not used. For use in the engines, the deeply supercooled liquids
(to the ternary point) and also slush in the form of finely disperse flow-
able mix are convenient.

In addition to the liquid fuel components, the space rocket systems are
filled with compressed gases which have such properties as simplicity of
accumulation and capacity of energy comservation for a prolonged time in
the state of being compressed to high pressure, safety (the nitrogen and
helium) for operation in various media as a result of the inertness. These
properties make it possible to use compressed gases as a source of energy
for on-board equipment with pneumatic drive or a solid state in the tank
blowing systems, various types of purging, and so on.

In the space rocket systems . nitrogen and helium have come to be widely
used as a result of fire and explosion safety with respect to the working
environment and absence of condensation at low temperatures. In this
respect compressed helium is the most all-purpose gase, then nitrogen
which has limitations with respect to condensation at low temperatures.

Compressed air usually is used in systems that are fire and explosion safe
with respect to gasecus oxygen.

Compressed gases are put in the open bottles (banks of bottles) of the
corresponding on-board pneumatic systems. Often one bank of bottles
provides the operation of several pneumatic systems (blowing the tanks
and purging various engine elements). After filling and before launching
the rocket, a constant makeup of the bottles and supply of the gases for
operation of the on-board pneumatic system takes place in the pre-launch
period; the on-board pneumatic systems are converted to compressed gas
feed from the on-board bottles only directly before launch.
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In some cases, in order to increase the density of the compressed helium
that is put in the bottles and in order to decrease the weight of the
pneumatic systems, the banks of bottles are placed in a container filled
with cryogenic liquid. Thus, on the "Atlas-Centaur" rocket, the helium
for blowing the fuel tank and purging the engine in the first stage is

in the bank of bottles placed in a jacket with liquid nitrogen which is
poured into the ground system directly before launching the rocket, and in
the first stage of the "Saturn-V" rocket the helium for blowing the fuel
tank is in four bottles (volume 0.88 m3 each) installed inside the oxygen
tank.

Depending on the type of on-board pneumatic systems, the on-board bottles
are filled both at the filling station and at the launch complex. Before
filling with compressed helium and nitrogen used for operation in fire and
explosion-hazardous environments with respect to air or in working environ-
ments with low temperature, the on-board bottles are purged with the

gas they are being filled with in order to remove the air to the admissible
concentrations.

The schematics of the ground filling systems depend significantly on the
structural design of the pneumatic hydraulic system of the rocket. From
the point of view of f£illing, both systems -- on board and ground -- are
parts of a united system capable of functioning normally only under the
condition of close interrelation of its component elements.

Basically the structure and the pneumohydraulic system of the tanks in the
filling section are determined by the physical-chemical properties of the
components with which they are filled, the amount (batch) and method of
obtaining the given batch in the tank.

- The structural design of the tanks is essentially influenced by the tempera-
ture at which the fuel components are put in them. Thus, tanks for cryogenic
fuel components have thermal insulation to protect the liquid with which
they are being filled from evaporation at the launch complex and in outer
space and also to protect against aerodynamic heating when flying through
the atmosphere. ‘

The presence of thermal insulation on the tanks filled with liquid fuel
components (supercooled oxygen, hydrogen and so on) with a temperature
equal to or less than the condensation point of air prevents condensation
of the air on the walls of the tank and significantly decreases the
evaporability.

Thus, for hydrogen tanks of the American booster rocket "Saturn-I,"
"Saturn-V" and "Atlas-Centaur" plastic foam insulation is used which is
blown with uncondensed gas (helium) to prevent condensation of the air

- on the cold walls of the tanks. This blowing increases the thermal conduc-
tivity of the insulation, but under space conditions the helium volatilizes,
and the ~ffectiveness of the insulation increases sharply. The sampling
of the helium for analysis after blowing permits monitoring of the seal

137

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040010-4



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040010-4

FOR OFFICIAL USE ONLY

of the tank and the line and the adoption of necessary measures to prevent
emergencies. Thus, fo: example, the seal of the hydrogen tanks of the
"Saturn-V" is controlled while they are being filled.

The hydrogen and oxygen tanks of the life support systems and power supply
systems of the "Apollo" spacecraft have insulation with several reflecting
shields placed in the vacuum space between the inside and outside walls

of the tank. This insulation called the vacuum shielding is most effective
for prolonged storage of cryogenic liquids under ground and space conditions
although it causes some increase in mass of the tank as a result of the
outside wall.

In the space rocket systems a multilayer shielded insulation with outside
soft thermal cover of insignificant mass is used. In order to protect the
insulation from the condensation of air on the cold walls and crushing of

the insulating shields (which are made of thin film) by the outside pressure,
the thermal cover is blown with uncondensed gas during the filling process.
After the vehicle (the stage of the rocket) goes into space the cavity of
the thermal seal is connected by opening special valves and diaphragms

to outer space, and the insulation begins to function as a multilayer

vacuum shield.

The tanks of the booster rockets for cryogenic liquids with a temperature
above the condensation point of air usually are not insulated, although
individual sections of a tank have local insulation to prevent the effect

of low temperatures on the instruments and elements of the engines. Losses
from evaporation in the tank after filling are compensated for by additional
filling (makeup) of the component. During makeup, such tanks are covered
with a layer of frost formed as a result of freezing of the moisture from
the surrounding air; the layer of frost to some degree lowers the heat
influx, playing the role of a type of insulation.

The filling with supercooled cryogenic liquids has its characteristic

- features consisting primarily in a decrease in pressure of the saturated
vapor of the cryogenic liquid as it cools and secondly, in the formation
of a significant thermal layer of filled cryogenic liquid along the height
of the tank as a result of the heat accumulated by the structural elements
of the tank and filling through the filling valve which is usually located
below the tank. Therefore, in order to avoid implosion of the tank as a
result of the rarefaction created in it and to keep atmospheric air out
which is capable of destroying the composition of the liquid with which
the tanks are filled, the tanks are filled with the safety drain valves
closed at constant excess pressure of blowing by uncondensed gas. The
temperature stratificaticm which is undesirable for operation of the engine
is eliminated by mixing the liquid during the filling process or after it.
The liquid is mixed by passing uncondensed compressed gas through it
(so-called bubbling) or feeding the liquid with which the tanks are filled
from the top through special manifolds.
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During filling with cryogenic liquids and in the subsequent period before
launching the rocket, the danger of heating up and boiling the liquid
arises in the intake lines of the engine which is usually located
appreciably below the tank as a result of inflow of heat from the environ-
ment. This danger can lead to rupture of the lines. In order to prevent
this, a circulating loop is used (tank-intake line-circulating line-tank)
which operates as a result of natural convection, for elimination of which
gaseous helium is fed to the circulating line.

When filling with toxic and self-igniting fuel components, their vapor is
removed through split drain connections to a special ground neutralizing
- system, For safety the exit arcas of the drain lines in the tanks are
selected, as a rule, at diametrically opposite locations. Before filling
with liquids (liquid hydrogen) that is fire and explosion hazardous with
respect to air, the air enviromment of the tank is replaced by a neutral
environment, and during the filling process, these vapors are removed
through the pre-ignition or diluting systems to a safe concentration.

The fuel tanks of the space rocket systems, depending on the supplied dose,
have a volume from tenths to several hundredths and thousandths of cubic
meters. The small volume tanks which are used for auxiliary engines and
are designed for quite high inside pressure permit evacuation of their
inside cavity, which permits application of the simplest filling system
(the f£ill line and tank) called drainless. In this case the filling pro-
cess consists in preliminary evacuation of the tank in order to remove

air from it and subsequent filling of it with a given amount of liquid.
This fill system usually is applicable for high-boiling components.

When adding low-boiling components by the drainless system it is necessary
first to cool the structural elements of the tank to the temperature of
the adi:d component and to maintain this temperature during the time the
rocket is on the launch system. This significantly complicates the struc-
tural design of the rocket and ground equipment; therefore the drainless
system for filling with cryogenic components, as a rule, is not used.

In order to decrease the mass of the structure the large tanks (5 m3 or
more) are not designed for evacuation; they can only withstand small
internal excess pressure basically determined by the operating requirements
of the engine. These tanks are filled with discharge of pressure from

- their gas cushion through drainage safety valves in accordance with more
complex filling system (the f£ill line-tank~drain line). During the
process of filling and draining by this system the internal pressure of
the gas volume (cushion) is constantly monitored by gauges or signal ele-
ments; with an increase in pressure above the admissible, an instruction
is automatically put out to stop the filling process, which is reinitiated
only after establishment of normal pressure.

In the majority of cases the fuel components are drained from the tanks
with the drain-safety valve closed, which insures the required cleanness
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of the inside volume of the tanks and, in addition, accelerates the
drainage process. In order to avoid implosion of the tank by atmospheric
pressure under these conditions when the inside pressure drops to a defined
amount the on-board blower is switched on, and in some cases the safety
drain valve 1s opened.

The seal of the tanks of the booster rocket stages and the space vehicles
designed for operating under space conditions is insured by using a
fitting with small diameter of the passage cross sections and the applica-
tion of fill systems with minimum number of fill-drain and discharge
lines. In addition, the tanks of the space rocket systems are carefully
checked for seal during the process of preparation at the engineering
complex.

When filling the tanks, the precision with which they are filled to the
given amount (batching) has great significance, for the excess mass on
board the rocket, especially in the upper stages and on the space vehicle,
leads to a decrease in useful load. The required accuracy is insured by
selecting the filling conditions and the batching method.

The filled dosage is measured by the ground filling system means (the
so~called external dosage), the devices installed in the rocket tank (the
inside dosage) and a combination of measuring devices of the ground system
and the rocket.

With external batching the required dosage is automatically measured by
special ground units (mass or volumetric batching) entering into the
filling system composition. The mass batcher measures the mass of the
filled liquid directly, using high-precision devices of the balance type;
the volumetric batcher measures the volume of the dosage or the volumetric
flow rate using the measuring calibration tanks or the volumetric flow
meters, as which liquid meters are used which determine the amount of
liquid flowing by the number of displacements of the servoelement and
various devices (turbine, choke, ultrasonic) which measure the speed of the
1liquid in the line. By monitoring the liquid temperature in the batcher
and knowing its chemical composition it is possible to establish the
density of the liquid at the time it is added and determine the mass dosage.

When batching comparatively small amounts (tems to several hundreds of
kilograms), the mass batchers are used which insure greater accuracy than
the volumetric ones and do not require the introduction of temperature
corrections for taking into account the variation in density of the liquid
or corrections which take into account saturation of it by its own vapor.

Increasing the filling batch leads to an increase in the size of the
batchers which becomes commensurate with respect to volume with the ground
storage and to complication of the filling system. The measurement of

a large batch in partsis inexpedient, for the batching error increases.
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Therefore for batching large amounts of liquid, the method of internal
batching is used in which the functions of the batcher and the tank are
matched. When determining the dosage in the tank, overflow cranes or a

more complex monitoring system is used which in the presence of calibration
of the tank are used to determine the volume of the batched liquid, record-
ing it or several defined (discrete) positions of the level or continuously
measuring it in the process of filling the tank. At the present time,
capacitive, inductive, manometric and ultrasonic systems have become wide~
spread for monitoring the level. 1In these systems the accuracy of measuring
the volume of the added component depends on the accuracy of installing the
sensitive elements and the filling flow rate on completion of batching
selected in such a way that during the time of closure of the cutoff valve
by the signal from the system which monitors the level, the error with
respect to amount of batched component will not exceed the admissible
error.

In some cases, combined batching is used, which consists in filling the
tank to a defined level measured by the rocket means with subsequent drain~
age of a precisely measured excess batching to the mass batcher. This
method makes it possible not to adjust the level monitoring system in the
tanks for various flight programs.

5.2. Ground Fueling Systems

The space rocket systems are fueled with liquid components using the
corresponding systems of the space center making up a significant part of
the ground equipment and playing an important role in the process of pre-
launch preparations. It is sufficient to state that the mass of fueled
components is up to 90% of the launch mass of the modern booster rocket
using liquid-propellant rocket engines. The filling systems to a high
degree determine the structure of the space center and essentially influence
the outcome of the space experiment itself. Two versions of servicing

space rocket systems are possible:

Servicing the rocket systems with all fuel components at the launch complex
after installation on the launch system;

Filling the tanks of the space vehicle with high-boiling component at the
filling station of the engineering complex and the booster rocket tanks
(also the space vehicle if cryogenic fluids are used) at the launch complex.

The first version insures greater operating safety with the space rocket
system at the engineering complex, but it complicates the process of pre-
paring it for launch and increases the number of pneumohydraulic "ground-
on-board" connections. The second version permits the number of fueling
systems and ''ground-on-board" connections at the launch complex to be
reduced and also the flow chart for the pre~launch preparations of the
rocket to be reduced with respect to time, but it requires the performance
of a number of measures aimed at insuring the required thermal conditions
and safety when transporting the fueled vehicle and during prolonged stays
at the launch position.
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The classification of ground fueling systems is presented in Fig 5.1.

The number of fueling systems depends, as a rule, on the number of fuel
components put in the space rocket, although for fueling essentially
- different on-board systems with identical components, various fueling means
are used. Thus, the stages of the "Saturn-V" booster rockets and tanks of
- the power system for the "Apollo" spacecraft are filled with hydrogen from
various ground systems.

The space center fueling systems are distinguished with respect to fueled
components, the magnitudes of the batches, the number of fueled tanks, the
method of supplying the fuel, the peculiarities of the schematic diagram
and structure of the equipment. The basis for all the systems, in spite
of the indicated differences, is the common schematic diagram: a storage
with means of feeding the component -~ pipelines with fitting ~- user (the
tanks of the booster rocket or space vehicle).

The storage is designed to store a component and is made up of one or several

tanks. The tank usually has several outputs for connection to the lines

from the portable transport means, discharge of the component to the fuel

lines, drainage of gas from the tank cushion, supplying of gas to the tunk

blowing system, and so on. In order to simplify the structural design and

layout, the number of outputs is decreased as much as possible, combining

some of them. In order to maintain a defined composition (condition) of the

stored fuel, storage under excess pressure, sealed connections and cutoff

fittings, chemical analysis, periodic drainage of the liquid, cleaning of -
inside spaces, and so on are used. TFor each component, a special method of
performing chemical analysis is developed in order to detect the micro-

impurities, including determination of the sample~-taking process. -

High-boiling liquids are stored without losses; cryogenic liquids are stored

with small losses as a result of the application of highly effective thermal
insulation or without losses using the devices for return condensation of

the vapor. -

The storages are filled from the portable transport means delivering liquids -
from the fuel storage houses of the space center, or directly from the plants
as they are produced. The volume of storage must be designed to meet all
the requirements for the given component during the technological cycle of
preparing the rocket system for launch, considering single or double repeti-
tion of the launch in case of postponement or early launch. When performing
the calculations, the possible irrecoverable losses (drainage, evaporation,
and so on), the unreachable remains in the storage tanks and the tanks of
- : the booster rocket, the quantity of the component it takes to £11ll the
service system lines and also the possible increase in the fueled batch
for various versions of the booster rocket are taken into account,

In the service systems two methods of supplying the components are the most
widespread: forced and pumped.
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The first method insures the given pressures and flow rate by creating a
blown pressure in the tank and the second, by the operation of a pump.

The application of the forced method of feed is limited by the admissible
pressures in the tanks, for the achievement of the required strength
characteristics (specially for the high-volume tanks) leads to a signifi-
cant increase in mass and complication of the structure.

The pump method of feed in practice Insures any pressures and flow rates,
although it requires continuous flow of the liquid without bubbles for
stable operation of the pump. The bubbles formed in the low-pressure zone
(the so-called cavitation phenomenon) and filled with liquid vapor can

lead to interruption of the operation of the pump. In order to avoid this,
the total pressure at the input to the pump is increased by blowing the tank.
In this case, the combination of forced and pump feed methods are obtained,
that is, the combined method of feeding the fuel components.

The fuel flow rate determines the filling time. For modern space rocket
systems, insurance of large flow rates does not cause any theoretical
difficulties. Considering the property of high-boiling liquids to be

stored in practice without losses, the tanks are filled with them in advance,
several days before launch., Here the filling is done in a two-step operation:
the basic flow (to 90-95% of the given batch) and the small flow (to the
given batched amount). In contrast to the high-~boiling liquids, in order to
decrease the time of the low temperature effects on the rocket elements and
the losses from evaporation, the fast-evaporating (cryogenic) liquids are
put in the tanks several hours before launch. In this case in order to

meet the requirements connected with the structural peculiarities of the
rocket and for greater accuracy of batching, multistage filling conditions
are used. Thus, the filling of the SI stage of the "Saturn-V" booster

rocket with oxygen is accomplished in the following mode: 1135 liters/min

to cool the tank; 5680 liters/minute (to 5% of the fueled mass) to exclude
large loads on the structural elements of the rocket at the beginning of
fueling; 37850 liters/minute (to 95% of the fueled mass) -- the basic high-
speed fueling; 5680 liters/minute to the level gauges signal to stop batch-
ing. Then makeup takes place at 1890 liters/minute to compensate for losses
to evaporation.

The simultaneous feeding of the oxidant and the fuel makes it possible to
reduce the rocket fueling time. However, in practice, especially when
using self-igniting and fire ¢nd explosion hazardous components, the rocket
system is fueled in succession and in some cases, modularly.

The fuel component is fed from storage and goes into the rocket tanks
through lines made up of pipes and fittings for the liquid and its vapor.
The layout of the lines of the fueling system connecting the storage and

the user is determined primarily by the pneumohydraulic layout of the rocket
tank and the requirements with respect to insuring flow regimes. For

liquid components it can be single or double line.
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The single line layout provides for filling, drainage and for cryogenic
components and topping off through one fuel line having branches in
accordance with the number of fueled tanks. This layout has become the
most widespread.

The double-line system provides for circulation of the fueled liquid in

the tank in case of thermostating by the method of simultaneous feed and
drainage. It includes the feed and drain lines connected to the correspond-
ing tank and ground storage lines. The fueling line is made up of one or
several pipelines if it is structurally disadvantageous to have one large-
diameter line.

The fuel fittings are devices which insure a given flow of the component,
adjustment of the flow and curtailment of feed. These fittings include
valves, gate valves, regulators, chokes and so on. The valves insure
seal (or with the given degree of seal) separation of two sections of the
pipeline and they are divided with respect to functional contributes into
the shutoff valve for stopping the feed and discrete regulation of the
flow; drain valves for discharge of gas, liquid or a mixture of liquid
and vapor from individual sections of the lines and tanks; safety valves
for automatic discharge of excess pressure and check valves for automatic
passing of liquid or gas in only one direction.

The shutoff and drain valves are controlled remotely using various drives
(pneumatic, electric, electromechanical). The valves are designed for
complete shutoff of the lines, and they are devices with manual drive.
The chokes are used to regulate the degree of covering of the line and
they are with manual or electromechanical drive controlled remotely.

In some cases, in order to insure complete separation of one volume for
another in the tanks or lines, diaphragm assemblies are used in which the
sealing diaphragm is cut off automatically with the given pressure gradient
or forced using pneumatic drive.

The cutoff valves and drain valves, the gate valves and chokes can have
signals of the extreme (open-shut) and intermediate positions providing
for remote monitoring of their operation.

In the filling systems various types of automatic regulators are also used
(for example, liquid, which insures variation of the liquid flow depending
on the pressure variation in the gas cushion of the filled tank).

In order to prevent mechanical impurities from getting into the fuel tanks
there are filters., The liquid or gas is purified to remove impurities
- both by passing it through porous or lattice materials of filter elements

and by centrifugal effect. The purification method depends on the specific
operating conditions of the fueling systems.
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All of the operations performed using the fueling systems in the pre-launch
preparation process can be divided into preparationm, basic, final, post-
‘launch and auxiliary.

The preparatory operations include checking out the equipment of the systems
for operation, the bringing of the stored component to the required
parameters (with respect to quantity, temperature, pressure); taking
samples for chemical analysis; connection (coupling) of the fuel, discharge
and drain lines to the corresponding valves or flanges of the on-board
connections of the rocket with subsequent checking of the connections for
seal; initializing all of the control system elements, and so on.

B The basic operations include the preparation of the inside cavities of the
rocket tank (for example, replacement of the air atmosphere by a neutral
atmosphere for fire and explosion hazardous components with respect to air),
filling the f£ill lines. with the components, filling the tanks, makeup,
thermostating the fuel, draining the components from the tanks in case of
postponement of the launch.

The final operations include correction of the level (topping off to the
given batch), relieving the on-board and ground fill lines of liquid and
gas (draining the lines), discomnection (uncoupling) of the fuel and
drain lines for the booster rocket, and so on.

The postlaunch operations include draining the remains of the fuel
component from the fuel lines, replacement of the throwaway assemblies,
conversion of the system to storage conditions.

The auxiliary operations include filling the storages from the transports,
technical servicing of equipment, and so on.

The participation of the controlled fueling system elements in the per-
formance of the operations is different (from 50 to 100% of the total
number); therefore for large and complex fueling systems with respect to
composition, automatic and semiautomatic technological operation control
systems are used.

The automatic control systems provide for controlling the system elements
and monitoring their operation in the automatic mode, and the semiautomatic
control systems provide for only part of the technological operations in
the automatic mode.

In addition, these systems insure the possibility of remote control of any
element during performance of the operations.

The operation of the fueling systems and their elements is controlled by
the lighting of lights and transparencies on the service control panels.
When performing the technological operations, in addition to information
about the order of respoase of the control system elements it is necessary
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to know and monitor the basic parameters of the fueling system (pressure,
temperature, number of components in the storages and the rocket tanks,
pressure, temperature and flow rate of the components in the lines and

the feed units). The monitoring of these parameters 1is provided for by

the corresponding measurement means with output of the readings to secondary
instruments with visual scules, The information obtained makes it possible
to estimate the state of the fueling system at any point in 1its operation.

The equipment of the fueling system basically is placed in the storage areas.
It consists of tanks, feed and other types of equipment providing for

storage and preparation of the components for fueling: the routes fo: ilaying
the lines (fill-discharge and drain lines); at the service unilts, the

service cable towers (mass), the service towers and trusses providing for
bringing the ground lines to the rocket connection.

At the launch complex the fueling system equipment usually is protected
from the destructive effects of the shock wave in case of a possible explo-
sion of a rocket by reinforced concrete arched structures banked with dirt
and service passageways capable of withstanding a defined load in case of

_ explosion. The construction of such structures requires large means,

- especially for large spherical tanks.

The placement of the tanks designed in strength respects for a defined load
from the shock wave in an open area essentially reduces the expenditures.
Thus, at launch complex No 39 the large spherical tanks with liquid oxygen
and hydrogen are left open at a distance of about 450 meters from the center
of the launch structure; their structural design is for an excess pressure
of 41 kPa, and the stability of the foundation with regard to shifting and
tilting loads which can occur in case of an explosion of the "Saturn~V"
booster rocket.,

The equipment of the fueling system of the service units removed before
launch to a safe distance does not require special shielding.

The fuel components storage facilities with feed means can be portable and
stationary. The portable storages(tankers) are used to store a small amount
of fuel; they do not require special structures except accesses and covered
platforms and especially they are advantageous for modifying the launch
complexes for vehicles with other fuel components. The stationary storages
are used to store a large (several thousand cubic meters) quantity of

fuel and for fueling the booster rocket tanks and space vehicles of the
space rocket complex of the heavy or superheavy class.

] The equipment of the service station is located in the main building
(batchers, thermostating means, vacuum e Juipment), in the storage building
removed from the main building (tanks with facilities for storing the

component and preparing it for fueling) and in the main channels connecting
the main building and the storage.
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The fuel systems for fire and explosion hazardous components both at the
filling station and at the launch complex are separated by a safe distance
and are placed in isolated channels and structures.

5.3. Fueling Systems for Cryogenic Fuel Components

In modern rocket engineering cryogenic liquids are used as the fuel
components for engines, the operating means for the fuel elements of power
supply systems, the life support systems and the systems for blowing the
space vehicles and rocket modules; coolants for supercooling other cryogenic
liquids and compressed gases and also for so-called cryogenic purification

of the compressed gases to remove admixtures in the ground gas supply systems;
for special cryogenic systems installed in the space vehicles, and so on.

The cryogenic liquids are also used in the ground gas supply systems of the
space rocket complexes to obtain compressed gases by the gasification method.

Some of the data on the application of cryogenic liquids in the existing
and prospective space rocket systems are presented in Table 5.1, and the
basic physical constants of the liquid oxygen, nitrogen, fluorine, and
hydrogen, in Table 5.2.

Table 5.1

Some Data on the Application of Cryogenic Liquids in Booster Rockets

- Booster rocket Fuel
(rocket stage) Oxidant Combustible component
"Jupiter" Liquid oxygen Hydrocarbon (kerosene)
"Atlas" The same The same
"Titan-1I" The same The same
""Centaur" (stage) The same Liquid hydrogen
"Saturn-S-I" (stage) The same Hydrocarbon (kerosene)

E "Saturn S-II" (stage) The same Liquid hydrogen
"Saturn S-IVB" (stage) The same The same
"Kosmos" type rocket The same Asymmetric dimethylhydrazine

(upper stage)

"Vostok" type rocket The same Hydrocarbon (kerosene)

Let us consider the physical-chemical properties of some of the cryogenic
liquids that are most used at the present time.

Liquid oxygen 0y is one of the most effective cryogenic oxidants (it is
inferior only to fluorine and ozone), it is available and cheap, which is
explained by its large reserves and nature and simplicity of procurement,

it is nontoxic and in pure form is not explosion-hazardous; in the gaseous
stage it is colorless and odorless.
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Considering that at low temperatures many materials (hydrocarbon steel,
rubber, certain plastics and so on) become brittle and lose their

ductile properties, construction materials in contact with liquid oxygen
must be ductile, strong and resistant to combustion. Such materials include
aluminum and its alloys, high-alloy stainless steels, copper and brass.

Oxygen supports combustion intensely and forms explosion—-hazardous

mixtures with liquid or gaseous hydrocarbons, and porous organic materials
(sawdust, cotton wadding, rag, felt) impregnated with liquid or gaseous
oxygen; they are explosion-hazardous under impact or on ignition. At
ambient temperature the oxygen vapor is heavier than air, it spreads over
the floor and can fill all of the low spots. When working with oxygen
service personnel must protect clothing and hair from impregnation with
gaseous oxygen (ignition of them on occurrence of a spark is possible), and
after work it is mandatory to air out the clothing. In facilities where
people work with oxygen it is categorically forbidden to smoke, light a fire
or use uninsulated sources of current. All of the equipment used with
liquid and gaseous oxygen must be carefully degreased, and any tools that
are used must be copper plated to avoid sparks.

- Liquid fluorine Fy is the most effective of the modern cryogenic oxidizing
agents, for the fuels formed by it have the greatest specific thrust and
density which makes its application highly prospective. Fluorine has high
chemical activity, it reacts with all organic and inorganic substances,
on contact with it the majority of substances ignite. Metals can ignite
from friction in case of high flow velocity and also in the presence of
contamination in liquid fluorine. Some of the metals (iron, copper, nickel,
aluminum and its alloys) are resistant to the effect of fluorine as a result
of formation of a strong film of fluorides protecting against destruction
on their surface. Liquid fluorine and its vapors are toxic and have a
strong effect on the eyes, skin and respiratory tracts. Fluorine vapors,
reacting in the damp atmosphere of air, form hydrofluoric acid. The products
of combustion of fluorine-containing fuels are also toxic as a result of the
formation of corrosion-active hydrogen fluoride in them. The equipment for
liquid or gaseous fluorine must be carefully purified and passivated. For
operating safety tanks and lines for liquid and gaseous fluorine are made
with a nitrogen "jacket" which, as a result of the lower boiling point of
liquid nitrogen filling it provides for storage of the fluorine in transport
or filling tanks in the supercool state, which excludes losses to evapora-
tion and condensation of its vapor formed during the filling of the tanks.
The low excess helium pressure above the surface of liquid fluorine protects
it from contact with atmospheric air.

Gaseous fluorine is neutralized by passing it over dry NaCl and CaCl, salts
and liquid fluorine, by using sodium or a solution of calcinated soda.

The application of fluorine compounds with chlorine and oxygen is also
possible as an oxidizing agent; they are safer to handle, they can be stored
in tanks made of ordinary structural materials, and they are less toxic.
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In the United States within the framework of the "Saturn-Apollo" program
research work has been done to replace oxygen by a fluorine-oxygen mixture
and for testing engines for the upper stage using liquid fluorine. At the
present time the majority of problems connected with transporting liquid
fluorine and the process of handling it have been solved, and its applica~-
tion as a rocket fuel component 1s possible after solving quite complex and
tedious problems with respect to its operation as part of the rocket module.

Liquid hydrogen Hy is one of the most effective cryogenic fuels. This is

a transparent, colorless, low-boiling (it is inferior only to helium) and
light liquid. It is not toxic or passive in terms of corrosion. Liquid
hydrogen has a low boiling point (only 20 K above absolute zero), which
determines the large losses to evaporation, the low density, which requires
an increase in volume of the booster rocket tanks, energetic impulse for
ignition 10 times less than for hydrocarbon fuels, high TNT equivalent

(the explosion of 1 kg of liquid hydrogen mixed with the corresponding
amount of oxygen creates energy equivalent to 10 kg of TNT), and its mixtures
with air and oxygen are explosion-hazardous within broad concentratioun
limits (4.1 to 74.27% of the volume for air and 4.6 to 93.9% for oxygen).
Accordingly, the application of liquid hydrogen in rocket engineering has
become possible only after the inrtroduction of highly effective thermal
insulation combined with various measures to prevent the occurrence of
dangerous concentrations.

Liquid nitrogen N2 is a cryogenic liquid, it is nontoxic, but improving the
concentration of the gaseous nitrogen in an atmosphere of close facilities
can lead to severe consequences; it is chemically inactive and imposes the
same requirement on the materials as liquid oxygen. Liquid nitrogen is
used as a source of gaseous nitrogen for blowing fuel tanks (the Soviet
"Vostok" booster rocket) and for the ground type gas supply systems.

From the above-investigated physical-chemical properties of cryogenic
liquids it follows that the low boiling point, low heat of vaporization,
large amount of gas obtained during evaporation and the large difference

in densities of the liquid and gas phases are common to them. These prop~
erties are taken into account during planning and design and operation of
the cryogenic filling systems, the composition of which includes storage,
means of supplying liquid from the storage to the tanks, means of super-—
cooling the liquid, the controllable filling and cutoff equipment, means

of removal and discharge (drainage) of liquid and its vapors to a safe dis-
tance and means of evacuation of the thermal insulation cavities.

The peculiarities of the structural design of the equipment of cryogenic
filling systems arise from significant changes in the physical-mechanical
properties of the metals and their alloys at low temperatures. With a
decrease in temperature, as a rule, the strength characteristics (yield
point and fatigue point, rupture strength) increase, and the plastic
indexes are worse (impact toughness, relative constriction and elongation).
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The reduction of impact toughness of carbon steels is so great that it leads
to embrittlement of them and limits the application in assemblies and parts
operating at low temperature. Therefore in cryogenic engineering hydro-
carbon steels are only used to make jackets, supports, fasteners and other
elements not in contact with the cryogenic liquid.

The metals that operate at low temperatures (inside vessels, pipelines and
fittings) have such requirements imposed on them as satisfactory static and
dynamic viscosity, vaccum density and even gas generation, stability of
structure under long-term loads, low capacity for ignition in an oxygen
enviromment (for oxygen equipment). These requirements are satisfied by
alloyed steels of the austenitic class, aluminum alloys, nonferrous metals
and their alloys, and among the nonmetallic materials, plastics having low
thermal conductivity and high strength., In order to exclude the significant
thermal deformations in the lines, various types of compensators, bellows

or flexible metal sleeves are used.

The schematic diagram for filling tanks with cryogenic components is pre-
sented in Fig 5.2.

A storage facility for a cryogenic liquid consists of one or several tanks.
The tank is a structural element made up of an outer jacket to which an

inside vessel is attached through special slits or supports. The thermal
deformation of the inside vessel is compensated for as a result of the
corresponding fastening of the jacket (suspension or installation on supports).
The evacuated space between the inside vessel and the outside jacket filled
with thermal insulation forms a thermally insulated cavity. The suspensions
and supports and also the pipelines joining the inside vessel and the outside
jacket are additional elements (heat bridges) through which the heat is
transferred from the environment to the liquid.

The total heat influx to the cryogenic liquid is
Qotal = Qrad+qgas+qheat+qheat bridge=Qins+Qheat bridge’
where Q4,o is the total heat influx through the insulation;
Qraq is the heat influx as a result of radiation;
ans is the heat influx through the residual gases;
Qpeat is the heat influx as a result of thermal conductivity;
Queat bridge is the heat influx through the thermal bridges.
The thermal influxes are calculated separately for each type of heat trans-

fer, although in reality there is complex interaction of all of the
components of the total heat influx.
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For a sufficiently deep vacuum in a thermally insulated cavity the heat
transfer by the residual gases is very small. By increasing the length

of the suspensions, supports, lines and applying materials with low

thermal conductivity it is possible essentially to decrease the heat
influxes through the bridges. The heat influxes as a result of radiation
and thermal conductivity are decreased by the application of heat insulating
materials with high reflectivity and low thermal conductivity.

In order to decrease the losses to evaporation in some cases the heat
capacity of the departing liquid vapor is used, cooling special shields

by the vapor in the thermal insulating cavity or different thermal bridges.
The losses from evaporation also depend on the geometric shape of the
container: they decrease with an increase in the ratio of the volume to

the surface area. The most advantageous shape is a sphere, but the installa-
tion of spherical structures is connected with defined difficulties.

A cylindrical shape with a length of the cylinder equal to its diameter is
more convenient; in this type of cylinder with electrical bottom and top
the ratio of the volume to the surface area is insignificantly worse than
for a sphere.

- A stationary tank for prolonged storage of liquid oxygen (Fig 5.3) is a
horizontal cylindrical vessel with electrical ends with a volume of up to
225 m3. The inside vessel made of alloy steel with multilayered vacuum
shielding insulation is installed on four mounts in the outer jacket of
carbon steel, and it is fastened by three locators. After filling the tank
with oxygen the vacuum reaches 0.0l Pa and is maintained for a prolonged
period of time as a result of adsorption of the gas molecules by zeolite
placed in special pockets with coils through which the hot gas is fed for
regeneration of the zeolite. Between the inside vessel and the jacket in
the feed and blowing assemblies located near the supports, bellows are
welded out to provide for sealed exit through the vacuum cavity and compensa-
tion for displacements of the inside vessel with respect to the jacket
during cooling. The outer jacket is a safety diaphragm through which the
excess pressure is discharged in case of loss of seal in the inside vessel
with the cryogenic liquid.

The stationary vessel for storing liquid nitrogen, oxygen and argon

(Fig 5.4) is a vertical cylindrical vessel 66 m3 in volume which is fixed

in a jacket by two supports and is installed on four supports concentrically
entering into the jacket support.

The portable storages are analogous to the stationary omes, but they are
made of lighter metals and alloys and have a special attachment inside to
extinguish longitudinal displacements of the liquid during transportatiom.
The cryogenic liquids in the tanks are stored under excess pressure and
without it. Excess pressure created by their own vapor as a result of

evaporation of the liquid in the tank (from thermal influxes from the
environment) or in a special heat exchanger and evaporator, and in some
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34100

Stationary tank for storing liquid oxygen

11 -- lower liquid discharge. line.

>

Figure 5.3.
1 —- inside vessel; 2 -- multilayer vacuum shielded installation; 3 -- jacket; 4 —— suspension;

5 -~ gas discharge and blowing lines; 6 -~ locators; 7 —— upper liquid discharge line;

8 —-- hot gas feed line to the pockets with adsorbent; 9 -- safety diaphragm; 10 -- pockets

with adsorbent
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Figure 5.4, Stationary tank
for storing cryogenic liquids:
1 -- support; 2 -- support;

3 —- multilayer vacuum

shield insulation; 4 -- inside
vessel; 5 -- jacket; 6 —-
pockets with adsorbent;

7 —- liquid discharge line;

8 -~ gas discharge and blow-
ing line; 9 —- manhole.



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040010-4

_ FOR OFFICIAL USE ONLY

cases also gaseous helium prevents atmospheric air from getting into the
gas cushion of the tank and it prevents variation of the composition of
the stored liquid. The required amount of excess pressure is insured by
a closed drain valve (open periodically to discharge pressure) or a
special choke disc installed in the drain line.

In the general case the required amount of cryogenic liquid in storage is

GStOrage=K(Gtank+Gpipe+Gmakeup+choss)+an+Gready+Gtherm’

where K is the margin of safety taking into account possible versions of the
rocket connected with increasing the filled volume;

Gtank is the amount of liquid put in the rocket tank in the given level;

G ipe is the amount of liquid going to fill the pipelines connecting the
sgorage and rocket tanks;

Gpakeup is the amount of liquid going to make up the tank, that is, replace
the losses from evaporation (this component is taken into account for the
filling system with makeup);

ZGloss is the total irrecoverable losses of liquid to evaporation;

G,, is the amount of liquid remaining as a result of not being picked up

(ig is determined basically by the geometric characteristics of the tank

and the layer of liquid having a temperature above admissible for feeding
- to the rocket tank as a result of heating from the blowing gas);

Gready is the amount of liquid in storage insuring that the given readiness
of the storage will be maintained after it is filled to fill the rocket
without additional hauling;

Gtherm is the amount of liquid required to insure the thermostating of the
filled tank (this component appears only when thermostating with the appli-
cation of the circulation method under the condition that the thermostating
is realized by the reserves of previously supercooled liquid).

In the general case the irrecoverable losses are as follows:

£610s557Cc0011Cb 10w Csupercool ?

where G ,,1 is the amount of liquid evaporated during cooling of the metal
structurai elements of the filling system and the rocket tank;

Gbl - is the amount of liquid evaporated to create blowing of the storage
tanks;
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Gsupercool is the amount of liquid evaporated during cooling of the filled
liquid by the evacuation method (this component is taken into account only
when cooling the liquid by evacuation).

The amount of liquid required to insure thermostating of the filled tauks:

G T,

=G' .
therm therm

where G'iperp is the consumption of the liquid during thermostating;

T is the operating time of the thermostating system during one cycle to
obtain the given temperature in the tank;

n is the number of thermostating cycles.

When using the gas cooling units or special cooling fluid insuring super-
cooling of the filled cryogenic liquid without losses, the value of

Gtherm can be taken equal to 1 to 3 hour flow rates of thermostating as
the cold storage unit for the initial thermostating cycles. When using

a cooling cryogenic liquid in the ground filling system it 1s necessary to
have equipment for storing it and feeding it to the heat exchanger.

The reserves of the cryogenic liquid in storages for large booster rockets
usually exceed the filled doses by 1.5 to 3 times. Thus, the ratio of the
amount of liquid in the storages providing for launching of the "Atlas-
Centaur,” "Saturn-IB," "Saturn-V" booster rockets to its amount in the
tanks is approximately equal to 2, 1.4 and 1.8 for oxygen, and 2.8, 2 and
2.3 for hydrogen respectively.

Feed Equipment

In the cryogenic fuel component fueling systems, forced and pump methods
of supplying the fuel components and also combination methods are used.

In the forced method the blowing is created by a gas which comes from the
receiver or is obtained during the filling process in the heat exchange
equipment (a gasifier) as a result of evaporation of some part of the
component with the help of a heat-exchange agent (for example, hot water
from the heating network) or from an electric heater, and in some cases
under the effect of ambient heat. The cryogenic liquid is fed to the heat
exchanger by a pump (in the pumped feed system) or by gravity feed. 1In
this case the required hydraulic kit for arrival of the liquid is insured
by the location of the evaporator.

From the storages the cryogenic components are fed to the booster rocket
tanks through lines usually made of individual sections, the length of
which is determined by the manufacturing and transporting possibilities.

The section of line (Fig 5.5) consists of inside and outside (of the
jacket) tubes. The inside tube is oriented with respect to the outside tube
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and is rigidly connected to it using supports made of material with low
coefficient of thermal conductivity (fiberglass).

The inside tube is made of alloyed austenitic steel, and the outside
(jacket) from ordinary carbon or stainless steel. The space between the
tubes (the thermal insulation cavity) is filled with powdered or multi-
layered insulation with subsequent evacuation through an evacuation line
with a valve. In order to maintain and improve the vacuum, on the outside
of the inside line zeolite (for oxygen lines) or activated charcoal (for
hydroger lines) is placed in pockets. These materials have good adsorption
properties at low temperatures and reduced pressures. A rupturable safety
diaphragm is installed in the housidg in case of increased pressure in

the thermal insulating cavity of the line (if the inside tube breaks its
seal).

A flexible metal hose with multilayered vacuum shielding insulation (5.6)
is made up of inside and outside sealed hoses. The inside hose is oriented
with respect to the outer supports of material with low thermal conductivity
and together with the sleeve, tube and pocket with the adsorbent is
insulated by an aluminum-covered film. The outer hose is made of a sealed
= hose, an adapter and a tube, on one of which a bellows-type vacuum valve

and rupturable safety diaphragm are installed.

The sections of lines are comnected by means of split bolt or unsplit welded
connections. In order to prevent accumulation of static electricity in

- the lines with split comnections, special jumpers are installed to insure
reliable electrical contact between tlhe individual sections.

In the pipeline, depending on the specific conditions, thermal insulation
of different effectiveness is used. Thus, the lines for liquid hydrogen
and helium and also the lines for long-term transportation of small flow
rates and great extent usually have powdered or multilayered vacuum
insulation, and the lines for brief transportation of large flow rates and
short extent, insulation made of foam plastic, fiberglass foam and in some
cases (for liquid nitrogen and oxygen) do not have it at all.

The component feed (flow rate) is regulated using the valve module having
hydraulic characteristic of the line.

For a large difference in the filling and makeup flow rate the feed systems
have separate filling makeup pumps and separate ground fill and topping
off lines. In order to obtain an exact level in the tank before finishing
up topping off, the drain valve of the tank is closed, which sharply
decreases the boiling of the added liquid and permits exact topping off of
the tank to the required amount.

When feeding the cryogenic liquid through the £ill lines, the transitional
nonstationary initial filling regime is the most responsible and complex
during which the line is cooled to the temperature of the liquid. The
first lots of liquid on evaporation form a large quantity of vapor and
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fill the entire pipeline with it. The formed vapor is heated almost to

the initial temperature of the line and is discharged through a drain valve
located at the end of the line. As cooling takes place, the initial
section of the pipeline is filled with liquid; in subsequent sections, a
vapor liquid mixture is formed, and the vapor continues to escape through
the drain valve.

The cooling of the walls of the pipelines with the vapor makes it possible
to decrease the irrecoverable losses of the cryogenic liquid to cooling

the lines. During the cooling process fluctuations of the pressure are
possible which exceed the feed pressure (which can lead to forcing of the
liquid and vapor into the tank) and pulsations with respect to the flow
rate respectively. Taking this into account, the longer pipelines are
cooled with low flow rate, and only after cooling and filling them with
liquid are they converted to increased flow rates. In order to prevent the
transfer of the pressure pulsations to the tank or the pump at the beginning
of the line, a check valve is installed, on closing of which provision is
made for transfer of part of the flow after the pump to the tank in order
to avoid disruption of the operation of the pump.

In order to decrease the cooling time and fill the long lines, the vapor
formed is discharged through additional drain valves or special gas dis-
charge units (for example, the flow type gas-liquid separators) installed
at a defined distance from each other. Considering the great difference in
densities of the vapor and liquid phases, the feed line is located with
some rise in the direction of movement of the liquid, and gas discharge
devices are installed on the upper part of the line. For this system the
vapor is intensely discharged from the line, the liquid fills the pipeline
faster, but in this case the losses to evaporation increase, for the cooling
takes place in the given case basically at the expense of evaporation of
the liquid. When filling the separator with liquid the flow, rising,
closes the gas discharge.

During the movement of the cryogenic fluid even through an insulated tube,
heating of it as a result of the thermal influx from the environment, the
heat released in overcoming the hydraulic drag, the heat generation during
operation of the pump, and so on is unavoidable. This causes evaporation
of part of the liquid, it leads to the formation of a two-phese, gas-liquid
flow and it decreases the carrying capacity of the lines. Therefore,
during the servicing process, an effort is made to obtain a single-phase
liquid flow which is possible during movement of the liquid in the state

of not being heated to the equilibrium temperature. The magnitude of the
underheating is selected so that during the heat release the formation of
the vapor phase is excluded, which makes it possible to stabilize the
hydraulic drag of the feed line, exactly to calculate and maintain the

flow parameters of the input to the tank. This regime is insured when
supplying liquid wich increased pressure. In certain systems where obtain-
ing the single phase flow is impossible, in order to remove the vapor
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formed on the lines, gas separators are installed. In addition, the filling
of the tanmk with a liquid which is cooled in the fueling system (below

the boiling point at atmospheric pressure) makes it possible to reduce the
amount of gas in the tank as a result of heating of the liquid in the fill
line to a minimum.

Supercooling Means

In order to cool cryogenic liquids, various refrigerating processes are
used which can be unconditionally divided into external cooling and evacua-
tion cycles.

In the external cooling cycles, the heat from the cooled liquid is selected
using the gas refrigerators or heat exchangers with colder cryogenic

liquid (coolant) by direct contact with the cooled liquid with the colder
surfaces of the indicated devices.

— The operating cycle of the gas refrigerators is based on the compression,
heat exchange and expansion processes of the working medium circulating
through a closed loop (for example, gaseous helium), which on coming to the
refrigeration chamber is heated and takes up the thermal load from the
cooled liquid.

- In the evacuation cycles, the heat from the cooled liquid is removed at
the expense of evaporation at reduced pressure which is created by special
vacuum units.

Combinations of the cycles are possible.

In order to store a cryogenic liquid without losses and cool it in the storage
facilities, the "evaporator-condenser" system is used with the application

of gas refrigerators. The liquid vapor in the cushion of the tank is
condensed by this system in the refrigeration chamber, creating a pressure
gradient as a a result of which the liquid begins to evaporate, and the
condensed liquid flows back to the tank.

The cryogenic liquid is supercooled in the filling systems by various methods
(Figures 5.7 and 5.8). The most complicated method is the method providing
for cooling of the liquid without losses to evaporation and requiring the
application of refrigeration units of complex design; the simpler procedure
is the procedure in which the cooling takes place as a result of evaporation
of the basic cryogenic liquid or special coolant. If direct contact of

the basic liquid and the coolant is undesirable for safety reasons, an
intermediate inert heat transfer agent is used. The use of one supercooling
method or another is determined in the final analysis by its effectiveness,
reliability and economy.

161

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040010-4



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP382-00850R000200040010-4

FOR OFFICIAL USE ONLY

The most widespread is supercooling based on the use of systems with the
application of coolant, evacuation and combination of them which, in spite
of the deficiencies (losses to evaporation) have relatively simple equiva-
lent. As a coolant in some systems either the basic cryogenic liquid

cooled by evacuation or amother cryogenic liquid with lower temperature

(for cxample, liquid nitrogen or supercooling of oxygen) or mixtures of
cryogenic liquids supercooled by evacuation are used (for example, a mixture
of liquid nitrogen and oxygen with a composition of 77% Oy and 23% Np with
hardening point of 50 K).

The evacuation method is based on the properties of phase transition of
liquid to vapor with heat absorption. If the system is adiabatic, the
evaporation process will take place only as a result of the decrease of its
internal energy which is accompanied by a lowering of the temperature.

The equilibrium state cf the two-phase "]iquid-vapor" system is character-
ized by a relation defined for each liquid of the saturated vapor pressure
as a function of temperature. If in the two-phase "liquid-vapor"
system in the equilibrium state the saturated vapor pressure is reduced by
Ap, that is, conversion is made to the nonequilibrium state, the liquid
turns out to be superheated with respect to the pressure obtained, which
leads to the initial evaporation process. If the pressure above the
liquid is kept constant, then with an adiabatic system the evaporation
process is accompanied by a decrease in temperature, and it will continue
until the "liquid-vapor" system reaches a mew equilibrium state.

The use of hydrogen slush as the fuel component differing from boiling
hydrogen by its high density and longer storage time without losses is of
great interest.

In the United States studies were made within the framework of the "Saturn-
Apollo" program with respect to the problems of developing methods of
obtaining, storing, transporting and fueling with hydrogen slush and also
an estimate of the effectiveness of its application. The studies demon-—
strated that hydrogen slush with 50% solid phase content has high absorbing
heat capacity. The losses to evaporation can be expected only with a total
heat influx exceeding 112 kjoules/kg.

At the present time the simplest and most economical method of obtaining
this slush is vacuum pumping of the liquid hydrogen vapor with alternate
processes of freezing-thawing, insuring periodic breaking of the solid
crust on the surface of the liquid hydrogen.

A characteristic feature of hydrogen slush obtained in this way is the
process of "aging" it. Imitially the loose particles of undefined shape
that were obtained become spheroidal with time, forming a dense mass in
the precipitated slush. On storage of the slush, in order to eliminate
thermal stratification and local compacting it is necessary to mix it.
In order to maintain a uniform homogeneous mixture in the tank, the con-
centration of the solid phase must not exceed 60%. In order to free the
slush it is pocssible to use both pumping and forced means of feed.
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Figure 5.7. Cooling systems for cryogenic
liquids in storage:

a -— with the application of a gas cooler with
heat exchanger submerged in the cooled liquid;
b ~- with the application of a gas refrigerator
by the "evaporator-condenser" system; ¢ -- with
the application of a cooling agent cooled using
a vacuum unit; d -~ with joint application of
the vacuum unit and the gas refrigeration unit
which condenses the vapor after the vacuum unit;
e -- with the application of a vacuum unit with loss of cryogenic liquid
as a result of discharge of the vapor to the atmosphere; XIY -- gas
refrigeration unit; XA —- coolant; BA -- vacuum unit; E —- vapor gathering

tank; 3 -- gate valve; X —- liquid losses; IIXA -- coolant losses;
K -- condenser. ’
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- L, Figure 5.8. Cooling diagrams of cryogenic
BA liquids when they are flowing in a pipeline:
' : a -- the heat exchanger of the gas refrigera-
- I tion unit; b -- heat exchanger with coolant
et | b cooled by evacuation; c¢c -- heat exchanger with
—— the application of coolant and condensation
- VVVWW=[xa of its vapors using another coolant with
‘ — — —— lower temperature; d —- heat exchanger with
' | the application of inert gas as the inter-
- 3 e mediate heat-transfer agent cooled by the
’ coolant; e -- heat exchanger with coolant
(liquid picked up from the basic flow) cooled
by evacuation; XI'Y -- gas refrigeration unit; K -- condenser; XA -- coolant;
BA -- vacuum unit; B —- ventilator fan; 3 ~-- gate valve; IIXA -~ coolant

losses.

The simplest system of supplying the hydrogen slush to the rocket tank is
the circulation loop through which the hydrogen slush goes from the ground
storage to the tank to a defined level; then the feed is continued with

simultaneous discharge of the cooled hydrogen to the ground filling system
through a drain hole having a special device for protection from the solid
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particles. Thus, in the tank it is possible to obtain the required concen-
tration of the solid phase.

The control fill-cutoff fittings (gate valves, valves) are designed to
control, regulate and stop the feed of cryogenic liquid during the technolog-
ical process operations of storing and filling the tanks in the space rocket
systems, and, as a rule, it has manual, or pneumatic drives and signals of
the required positions of the shutoff (plates). Two separate cavities of
the pneumatic drive provide for fixed extreme positions of the valve plate
as a result of feeding compressed gas to one of the cavities and the

- absence of it in the other. In addition, the structural design of the
individual valves provides for one of two extreme positions of the plate
without the presence of compressed gas as a result of the effect of a
spring. On storage between losses, the seal of the inside cavities of the
system is insured by the manual seal valves. In some cases the preumatic
drive of the valve can have a manual, worm transmission by means of which

2 it is sealed without feeding compressed gas.

Before the beginning of filling, compressed gas is fed to the valve, and
the necessary manual valves are open, as a result of which the hydraulic
fitting of the system is initialized in which the inside cavities of the
lines are protected from the incidence of atmospheric air, and the pressure
in them is increased from evaporation,

The pneumatic valves through which the high liquid flow rate takes place
have special devices providing for slow variation of the flow rate (from
the maximum value to total cutoff) to avoid hydraulic hammer.

For this purpose the cutoff fitting of the fill and drain lines of the
system is placed in such a way that in the basic flow line there were no
large blind taps in which the vapor phase can form during movement of the
cryogenic liquid through the main line. The presence of such taps can
lead to unexpected hammer phemomena in the response of the fittings
installed in the blind taps and in the main line. For example, when open-
ing the valve of a blind tap (Fig 5.9, a) the vapor accumulated in the
blind tap flows out quickly, and the liquid from the basic line, accelerating
and approaching the still incompletely open valve, is braked sharply, as

a result of which hydraulic hammer takes place. This type of hydraulic
hammer (Fig 5.9, b) can be formed in a blind tap and when the valve is
closed on the main line. In this case, in the basic line when braking the
flow in front of the valve, the pressure rises, the liquid begins to f£ill
the blind tap, as a result of which the vapor phase in it can be condensed
amd the flow speeded up.

In order to avoid this phenomenon in the blind taps small drain holes are

used to exclude the accumulation of vapor, and a careful.analysis in

calculation of the response sequence of the valves is carried out during

the technological operations connected with the feed or discharge of the

cryogenic liquid. Underestimation of this situation can lead to serious
= consequences. Thus, during the process of test filling of a mockup of
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the "Saturn-V" booster rocket during blowing of the tank from the gasifier,
unexpected closure (2 minutes after opening) of the valve occurred on the
section line of the fill pumps, as a result of which hydraulic hammer
occurred, the magnitude of which (26 MPa) exceeded the margin of strength
of the corrugated pipeline, which led to its rupture and the loss of

2765 m3 of liquid oxygen.

——
— pr—— —

I

Figure 5.9. Schematic of sections of cryogenic pipelines
with blind taps:

a -- when the valve of the blind tap is open; b -- when the

valve on the main line is closed.

The fittings for cryogenic liquids usually are made according to the follow-
ing scheme: a housing connected with the line using split or unsplit
couplings -- the shutoff with drive (spindle group) having a split
connection with the housing, which makes it possible to replace it in case
of using up the reserves or failure without dismantling of the line. 1In
order to decrease the heat influx to the cryogenic liquid the housing has
thermal insulation in the form of the outer powdering with the thermal
insulating material or double walls, the cavity between which is filled
with powder or multilayer insulation and is connected to the vacuum cavity
pipelines. In order to reduce the thermal influxes from the direction

of the spindle group, the cutoff unit is connected to. the: push rod of the
drive through a heat insulating bridge, which makes it possible to place.
the drive in the "warm" zone and essentially simplifies its structure and

servicing,
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High requirements with respect to seal are imposed on the fittings of the
cryogenic fill system. They are insured by creating the required specific
pressure on the seal of the "seat-slide" lock in the application of
sealants of the type of polyfluoroethylene-steel, steel-steel, and so on.

The means of removal and discharge (drainage) of the cryogenic liquid and
its vapors in the cryogenic fill system consists of drain lines designed to
remove the liquid vapors from the cushions of the tanks and the booster
rocket tanks and for removal of the liquid and its vapors from the drainage

- valves and the valves on the f£ill lines and also from the fill columns of
the storage.

The ends of the drain lines are taken out to one location insofar as possible,
located at a safe distance from the launch complex systems. The vapor

- is discharged to the atmosphere here, and the liquid is drained into
special tanks or trenches.

The drainage of liquid and gaseous nitrogen is the simplest and does not
require that special measures be taken. The drainage of the oxygen vapors
as a result of explosion and fire hazard of the mixtures with organic
materials is realized through special fittings which decrease the gaseous
oxygen content to safe concentrations in the boundaries of the drainage
area. Liquid oxygen is collected in a special drain tank.

The drainge of the liquid and gaseous hydrogen is most complicated, for the
existing safety engineering rules do not permit the creation of fire-
hazardous concentrations on ground level near the exits from the drainage
systems. For low flow rate hydrogen is discharged without retardation

by an inert gas or after burning; with large flow rates, with retardation
or with afterburning using a special ignition plane.

Hydrogen is afterburned “by the method of combustion through a hydro-

seal, the drain line of which is protected by water from air getting into

it or directly through the drain line and the afterburner. Devices are
installed on all of the drain lines which exclude advancement of the flame
front to the drain line. Usually before the beginning and after discharge

of gaseous hydrogen, the drain line is purged with 10-15-fold volume of gaseous
hydrogen or helium.

When transporting liquid hydrogen, the drainage regime is selected consider-
ing the minimum speed in the drainage line fitting in which turbulent mixing
of gaseous hydrogens with the surrounding air takes place and obtaining

the flow rate of the gaseous hydrogen at the exit which does not require
afterburning or retardation.

The hydrogen vapor is ejected through a special, so-called safe drainage

device designed to obtain hydrogen-air mixture with the hydrogen content
excluding inflammation.
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Figure 5.10. Drainage system of a railroad tanker:
1 —- liquid hydrogen tank; 2 -- surrounding air moved by a

fan; 3 -- coil heater; 4 -- flow rate regulator; 5 -- regulator;
6 -- regulating valve; 7 -- incombustible hydrogen-air mixture;
R 8 —- connecting line for discharge of the gaseous hydrogen;

9 —— fan; 10 -- gas turbine.

The diagram of a drainage system (Fig 5.10) developed in the United States
for a railroad tanker that carries liquid hydrogen provides for an automatic
mode of maintaining excess pressure in the gas cushion of the tank. On
achievement of a defined pressure in the cushion, the valve automatically
opens and the gas goes through the coil heater and pressure regulator to

the gas turbine which turns the air fan. On leaving the turbine the hydrogen
is dispersed in front of the fan, mixing with the air, which leads to a
hydrogen-air mixture in which the hydrogen content is appreciably below

the inflammation 1imit.

The evacuation means are used to create and maintain a vacuum within the
required limits in order to insure efficient operation of the thermal
insulation in the tanks and lines during operation.

3efore putting the cryogenic liquid in the tank, provision is made for
evacuation of its thermal insulating cavity to a residual pressure of

1.3 Pa through the vacuum lock with the pipeline to the evacuation column.
The residual pressure during preliminary evacuation is controlled by the
thermocouple tubes with exit to secondary instruments and through the
electrocontact vacuum meters. After putting the cryogenic liquid in the
tank, the vacuum in the thermal insulating cavities is brought to the
required value, and it is maintained during the operating process by adsorp-
tion pumps.

Adsorbents are materials capable of adsorbing residual gases by their
surface. The adsorption process is exothermal; therefore the amount of
absorbed gas increases with a reduction in the adsorbent temperature. In
the adsorption pumps the adsorbent is in the zone with lowest temperature,
which provides for maintenance of the given vacuum with admissible leak-
age of gases into the thermal insulating cavity over a long period of time.
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For example, some industrial tanks with activated charcoal are capable of
maintaining the required vacuum for several years. With a decrease in

the absorption capacity as a result of saturation with gases the adsorbent
is heated to high temperatures (the absorption capacity is restored).

Inmodern tanks, a multilayer vacuum shield and vacuum powder insulation
are used as thermal insulation.

The multilayer vacuum shield insulation is a set of series-arranged deflect-
ing shields with minimum degree of blackness thermally insulated from

each other by separating inserts. The reflecting shields limit a large
part of the heat influx as a result of radiation, and the separating
inserts decrease the thermal conductivity between adjacent shields. The
effectiveness of this insulation is determined primarily by the material
of the reflecting shield, the inserts, the amount of pressure in the
thermal insulation space, the process used to manufacture it and install
it in the tank. The shields usually are made of aluminum foil several
microns thick or from aluminized (on one or both sides) polymer film, and
the inserts are made of various fiberglass materials (glass paper, glass
wall, glass voile, and so on). The multilayer vacuum shield insulation
requires a deep vacuum (to 0.01 Pa), for with a decrease in it, the
coefficient of thermal conductivity increases sharply (by 200 to 300 times
with an increase in pressure to 133.3 Pa).

The powder vacuum insulation is an evacuated (to 13.3-1.3 Pa) space filled
with powdered material (aerogel, perlite, and so on) with low coefficient
of thermal conductivity. A further increase in the vacuum has no signifi-
cant effect on the magnitude of the thermal influx which is determined

not by the thermal conductivity of the residual gases but by the thermal
radiation and thermal conductivity of the powder material. The thermal
emission through the vacuum powder insulation decreases also with addition
of metal and nomnmetal powder to it playing the role of shields. However,
such additives (bronze, aluminum), along with a decrease in thermal radia-
tion, cause growth of the thermal conductivity; therefore the concentration
of the added powder must insure minimum coefficient of thermal conductivity.

The multilayer vacuum-shield insulation is more effective than the powder
vacuum insulation. It has a coefficient of provisional thermal conductivity
(including all the components of the influx through the insulation) approx-
imately 10 times lower than in the powder-vacuum insulation, and it is
basically used in transport tanks for liquid hydrogen and helium and also

in tanks in which the application of the powder vacuum insulation does not
insure the given requirements with respect to evaporability.

In addition, this insulation makes it possible to have a thickness of the
vacuum space much less than for the powder vacuum insulation, for a
large number of shields can be put in the limited space. '
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In practical developments, the combination of these two types of insulation
find application (insulation shields placed in the vacuum space filled with
powdered insulating material).

Safety Measures

It must be remembered that spills of cryogenic liquid are dangerous from
the biological point of view. This is explained by low temperature, easy
evaporability and large concentrations of the vapor formed in the facility.

Entrance into the facility and the structures and remaining in them are
permitted only with an admissible vapor concentration.

It is necessary to work with cryogenic liquids only in protective clothing
and glasses, avoiding incidence of them on .exposed parts of the body, for
this can lead to burns and tissue death. .

Oxygen is fire-hazardous; therefore a small spark occurring as a result
of the accumulation of static electricity or on impact can cause ignition
of the gaseous oxygen-saturated clothing and other materials.

When designing and installing the ventilation units at the sensors of the
gas analysis system it is taken into account that the gaseous oxygen is
heavier than air, as a result of which it can fill low places in the
facilities and structures.

Hydrogen is the lightest element; its vapors are appreciably ligher than
air, and the energy impulse required for ignition is low. This increases
the possibility of its ignition even for a relatively short time of
dangerous concentration in an open area. A spark or flame in an open
space causes ignition of a hydrogen-air mixture. The high rate of combus-
tion of hydrogen and the short length of the flame extinguishing section
complicate fighting such a fire. During the combustion of hydrogen in a
closed facility the increase in pressure can lead to an explosion although
usually almost ideal mixing of the gases and the presence of an explosion
shock wave are required for an explosion. In addition, the presence of
various impurities, especially oxygen in liquid hydrogen is dangerous.

The low boiling point of liquid hydrogen and the extremely low solubility
of oxygen in it can lead to the accumulation of oxygen particles and air
in the storage tank, the mixture of which with hydrogen explodes. With
an insignificant oxygen content the mixture is not explosive.

For operating safety with liquid hydrogen, various measures are taken
which exclude the probability of ignition and the formation of fire-
hazardous and explosive mixtures: the grounding of the tanks and lines,
preventing accumulation of static electricity, protection. against
atmospheric electricity, the application of electric power equipment in
the explosion and fire safe execution or transfer of it to the safe zone;
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measures with respect to fire and explosion prevention consisting in
constant remote gas analysis by low-inertia semsors and the taking of the
required measures with respect to the analysis results (curtailment of
filling, the feed of an inert medium, and so on) using high-speed remotely
controlled equipment.

The formation of dangerous concentrations of hydrogen in the atmosphere
prevent ventilation of possible leaks, spills of liquid hydrogen are pre-
vented by the application of welds, and the formation of fire-hazardous
mixtures, by maintaining excess pressure inside the system excluding the
incidence of air; by cleaning out the lines and tanks to remove oxygen,
air and other impurities to the admissible amounts before filling them
with liquid hydrogen and installing fine-purification filters om the fill
lines of the tanks; periodic cleaning of the tanks to remove accumulated
impurities by draining and heating the tanks with analysis of the residual
gases to determine the accumulated impurities.

- Filling the ""Saturn-V" Booster Rocket with Cryogenic Fuel Components

For example, let us consider the procedure for filling the "Saturn-V"
booster rocket. The rocket tanks are filled first with liquid oxygen,
then liquid hydrogen. The total fill time is 4.5 hours in this case.

In order to f£ill the tanks of the S-I, S-II and S-IV stages with liquid
oxygen, a fill system is used which includes the following:

A spherical tank with perlite insulation with a volume of about 3400 m3
calculated for inside pressure to 82 kPa consisting of an inside vessel

of alloyed steel of the austenitic class 21 meters in diameter, an outside
vessel of ordinary, unalloyed steel 22.8 meters in diameter; suspension

of the inside vessel executed using vertical and horizontal rods; pipelines
exiting from the inside vessel and located in the thermal insulating space
of the tank along the length in such a way as to insure minimum thermal
influxes and to protect the cutoff fittings from low temperatures during
storage;

The heat exchanger for gasification of the liquid oxygen insuring a pressure
in the tank cushion required for normal operation of the centrifugal
pumps;

A pumping station for feeding oxygen to the tank with two centrifugal

pumps (one reserve) with high output capacity (38 m3/min with a pumping
pressure of 3.72 mPa); the pump drives, through an electromagnetic coupling
which duriné the filling process insures adjustment of the flow rate from
9.5 to 38 m>/min for high output pumps and from 0.57 to 3.8 m3/min for
low-output pumps;

The fill lines under the distribution modules of the valves for each tank
(the £111 lines for large flow rates of 0.35 m in diameter has no
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insulation; the fill line for small flow rates of 0.152 meters in diameter
has vacuum insulation);

The drain line for removal of oxygen to the drainage area.

The filling process consists in filling the tank first with a low flow

rate (approximately to 5 to 7% volume), then on the large flow rate

(to 90-96%) with subsequent transition to small flow rate, and on comple-
tion of batching, to the makeup rate. The tanks of the S-I, S-II, S-IV
stages are filled to 1300 m3, 320 m3 and 80 m3 of liquid oxygen respectively.

To fill the tanks of the S-II and S-IV stages with liquid hydrogen, a
filling system which includes the following is used:

A spherical tank with powder vacuum (perlite) insulation about 3230 m3 in
volume designed for an internal pressure to 0.6l mPa consisting of the
inside tank made of high-alloy steel 18.5 meters in diameter and the
outside tank made of ordinary unalloyed steel 21 meters in diameter};

The heat exchanger located near the tank, for gasification of liquid hydrogen
to create the blowing pressure with the forced method of feeding hydrogen

to the tank; gasification takes place as a result of heating of the surround-
ing air;

The fill lines with vacuum thermal insulation and the distribution blocks
of valves for each tank;

Drainage lines for removal of hydrogen to the combustion area;

A high-pressure tank receiver for gaseous hydrogen with portable gasifica-
tion unit (the gaseous hydrogen is required to burn the hydrogen coming
from the drain lines of the system).

Before filling, all the inside volumes for gaseous and liquid hydrogen are
purged successively by nitrogen and helium to remove oxygen.

The process used to fill the tank consists in cooling the tank with a
small quantity of hydrogen, filling the tank with low rate (to 5% of the
volume), then at high rates (to 95%) with subsequent transition to low
rate and on completion of batching, to makeup rate. The tanks of the

S-II and S-IV stages are filled with 1000 m3 and 280 m3 of liquid hydrogen
respectively.

All the filling operations are performed automatically using special con-
trol systems which insure the required sequence of operations both for
normal operating conditions and for various deviations and failures.

This control is duplicated by the remote and automatic control panels for
each control element. During the filling process, television viewing

and monitoring of the responsible assemblies and units are constantly
carried out.
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5.4. Systems for Filling with High-Boiling Fuel Components

The high-boiling fuel components are used in rocket engineering for the
basic and auxiliary engines of the booster rockets and space vehicles.

Some of the data on the application of high-boiling components are presented
in Table 5.3, and their physical-chemical properties, in Table 5.4.

Table 5.3

Some Data on the Application of High-Boiling Fuel Components
in Space Rocket Systems

Fuel Combustible
Rocket (stage) Oxidant component
"Kosmos" (first stage) Nitric acid Kerosene
"Kosmos" (second stage) Liquid oxygen Asymmetric
dimethylhydrazine
"Titan-II", "Titan-III" Nitrogen tetroxide Aerozin-50
"Agena" (stage) Nitric acid Asymmetric di-
methylhydrazine
"Apollo" spacecraft: .
Takeoff and landing engines; Nitrogen tetroxide Aerozin-50
Orientation engine The same Monomethyl-
hydrazine
"Surveyor" spacecraft (the
steering engine) The same Aerozin-50
"Centaur" (stage); auxiliary Hydrogen peroxide

engine

Nitric acid HNOj is a high-boiling oxidant with high density. It is
explosion-safe. 100% nitric acid is a colorless liquid with sharp odor,

it is hygroscopic, unstable and toxic. It decomposes easily iuto water,
free oxygen and nitrogen oxides (the latter color it from yellow to brown).
Additives of nitrogen tetroxide or water are used as stabilizers. The
nitric acid vapors are harmful to the health (if they get on the skin they
cause diseased, slow-healing ulcers).

Nitric acid and its vapor have high corrosion activity with respect to the
majority of materials, for the reduction of which, the so-called inhibitors
- are introduced into the nitric acid. For storage, stainless chrome and
chrome-nickel high-alloy steel, the majority of aluminum alloys and non-
metallic materials (polyfluoroethylene, asbestos) are used for storage.

The effectiveness of nitric acid, as an oxidant, increases significantly
on solution of nitrogen oxides.

Nitrogen tetroxide, N304, is a high boiling oxidant. It is more effective
than nitric acid. Nitrogen tetroxide is explosion-safe, stable and less
aggressive than nitric acid, and it is toxic. Insuring greatar specific
thrust (by 5%) than nitric acid, it has a narrower range of maintenance

173
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040010-4



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040010-4

FOR OFFICIAL USE ONLY

Table 5.4

Basic Physical-Chemical Properties of Some High-Boiling
Fuel Components

Boiling Melting

Chemical Density, point Ty, point Tpelt,

Fuel formula kg/m3 °C °C

Nitric acid HNO3 1510 86 ~44
Nitrogen tetroxide N204 1450 21 -11
Kerosene C1oHpo (provisional) 800 200-250 -49
Hydrazine NoH4 1010 113 + 1.5
Asymmetric dimethyl-  HyN-N(CH3), 790 63" -57

B hydrazine

Monomethylhydrazine HoN-NH (CH3) 875 87.6 =52.4
Aerozin-50 Mixture of 50% 900 70 -7.3

asymmetric dimethyl-
hydrazine and 50%
hydrazine
Hydrogen peroxide Hy09 1450 150 -1
(100%)

oi liquid state, which is increased by dissolving other nitrogen oxides
in it. For example, the introduction of nitrogen monoxide lowers the
freezing point by approximately 28°.

Kerosene CygHyq is a high-boiling fuel, colorless or yellow liquid. It

is a mixture of hydrocarbons obtained for distillation of petroleum within
defined temperature or cracking limits; out of all of the fuels it is the
most dangerous, simplest and most convenient in operation. It is chemically
stable even at high temperatures, it has low corrosion activity with respect
to metal and has low toxicity. Kerosene is cheap and available. It is
widespread in engineering, and its production has a broad raw material

base. Kerosene has inconstancy of chemical composition, depending on the
origin of the petroleum. This deficiency is eliminated by creating
artificial hydrocarbons which have the same characteristics as kerosene

but have defined chemical composition and constant chemical properties.
Kerosene is inert with respect to construction metals, but admixtures with
water, sulfur compounds and organic acids increase its corrosiveness.

Hydrazine N2H, is a high-boiling combustible and a single-component fuel
for liquid-propellant rocket engines. It has the highest density among
the fuels used, and is colorless, it smokes in the air, it is capable of
thermal or catalytic decomposition with the formation of a hot gaseous
mixture of hydrogen, nitrogen and ammonia; it is hygroscopic, it easily
picks up atmospheric moisture; it is toxic, it has an irritating effect
on the mucous membrane of the eyes; on superheating in a closed space or
under the effect of a powerful pulse it is subject to explosive decomposi-
tion; it has high hardening point which complicates use of it. With
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respect to metals it has low corrosion activity, but in the presence of

oxygen it acts on copper and its alloys. The copper ions catalyze the -
decomposition. In rocket engineering, it is used as a fuel component with
asymmetric dimethylhydrazine (aerozine-50), ammonia, and so on.

The asymmetric dimethylhydrazine (ADMH) HyN-N(CH3) 5 is a high-boiling -
fuel, a derivative of hydrazine obtiined by replacement of the hydrogen

atoms by hydrocarbon groups; a colorless liquid with ammonia odor, it is
hygroscopic and toxic; as a fuel it is less effective than hydrazine (in

its molecule in addition to hydrogen atoms it contains less effective

carbons), it is more convenient in operation, for it retains its liquid

state in a large temperature range; in the presence of water it is corrosion
active with respect to aluminum and its alloys; it is easily oxidized

by oxygen of the air.

Asymmetric dimethylhydrazine is thermally stable, but with an increase in
temperature it decomposes with the release of heat and the formation of
hot gaseous products; it is less explosive than hydrazine, but on super-
heating in a closed space it explodes. It is superior to nitric acid
with respect to toxicity.

In missile engineering it is used as a basic fuel, a component part of the
combustible (aerozin-50) and as a single-component fuel for the turning
of the pump turbines of the engines.

Monomethylhdrazine HpN~NH(CH3) is a high-boiling fuel, a derivative of
hydrazine, colorless liquid which fumes in the a2ir with ammonia odor,

and it is toxic; with respect to its properties, including corrosiveness
it is similar to asymmetric dimethylhydrazine. With respect to effective-
ness and stability it occupies an intermediate position between hydrazine
and asymmetric dimethylhydrazine.

Hydrogen peroxide H207 is a high-boiling oxidizing agent and a single~-
component fuel, a colorless liquid, it is toxic, explosion and fire hazardous
(organic materials are easily burned on contact with it), when it gets on
buman skin it causes serious burns and is unstable. Metals (copper, nickel,
silver, the products of iron corrosion, and so on) and chemical manganese -
compounds are catalysts, on contact with which hydrogen peroxide decom- -
poses stormily intn water and atomic oxygen with the release of a large

quantity of heat. Water evaporates, and the mixture ohtained (vapnrizing

gas) is heated to 520°C with 80% concentration and to 1000°C with 99%
concentration. The equipment for the hydrogen peroxide s carefully -
cleaned (degreased, flushed with distilled water, and so on), and it is
passivated.

Such properties of the components as high corrosiveness, toxicity,
inclination to decomposition, fire and explosion hazard, self-ignition
of some of the fuel vapor, high requirements with respect to batching
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accuracy when filling require the corresponding schematic and structural
solutions when designing the filling systems. Therefore, the schematic
diagram of the filling systems using high-boiling components has such
specific equipment as the batchers for insuring high accuracy of filling
(for filling the space vehicles), means of neutralizing the toxic components
and their vapors, thermostating systems to provide for filling the tanks
with components of a defined temperature.

The high-boiling components stored usually are made up of several tanks
(for especially aggressive liquids a reserve tank is provided) and troughs
- for removal of the spilled liquid to a neutralization system.

The reserve of the stored component is selected beginnig with the quantity
consumed for one or several fillings, to fill the lines connecting the
storage and the rocket, for guaranteed remains in the tank and so omn.

The tank for high-boiling components is a cylindrical reservoir with semi-
elliptic ends and single walls, the composition of which includes safety
valves operating both on excess pressure and on rarefaction; the devices
for taking samples; the means of monitoring and measuring levels, tempera-
ture and pressure both with direct and with remote monitoring; the fill
lines, drain lines and blowing lines and devices for removing air (deaera-
tion) from the components.

In some cases (when thermostating the liquid) the tanks have thermal
insulation on the outside made of incombustible insulation material (asbes-—
tos, slag cotton, glass cotton, and so on) protected by a housing or hood.

When storing the components having high corrosiveness and hygroscopicity,
measures are used to purify them of possible mechanical impurities and
water.,

The liquids oxidized in the air are stored at excess pressure of the
natural vapor or inert gas (nitrogen, helium, and so on).

A mandatory condition of the stable storage of hydrogen peroxide is the
presence of defined thermal conditions and finish of the ins.de surfaces
of the vessels for which the equipment is passivated.

Before filling and during the storage process many of the fuel components
are thermostated (cooled or heated), which arises from the calculated
density of the component in the tanks or the condition of its stable
storage. As a rule, the fuel components are cooled in the summer and
heated up in the winter.

‘ The required storage temperature is maintained by thermostating the system
having means of remote monitoring and control. In the launch complex the

source of cold (heat) is the only refrigeration center; at the filling
station it is a special thermostating system including freon refrigerators
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and water heating elements. The heat transfer agents are nonfreezing
solutions of salts or antifreezes. The fuel components are thermostated
by circulation using a pump in the "tank-heat exchanger' loop.

Before filling, in order to insure reliable starting of the engine, some
of the fuel components are subjected to deaeration (removal of air) by
evacuation of the space above the liquid surface or bubbling (passing
an inert gas — nitrogen or helium — through the liquid).

The means of supplying the high-boiling fuel to the tanks of the booster
rockets and space vehicles use both forced and pump methods of feed. The
main lines are laid usually with some slope to insure complete drainage of
the components on completion of the filling into special drainage tanks
from which after taking the analysis the liquid goes back to the storage
tanks or into the neutralization system. For seal, the joints of the
sections of the aggressive liquid lines are made welded or with a minimum
number of flange connections. All of the fittings have seals.

In order to £ill the booster rocket tanks with toxic components, two systems
are used. With respect to one system the vapor formed during filling is

run through the drain line into special units (afterburners) in which they
are burned, and the combustion products go to the atmosphere; in accordance
with another scheme the vapor formed goes through the drain line from the
booster rocket to the gas cushion of the storage tank (the so-called
connection). For toxic, aggressive, fire-safe liquids, field pumps are
used (Fig 5.11) without shafts that go to the outside in the explosion-
protected execution.

r—jj.

\bz |
__—ﬂ—-

I

Figure 5.11. Sealed electric pumps for toxic, aggressive and
fire-hazardous liquids:

1 -- impeller; 2 —- rotor; 3 — shaft; 4 -~ rear bearing; 5 -~

coil; 6 -- stator; 7 — front bearings; 8 -- screen

The tanks of the space rocket system are filled with high-boiling fuel
components both at the filling station and the engineering complex (the
tanks of the space vehicle) and in the launch position (the tunks of the
booster rocket and the space vehicle).
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Each component has its own filling system at the filling station (Fig 5.12),

- which includes the basic storage, batcher, filling columns and liquid,

a gas and vacuum pipelines which connect them into a united pneumohydraulic
system. The pipelines are connected to the fill necks of the tanks using

) filling connections serving also to drain the component, evacuate the lines

- in the tanks, for spilling of the componert before filling, drainage and
purging of the fill lines before disconnecting, supplying the required
reagents to decontaminate the toxic components. For safety, the fill
connections for the fuel and the oxidizing agent are located on opposite
sides, alongside the fill columns.

The filling process consists of coupling the lines of the fill systems to
the fill connections of the space vehicle and checking the joint for seal,
thermostating of the component in the given temperature and deaeration
(these operations usually are performed in advance), filling of the batcher,
evacuation of the fill lines from the batcher to the f£ill connections and
tanks (when filling by the drainless system), filling the fill lines to the
tanks (in order to increase the accuracy of the batching), filling the
tanks from the batcher to the given amount, drainage and purging of the fill
lines to the drain tank with relieving of the batcher of the component,
disconnecting the fill connections, sealing the f£ill necks of the tanks and
neutralization of the remains of the components and its vapor.

In the case of internal batching (Fig 5.13) the fill system does not have
a batcher, which determines its theoretical peculiarity and the filling
process.

The neutralization means provide for decontamination of the toxic and
aggressive liquids and their vapor.

The most widespread are two neutralization methods: physical -- flushing
and purging the lines based on good solubility of certain liquids and water
or in organic solvents and chemical — neutralization of the oxidizing
agents by solutions of alkali, and t%. combustible fuel components by strong
oxidizing agents (chlorine-containing reagents). When selecting one method
or another the structure of the equipment subject to neutralization is

taken into account (the tank configuration, the presence of places that are
difficult of access, and so on) and also the corrosion resistance of the
materials with respect to neutralizing materials and neutralization products.

The neutralization of toxic and aggressive liquids and vapor is possible

also by burning them in the neutralization chamber (Fig 5.14) with subse-
quent discharge of the combusticn products into the atmosphere. Such chambers
are made both stationary and portable. The neutralization of the component3
and the vapor by accumulation of them and subsequent effect on them by the
corresponding chemical reagents is possible (Fig 5.15). These chemical
reagents decompose the components and vapor to harmless compounds. The
aqueous solutions of the final reaction products are pumped by pumps into

the evaporation areas. In order tc¢ absorb the vapors of toxic components,
adsorbents are used.
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Hydrogen peroxide is neutralized by multiple dilution with water; the

use of water jet pumps simultaneously pumping out and diluting the hydrogen
peroxide is especially effective.

During operation of the fill systems, safety measures are carefully observed.
The incidence on the skin of aggressive liquids causes strong slow-healing
burns and ulcers; therefore all operations are performed in special protec-
tive clothing. Before entering into the facility with the fill equipment

usually the gas content of the air is monitored by the gas analysis system,
and if necessary, gas masks are used.
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_ Figure 5.14. Neutralization system for the toxic component by

combustion:
1 —- combustion chamber with injector; 2 -- air fan; 3 -- cutoff
valve; 4 -- drainage safety valve; 5 -- fuel tank; 6 -- forechamber

with sparkplug
Key:
1. Liquid component t{rom the drain tank
2. Vapor of liquid compoaent
3. Gas for blowing
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Filling the Space Rocket System with High~Boiling Fuel Components

As an example, let us consider the filling of some of the space rocket
systems,

The "Apollo" spacecraft is filled on the launch complex from the service
tower. During the first day of preparation, a tank truck is brought to thg
tower with nitrogen tetroxide; then the tanks of the service module (9.5 m’),
the jet control system of the command module (0.23 m3), the takeoff and

- landing stages of the lunar module for the basic and auxiliary devices
(3.8 m3) are filled successively.

On the next day a tank truck with aerozin-50 is brought to the service tower
and the tanks of the service module (8 m3), the tanks of the takeoff

and landing stages (4.5 m3) are filled successively, and the tanks of the
jet command module system (0.38 m3 of monomethylhydrazine) are filled from
a separate reservoir.

The system for filling the first stage of the "Saturn-IB" booster rocket
with fuel at the launch complex includes storage, a pump, ground lines
connecting the storage and the booster rocket. The lines to the tank are
connected through the cable mast which is moved to the side before launch.
The storage is made up of a tank, the filtration and pumping system, the
monitoring and measuring system. The tank which holds 215 m3 has safety
valves, lines and fittings. The filtration system is used for removal of
water and other impurities from the hot water during the storage process
and feed of the components. The measuring and monitoring system provides
for monitoring the temperature and pressure.

After filling the tank from the portable transport means to prevent accumu-
lation of mechanical impurities and water in it the fuel is filtered by
circulation through a separator filter. The analysis samples are taken
through the quick-removable cover of the tank.

The booster rocket is filled in several operations. Two days before launch
a somewhat greater amount of fuel than required is put in the tank.
Initially the tank is filled to 15% of its volume, after which its seal

is checked. Then the tank is filled to 98% volume at high flow rate

(7500 %/min), and to the full volume at low flow rate (750 f/min). On

the last day, 35 minutes before launch (after filling the booster rocket
with the oxidants —- oxygen), the amount of fuel is finally batched by

the drainage from the tank. The amount of drained fuel is determined by

a computer,

5.5. Gas Supply Systems
Compressed gases -- helium, nitrogen and air --are widely used in rocket
engineering.
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The compressed gases are used to control the hydraulic equipment of the
filling systems and individual mechanisms of the launch devices; the
filling of the on-board booster rocket tanks; purging of various parts of
the line to create a protective atmosphere in the purged cavities; bubbling
(mixing) of the fuel components both in the rocket tank and in the storage
tanks; blowing of the tanks before launch and during the drainage process;
provision for the air conditioning systems, fire extinguishing systems,
forced feed means; the working medium for various ground and on-board
refrigeration units; the creation of the required atmosphere in the rocket
tanks and in the ground storage tanks before filling them and after drain-
age with the application of fire and explosion-hazardous (with respect to
air) liquids and vapors and also during pneumatic testing of the equipment
of the booster rockets and ground systems (checking the points of connection
of the ground and on-board lines for seal, checking the adjustment of

the reduction gears, and so on).

Such widespread application of compressed gases is explained by the
advantages such as the possibility of supplying from one energy source (the
receiver tanks) of a large number of users, simplicity of the storage of
the energy by compression to high pressures and convenience nf application
of the electropneumatic devices combining the capacity for :reating the
required force and the speed of the electrical systems.

The demand for compressed gases is met by the pneumatic systems of the
space center, the specific characteristics of which are as follows by
comparison with other filling systems:

Large number and variety of the performed operations combined with a
greater number of users;

Significant operating time of the gas supply system (in all stages of
preparation of the space rocket system);

Provision of compressed gases for the concluding, responsible pre-launch
operations (blowing of the tanks, introduction of various ground and on-
board devices, and so on) and the operations performed at the beginning

of movement of the space rocket systems (uncoupling of the split connections
at the beginning of liftoff, the removal of the platforms with uncoupled
fill, drain and other lines);

- A wide range of parameters (to pressure and flow rate) of the gases supplied
to the user.

The cciimvessed gases used in space rocket complexes have high requirements
imposed on them with respect to their purity with regard to mechanical
admixtures, moisture and oil. The presence of mechanical particles, the
precipitation of ice crystals and oil during choking from wet compressed
air lead to spoiling of the elements of the pneumatic system, loss of

seal of the pneumatic fittings and failure of them.
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The gas supply systems provide compressed gases to the engineering and
launch complexes and are constructed in accordance with the following
scheme: "Compressed gas force-pipelines with distribution, cutoff,
regulating and safety fittings-user" (Fig 5.16).

The application of high pressure gases permits us to have feed lines with
- relatively small cross section and low metal consumption.

) The force of the compressed gases is the central compressor made up of
- autonomous units for each gas and receiver and also the liquid nitrogen
storage located alongside.

From the compressor the high pressure gases go through pipeiines to the
receivers of the engineering and launch complexes which also can serve as
portable compressor stations. The gas reserve in the receiver must provide
for the technological process cycle of operations after which the receiver
is refilled.

The compressor station is made up of mobile or stationmary multistage

Piston type compressors with three-phase asynchronous motors in the stationary
compressor stations and diesel engines in the portable stations. Frequently
the compressor and the diesel engine are combined in a single unit (the
diesel compressor), and their pistons are directly joined to each other.

The diesel compressor has comparatively high efficiency, exceeding by 1.5-2
times the efficiency of the analogous compressor with traditional drive

from a diesel engine.

The sources of gases for the compressors are atmospheric air, nitrogen
coming from the nitrogen extracting unit or from a special liquid nitrogen
storage and helium delivered from the manufacturing plant by special trans-
port units in high pressure tanks.

Atmospheric air and other gases compressed in the compressors contain
mechanical impurities and dust and also water and oil vapor, for removal
of which the drying and cleaning unit is used. The gas moisture is
determined by the "dewpoint" -- the temperature for which the water vapor
contained in the gas becomes saturated, and with a further reduction in
temperature supersaturated; in this case the excess moisture falls out in
the form of dew, the time of fallout of which is fixed by a moisture
indicator.

The moisture is removed from the gas by three methods: cooling of the gas
below the required "dewpoint" by the inertial method in the moisture and
oil separators (removal of the drop moisture) and absorption of the
moisture by the adsorbents.

In the first method the gas is strongly cooled in the heat exchanger, as a
result of which the maximum amount of moisture which is contained in the
gas before its saturation decreases, and the excess moisture falls ocut in
the form of snow or frost on the walls.
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With the second procedure, the principle of a sharp change in direction of
movement on the gas and loss of speed by it is used, as a result of which
the drops of water under the effect of inertial or centrifugal forces

are discharged to the side surface, they flow off into a special low
settling tank, from which they are removed through the drain line from tae
moisture and oil separator.

The most widespread is the third procedure -- absorption of moisture by
the adsorbents (alumogel, silicagel, synthetic zeolites). 1In this case
the drying modules have two adsorbers: one operates, and the other
recovers its absorbing properties on purging with hot air. The gas is
purified of mechanical particles by ceramic filters. The purified and
dried gas from the compressor is released to the users or it is accumulated
in the receiver tanks.

For large flow rates for gaseous nitrogen and hydrogen, two methods of
obtaining compressed gases are used: with the help of low pressure stationary
gasification units with subsequent release to the user or compression in
compressors and with the help of stationary or portable high pressure
gasification units in which the processes of compression and gasification

are combined.

T =

10

K nompebumeno

(a)

Figure 5.17. Schematic of the gasification unit:

1 -- liquefied gas pump; 2 -~ liquid feed line from the pump to

the evaporatqr; 3 -- liquid feed line from the tank to the pump;

4 -- liquefidqd gas reservoir; 5 -- reservoir filling line; 6 --

evaporator fof blowing the reservoir; 7 — check valve; 8 —-

evaporator; 9}-- heater; 10 — electric bay

Key: i
a. to the user
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The high pressure gasification units are constructed in accordance with

one schematic diagram (Fig 5.17) which includes the tank for storing the
liquefied gas with the evaporator, creating the required pressure at the
input to the pump serving for compression of the liquefied gas and feeding
it to the evaporator; the evaporator represents a multipass coil put in
heated water. The gas formed in the device heated to 283-303K goes
through the check valve to the receiver tanks, passing through the cleaning
and drying units.

The helium goes to the receiver from the compressor units having good seal-
ing surfaces to prevent its loss (the helium is a very fluid and easily
penetrated gas).

The receiver (compressed gas storage) is equipped with means of receiving,
storing and feeding gas to the users. In order to decrease the dimensions
of the receiver, the compressed gases are stored in tanks at a pressure to
41.2 MPa. Each tank usually has two outlets to common manifolds with cut-
off and safety fittings.

The input and output lines of the tanks joined in the sections are led out
to the pneumatic boards with controlled cutoff, regulatable and safety
fictings, filters and monitoring and measuring instruments. In order to
determine moisture of the gases and to take samples, the receiver has a
special board. The control of the receiver fittings and the pressure
monitoring are possible both manually and remotely.

For convenience of operation the fittings and the monitoring and measuring
instruments of the individual sections are grouped on individual pneumatic
boards. The elements of the fittings, ~he instruments and the tanks are
connected by lines to the lens type connecting devices providing for seal
of the joints even with some misalignment of the pipelines.

The compressed gas is fed from the receiver through the distribution boards
with reducers to the users. For remote control of the output of the gases
from the sections of the receiver and feed of the gases to the specific
users, electropneumatic valves mounted in the pneumatic boards are used.

The primary fittings of the pneumatic systems are the gas reducers, the
safety valves, the electropneumatic valves and the gate valves.

Gas reducers are automatic regulators which step down the pressure to a
given magnitude as a result of choking of the gas in the cross section
formed by the valve and its seat. The reducer maintains a given pressure
at the output on variation of the flow through it and the pressure at the
input. The structural designs of the reducers are varied and depend on

the requirements imposed on their accuracy, output capacity, dimensions and
weight. The reducers can be spring and unit type, aud in turn, the latter
are divided into simple, with control pressure, with hydraulic booster

and with pneumatic booster. Depending on the direction of the effect of
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the incoming gas on the regulating element (valve), the spring reducers
can have direct action valves (the valve is lifted from the seat under
the effect of the incoming gas) and check-action valves (the valve is
held against the seat by the incoming gas).

A spring type reducer with check valve (Fig 5.18) operates as follows.
Under the effect of the incoming gas fed to the cavity, to the unbalanced
area of the valve and the spring, the valve, pressed against the seat,

does not pass the gas to the low pressure cavity. When adjusting (loading)
the reducer for a defined regime by turning the regulating screw the
spring is compressed, and the valve is opened by the pusher. The gas goes
to the cavity Vy, where its pressure on the diaphragm.equalizes the force
of the spring. In the absence of flow beyond the reducer the gas with a
defined adjustment pressure again clamps the valve against the seat. On
flow of the gas beyond the reducer the output pressure in the cavity Vg
and the pressure of the diaphragm are diminished, as a result of which the
valve opens, choking the gas passing through the slit between the seat and
the valve. The pressure in the cavity again rises, and with a defined
magnitude of adjustment between the forces acting on the moving system of
the reducer, dynamic equilibrium is established which corresponds to a
defined gas flow rate. With variation in the gas flow rate, a new equilibrium
is established for a different magnitude of the choking slit.

The reducer with the direct-action valve operates analogously.

In order to reduce the large gas flow rates, unit reducers are applied
which are made up of two parts; the power and actuating (adjusting)
reducers; adjustment is realized by loading the actuating reducer. After
the actuating reducer (the ordinary spring reducer) the gas goes to the
controlling cavity of the power reducer and opens the valve of the latter.
The pressure at the output of the power reducer compensates for the force
from the gas pressure in the controlling cavity, and dynamic equilibrium
is established for a defined flow rate. With a variation in the gas flow

_ rate the dynamic equilibrium is established for a different magnitude of

- the clearance between the seat and the valve in the power reducer. A

’ simple unit reducer operates by the same principle.

.y

The unit reducers with hydraulic and preumatic boosters also operate
analogously, but with greater accuracy.

- The safety valves are used to prevent the inside cavities of the tanks and
lines from a possible increase in pressure; with an increase in pressure
the valve moves away from the seat, and the gas is released through the
exit opening to the atmosphere or the drain line; the valve closes with
a reduction in pressure.

The various structural elements of the safety valves classified by the
nature of opening of the valve are divided into proportional, nonpropor-
tional, pulsed and mixed type. In addition, the proportional and
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Huswoe _
(@) gasnenve

Figure 5.18. Spring-type reducer with check valve:

1 -- valve; 2 -- operating spring; 3 -- adjustment screw;
4 ~- sensitive element; 5 —— push rod; 6 -- seat; 7 -- valve
spring

Key:
a. low pressure
b. high pressure

nonproportional valves can be direct and check action. In the direct action
safety valves the operating pressure opens the valve, breaking its seal,
and in the safety check valves it pushes the valve against the seat,

tightening (sealing) this connection.

safety valves open for
in the nonproportional
creation of additiomnal

The widest use is made
son with the remaining
check valve (Fig 5.19)

The flaps in the proportional

a flow rate proportional to the rise in pressure;
safety valves, discontinuously as a result of the
forces.

of nonproportional check valves which, by compari-
ones, are better sealed. The nonproportional safety
operates as follows. In the absence of pressure,

the valve receives only a small force from the spring, which only fixes

the valve in a defined

extreme position. The operating pressure of the

safety cavity clamps the valve tightly against the seat and moves them in

this position upward, clamping the operating spring.

With an increase in

pressure, the sealing force of connection of the valve and the seat
increases until the pressure of the safety cavity is compared with the

adjustment pressure.

At the adjustment pressure, the valve, reaching the

stop, halts, and the seat under the effect of the increasing pressure will
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continue its movement. As a result, the seal of the valve-seat connection
is disturbed, and the gas goes to the cavity A under the additional

area £. The seat moves upward without additional rise in pressure, opening
the output opening of the cavity A. The pressure in the cavity A is
stabilized, and the seat halts. With a reduction in pressure in the safety
cavity under the effect of the operating spring the seat clamps the valve,
removing it from contact with the stop. The pressure in the cavity A drops,
and the seal of the valve-seat connections is restored.

(b)

Adazop

gﬁ (2)
Figure 5.19. Nonproportional safety check valve:
1 —- housing; 2 -- valve; 3 —-- operating spring; 4 -- adjustment
screw; 5 -~ valve spring; 6 -- seat
Key:
- a. Input
b. Clearance
c. Output

The pulse safety valves are made up of two valves: the small cross section
control valve and the basic valve for passing the entire flow., The
feedback control valve which responds automatically operates on the basic
valve, opening and closing it. This system insures high accuracy of the
response for large values of the flow rates and pressures.

The mixed type safety valves in the initial opening step operate in
accordance with the nonproportional check valve scheme, and on complete
opening, by the proportional check valve scheme.

Gate valves and pneumatic valves (shutoff fittings) are designed for

_ reliable closure of the pneumatic lines, and when they are open they provide
- the required flow rates of the gas with minimum pressure losses. Pneumatic

191

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040010-4



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200040010-4

FOR OFFICIAL USE ONLY

valves with control pressure and electropneumatic valves (pneumatic valves
with control from an electromagnet) are distinguished.

The gate valves can have both manual and remote drives (electric engine).
The force on the cutoff of the valve is transmitted through the self-
braking screw couple, and the shutoff of the valve retains the established
position after removal of the control imput. The valves are set so that
in the closed position the seal of the push rod will not be under the
effect of the working medium.

Electropneumatic valves provide for remotely controlled feed of the gases
to the various users. The characteristic of the electropneumatic valve
is given in the deenergized state. Depending on the position of a cutoff,
the electropneumatic valve can be closed (deenergized-closed) and open
(deenergized-open) and also they can be made with and without drainage.
The electromagnetic valve without drainage simply stops feeding gas to the
user when it is closed, and the electromagnetic valve with drainage not
only stops feeding the gas, but discharges the gas remaining between the

- user and the electropneumatic valve to the atmosphere. The electropneumatic
valve with drainage is used primarily to control the pneumatic valves,
electropneumatic valves without drainage -~ for various types of purging,
blcwing and opening of pneumatic locks.

= When developing the layout of the pneumatic system and its operating condi-
tions, usually electropneumatic valves are selected, the electromagnets
of which will be deenergized for the maximum amount of time. However, in
practice, cases of prolonged (to several days) staying of the electromagnet
of an electromagnetic valve under current are possible.

= The direct-action electropneumatic valve and with pneumatic booster are
distinguished. In the direct-action electropneumatic valve, the electro-
magnet shifts the push rod of the basic valve directly covering the gas
cavities; in the electropneumatic valve with pneumatic booster, the push
rod of the servovalve (the unloading valve) having smaller working areas
than the basic valve. The displacement of the servovalve causes redistribu-
tion of the forces acting on the sensitive elements of the electropneumatic
- valve which leads to a displacement of the basic valve, the electro-
pneumatic valve with pneumatic booster is used for large cross sections
of the pipélines. The double-action electropneumatic valvesused to control
double-action pnevmatic valves have one input and two puts for the gas.
Gas is always used in one of the output cavities. The displacement of the
electromagnet causes gas feed to the other output cavity and drainage of
the gas from the filled cavity. The application of ome double-action
electromagnetic valve replaces the use of two electromagnetic valves with
drainage. This decreases the number of fittings in the system and increases
its reliability.

The electropneumatic valves usually are made up of an electromagnet, a

housing with seats for the shutoff assemblies and connections for joining
to the pipelines, a shutoff containing a push rod with a valve or system
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of valves and special devices -- the mechanism for manual inclusion (if
it occurs), signalling the position of the valve, the fixing device (if
it exists), and so on.

The pneumatic valves with controlling pressure are used for remote closure
of the lines with high compressed gas flow rate usually paired with the
electromagnetic valves, which makes it possible to operate by the following
scheme: '"an electric signal from the control panel -- electromagnetic
valve -- feeding of the control air from the electromagnetic valve —-
response of the pneumatic valve (closing or opening the line)."

With respect to structural designs of the pneumatic drive the pneumatic
valves are divided into simple and double action valves. The simple action
pneumatic valves have one controlling pressure cavity, after discharge of
which the valve shutoff is shifted to the other position by the pressure
of the medium and an elastic element (spring). These pneumatic valves
have one fixed position without feeding a controlling pressure. The
position where the controlling pressure is not fed to the valve is con-
sidered to be normal. The double-action pneumatic valves have two con-
trolling pressure cavities. The position of the shutoff of the pneumatic
valve is determined by the fact that a controlling gas is fed to each
cavity., Without the controlling pressure and without the clamping springs
the double action valve does not have a fixed position. The position is
considered normal when the controlling pressure is fed, and the electro-
pneumatic valves are deenergized. These pneumatic valves are controlled
either by two electropneumatic valves (one deenergized -- open, the other
deenergized -- closed) or by one double-action electropneumatic valve.

It must be noted that the speed of the pneumatic valves can be altered in
the required direction by using replaceable injectors installed on the
controlling pressure line at the input to the pneumatic drive.

Gas Supply System of the "Saturn-V" Booster Rocket

The gas supply system provides for the production, storage and distribution
of the compressed gases —— nitrogen and helium. The low pressure compressed
air is used in the conditioning systems.

The high pressure gaseous nitrogen and helium are obtained using converter-
compressor equipment which includes the liquid nitrogen storage (a spherical
tank with perlite nonvacuum insulation); the high and low pressure liquid
nitrogen pumps and gasifier; the filtering and drying unit; the helium
high-pressure compressors and distribution boards,

The gaseous nitrogen is obtained by gasification of liquid nitrogen which
is passed through the deep cleaning filters to the high and low pressure

- pumps; then it goes to the gasifiers and after them to the filtering
and drying units where already in the gaseous form it is purified of wvapor
and hydrocarbons and on passing through the fine cleaning filters, it is
fed to the distribution boards under a pressure of 41.2 and 0.98 MPa.
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The gaseous helium arrives in the transport units under a pressure of

15.2 MPa. The helium is fed through the fine purifying filters at sign
cantly lower pressure into the compressor units having oil and water traps,
after which at a pressure of 41.2 MPa it is fed through the cleaner to the

distribution unit.

From the distribution devices the high pressure gaseous helium and nitrogen
are fed to the compressed gas storage of the vertical assembly building
and to the launch complex storage. The storages include the receivers

from nitrogen and helium made up of several tems of tanks.

The collectors

and the tanks of the receiver are equipped with safety valves and rupturable

diaphragms for the case of an emergency rise in pressure.

The amount of compressed (to a pressure of 24.5 MPa) nitrogen and helium
is insured by performanc of all of the operations of assembly and testing

of the "Saturn-V" booster rocket in the vertical assembly building and

also the demand of all of the users of the launch complex and the booster

rocket itself.

in addition, the gaseous nitrogen and helium are used during the operations:

The nitrogen for control of the valves of the filling system for the fuel
components and the valves of the rocket during the pre-launch preparation;
the purging of the different equipment of the booster rocket and the ground
systems in order to insure explosion safety; the operations of the
pneumatic cylinders of the mechanisms for turning the moving platforms

on the service cable mast and blowing the tanks of the S-I fuel stage;

Helium for pre-launch blowing of the oxygen in hydrogen tanks; charging of
the on-board tanks; purging of the different equipment of the booster rocket
and the ground systems; bubbling of the oxygen in the rocket tanks and

control of the individual mechanisms.
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CHAPTER 6. THERMOSTATING SYSTEMS
6.1. Purpose, Structure and Composition

Thermostating is insurance of the given thermal conditions of the space
rocket system or its elements during the process of their ground prepara-
tion in order to create conditions for normal functioning of the on-boavrd
equipment and systems. The given regime is insured at the engineering
complex, when transporting the space rocket system within the boundaries
of the space center and at the launch complex.

As a rule, it is not the space rocket system as a whole that needs maintenance
of thermal conditions, but only individual components of it.

The space rocket systems include equipment requiring defined temperature
conditions for operation, variation of which lowers its characteristics

and disturbs the normal functioning. The temperature also determines the
characteristics of the on-board electric power supply sources, the operating
reliability of the engine assemblies, the thrust of the solid fuel boosters
in the rockets and the engines of the emergency rescue system for the

space vehicles.

The thermostating of the fuel components insures the given temperatures of
the oxidant and the combustible component going into the engine and the
required density, and the thermostating of the cryogenic components,
reduction of their losses from evaporation. The space vehicles are thermo-
stated in order to maintain the required air temperature in the compartments
with the equipment, the structural elements and individual assemblies and
and units (the instruments, power supplies, the serviced tanks and so on)
and alss, what is extremely important, in order to provide life support for
the cosmonauts during the pre-launch preparation time.

The optimal temperature range depends on the composition of the booster
rocket and space vehicle systems, the type of installed equipment, the fuel

lyereafter all these elements will be called "the thermostating targets."
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components used, the structural design of the solid fuel engines,'and so
on. Usually for the instrument compartments and the engines of booster
rockets the optimal range is from +5 to +25°C, and for solid fuel booster
rockets and the emergency recovery engines of the space vehicle, from

0 to +40°C or a positive temperature range without restriction of the upper
limit. For some booster rockets the temperature range is not limited, and
such rockets can be prepared and launched without the application of
special thermostating means at any surrounding air temperature.

For space vehicles with ground preparations the range from +15 to +25°C
is considered optimal although deviations from these values are possible.
Thus, the air temperature in the operating zones of the installers and
testers in the spacecraft or space station is permitted from +10 to +30°C.
The preferable temperature for the containers with food installed in the
space vehicle (ship or station) is considered to be the temperature from
0 to +15°C. The admissible temperature range of the space vehicle after
filling its fuel tank at the filling station is significantly limited.

The thermostating problems include both supplying heat to the elements of
the space rocket systems and removal of it. The heat is usually supplied
when the rocket system is outside the facility at low surrounding air

- temperature (when transporting, in the launch position, and so on), and it
is removed to the engineering complex; when transporting the space rocket
system (the top module) within the boundaries of the space center and in
the launch complex. In the engineering complex usually excess fuel is
removed from the inside volumes of the space vehicles during electrical
testing and also from the compartments where the installation men and test
people are operating. When transporting and at the launch complex the
rocket system (top module) is protected in the summer from high surrounding
air temperatures and solar radiationm.

The given thermal conditions of the space vehicles sometimes are insured
by joint operation of the ground thermostating means with the on-board
thermal regulation system. The on-board thermal regulation system of the
space vehicle usually is made up of two hydraulic loops -- cooling and
heating. The excess heat is removed from the internal volumes of the
vehicle by the cooling loop which, by means of the intermediate liquid-
liquid thermostating heat exchanger is connected to the outer loop -- the
ground liquid system for supporting the thermal conditioms.

In the hydraulic main of the inner loop, a temperature is maintained

which is required for operation of the assemblies of the vehicle realizing
heat removal from the atmosphere of the compartments. The temperature

in the loop is regulated either by temperature variation and the amount

of cooled heat exchange agent in the outer line or by the regulating
elements in the loop itself. The heating loop is also connected to the
outer loop using the intermediate liquid-liquid thermostating heat exchanger

(ZhZhTIT); in this case, the heated heat exchange agent is fed to the outer
loop.
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In order to thermostat the elements of the space rocket system, air systems
are also used to maintain the thermal conditions (VSOTR) which both supply

B and remove heat. The thermostating air is fed to the instrument compart-
ments and the engines of the booster rocket, under the nose come or the
space vehicle elements are blown by it.

Maintenance of the thermal conditions during the period after completion
of the operation of the ground thermostating means is insured as a result
of preliminary bringing of the temperatures of the structural elements and
air in the compartments of the rocket system to the given levels during
thermostating process, determined by the outside temperature conditions and
the degree of thermal installation of the elements of the rocket system
and also as a result of selecting the time for disconnecting the thermo-
stating means.

During the thermostating process, the temperature is monitored at the most
important (from the point of view of the thermal conditions) points of the
vehicle by using special temperature gauges connected with the ground
panels. The readings of the gauges are used to control the thermostating
conditions.

6.2. Classification of the Systems

The ground thermostating systems are classified by the method of thermo-
stating, the heat-exchange agent used, and mobility.

With respect to the method of thermostating the systems are divided into
active and passive thermostating systems and combined systems.

The active thermostating systems provide for supplying heat to (removing
from) the vehicle and have sources of heat or cold and equipment for
supplying the heat-exchange agent in their composition. These include
the air (VSOTR) and liquid (ZhSOTR) thermal conditioning systems.

The passive thermostating systems insure the given thermal conditions as
a result of insulating the vehicle from the enviromment. They include
the thermal insulating hoods for the top modules, the space vehicles and
the engines of the emergency rescue systems which decrease the heat
exchange between the vehicle and the enviromment and also various coatings
with different coefficients of reflection and absorption.

The systems of combined means use methods of both active and passive
thermostating. These are the electrothermal hoods in which the limitation
of the heat exchange with the environment is realized as a result of
thermal insulation, and the heating, as a result of the electric heaters.

With respect to the heat-exchange agent used the thermostating systems
are divided into air and liquid systems; in the air system the heat

exchange agent is air; in the liquid systems, it is different liquids
(brines, freons, antifreezes).
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With respect to mobility the thermostating systems are divided into portable
and siationary. The choice of one version or another depends on the cold
and heat requirement of the thermostating object, the required flow rate

of the heat transfer agent, the conditions of applying the system and also
the composition and structure of the ground complex.

The systems with low cold and heat output capacity are usually portable.
They have a source of electric power (they can also be fed from an outside
source), and they are used both at the engineering and launch complexes.
They are universal and mobile, which makes it possible with a limited
number of units of equipment to provide for thermostating in the different
stages of the technological process cycle for preparation of the space
rocket system. Such systems are used, as a rule, for light class rockets.
The portable units are used also to insure the thermal conditions of the
space rocket system for its elements during transportation within the
boundaries of the space center. Thus, using the portable units, the space
vehicle or the top module is thermostated on delivery to the filling station
and also when being hauled from the engineering complex to the launch
complex as part of the completely assembled rocket system if the transport
time exceeds the admissible for which the normal conditions of the vehicle
or the top module will remain within the given limits.

For rockets of medium, heavy and superheavy classes, the equipment of which
is basically stationary, the thermostating systems are also stationary.

The support of the thermal conditions of such rockets will require high
cold and heat output capacity which it is impossible to achieve by using
mobile units. The stationary systems are placed in special structures

and part of their equipment, in other ground units and systems (for example,
on the service tower of the launch complex, and so on). The portable
thermostating units are used in these cases only to transport the space
rocket systems or elements of them.

6.3. Sources of Cold and Heat

In the thermostating systems the sources of cold are compression type
refrigeration units, turbocompresscrs and turborefrigeration units, systems
which use choking of gas and devices with the application of the vortex
effect, amdthe sources of heat are electric and water heaters, and so on.

In the thermostating systems, in order to cool the heat-transfer agents,
the piston refrigeration units have received the greatest application.

In these units, the heat is picked up as a result of boiling the cooling
agent (usually freon) in an evaporator with subsequent compression of its
vapor in the piston compressor; in this case the picked up heat is
transferred to the water or air. The piston compression refrigeration
units, in spite of their complexity, have been quite reliably developed
at the present time, and they do not cause any special difficulties in
operation or maintenance.
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In the turbocompressor the compression of the coolant vapor takes place as
a result of the creation of a centrifugal force on rotation of the impeller;
directing the vapor successively through a number of impellers, it is
possible to obtain the required degree of compression.

The turborefrigeration units are a combination of a turbocompressor with
regenerative heat exchangers, and they operate by the thermodynamic cycle
called the "Russian cycle." The turborefrigeration unit which produces

1 kg of cold air persecond with a temperature from -80 to =135°C and a
cold output capacity to 30 kwt is made up of a turbine (the turbine expansion
engine) and compressor on a single shaft, regenerator, the refrigeration
chamber, valves, air bypass units, a booster and switching mechanism.

The advantages of the turborefrigeration units are the low mass, small
size and the possibility of using atmospheric air instead of expensive
refrigeration agents,and the deficiencies low air pressure at the output
which complicates their application in the thermostating system.

The systems using choking of gas are based on the principle of a reduction
in gas pressure on passage of it through a constricted opening with simul-
taneous reduction of the temperature. These systewms includ2 the pneumatic
panels with reducers (valves, diaphragms), which step down the pressure and
hoses with sprayers; the air which comes out of the sprayers cools the
thermostating object. The advantages of these systems are simplicity of
structural design, high reliability and ease of servicing, and the
deficiencies include the low efficiency of the cycle, the nonregulatability
of the air temperature and the possibility that moisture will get into the
object, which is condemned in the structural elements of the various
assemblies, hoses and sprayers during the air cooling process.

The devices using the vortex effect (the Rank-Khilsh effect) are used to
obtain a flow of air cooled to -—(10 to 60)° and heated to +(50 to 100)°C.
The main part of these units is an eddy tube (the vortex refrigeration
unit) into which the air that has been compressed in the compressor in
advance goes. In the tube the air acquires an eddy motion, as a result of
which the inner layers are cooled, and the outar ones are heated.

The eddy tube (Fig 6.1) is a smooth cylindrical tube equipped with a unit
with tangential nozzles, a diaphragm with axial opening and a choke. On
escape of air through the nozzle, an intensive circular flow is created,
the axial layers of which are cooled, and they leave in the form of a cold
flow through the opening in the diaphragm, the hose, a muffler ‘and

a fitting; the peripheral layers are also heated in the form of a hot flow
and they exit through the tube, the hose and the muffler. As the

choke is covered, the cold flow through the opening of the diaphragm
increases with a corresponding increase in the flow rate of the hot flow.

The devices usually have several tubes, at the exit from which air is
obtained with different temperature. The devices also include the air
preparation unit which includes filters, oil separator and water heat
exchanger for preliminary cooling of the air after the compressor.
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The advantages of the devices with the application of an eddy effect are
simplicity of structural design, operating reliability and possibility of
fast temperature regulation, and the deficiencies include a low efficiency
cycle and powerful noise occurring during operations; the noise is reduced
by the application of mufflers on the fittings of the "cold" and "hot"
ends and also sound insulation of the tube casing.

Electric heaters with different power serving both to heat the air (gas)
and the liquid heat-exchange agents are used as the sources of heat in

- thermostating systems. 1In order to regulate the temperature, the heaters
are usually made of several sections included in various combinations.

The water heaters use hot water from the boiler room of the space center or
from other systems where it is a byproduct. In systems with the application
of the eddy effect for heating, air emitting from the "hot" end of the eddy
current- is used.

6.4. Structure of the Thermostating Systems

The air thermostating systems, independently of the structural design, have
sources of cold and heat, tanks with coolant, a system of lines with regu-
lating fittings, pipelines for supplying air, a mechanism for removal of

- i the on-board split connection and a control system.

The largest VSOTR systems used for thermostating space rocket systems at
the launch complex have a significant influence on the composition and
placement of the structures and other systems.

In addition to the VSOTR and the ZhSOTR systems, the cold users can also
be the thermostating systems for the fuel components, the air conditioning
system for the facilities, and so on.

In the stationary thermostating systems all of the refrigeration equipment
is placed in a single refrigeration center, which insures the demand for
cold and heat. This composition of the equipment makes it possible to

use it more efficiently, increase the efficiency, and the neutralizer
servicing and operation.

The cold center can be placed both in an individual structure and in the
launch facilities under the pad. The special structure for the refrigera-
tion center is usually of an arch type, semiburied with the necessary
protection in case of explosion of the rocket on launch.

For more efficient use, the refrigeration equipment is placed as close as
possible to the user (rocket), since with an increase in distance the

heat losses increase significantly. The equipment must be compact, fire
and explosion safe and automated to the maximum. The large refrigeration
equipment (the refrigeration unit, the heat exchange units, the tanks with
a system of lines and the regulating fittings for intermediate heat-
exchange agent, the pumps, water supply systems) and also the control
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panels with the monitoring and measuring instruments requiring the

presence of service personnel usually are placed in an individual structure,
and the channels for supplying air, in the facilities under the pad and

on the service tower.

The air feed channels include fans, filters, air coolers, electric heaters
and air ducts. The fans (air blowers) are designed to create the required
air pressure and feed; the filters are designed to remove dust and mechani-
cal impurities from them, the air coolers are made to cool the equipment

to the required temperature and settle out moisture contained in it; the
electric heaters are used for heating. The air ducts are placed on the
service tower and lead to the rocket at the corresponding levels.

The VSOTR systems operate both by the open and closed cycles. In the first
case the air fed to the rocket is discharged to the atmosphere through
one of the hatches; in the second case, it returns to the system.

In order to remove the on-board connections with the air ducts on the

service tower platforms disconnect mechanisms are provided. These mechanisms
- remove the on-board connections with the air ducts to a safe distance,

excluding the possibility of collision of them with the rocket under the

effect of wind loads. At some launch complexes (basically for light and

medium class rockets) the disconnection and removal of the on-board split

connections are accomplished manually.

The air systems for supporting the thermal operating conditions are
operating both in the manual and in automatic modes. In the manual mode
the air temperature is selected by the operator and maintained by variation
of the temperature of the heat-transfer agent, its consumption in the air
cooler, disconnection (connection) of one of the air coolers or inclusion
of the required number of sections of the electric heaters. In the auto-
matic mode the air temperature is maintained by a special device which on
disconnection of it from the given one sends a signal to the servomechanism
regulating the consumptior of the heat transfer agent through the air
coolers or it changes the number of connected (disconnected sections of

the electric heaters.

The means of supporting the thermal regime of the engineering complex
usually have separate air and liquid thermostating systems (although the

- possibility of combining them into a united refrigeration center is not
excluded), and with respect to construction principle they are analogous
to the systems of the launch complex. However, as a result of the fact
that the cold and heat requirements at the engineering complex are less,
and the remote and automatic control frequently is not required, they are
simpler with respect to structural design. The system equipment is
placed in the installation and test facilities for the booster rockets
and the facility for installation and testing of the space vehicles, in
additions on the buildings or in special buildings.
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Let us consider the structure and the operating principle of the
stationary air thermostating system of the top module at the launch
complex with air flow rate of 4 m3/sec and temperature from -10 to +40°C
(Fig 6.2). The system operates by the open cycle, that is, with discharge
of the air to the outside, and it is fed from the cocling center, in
which the refrigation units, brine tanks for the heat-exchange agent, the
pump group, the system of brine and water lines with adjustable gate
fittings, control panels and other equipment are located. The fans for
supplying air, the filter, the air cooler, the electric heater, the air
duct and the mechanism for removal of the on-board connections are placed
on the service tower.

The air is cooled in two steps: in the first step the atmospheric air
forced by the fan and passing through the filter is cooled in the air cooler
to a temperature of 2-5°C as a result of heat exchange with the heat-
exchange agent (27-29% calcium chloride solution) coming from the cooling
center; simultaneously the moisture precipitates out (to 957) which is
contained in the collected air. It runs off to the bottom of air cooler
and is removed. In the second step the air in the air cooler is cooled

to a temperature below 0°C with precipitation of moisture on the surface
of the air cooler in the form of "frost." As the cross section of the air
cooler is decreased as a result of the formation of the "frost" the air
feed from one air cooler is switched to the other, and in order to defrost
the first air cooler, a special fan and electric heater are switched onj
this air is not used for thermostating and is discharged through the
connection to the atmosphere.

During operation of the system and the heating mode, the air fed to the

top module is heated in an electric heater. In order to obtain the air

with given "dewpoint" it is first cooled in the air coolers where precipita-
tion of the moisture takes place.

The system operates both in the manual and in automatic modes. In the
manual mode the given ait temperature at the input to the top module is
selected and maintained by the operator by varying the flow rate of the
heat—exchange agent fed to the air cooler. A defined temperature of the
heat-exchange agent is maintained in the brine tanks. In the automatic
mode the given air temperature is maintained by instruments in accordance
with the readings of the temperature gauges'installed at the input to the
top module. In this case, the operator of the control system adjusts the
thermostat to the required temperature (variation in the temperature
automatically changes the flow rate of the heat-exchange agent), and the
given temperature of the heat-exchange agent is maintained in the brine
baths by varying the amount of coolant going to the evaporators. The

air flow rate is adjusted remotely by opening (closing) the air valves

or increasing (decreasing) the number of fans put into operation.
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The portable air thermostating units are mounted in the body of a railroad
car or truck. Such units are fed both from the outside network and from
the inside source of electric power, which permits them to operate during
movement (when transporting the rocket or the top module within the limits
of the space center). The portable air units usually operate by closed
cycle without application of the intermediate feed-transfer agent, with
cooling of the air in the evaporator of the refrigerator; connection and
disconnection of the lines, as a rule, is manual.

Let us consider one of the units designed for thermostating the top module
of the rocket when transporting it from the installation and test facility
to the filling station and also within the composition of the fully
assembled space rocket system during transportation from the engineering

- complex to the launch complex.

All of the equipment of the unit (Fig 6.3) is placed in the railroad car
divided into several compartments. The source of cold is freon refrigeratcrs
with air cooling condensers. A diesel generator is installed in the unit;
for connection to the outside current source there is a coil with a cable;
the unit operates by a closed cycle. The cooled or heated air is fed to
the top module located on the railroad carrier (in the fully assembled
space rocket system, on the transport~erection unit), using an electric

fan by the system of stationary and flexible air ducts and adapters, and
then it again goes to the air cooler of the unit. The control panel is
used to control the operation of the cooling and heating unit in the manual
and automatic regimes. In the automatic regime the given air temperature
is maintained by the instruments in accordance with the gauge readings.

Liquid Thermostating Systems. In the stationary ZhSOTIR systems the heat-
exchange agent is cooled both from the cooling center (in common with the
VSOTR system) and from the autonomous source of cold. The feed lines of
the heat-transfer agent are placed in facilities under the pad on the
service tower. For protection of the ZhZhTT [liquid-liquid thermostating
heat exchanger] of the space vehicle from excess pressure in the ZhSOTR
systems, a pressure relay is provided. In the portable units all of the
equipment is placed in the body of the truck, and the heat transfer agent
is cooled by heat exchange with the coolant of the refrigerator.

The liquid systems operate only by a closed cycle. On completion of
operation of the system, before disconnection and removal of the hydraulic
block from the rocket, the heat transfer agent is drained off, and the
lines are blown out with compressed nitrogen in order to protect the on-
board lines from corrosion and exclude incidence of the heat transfer
agent on board the rocket or space vehicle.
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The operation of the ZhSOTR in the manual and automatic modes is analogous
to the operation of the VSOTR,

As an example let us consider a portable liquid thermostating unit. The
unit (Fig 6.4 and 6.5) is used to feed the heat-exchange agent (antifreeze)
with a temperature from -5 to +50°C to the ZhZhTT of the space vehicle
with a flow rate of 0.27.10-3 m3/sec, and it 1s mounted on the body
installed on the automobile chassis. The unit can serve as both the
launch complex and the engineering complex. When working on the launch
complex, in order to feed the heat-transfer agent, pipelines are used
which are laid on the service tower (truss); in the engineering complex
there are special pipelines for the installation and test complex.

I During operation of the unit in the cooling mode, the heat-transfer agent

is moved by an electric pump from one division of the mixing tank to the
other; it passes through the evaporator where it is cooled by a coolant
(freon) which boils at low pressure and temperature. the cooled heat
transfer agent is moved by an electric pump through a flexible hose, through
the pipeline on the service truss, through the distributor and the pressure
delivery hose to the tube space of the liquid-liquid heat-exchanger of the
target. It picks up heat only from the space vehicle and is again

drained into the mixing tank of the unit. At the input to the ZhZhTT

heat exchanger there is a pressure relay which shuts off the pump with a
rise in pressure above admissible.
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Figure 6.4. Portable liquid thermostating unit:

1 —- truck chassis; 2 —— body; 3 ~-- mixing tank; 4,5 —- electric
pumps; 6 —— compressor; 7 -— filter-drier; 8 -— electric heater;

9 —- evaporator; 10 -- heat exchanger; 11 —- receiver; 12 --

heat regulating valve; 13 —- solenoid valve; 14 -- manual regulating
valve; 15 -- flexible hose; 16 —- pressure hose; 17 -- service
truss; 18 -- resistance thermometer; 19 -— distributor; 20 --
pipeline on the service truss
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_ Figure 6.5. Schematic of the portable liquid thermostating unit:
1 -- ZhZhTT; 2 -- pressure hose; 3 -- distributor; 4 -- pressure

relay; 5 —- pipeline on the service truss; 6 —- flexible hose;
7 -- electric pump; 8 -- shutoff valve (coupling); 9 -- antifreeze
line; 10 —-- flow rate relay; 11 -- resistance thermometer;

12 -- mixing tank; 13 -- electric heater; 14 -- manometer;

15 -- electric pump; 16 -- shutoff valve (angular); 17 -- evaporator;
18 -~ safety valve; 19 -- heat regulating valve; 20 -- manual
regulating valve; 21 —- solenoid valve; 22 -- filter-drier;

23 -- heat exchanger; 24 —- receiver; 25 -~ freon section line;
26 -- condenser; 27 -—~ compressor; 28 ~-- freon delivery line
Key:
a —- filling with antifreeze; b -- cold division; ¢ -- warm division;
d -- heat exchange agent drain; e —- water output; £ -- water input.

The coolant vapor formed during boiling in the evaporator is removed by
the compressors through the intermediate space of the heat exchanger in
which they were superheated as a result of the counterflow of freon from
the receiver. The compressor compresses the freon vapor and pumps it into
the condenser where it is cooled by water and condensed.
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Liquld freon formed in the condenser drains into the receilver, from which
it goes through the coil of the heat exchanger, the filter-drier and the
solenoid valve to two parallel heat regulating valves. The supplied
high-pressure coolant (at condensation pressure) is fed through the choke
cross section of the heat regulating valve to the evaporator where low
pressure is maintained by compressors sucking vapor out of the evaporator.
The liquid freon, running through the evaporator space between the tubes,
boils at low temperature as a result of the heat influxes from the heat-
transfer agent circulating through the evaporator tubes. Then the cycle
is repeated.

The temperature of the heat-transfer agent is monitored by a resistance
thermometer installed in a mixing tank and an electron bridge; on deviation
of the temperature from the given temperature, the compressor is switched
on or off.

When operating in the heating mode, the heat-transfer agent is heated by
the electric heater of the mixing tank, after which the pump is used to

feed it to the ZhZhIT of the vehicle and from there again to the mixing

tank.

The stationary ZhSOTR system (Fig 6.6) receives cold from the refrigeration
center of the launch complex. In the heat exchanger, heat exchange takes
place between the heat-transfer agent (antifreeze) and the intermediate
heat-transfer agent (freon) fed by a centrifugal pump from the expansion
tank. The antifreeze is heated in the tank of the electric heater and the
piston pump feeds it through the system lines to the ZhZhTT of the vehicle
from which it is drained back into the tank. The flow rate of the anti-
freeze is established by regulating valve; the flow rate is monitored by

a flow gauge. When the pressure is exceeded at the input to the ZhZhTT
heat exchanger the pressure relay switches the pump off.

Thermal Jackets. A thermal jacket without electric heating (passive thermo-
stating) is designed to decrease the heat echange between the elements of

- the space rocket system and the environment and also for protection from
the meteorological effects and solar radiation. The thermal jacket is
made up of strips of cloth between there is a filler (foam plastic or
other insulating material), with a split along the generatrix covered by
the fastening locks with traction belts.

The electrothermal jacket (thermostating by a combined method) insures the
thermal regime of the engines of the emergency rescue system, the solid-
propellant boosters, fuel tanks and other elements of the space rocket
system,

The electrothermal jacket (Fig 6.7) for the engine of the emergency rescue
system maintains the temperature above +15°C and is a strip to which
electric heaters, resistance thermometers and thermal resistances making
up the electrical part of the jacket are fastened. The strip is made of
foam plastic covered with rubberized balloon material with a split along
the generatrix. Locks are attached on one side of the strip, and on the
other, holders with turn buckles g?%ch are fastened to rubber shock
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absorbers. The holders are fixed in the locks by jaws connected to each
ather by the opening line. At the top there is a ring by which the jacket
is held by the service truss crane after opening, and then it is lowered
on the platform,

The electric heater is in the form of two strips between which wires are
glued which make up the heating elements; the ends of the wires are soldered
to the contacts which are taken out through a plug.

The resistance thermometers are the sensors of the ratiometer of the
control panel indicating the temperature under the jacket; the thermal
resistances are the instrument sensors of the panel that automatically
regulates temperature.

During the summer, the top of the jacket is fitted with a protective shell
made of rubberized material to which metallized film is glued which has a
high coefficient of reflection of sun rays.

The thermal conditions under the jacket are maintained automatically;

when the temperature deviates from the given one, sound and light signals

are sent. The visual monitoring and manual regulation of the temperature
are provided from the monitoring and control panel.
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Figure 6.7. Electrothermal jacket:
1 -- ring; 2 -- fabric strip; 3 -- shock absorber; 4 -- plug; 5 -- opening
line; 6 —— lock; 7 -- jaws; 8 —- holder; 9 -- turn buckle; 10 -- thermal

resistance; 11 -- beds; 12 -- resistance thermometer; 13 -- electric
heater; 14 -- balloon fabric; 15 -- foam plastic; 16 —- protective shell
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CHAPTER 7. COMMUNICATIONS OF THE GROUND SYSTEMS WITH THE ON-BOARD SYSTEMS
("' GROUND-ON-BOARD" COMMUNICATIONS)

7.1. Nature of the "Ground-On-Board" Communications

In order to perform the various operations during preparations for launch
(filling with fuel components and compressed gases, various checks and
measurements, purging, pre-launch purging of the tanks, maintenance of the
thermal conditions of the on-board systems, and so on) the rocket installed
on the launch system is connected to the ground launch systems through
electrical, pneumatic and hydromechanical plug connections, forming the
so-called "ground-on-board" communications.

As the pre-launch operations are performed, the number of couplings with
the ground systems decrease as a result of uncoupling the plug connections
and removal of the ground lines to a safe distance. Since some of the pre~
launch ground operations are joined or close in time to the startup of
the first stage engine, many of the plug commections are disconnected in
the initial phase of movement of the rocket (Fig 7.1). The organization
of these communications, laid still in the design stage, to a significant
degree determines the operating convenience, reliability and efficiency

R of the rocket complex. The classification of "ground-on-board" communica-
tions is presented in Fig 7.2.

In order to simplify servicing and decrease the number of plug conmections
of the numerous lines brought to the rocket,they usually are combined into
several groups (trunks).

Both related (that is, hydraulic, pneumatic or electric only) and unrelated
lines are run through the plug conmections; for safety reasons the combining
of the lines, which when damaged will possibly cause an emergency (for
example, mixing of self-igniting components) is undesirable.

The lines brought through the plug connections of the rocket are laid along

special units -- the service towers (trusses), the £fill cable and the
fill-drain masts, and so on.
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Figure 7.1. Disconnecting the "ground-on-board" communications
in the initial stage of flight of the rocket

The plug connections basically have a common design. They are made up of
two parts (panels) joined along the plane of the plug, and they insure
the required connection of the lines running through them. The lines
running from the ground systems are connected to one part of the plug
(the ground plug), and the lines of the space rocket system are connected
to the other part of the plug (the on~board part). Both parts are kept
tightly conmected by the special device (lock) which separates them at
the required time, pushing the ground part away from the on-board part.

The structural design of the plug connection is determined by such factors
as the method (manual or remote) of coupling (uncoupling) the parts of

the plug connection, the number and the sizes of the transverse cross
section of the lines running through the plugs, their purpose and type.
The plug connections must satisfy the requirements of simplicity and

convenience in operation and maintenance, seal of the pneumohydraulic
lines and contact coupling of the electric lines, the maximum possible
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distribution of the mass of the structure on the ground (removable) part
and also insurance of reliable remote monitoring of the positions of the
parts of the plug, high speed operation of the lock, independent redundancy
in the response means and protection of the on-board and ground lines

from the environment on uncoupling.
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The manual connection (disconnection) is used for simple plugs of small
mass in easily accessible locations and serviced before the beginning of
filling the rocket with fuel. 1In this case the ground part of the plug
is connected to the on-board part manually using flanged or threaded
connections. The ground part is the end of the line of the corresponding
ground system.

The plug connections with a large number of lines having significant
transverse cross sections and rigid requirements with respect to seal are
most complex with respect to structural design. In order to facilitate

the servicing, the coupling of these plugs is completely or to a significant
degree mechanized, and sometimes they are remotely controlled and monitored.
In this case it is necessary to have complex additional equipment which

is placed directly in the service zone of the plug. In order to improve

the quality of coupling, it is done at the engineering complex with subse-
quent connection of the ground lines at the launch complex to the adapters
using simple flanges or threaded connections.

Remote uncoupling arises from the fact that some of the plugs must be
connected until a defined time of pre~launch preparation of the rocket,

and access to them by the service persomnnel is forbidden by safety
engineering requirements and also the effort to decrease the labor consump-
tion of the work done at the launch complex.

The ground lines (especially the large—diameter hydraulic and pneumatic
lines) must be sufficiently flexible and strong and provide for signifi-
cant, especially under high wind blows, mutual displacements of the
booster rocket and the service unit on which they are laid. In order

to compensate for the mutual displacements with small amplitudes and
frequencies of the oscillations, flexible hoses are used; for significant
amplitudes and oscillations, a combination of flexible hoses, hinges and
other assemblies are used providing for rotation of the lines in the
required planes.

The heavy lines require special mechanisms for bringing them in and remov-
ing them during the connecting and unconnecting process; the mechanisms
take the greater part of the weight of the connected lines, which lowers
the load on the plugs and at the same time simplifies their design.

From the point of view of reliability it is desirable to have a system in
which the "ground-on-board"