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FOREWORD

The document contains materials on the Soyuz-Apollo test and
consists of two parits, prepared by the USSR and USA sides res~
pectively.

Both parts outline the purposes and program of the mission,
the spacecraft design, the flight plan and information on joint
and unilateral scientific experiments,

Brief biographies of the cosmonauts and astronauts, the joint
mission erew members, are also presented, The document covers
technical support activities providing mission control and gives
information about the ASTP Soviet and American leaders,

As the USSR and USA parts of the doecument have been prepared
independently, there might be duplication in the sections dealing
with the joint activities,

The document is intended for press representatives and various

mass information means,
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For R .
1,0 INTRODUCTION mﬁmﬁ%se'

1.1 Background
Test flight of the Apollo-Soyuz test project

(ASTP) is performed in accordance with the USSR/USA agreement
on cooperation in the expleration and peaceful uses of gpace in
order to develop compatible means of rendezvous and docking for
the Soviet and American manned spacecraft and stations. This
flight reflects the desire of both countrieg to create material
bagis with the aim of enhancing the objective of furthering the
safety of manned gpace flight and supporting scientific experi-
ments program in the future.

Since 1970 representatives of the USSR Academy of Science
and the USA NASA have been digcussing technical questions of the
development of compatible rendezvous and docking systems of manned
gpacecrafts and stations, During the first joint meeting of the
USSR and US specialists held ih Moscow in 1970, October 26-27 both
gides exchanged their views and information on the major direc-
tions to be followed in asgsuring compatibility of rendezvous and
docking systems.

At this meeting working groups were set up to develop and .
approve technical requirements for compatibility of these systems.

Subsequent meetings were held in June and November 1971 to
discuss technical requirements for spacecraft systems, approve ba-
sic technical decisions and guidelines for providing compatibility
and discugs the pogeibility of carrying out the manned flights
uging existing spacecrafts in order to test the compatible means
of rendezvoug and docking in the middle of the 70's. The meetings
of gpecialists of the Academy of Sciences, USSR and NASA, USA were

held in Moscow and Houston alternately and were headed by the Aca-

- 10 -



demician B.,Petrov, Chairman of Intercosmos Council, USSR Academy
of Sciences and R,Gilruth,NASA Manager, lManned Spaceflight Center.
The Swumary Document was signed on April 6, 1972 during the
meeting of the representatives of the USSR Academy of Sciences and
USA HASA, This meeting was held to discuss questions pertaining to
the development of compatible means of rendezvous and docking of
the USSR/USA manned spacecraft and stations., The document said
that the test mission with the subsequent docking of the Soviet
and American spacecraft was considered desirable in order to test

the compatible means of rendezvous and docking.

On lMay 24, 1972, in Moscow, A,N.Kosygin, Chairman of the
Council of Ministers of the Soviet Union and United Stateg Presi-
dent R.,Nixon signed an agreement between the two nations on coope-
ration in the exploration and peaceful uses of outer space, Both
sides agreed to develop compatible means of rendezvous and docking
and conduct in 1975 the first test mission in order to tegt the
means by accoplishing docking of the Soviet Soyuz-type spacecraft
and American Apollo-type spacecraft and the transfer of cosmonauts
and astronauts (sgee figel.d). K,Bushuyev, a corresponding-member of
the USSR Academy of Sciences, was appointed an ASTP Director from

the Soviet side, and Doctor G,Lunney - from the American side.

Determination of the main objectives and stages of the mig-
gion, definition of the basic requirements for compatible and in~
teracting systems were esgentially completed during the meetings

of specialists held in the gsecond half of 1972 and in March, 1973.

-11 -
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In Qctober, 1972 the timing for carrying out the joint

Apollo/Soyuz test mission was determined - July 15, 1975.

As technical reguirements were determined development of
the systems and technical documentation to be used for the manu-

facturing of compatible equipment wag initiated,

From October, 1972 until April, 1974 the joint reviews of
the compatible equipment were held t0 assure succeggful accomplish-

ment of the misgion,

Ground tests of compatible means started from October,
1973 in order to develop component designs and checking their per-
formance,

The final tests of compatible means installed on the Soyuz
and Apollo spacecraft are conducted completion at the launch:

giteg,.

1.2 Apollo-Soyuz joint test project objectives

The primary objective of Apollo/Soyuz joint mission is to
check technical requirements and solutions for rendezvous and dock-
ing of future manned spacecraft and stations,

The performance of this mission includes the following:

a) testing of a compatible rendezvous system in orbit;

b) testing of androgynous docking agsemblies;

c) verifying the techniques of transfer of cosmonauts and

astronauts;

d) performance of certain activities of US and USSR crews

in docked flight;

-..13...



e) galning of experience in conducting joint flights by
US and USSR gpacecraft, including, in case of necegsi~

ty, rendering aid in emergency situations,

The performance of Apollo-Soyuz joint test mission is a
significant step in developing international cooperation in re-

search and utilization of space for peaceful purposes.

- 14 -



2,0 COMPATIBILITY PROBLEMS

2e1 Spacecraft compatibility conditions and principal solu-~

tions, accepted for Apollo-Soyuz Tegt Mission

To accomplish manned spacecraft and gtations rendezvous

and docking it is necessary to meet three basic requirements:

Pirst requirement - compatibility of docking units, that

ig of all assemblies which directly interface during docking, The
docking units must be universal, active/passive, or as they are

now called, androgynous, because ,either spacecraft can be the one
waiting for assistance or rendering aid. For this purpose a basi-
cally new compatible androgynous docking system wasg developed for

the Apollo and Soyuz spacecraft,

Jecond requirement - compatibility of the means of provide

ing spacecraft ranging and rendezvous. The active vehicle using
radio or optical means, must find the passive one (not excluding
the ground facilities support) and approach it with the given ac-
curacy using Reaction Control System; mechanical contact of the
two docking systems should be ensured.

The passive vehicle usually assists the active spacecraft
in tracking and rendezvous, using its radiosystem operating in
transpond mode, That is why similar principles should be used when
developing radiosystems of both spacecraft, They should also have
the agreed to parameters.

It is also necessary to meet these requirements when pro-
viding voice communication between the crews. To provide tracking
and rendezvous with the vehicle, not transmitting any radiation,

8 necessity arises to utilize the opticel means of tracking and

- 15 -



ranging, or a radar operating on the basis of reflected signals.
In the first case the unification of a number of elements is ne-
cessary,which provide optical measuring (unification of docking

targets, agreement on vehicles surface light reflection and ab-

gorption coefficients) and use of optical measuring devices with
unified characteristicas,

Por providing spacecraft visual detection and defining
their mutual position the onboard unified flashing beacons and
orientation lights must be used.

In the ASTP mission tracking and relative motion parame-
ters measurements (radial speed and distance between spacecraft)
are provided by the Apollo radiosystem with the transpond-
ing part installed onboard Soyuz.

Begides that, an optical system is used, by means of which
the Apollo crew can track Soyuz during rendezvoug at a distance of
several hundred kilometers, and also determine spacecraft mutual
attitude, For tracking in the darkness at a distance of dozens of
kilometers the Soyuz is equipped with flashing beacons, At the fi-
nal rendezvous phase (during approach) the spacecraft mutual posi-
tion is determined visually by means of Apollo alignment sight and
the Soyuz onboard orientation lights and docking targets.

All paremeters measured are fed into the onboard computer,

which provides data, necessary for guidance during rendezvous,

Third requirement - spacecraft habitable modules atmosphe-

re parameters compatibility, specifically,compatibility of its com-
ponents and pressure, because the crew cannot transfer from one
spacecraft to another, if they have essentially different atmos-

pheres,

- 16 -



The concepts of conditioning inside the habitable modules
can be different but the enviromment parameters must be close.

In the previous flights Soyuz atmosphere practically cor-
responded to that of the Earth: pressure - 750-860 mm Hg, oxygen -
20-25%, nitrogen - 78-73%. Apollo atmosphere consists of pure oxy-
gen with pressure of 260 mm Hg.

Crew transfer from Soyuz to Apollo without any special
meagures taken would result in decompression disturbances (itch,
joint and muscle pain etc.),Which are accounted for by rapid nitro-
gen excretion (bubbles can obstruct blood vessels and disturb
blood circulation in different organs).

To avoid decompression disturbances it is necessary to
gradually reduce pressure, preserving O2 partial pressure or to
carry out the nitrogen desaturation (pure oxygen breathing for
geveral hours to remove the nitrogen from blood). For the ASTP a
gpecial Docking (Transfer) Module is developed - a kind of an air-
lock with changeable atmosphere; after docking it is to be locat-
ed between the habitable modules, The DM is inserted into orbit
together with Apollo. During the crew spacecraft-to-spacecraft
transfer the Docking Module atmogphere corresponds to the atmog-
phere of the habitable module with which free communication via
internal hatch is established, To exclude such a process it was
finally agreed to reduce the total pressure in Soyuz maintaining
the same absolute oxygen content, Usage of Docking Module and
reduction of pressure in Soyuz (to 490-550 mm Hg) practically ex-
clude desaturation process and ensure fast and safe spacecrafi-
to-gpacecraft transfer without complete compatibility of space=

craft atmospheres,

- 17 -



2.2 Compatibility of ground flight control personnel

Joint flight of Soyuz and Apollo spacecraft brought up
a number of new problems of flight control to be solved by So-

viet and American specialists,

Spacecraft flight control is a& very complex process which
involves the use of a wide network of tracking stations spread
around the globe, several computation centers, a great variety
of support equipment with complex interaction and participation
of many specially trained specialists, All required information,
from the data on the state of health of cremembers up to the
exact location of spacecraft, is routed thru the numerous commu-

nications channelg to the Mission Control Center,

During the joint flight Soyuz and Apollo will be control-
led by the Soviet and American Mission Control Centers respecti-

vely.

Such an approach towards flight control requires a strict
coordination of activities of the USSR and US ground control per-
gonnel in the course of performing all operations in mission in-

cluding spacecraft docking and crew joint activity.

_The complexity of the mentioned problems is that each
slde worked out its own documentaion in accordance with the prin-

cipleg adopted and established in its country.

Organization of the joint misgion control required the
formulation and adoption of shared principles of flight control
which could become the basis for working out joint documentation
gpecifying control personnel activities in nominal and contin-

gency situations,



It was essential to overcome the language barrier, or-
genize an exchange of information and allocate responsibilities

in nominal and contingency situations.

Discusgions and joint efforts have resulted in an agree-
ment on interaction. Then the documents specifying joint activi-
ties of ground control personnel during flight were issued.These
documents included all bagic guidelines for the MCC interaction
and details of specific activities of the US and USSR Mission
Control Centers. Moreover, the documents contain time schedules
for interaction of the Control Centers and standard formats for

data exchange.

The language barrier was decided to be overcome thru in-
terpreters on duty in MCC, For communication between Mission Control
Centers, standard terminology will be used. Interpreters will
uge the same standard terms and phrases. Verbal reports will be
transmitted in the receiving side language. Both American and
Soviet interpreters will hear the reports in English and Russian,
All verbal calls will be initiated with the identification of a
called person followed by the identification of a calling per-
son, Every working station in Control Centers will have standard

identification.

- 19 -



263 Methodological compatibility

It is impossible to perform the joint spacecraft missions
by different countries, without solving the problemg of methodolo-
gical compatibility., These are: terminology regulations, marks
agreed, unification of coordinate systems and initial data for
joint calculations and so on., A demonstrative example - reaching
agreement in providing Apollo-Soyuz mission trajectory compatibi-
lity. |

At the beginning of fthe joint work on the project there
appeared gome differences in understanding and use of some ini-
tial meanings and definitions by each country. These differences
were mainly explained by traditions of each country in space re-
search, 50 the joint work began from the agreement on the initial
data and definitions, Coordinate systems were agreed upon., For de-
scribing the numerical characterigtics the metrical system was ac-
cepted, and for preflight calculations fthe upper Earth atmosphere
was taken as proposed by the USSR and the Earth gravity model, pro-
posed by the USA (further they were called "the ASTP models"),
This agreement ensured the compatible results of trajectory cal-
culations performed by each country, and their identical under-
gstanding.

In some cases the traditional concepts were retained, if
they did not principally effect the work, For example, it was
decided to retain the orbital concept, traditional for each coun-
try, but both definitions of the word orbit were clearly given in
the terms of both the USSR and the USA,

All this activity resulted in the common "Trajectory lan-

guage" which proves useful in mutual understanding of specialists

- 20 ~



working on this and future programs. In some cases compatibility
was achieved by compromise decisions as was the case with agree-
ment on Apollo and Soyuz launch time, After it was proved to be
imposgible to equally meet both countries launch time requirements,
the American and Soviet sides refused to fully follow their tradi-
tional limitations and agreed on a compromised launch time,

For familiarization with and understanding of methods and
approach, that the cooperating sides used in solving different pro-
blems of ballistics both sides exchanged brief mathematical des-
cription of the methods for defining and planning space objects
motion: the US described procedures of Apollo rendezvous, and the

procedures of the Soyuz forming the assembling orbit,

The trajectory compatibility was checked during joint ex-

periments on tracking the Soviet spacecraft Soyuz-16 by the USA

and USSR ground stations.

- 21 ~



3.0 THE SOYUZ SPACECRAFT

3.1 The spacecraft purpose, brief data on "Soyuz" gpace~

craft flights

The Soyuz spacecraft is designed for solving a variety

of objectives in the near space, among them:

a) to develop autonomous navigation, guidance, maneuver-
ing and rendezvous procedures and verify the concepts
of designing and maintaining the Earth space stati-

ons;

b) to study the space flight conditions influence on

human organism;

¢) investigate possibilities of utilizing manned space-
craft for the Earth research for the benefit of the

USSR national economy;

d) to conduct some technical and scientific experiments

in space.

During the period from 1967 to 1975 15 manned Soyuz
spaceships accomplished their flight programs:

Soyuz-1 23-24 April 1967 cosmonaut V.M. KOMAROV
Soyuz-3 26~30 Oct,. 1967 - G. T« BEREGOVOI
Soyuz—4 14-1T7 Jan. 1969 =" V.A, SHATALOV
Soyuz-5 15-18 Jan, 1969 cosmonauts V.V.VOLYNOV
A.S.YELISEYEV
E.V.KHRUNOV
Soyuz-6 11-16 Oct. 1969 LR G S, SHONIN
V.N.KUBASOV

- 272 =



Soyuz-T 12-17 Oct,s 1969 cosmonauts + V., FILIPCHENKO
«N.VOLKOV

+ GORBATKQ

7

Soyuz~8 13-18 Oct. 1969 - . A, SHATALOV
S, YELISEYEV

Soyuz-9 1-19 June 1970 - G NIKOLAEV

. SEVASTYANOV

. SHATALOV

Soyuz-10 23-25 April 1971 "
+YELISEYEV

Soyuz~11 6-30 June 1971 N

«KLIMUK
« LEBEDEV

+POPOVICH
+ARTUKHIN

Soyuz-13 18-26 Dec, 1973 .
Soyuz-14 3-19 July 1974 Mo
Soyuz-15 26~-28 August 1974 -

« FILIPCHENKO

« RUKAVISHNIKOV

A
A
Vv
Vv
A
N
G
'}
v
Soyuz-12  27-29 Sept. 1973 - v
0
P
\')
P
Y
G
L
Soyuz-16 2-8 Dec. 1974 -t A

N

During these flights the following objectives were
solved:

a) Soyuz-4 and Soyuz-5 performed automatic rendezvous,
manual approach and docking of two manned vehicles, that agsembl-
ed the first experimenial space station with a total weight of
12924 kg on the Earth orbit. During the flight in docked confi-
guration the 2 cosmonauts in space suits with individual life
support systeme performed the EVA and accomplished spacecraft-

to~spacecraft transfer,

b) During Soyuz-6, Soyuz-7 and Soyuz-8 group flight
scientific and technical experiments were accomplished, includ-

ing different methods of welding tests using various metals in

-23 -



low vacuum andweightless conditions, navigational tracking in
flight, mutual maneuvering, spacecraft interaction and their com-
munication with ground stations, located in different areas of
the USSR and with ships of the USSR Academy of Science simulta-

neous control of 3 spacecraft flight.

¢) Soyuz-9 performed a 424 hour flight during which an
extensive program of biological and scientific experiments was

accomplished,

d) Astrophysical observations and spectrography of some
parts of the gky were conducted onboard Soyuz-13 using "Orion-2"

telescope gystem.,

e) Soyuz-1, Soyuz-3, Soyuz-10, Soyuz-11, Soyuz-12, So-
yuz-14 and Soyuz~15 spaceships tested some onboard and new moder-
nized systems both in independent flights and in the joint flights
with Salut-type stations., Moreover, unmanned Soyuz-type space-
craft were launched to develop in flight certain subsystems and

some elements of spacecraft.

f) According to the Soviet preparation plan for the
joint Apollo-Soyuz mission two unmanned Soyuz type spacecraft
flights were successfully accomplished (Cosmos-638 April 2, 1974,
and Cosmos-672 pugust 12, 1974).The Soyuz-16 with Filipchenko

and Rukavishnikov on board performed its mission from 2 thru 8Dec.,
1974. The Soyuz=-16 is a prototype of the spacecraft for the

Apollo~Soyuz flight in 1975. During the 6 day flight the onboard
systems modified according to the joint flight requirements were
successfully tested. Tested were new docking unit and its automa-

tics, orientation and guidaence system, life support system.
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In addition the crew activities and operation modes
were checked during the flight, when solving the tasks identi-

cal to thoge for the future mission in 1975.

3.2 Soyuz spacecraft description
34241 General description of the Soyuz spacecraft

Main characteristics:

Spacecraft meximum weight.....¢eceeveesess 6.8 tons
Maximum lengtheseeeievinnreinnnsnsnncseess TaBm
Maximum diameterseeessessvescscnssnssessse 2ol2 M
Diameter of the habitable moduleS....veeee 2.2 m
S0lar panel SPAllesececccsserssercssssseess 83T M

Total volume of the habitable moduleS..... 10 m3

Soyuz constructive arrangement

The Soyuz spacecraft consists of three main modules:
- Descent Vehicle (DV);

- Orbital Module (OM);

-~ Instrument-Assembly Module (IAM).

General view of the Soyuz spacecraft is shown in Figu-
re 3.1

The left part of the spacecraft consists of the dock-
ing system and Orbital Module, which is joined to the Descent
Vehicle, The Descent Vehicle in turn is joined through a front
heat shield to the Instrument-Assembly Module with solar panels
installed. Mechanical comnection of the spacecraft modules is

performed using the pyrotechnic joints. Location of the main out-

er elements of the spacecraft systems is shown in the Soyuz space-
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craft general view (Figures 3,1’32}3.3). The elements of compatible

means inserted to support Apollo/Soyuz test project are outlined
particularly.

The Soyuz spacecraft consists of the following main sys-
tems:

-~ attitude motion control system for flight and descent;

- rendezvous and correcting propulsion system;

- approach~orientation propulsion system;

- radio communication systems;

- electric power supply syotem;

- docking system;

-~ radio guidance system and system for providing rendez-

vous and approach using optical devices;
-~ parachute gystem and soft landing system;
- life support gystem complex;

- onboard equipment control system.
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Androgynous peripheral docking system,

Orbital Module,

Descent Vehicle,

Instrument-Assembly Module,

Solar panels,

VHF-radio station antennas on the frequency of 121,75 Mhgz,
Apollo VHF-radio station antennas on the frequencies of
259,7 Mhz and 296,8 Mhz,

the antennas of the radio and television systfem,

the antennasg of the command radio link and trajectory
meagurementa,

the antennas of the radio telemetry systemn,

the antenna uged to communicate with Earth,

docking target,

onboard orientation lights,

flashing light beacons,

sun sensor,

ion orientation sensor,

infra red orientation sensor,

optical orientator,

approach and orientation engines,

orientation engines,

approach-correcting engine,

the hatch for the crew ingress,

external TV camera,

windows.

To Figo 301’ 302. 303.
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DESCRIPTION OF THE SPACECRAFT MODULES

The Descent Vehicle (Figure34) is intended for crew lo-

cation during insertion into orbit, orbital flight, controlled
descent through the atmosphere, parachuting and landing., The de-
scent vehicle is a hermetically sealed compartment, provided with
two viewing windows on its sides and one window with sighting
device, The shell of the compariment is covered with heat
shielding material on its outside, and thermal insulation and
decorative materials on its inside. Cosmonauts' panel spacecraft
control handles equipment of the main and supporting systems,con-
tainers for the scientific equipment to be returned and emergency
kit for the crew are also located in the descent vehicle,

For the ASTP there is an additional control panel in
descent vehicle to provide compatible radio-stations and external
lights control. Special lights and additional brackets for TV ca-

merg mounting are installed to provide colour TV transmission,

- 31 -



FIGURE 3.4 THE DESCENT VEHICLE ARRANGEMENT
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Portable light with autonomous power supply,

Loud speaker,

Working light,
VHP-radio-stations control panel,
Hatch wheel,

Hatch, caover,

Special illumination lamp,
Commagnd-gignal device,

TV camera,

Instrument panel,

Sighting device,
Equipment,

Control handles,

Window,

Cosmonaut couch,
Equipment,

Couch leg,

Parachute container.

Fig. 3.4
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The Orbital Module (Pigure35) is intended for conduct~

ing scientific experiments, for crews spacecraft-to-spacecraft
transfers and for the rest of the crew.

The orbital module congists of two hemispheres con-
nected by a cylindrical insert.

The androgynous peripheral docking mechanism with an
internal hatch, having a cross-sectional diasmeter of 0.8 m is
mounted on it, The orbital module has two viewing windows. The
third window is in the cover of the docking mechanism hateh.
At the bottom of the module there is a hatch connecting the Or-
bital Module and the Descent Vehicle, as well ag a side hatch
for the crew to enter the spacecraft on the launch pad.

The interior of the module consgists of a sideboard
and a "Sofa", which contain control panel, instrumentation and
equipment of the main support systems. Scientific equipment is
also located in the Orbital Module,

To the joint Apollo/Soyuz mission the following equip-

ment is provided in the Orbital Module:

transponder of the Apollo VHF-radio-station with an-

tennas and autonomous power supply for it;

junction box for connecting the communicagtion or te-
levigion equipment transferred by astronauts from

Apollo to Soyuz during transfers;

additional VHF transgeiver;

compatible system automatics unit.

Special lights and additional brackets for TV cameras
and cine and photography equipment are ingtalled in the module
to provide colour TV transmission to Earth and movie and picture

shooting.
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Hatch cover,

Docking mechanism;

Hand-rail,

Water dispenssr,

Wagte container,

Access hateh,

Waste collector,

Folding table,

"Sideboard”,

Systems control panel,

TV camers,

Tools, communication cables,
Container for scientific equipment,
Food container,

Medical kit, headset,

TV camera,

TV light,

Apollo TV-camera

Working lights,

Container for onboard documents,
Junction box,

"Sofat,

Cover,

Container for stowage of cine and photography
equipment, pressure suits and sleeping bags,
Fire extinguishers,

Window,

Container for pressure suits hoses,
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Decorgtive covering,
Container for transferred equipment,

Gas analyzer,

Handle of the valve of the module pressurization

system.

Figs 345
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Antennas of compatible VHF-radio-stations, antennas of
radio and television system, main and additional docking targets
for approach and docking in a manual control mode are located on

the module exterior in the vieinity of the external TV camera.

The Instrument-Assembly Module is intended for carrying

the principle apparatus and equipment required for orbital flight.
This module structurally consists of intermediate, instrument and
aggembly sections.

The intermediate section which joints the descent ve-
hicle with the instrument section has a truss structure,

The engines with a thrust of 10 kg each,propellant
tanks and propellant feed system of the approach and orientation
engines system, are installed in this section.,

On the intermediate section exterior there are:

- the small rgdiator of the thermal control system;

- front attachment points of the solar panels;

- antenna of the command-radio link,.

The pressure-gealed instrument section has the shape
of a squat cylinder with two ends. The equipment of the attitude
motion control system, spacecrafit onboard equipment
control system, radio communication system, program-timing de-
vice, radio telemetry system, electric power supply system are
located in the instrument section, The infra-red orientation sen-
gor and sun sensor are mounted on the instrument section outer
surface.

The assembly section is of a cylindrical shell design

which is connected with a conical shell which ends with the base
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mounting ring for the spacecraft installation on the launch-ve-
hicle.

On the outside of the assembly section there are a ra-
digtor of the thermal control system, 4 approach and orientation
engines with a thrust of 10 kg each, 8 orientation engines with
a thrust of 1 kg each, and rear attachment points of the golar
panels.

The rendezvous—correcting propulsion system is located
in the assembly section. It consists of a main engine, a back
up engine, propellant tanks and bipropellant feed gystem. In ad-
dition to that, the radio communication and telemetry antennas,
the ion sensors of the orientation system and some of the batte-
ries of the electric power supply system are installed in the vi-
cinity of the base ring.

The ingtrument-assembly module also contains solar bat-
teries in the form of two "wings", consisting of three panels
each, Antennas for radio communication and telemetry in the VHF
range and shori-wave band and onboard color orientation lights
are located on the end panels of the solar batteries.

For the Apollo/Soyuz test project the following elements

of the compatible rendezvous gystem are mounted on the instrument-

agsembly module:
- flashing light beacons;
- an element of the additional docking target (on the
instrument section);
- onboard color orientation lights (on the ends of so-

lar panels).

The retroreflectors for joint ultraviolet absorption

experiment are mounted in the orbital and instrument-assembly
modules.



The Soyuz modules are externally protected with shield
vacuum heat insulation of green color. Moreover, the Soyuz
gpacecraft is covered with a jettisonable nose failring equip-
ped with an emergency recovery propulsion gystem to protect the

spacecraft during the phase of passing lower atmosphere layer,
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3.2,2, _Androgynous Peripheral Docking System (Fig.56)

Purpose,

The androgynous peripheral docking system (APDS) is de~
gigned to provide spacecraft docking and undocking and is one of
the mein compatible means for the spacecraft rendezvous and docking,
that will be tested during the ASTP mission. The AFDS is & modi-
fied docking system, which differs from previous versions developed
according to the "pin-cone" gchematic, and used for docking both

the USSR and US spacecraft,

The Docking Syastem performs the following functions:

impact energy absorption;

- initial mechanicel connection;

- gpacecraft alignment and retraction;

-~ gpaceeraft hard mechanical connection and docking
interface sealing;

- gpacecraft undocking and separation,
Docking can be performed under the following conditions:

-~ gpacecraft approach rate 1s 0.05=0.3 m/sec;

- longitudinal axes displacement up to 0,3m;

-~ pitch, yaw and roll misalignment up to 7%

- angular velocities: for am active sgpacecraft up to

1°/sec;

- for a passive spacecraft up to O.1°/sec;

- leteral relative velocity up to 1,0 m/sec,

APDS configuration provides an inner tunnel for the crews
to transfer from one spacecraft to the other,

When docking, APDS can be configured in either active or

pessive mode. The cosmonauts are provided with information on AFPDS

primary units operation,
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APDS Development,

During the first meeting of the Soviet and American spe-
c¢ialists in October 1970 the both sides provided data to develop
a principle structure scheme of docking system.

It was necessary to develop an active/passive system ca-
pable of docking with any spacecraft of the given type(androgynous
type)s The US and USSR specialists provided different schematics

of docking system, In addition, an androgynous principle was de-
fined(the so called principle of reverse symmetry). |

The second meeting was held in June, 1971 in Houston,USA.
For this meeting the USSR side had prepared a new draft of"Tech-
nical Requirements for Docking Sysiems"., The draft was used as a
basis to determine techmnical reqiairements for development of the
systens,

By the meeting in the fall 1971 the both sides had preparw
ed their own drafts for a principle structure scheme, As the result
of the digcussion the joint features of the scheme, which was to
meet the compatibility requirements were worked out, It was also
agreed upon that each side would develop its own system, and these
gystems could differ from each other. Most of the Soviet proposals
on the principle scheme had been adopted.

It was decided to provide to the USSR and US docking sys=-
tems compatibility by using a common principle structure scheme
and stendardizing main dimensions of interacting elements when ful-
filling the technical requirements for the structure, In addition,
loads, temperatures and some other similar parameters were regulated.

In the course of development and fabrication docking system
of each country was thoroughly worked at and tested separately and

jointly by each side,
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Firgt the USSR and US DS scale mock-ups were tested joint-
ly; then their full-scale mock-ups development tests were performed
as well as testing of docking systems, practically identicsl to those
to be used during the mission. And at last the prefliight mate check
of USSR and US flight DS was performed. Moreover, the USSR Docking
System wag installed on Soyuz~16 and thoroughly tested during the
space flight, In this flight, a special ring simulated the Apollo
docking ring. Main docking and undocking operations, including the
functioning of latcheg which provide rigid connection of spacecraft

have been checked

APDS Design,
The docking system consists of the following principle

assemblies:

Docking system base is the main gtructural member to which

main docking system assemblies are attached.

On the front end of the base there is a structural ring,
the other end of the base has & flange for attachment to the space-
craft orbital module, The bage is the pressure-~tight construction
and consists of a cylindrical part, forming a tunnel with & hatch
which is locked from inside,

Guide ring consistes of a ring, hollow in cross—section and
three guides located 45° to the longitudinal axis of the docking
system, The guide ring is installed on six supporting rods, attache
ed in pairs. Supporting rods attachments are the kinematic connec-
tions between the rods and provide for the guide ring lateral dig=
placement and roll during attenuation(three degrees of freedom),

The guide ring supports three capture latches with undock?
ing drives.

Body mounted latches together with capture latches perform
gspacecraft docking. They are installed on the docking system base

_43_



and are equipped with solenoids to perform unlatching by a passive

gpacecraft,
dodg support the gulde ring and comnect it with the guide

ring drive and docking system base. The rods are ball screws,that
convert the stroke of the acrew rod into rotary motion of the nut
and vice versa., The rod configuration allows to change its length
relative to the attachment points. The rods are attached to the

base through joints with threec degreeg of Ireedom which transmit

the rotary motion of the rods to the base aasembly. The rods are
attached to the guide ring at three points through rod connecting

Joints which provide kinematic connection between the crews.

Guide rinz drive together with differential assembly per-

foerme two basic functiong, The first function is to provide for
rotation of the guide ring about lateral axes (pitch and yaw) du-
ring the impact attenuation. The second function is to retract

and extend the guide ring. The guide ring rotation is accomplished
through misalignment of the length of three rod pairs, The
misalignment is accomplished by two gear differentials. The impact
energy is absorbed by spring loaded mechanisms, which also serve 1o
return the guide ring to its initial position. The supporting rods
are moved by a drive, having two motors and an additional differen-

tial,

Structural ring lateh provide hard, pregsure-tight con-

nection of the spacecraft. They congist of eight active anc eight
passive hooks, electrical drive ingtalled on one of the latches
and cloged-loop cables connecting them. Hach active hook has a
cam operated mechanigsm, which performs ite opening and tightening,
Corresponding hooks of the pagsive docking system are captured by
active hooks., The passive hook has a stack of preloaded bellville

springe providing a definite force for the docking interface pre-
loading.
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FBach passive and active hook is equipped with a pyrobolt

to provide, if necessary. practically instantaneous undocking,

Guide pin together with the socket is designed for the
gpacecraft exact alignment during the final phase of retraction.
When the DS is in active mode the pin can move radially to compen-
sate for thermal and structural distortion of the structural ring.
When the docking system is in passive mode, the guide pin is auto-
matically locked in its central position,

The structural ring is also equipped with docking interface
seal contact sensors and sensors indicating the interface seal com-

pression.

Spring thrugters are located on the docking ring and pro-

vide spacecraft separation when the latches are opened.

Docking interface geal will provide pressure integrity of

the docking interfaces. Docking interface seal consists of two con-
centric rubber rings seals on each gystem., The sealing is perform-

ed according to a '"geal-to-seal" type,

The manhole cover is a part of the docking system and is

uged to close the transfer tunnel of the spacecraft.

The manhole locking/unlocking is manually perfommed by the
crew, The manhole ig sealed by a sealing mechanism, which has eight
eccentric type latcheg, the latter being connected with each other
by means of closed cable connection. In case the cover sealing me-
chanism failg, several or even all hooks can be opened or closed

by means of itg disassembling and subsequent assembling, The Docking
System is equipped with alarm and meter system which provide all data

about DS operation.
APDS operation during docking/undocking

During the migsion the Soyuz docking system will first
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operate in a passive mode, and during redocking in an active mode.
gpacecraft docking schematic is given in Fig.3.7

Prior to docking the active DS guide ring is extended in-
to forward position, and the passive DS guide ring is retracted
to its most rearward position,

During approach the gpacecraft are oriented relative to
each other go that the DS guides of one spacecraft be approximate-
ly opposite the DS hollows of the other,

During gpacecraft contact (impact) the guides of one DS
glide along the guides of the other one, thus absorbing the space-
craft impact energy; then the active DS guide ring contacts with
the passive one, and initial capture and spacecraft alignment is
accomplished, Then the spacecraft retraction and their rigid coupl-

ing is performed,

Attenuation of spacecraft relative motion is realized by

the guide ring's moving in any direction (on all six degrees of
freedom) and energy absorbing units (springs and brakes), The ring
movement in all direction is provided by changing the length of

the six rods.

The initial capture is performed by three capture latches

on the guide ring, which capture body-mounted latches of the pas-

give gystem,

The spacecraft alignment is achieved by spring mechanisms,

located on the guide ring and on the drive.
In case the gpring energy is not adequate for alignment,
the active DS ring is extended into its most forward position
($111 stop) by means of the drive, and the spacecraft are aligned

approximately.
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The guide ring retraction is performed by means of the

drive after the spacecraft alignment. During the last phase of re-
traction the guide pins and sockets, located on the structural
ring, perform spacecraft final alignment, When retracting and ex-
tending the guide ring electromagnetic locks, which prevent the

guide ring misalignment, can be activated,

Spacecraft rigid docking., After the docking interface

touching structure latches perform rigid docking and interface
gealing. Then the docking interface and spacecraft tunnel leak

tests are performed., The docking process is completed,

Undocking is performed by an active spacecrafts capture
latcheg release and then by opening the structure latch hooks, If
necesgary, undocking can be performed by a passive gpacecraft by
body-mounted latches release and opening the structure latch pasg-

give hooks,

Spacecraft separgtion ig performed by spring thrusters,

gymetrically located on the structural rings of both systems,af-
ter the latches release,

All principal operations including structural latch ope-
ration during docking and undocking are redundant. Capture latch
undocking as well as structural latch active and passive hooks
opening is provided by pyrotechnic devices.

The docking system can perform all operations during dock-
ing/undocking automatically or each operation separately by initi-
ating appropriate commands by cosmonauts or via command radio com-
munication link, The system operation monitoring is performed by
cosmonguts control panel indication and by the ground personnel

(telemetry).
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FIGURE 3.6 DOCKING SYSTEM
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The difference between the Soyuz and Apollo Docking

Systems

The USSR and US docking system designs have considerable
differences, The differences are primarily based on previous ex-
perience of each side gpecialists and utilization of different
structural procedures in manufacturing structural elements.

One of the principle differences of docking systems in-
volve those in attenuation system and guide ring systems,

Unlike the Soyuz docking system electromechanic system of
the Apollo is equipped with sutonomoug gyro attenustors and elec~
tric drive with cable connection,

| Another essential.difference it that the Soyuz docking
gystem hag electric drives for capture and body-mounted latches
and pyrodevices for redundant undocking.
However, despite the difference in docking system designs,
the fulfillment of agreed upon principles and requirements pro-

vided their compatibility and made Soyuz/Apollo docking possible.

3.2.3 Attitude and motion control system

Attitude and motion control system function and structure

The Soyuz attitude and motion control system is to provide
the spacecraft attitude control,

This is: build-up of orientation modes; long-term mainte-
nance of the spacecraft gpecific orientation - attitude hold;
gpacecraft attitude hold with the generation of a reaction pulse

of the approach - correcting propulsion system (ACPS); approach

control during the spacecraft rendezvous.
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AMCS includes: command sensors; converting and switching
devices; monitoring and attitude control aids and gpacecraft con-
trollers; rcaction jet microengines, approach-correcting propul-
gion gystem.

The spacecraft attitude control may be conducted both auto-
matically and manually. The crew can select a control mode., Auto-
matic modes can be initiated by ground radiocommands. During auto-
matic orientation sensing devices supply data on the spacecraft at-
titude and rotation rate. The onboard logic device converts these
data into on-off commands for thrusters which control the gpace-
craft turns.

The manual control loop enables the crew to orient the
spacecraft to the Earth, Sun or stars, During the orientation
mode the crew is sighting these reference points using optical
devices or gpacecraft position transducers, The gpacecralt orien-
tation accomplished by means of hand controllers which provide on-

off signals to orientation engines.

Command sensors

Infra-red horizon sensor senses the Earth and atmosphere

infra-red radiation and provides the spacecraft orientation to-

wards the Earth center,

Jonic sengors respond to the counter flow of ions which

are the atmosphere "traces" at these altitudes. These sensors ge-
nerate control signals when the spacecraft longitudinal axis de-
viates from its velocity vector during the spacecraft orbital mo-

tion,

Sun gengor is uged during the gpacecraft orientation to-

wards the Sun, The songor has two side search zones and the central
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field of view, The Sun is usually acquired at first by one of the
sengor search zone, and then it is "carried" to the sensor mid-

point,

Angular-rate pickups are electronic/gyroscopic instruments

to measure the spacecraft rotation velocity. The instruments con-
verting units integrate velocity signals and issue control signals
proportional to the spacecraft rotation angles,

Onboard the spacecraft there is a gyropackage comprising
two gyros., This assembly maintains the spacecraft set orientation

and allows to perform programmed turns,

Vision devices, orientation monitors and controllers

Vigion and orientation monitoring devicesg and controllers

are located at the crew stations in the descent wehicle,

Cosmonaut's gighting device is an optical device desgignat-

ed for visual observation of the Earth or the other spacecraft du-
ring its approach, It has a central and peripheral field of view.
The earth edge position in peripheral zones allows to ori-

ent the spacecraft towards the BEarth centre.

Ground gpeed in the central field of the sighting device

isg used when performing its yaw orientation,

On the outgide of the DV windows shade gauges are located.

The cosmonaut performs the spacecraft orientation towards the Sun

by the shadow on the gauge screens.

Using the controllersg +the cosmonaut provides the space-

craft rotation or translational maneuvers,

The cosmonaut's panel include data display facilities and

the spacecraft control systems., The panels with two command-sig-
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nal devices and the DV instrument board are used during the AMCS

operation,

soyuz docking targets

The main orbit-deployed docking target is located on the
outside of the orbital module near the docking system,

It comprises a cross placed in front of the screen which
ig the target base, There is also a cross pattern available on
the base screen.,

With both crosses aligned the Soyuz X-axis is directed
towards the observer., Besides the main target the orbital and in-
atrument-assembly modules carry fixed plates with marks which

serve ag an additional target.

Onboard orientation lights

Onboard orientation lights - red, green and two white
ligths - are mounted on solar batteries. They allow to approxima-
tely determine the approaching spacecraft mutual position,

The Soyuz spacecraft will carry two flashing light beacons.

They are to detect and identify the spacecraft during the mission
dark phase at the initial stage of approach (early approach), The
beacons flashing light will help to identify the spacecraft against

the star background.

AMCS jet thrusters and approach-correcting propulsion

gystem

The attitude and motion control system,control jet thrust-
ers and approach correcting propulsion system comprise 14 approach
and orientation engines (AOE) each of 10 kg-thrust and 8 orien-
tation engines (OE), 1 kg=thrust each.
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These thrusters are fired in various combinations accord-
ing to the spacecraft control logics,

They either provide control moments and make the space-
craft turn gbout its mass centre or they enable translational ma-
neuvers,

The descent vehicle also carries 6 contrql thrusters
which are fired during the vehicle descent phase,

The approach-correcting propulsion system (ACPS), which
is designated to generate a correcting and a rate-damping reac-
tion pulse, has a one-chamber approach-correcting engine (ACE) of
417 kg-thrust and a two-chambers backup correcting engine (BCE)
with steering nozzlesg of 411 kg-thrust.

The ACPS has self-contained bipropellant tanks,a propellant=-

feed system for each engine and appropriate automatic systems,

AMCS modes

The Soyuz flight program provides for the spacecréft differ-
ent orientation and attitude hold at each mission stage. The prio-
rity of these procedures ig defined by concrete purposes,

Orientation modes - both automatic and manual ~ begin with
gearching reference points, The spacecraft rotates with constant
speed until a specific reference point is acquired by the sensor
or the cosmonaut's sighting device., Then the sensor central axis
ig aligned with the reference point direction,

The orientation sensors are fixed rigidly on the space-
craf't modules, Their alignment with celestial bodies selected
provides the spacecraft orientation relative to these bodies, Af=

ter that the spacecraft attitude is maintained,

Automatic orbital orientation is performed using ioﬁic gen=
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gor and infrared horizon sensor,

When using the IR-sensor the spacecraft Y-axis (lateral
axisg) ié directed towards the Earth centre, The ionic sensor
aligns the spacecraft X-axis with the orbital plane. The space~
craft can be transferred from its orbital orientatioﬁ to any spe-
cific position in reference to celestial reference points using
programmed turns,

To perform this procedure the gyros are uncaged at the de-
gired moment and store the reference posgition for any specific
turns,

The Soyuz control system allows to perform programmed
turns without using gyros of a gyro package. In this case angular-
rate pickupg and their integrating devices are used,

The gyro package and angular-rate pickups allow to main-
tain the spacecraft attitude. To maintain the orientation the space-
craft needs compensation of disturbing moments due to the effect of
the atmosphere and the Earth gryvitational field,

The gyro package and angular-rate pickups illustrate func-
tional redundancy when performing orientation of one definite type.

The different approaches in golving similar problems in-
creages the spacecraft control system reliability and its "surviv-
ability",

The spacecraft one-axig orientation towards the Earth is

provided by the infrared horizon gensor, while its orientation
along the motion direction is performed by use of ionic gensor,
On generating a reaction pulse by the approach-correcting
agsembly the spacecraft will be stabilized and maintain its atti-
tude unchanged,
The spacecraft attitude stabilization is provided by the

AMCS, The special device of this system measures the velocity
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increments and upon achieving a specific value shuts off the pro-
pulsion system,

During the spacecraft sun-orientation the onboard-automatic
device provides the sgpacecraft rotation and exposes solar batteries
to the sun radiation, When the proper position is achieved, it can
be maintained by means of two ways, namely by twist, during which the
gpacecraft maintains its attitude like a top, and by vibrations about
the Sun direction,

The cosmonaut may perform the spacecraft orientation of any
type both in manual and automatic modes.

During automatic modes, which are of great importance, the
cosmonaut usually monitors the process using the display, sighting
device or signalling system on the cosmonaut's panel,

The right controller is used by the cosmonaut to ensure the
gspacecraft control through each of the three channels, setting the
gpacecraft rotational speed up to 3 degrees per second,

In the precision mode the controller enables the cosmonaut
to use gome pulses of control jet engines which provide the gpace-

craft minimum rotational speed and fuel consumption.

AMCS operation during rendezvous, approach and docking

Two revolutions prior to docking the Soyuz crew manually
turns the gpacecraft to perform its orbital orientation., During this
orientation the gpacecraft X-axis aligns with its velocity vector,
while one of its Y-axisg is directed towards the Earth centre, On ac-
complishing orbital orientation it is maintained automatically using
the sgpacecraft AMCS. Upon detecting "Soyuz"™ with "Apollo" optical de=~

vices the spacecraft begin their approach.
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To facilitate "Soyuz" detection and identification during
early approach at the orbital dark phase the Soyuz instrument-assembly
module carries body-mounted flashing beacons.lhe flashes of the white

light allow to detect the spacecraft at & distance of hundreds of

kilometres.
The onboard coloured orientation lights located on solar bat-

teries are used to visually determine the spacecraft attitude.In case
of need the crew may establish communication between the spacecraft
by switching on and off the onboard lights, should the radio communi-
cation between the spacecraft be not established for some reasons,

The Soviet spacecraft docking target can be observed from
"Apollo" at a distance of 200 meters,

With the distance of a few dozens meters, the target allows
to determine the spacecraft attitude and distance, The precise align-
ment using the target ig performed at a distance of approximately
10 meters.

During approach and docking the Soyuz spacecraft changes its
orientation mode., After that it maintains its constant orientation
relative to celestial bodies.

To observe the docking target it is convenient to automati-
c¢ally maintain such inertial orientation, since the conditions of the
target illumination do not change during the spacecraft approach.

When in the vicinity of "Apollo", the Soyuz spacecraft
turns about its X-axis and sets into position fit for docking.

The orientation system stores and maintains this position.

The IM contact sensors respond to the spacecraft contact and dis~
able the Soyuz attitude and motion control system.
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3244 Life support systems, Purpose and composgition

The main function of the Soyuz 1life support sysgtems
(LSS) is to provide life supporting conditions during the flight
for the crew to perform transfers and joint activities with the

Apollo crew.

The LSS provide and maintain the required atmosphere,
temperature and sanitary conditions, The LSS also provide the

crew with food and water,

Punctionally the systems can be divided as follows:

gas composition supply system;

-~ pressure suit set;

thermal control system;

food and water supply systems;

furnishings and hygiene facilities,

For the Soyuz/Apollo flight the gas composition support
pystem was modified to provide a possibility of establishing an

atmosphere with pressure of 490-550 mm Hg.

The high limit was taken close to maximum which excluded

the necesgsity of performing desaturation; the low limit was taken

to ensure safety (the oxygen volumetric contents not more than 40%),

- 58 -



The Soyuz atmosphere high oxygen percentage and cosmonauts' gtay-
ing in the Apollo oxygen atmogphere made necessary to perform ad-
ditional fire safety certification of the most part of the Soyuz
equipment and assemblies, and in some casges the materials used

were replaced,

The joint flight required that the thermal control gystem
should also be developed: the provisions are made to protect the
deuz gtructural elements from the Apollo engine plume heating
during the docking, a heat-exchanger in the form of a bracket was
developed for the Apollo transceiver installed in the Orbital Mo-

dule.,

Gas compogsition support system

Gag composition support system is designed to provide in
the Soyuz spacecraft (and in the docking module when transfer tun-
nel hatches are open) the required life supporting atmogphere com-
position and pressure, oxygen and carbon dioxide partial pressure
and hazardous impurity contents required., The GCSS provides module

pressure equalization and depressurization hoth during the space-~
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craft autonomous and joint flights, monitors module pressure inte-
grity and atmosphere contents., If necessary, the GCSS provides gas
leakage make-up and maintains the suit pressure required.

In the first orbitg the Soyuz spacecraft pressure slightly
exceeds the atmospheri¢ pregsure because of the module additional
pregsurization with oxygen performed at the launch site, The addi-
tional pressurization will provide the normal oxygen contents for
the subsequent depressurization to 490-550 mm Hg., Following the com-
pletion of the joint activities with the Apollo crew the Soyuz pres-
sure 1is increased to atmospheric as a result of the air pressuriza-
tion from a specially-designed tank,

The removal of carbon dioxide and hazardous
impuritieg excreted by the crewmen as well as the replenishment of
the oxygen consumed during breathing are performed by the regenera-
tion facilities installed in the Descent Vehicle and the Orbital
Module. The operating principle is as follow® air is supplied
to the regenerators by means of fans; in the regenerators contain-
ing potassium superoxide the air is purified and enriched with oxy-
gen, when the regemerator is inoperative or the CO2 concentration
increases up to the high level, the air is supplied to the 002 ab-
sorber,

The DV regenerator is used only at the phase of insertion
and during the autonomous flight.,

The DV regenerator is controlled by the crewmen from the
DV panel, The OM regenergtor operation is performed automatically
in response to commands of the gas anylyzer. The regenerator cont-
rol can also be performed from the DV and OM panels,

The monitoring of the atmosphere composition maintained

by the regeneration facilities is performed by two gas analyzers
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ingtalled in the Descent Vehicle and the Orbital Module.

When 02 and CO2 contents exceed allowable values, the IV
gas analyzer produces warning signals.

A pressure-and-vacuum gauge and a pressure integrity check
unit, producing signals when leakage is more than 70-90 mm Hg/hr, are
insgtalled in the OM to verify the habitable module, transfer tunnel
and interface integrity.

Should leakage occur, it may be compensated from the air
storage tank designed for module pregsurization during a period of
time required for the crew to don their pressure suits,

Oxygen-nitrogen mixture (40% oxygen) can be supplied to the
pressure suit both manually and sutomatically for a period of time
required for the spacecraft descent and landing.

A pressure control unit ig available onboard the spacecraft

to maintain the module pressure within the gpecified limits.

Pregssure sult set

The set comprises two pressure suits, four ventilation sys-
tems, two inflight bags, pressurized collar, two sets of flight gar-
ment and two headsets, The preasure suit is a soft pressure shell
with a built=in soft helmet. The helmet is rigidly fixed with an
opening window., The pressure suit is provided with removable gloves,
The crewmen have their pressure suits on during the Soyuz orbit in-
sertion, docking and undocking with Apollo, and descent., During the
other flight phases the pressure suits are stowed in the bags in
the Orbital Module.

During the suited operation the necessary life supporting
conditions are established by ventilating the pressure suits with

cabin air using ventilation facilities ingtalled in the DV, Each
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pressure suit is ventilated separately by its ventilation sys-
tem. Should one of the DV ventilation system fail, another

ventilation sgystem provides ventilating of both pressure suits.
If necessary, pressure suits can be ventilated with gas mixture

supplied by the spacecraft onboard system,

The activation of the gas mixture supply system as
well as deactivation of pregsure suit ventilation systems are
automatic, Thege operationg can be performed manually as

well,

The pressure suit donning and doffing are performed
in the Orbital Module; during donning and doffing the pressure
sults are ventilated with cabin air by means of the ventilation
systems installed in the OM, These ventilation systems are
ugsed for the suits drying. Pressure suit drying involves two
phases: two pressure sults are being dried simultaneously,
then each pair of gloves is being dried. One pair of gloves
igs connected to a ventilation system using a special device

which is stowed in a kit with tools.

After drying the pressure suits are stowed in the in-

flight bags.,

After the spacecraft landing the crewmen egress the

DV with their pressure suits on,

In case of the DV splashdown or emergency escape a
cosmonaut without doffing a pressure suit will don a pressu-

rized collar and leave the IV,
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Thermal Control System

- The Soyuz Thermal Control System provides the following:
- habitable module temperature within the range of 15-
25°C, habitable module relative humidity within the

range of 20-70%; instrument bay temperature within the

range of 0-4000;

- set temperature of equipment and different components
of the design including APDS components and Apollo ra-

dio set installed in the Soyuz spacecraft;
- module atmosphere ventilation.

During the orbital flight the spacecraft structural ele-
ments are heated from external and internal heat sources: the Sun,
Earth, equipment and crewmen, Besides, during the sgpacecraft joint
flight the Soyuz is additionally affected by the Apollo attitude-
control engine plume heating rates and heat transfer through the
Docking Assembly. The heat generated by the spacecraft external
surface ig absorbed by space with temperature close to absolute
ZeT0,

The Soyuz Thermal Control System is designed to minimize
the spacecraft unregulated heat transfer through its external sur-
face to space environment, on one hand, and, on the other hand, to
take excessive heat from the spacecraft internal heat sources and
dissipate it in space enviromment.

The Thermal Control System comprises thermal insulation
and hydraulic system,

The ghield-vacuum thermal insulation is placed on the
spacecraft external surface and allows to minimize heat exchange

between the spacecraft and space.
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The hydraulic system (Fig. 3.8) The circulating

fluid accumulates the heat from internal sources and dissipates
it in apace,

The hydraulic system comprises units for heat collection,
moisture collection, hydraulic system control, heat rejection and

air ventilation within the modules.,

The hydraulic system operates as follows,

The heat generated by the equipment and crewmen is trans-
ferred to the air circulating within the modules. Air circulation
within the modules is performed by fans. The heated air is sup-
plied to the habitable module heat exchanger-condensers and in-
strument bay gas=to-liquid heat exchanger where it is cooled by
the bydraulic system liquid.

The liquid temperature within the hydraulic system is maine
tained by regulator changing flow rate of the liquid going to
the radiator to be cooled.

The habitable module alr temperature required is maintaip-
ed automatically by changing flow rate of air supplied toheat ex~
changers to be cooled, When the air is being cooled in the habi-
table module heat exchangers the alr water vapors condensete
on heat exchanging surfaces. The moisture condensated is pump-~
ed out by a pump into the moisture collector.

In addition to air cooling, the cooling is performed by
the hydraulic system liquid passing through the channels of the
structural elements (for example, cooling of the Apollo radioset
mounting bracket),

The hydraulic system consists of two hydraulic circuits:

habitable module circuit and instrument bay circuit which is con-
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HEAT ACCUMULATION ELEMENTS: 2 — Heat exchanger-condenser; 11,14 — Heat exhcnager; 5 — Transceiver bracket

MOISTURE ACCUMULATION ELEMENTS: 3 — Moisture removal pump; 6 — Condensate collector
HYDRO-SYSTEM CONTROLLERS: 7 — Hydraulic pump; 8 —— liquid flow regulator; 10 — Compensator;

HEAT- DISPOSAL ELEMENTS: 13 — Radiator.
VENTILATION ELEMENTS: 1 — Fan; 9 — Heat exchanger fans;

FIGURE 3.8 THERMAL CONTROL SYSTEM SCHEMATIC

4 — By-pass valve



nected to the radiator-emitter, The circuits are connected by liquid-
to-1liquid heat exchanger. The excessive heat of the habitable module -
circuit is transferred in the heat exchanger to the instrument bay
circuit with lower temperature and the excessive heat of the instru-
ment bay circuit is dissipated as a result of radiator-emitter sur-
face radiating to space enviromment, The circuit liquid circulation
is performed by pumps.

Throughout the Soyuz flight the Thermal Control System is
operating automatically. The only operation performed manually is
a regular condensate pumping out from DV and OM heat exchangers.

The docking system thermal mode is provided by the shield-
vacuum and fiber thermal insulation of DS surface as well as by
the covers with certain optical characterigtics (placed on uninsu-

lated surfaces).

Food Supply System -

A cosmonaut's daily food-ration comprises various natural
food products packed into aluminum tubes and tin cans, The food
ration also involves a wide variety of bread packed in cellophane
(Borodinskiy, Rizhskiy, Stolovy, Honey cake) and as a desert can-
died peels, refractory chocolate, sweets, ship's biscuits, etc,

All these products are very nourishing., Food nourishment
value of daily ration per capita is 2700-3000 Cal that fully co-
vers daily energy losses of the organism.

During the flight the crewmen take food four times every
24 hours.

The menu is made up to every crewmen's taste (three differ-

ent menus, each repeated every fourth day). The following is the
menu of the 3d day:

I. Breakfast, Meaty paste, Borodinskiy bread, sweets Pra-
line, coffee with milk. -
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II. Launch. Cottage cheese cream with black currant purée,

a honey cake.

III. Dinner. "Kharcho" soup, chicken meat, Stolovy bread,

prunes with nuts.

IV. Supper. Meaty purée, Stolovy bread, Rossiyskiy

cheege.

The overall nourishment value of the third day ration is
2843 Cal with protein contents = 126 g, oil contents - 130,5 g,car-
bohydrate contents - 271,1 g, water contents - 670,5 g.

It should be noted that the menu of the third day (dinner)
comprises cottage cheese cream with black currant purée. It is ve-
ry tasty food product made of a high-quality cottage cheese, It is
mild and hag a faint taste of black currant jam., It's nourishment
value is 413 Cal,

Prunes with nuts are also very tagty. The combination of
prunes and nuts is not so dry and more tasty.

The first courses, some meat products (bird purée, meaty
purée), coffee with milk are less tasty when cold than when warm-
ed up. Taking this fact into congideration a heater is provided
aboard the spacecraft., The heater allows to warm up tubeg with
food stuff,

Three sets of dinner are provided aboard the Soyuz space-
c¢raft for the US astronauts. The dinner comprises first courses,
canned meat, bread, prunes with nuts, sweets,

The daily ration food stuff is enclosed in individual
packages labelled in Russian and English to indicate the date of
food taking.

Aboard the Soyuz spacecraft there is a folding table on

which the cosmonauts and astronasuts using hold-down facilities may
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place their food stuff to have a meal,

Water Supply System

The function of the Water Supply System is to gtore and
supply potable water..

The portable water is stored in a storage tank installed
in the Orbital Module. The ball-shaped storage tank has two cavi-
tieg: one for water, the other - for air, There is a diaphragm to
geparate the water and air cavities,

When the water cavity is being charged with water the di-
aphragm is bent thus expelling all the air from the air cavity of
the ball-shaped tank. Water expelling is performed by the diaph-
ragm at an excessive pressure in air cavity. The excessive pressure
(compared with the environment pressure) is created by the hand
pump .,

The accepted daily value of water consumption per capita
is 1,7 1.

The difference between the tank potable water and ordinary
potable water is that the first contains silver ione permitting
storage of water in the tank for a few months; an throughout the
storage period the tank water doesn’t acquire an unpleasant odor,
taste and remains transparent.

The receiving device is designed to receive water from
the gtorage tank. It has a valve and a socket to install an indi-
vidual mouth-piece, Individual mouth-pieces are provided in the OM
for the cosmonauts and visiting astronauts.

For eage of water consumption three "gpace glaszsesg" are
provided in the Descent Vehicle. The body of the glass is like a
bellows: it is folding up as water is being consumed. In the upper

part of sach glass there is a button~type by-pass valve to open
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the water cavity, and a receiving tube to consume water. \hen a

glass is empty, it can be refilled with water from the tank.

Clothes

The Soyuz cosmonauts' suits are made of thermal resistant
fabric specially manufactured for ASTP missgion.

The suit of sports style (a jacket and trousers) will not

restrict movements and will ensure convenience in work,The
pockets of the suits are large enough to hold all necessary things
(note-books, pencils).

If required, the cosmonauts may put on a wool cardigan
under the jacket.

The congtant wear garment (a part of the inflight clothing)
is made of cotton~flax knitted linen with good physiological and
hygienic properties: hygroscopicity, air permeavility, steam perme-
ability, water absorption.

The cosmonauts' light leather boots are protected by co-
vers made of linen Lola,

The inflight clothing as a whole ensures comfort for the

cosmonauts to stay in the Soyuz and Apollo spacecraft,

Pergonal Hygiene Pacilities

The perscnal hygiene facilities comprise damp and dry nap-
kins and towels, combs, hair brushes and nail-files,

Damp and dry napkins are made of gauze, they are convenient
for use and have a pleasant smell of jasmine. Damp napkinsg are damp-
ed with lotion, Damp and dry napkins are used for face, hands and
mouth cavity hygiene.

Damp and dry napkine are provided for sponging a body.
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Towels are made of linen,
For every day's toilet the cosmonauts use an electric ra-
zor equipped with a gpecific hair collector,

Fach cosmonaut hag an individual toilet set,

Wagte Management System

The Waste Management System is placed in the Orbital Module,
The operating principle is based on transferring liquid wastes (uri-
ne) by air flow to a collector where the particles are divided into
liquid and gaseous phases. Solid wastes (feces) are collected and
gtored in pregsure-tight volumes., The system prevents golid and
liquid waste unpleasant odors and impurities to penetrate into the

atmogphere of the spacecraft,
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3¢245 Radio/Electronic Equipment

The Soyuz spacecraft radio/electronic equipment includes
radio/telephone communication system, TV-system, cable communica-
tion equipment, command radio communication line, telemetry system
and orbit parameter measurement system,

The spacecraft radio/electronic equipment together with the
ground radio equipment (the ground station and MCC equipment) provide
voice communication with the Soyuz/Apollo crews, observation of the
crew activities via TV-communication linesg, TV-transmissions from
space, the gpacecraft systems remote control from the ground, the
spacecraft system/assembly operation monitoring and determination of

the spacecraft trajectory.

Radio/telephone communication system., The Soyuz voice communication

system provides HF/VHPF communication with the ground and also with
the Apollo,

VHF range is used for communication with the spacecraft
inssight of the VHF-ground stations, HF range utilization provides
air/ground communication with the spacecraft out of the ground sta-

tions gight.

A compatible voice communication system which operates in
VHF range at two American frequencies and at one Soviet frequency,
was developed for the joint flight, This system provides the Soyuz/
Apollo communication during rendezvous phase and after docking, and
also that with the USA ground stations when the two spacecraft are
in these stations A0S (aquisition of signal). Similar equipment in
the Apollo sgpacecraft provides Apollo communication with the Soyuz
crew and the USSR ground stations (Figure 39) when the two space-

craft are in the USSR stations A0S.
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Joint examination of the rendezvous system compatibility
problem concluded that it is impossible to develop in a short time
an intermational radio system which provides the sgpacecraft relat-
ive attitude and motion parameters determination., Therefore it was
proposed that the voice communication system be used to measure
range between the gpacecraft. For this purpose the Soyuz was equip-
ped with the USA VHF transceiver to provide voice communication and
besides serve as a trangponder or provide reception, conversion (to

increase noiseproof feature) and retransmission of "measurement sig

nalg" radiated ny the Apollo VHF system. Range between the space-
craft is measured by comparing phases of "measurement signals" ra-
diated by Apollo and of those retransmitted by Soyuz, Range is
measured automatically without inberrupting spacecraft-to-gpacecraft
voice communication,

The voice communication gystem includes the following:

~ two transceivers supplied by the USA and the USSR and

operating at American and Soviet frequencies respectiv-

Ly to provide spacecraft-to-spacecraft communication;

VHF/HF transceivers for communication with the ground;

gpeaker box and audio signal amplifiers;

microphones, dynamics, headsets;

antennss.

Radio communication system control is accomplished through
the cosmonaut control panel,
Volume controls for signals received via voice communication are
also built in this control panel. There are three individual volume
controls at each cosmonaut station to control volume of signals of

the air/ground, Soyuz/Apollo and internal communication lines,
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The selected transmitters are switched on via PUIT
(push=to=-talk) built in the cosmonaut seat arms and the control
panels or mounted on cables attachea to headsets,

The Soyuz spacecraft is equipped with two sets of
antennas for spacecraft-to-spacecrait communication, The anten-
nas are mounted on the orbital module, Omnidirectional radiation
pattern is practically provided by these antennas which is very
important for the spacecraft arbitrarily positioned in space

relative to each other,

TV-gystem, A four camera TV-system is used in the Soyuz
spacecraft., Three cameras.are installed inside the spacecraft:
one in the descent vehicle and two in the orbital module. One
camera, mounted outside, looks at the docking system.

Two of the internal cameras procide color transmission.
After docking a color TV-camera can de transferred from Soyuz

and connected to the Soyuz cable system in Apollo.

The TV~cameras are switchedeptrom the Soyuz, Both cos-
monauts and asaronautes will be participating in the TV-reporting.
During reporting,pictures will be simultaneously transmitted
to a Soyuz . onboard TV-screen and to the ground,

Besides transmission of TV scenes, the TV equipment pro-
vides monitoring the Soyuz system parameters. The equipment
control is accomplished by commands from the ground or directly

from the spacecraft,

Cable communication system
Following the spacecraft docking,the dncking system elec-
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trical connectors,which provide spacecraft-to-spacecraft voice
and TV cable communications,are manually mated.

The cable communication system equipment including J-boxes
to connect headsets and TV cameras were specially designed.

for this test project.

Command radio system., Command radio system provides uplink

transmission from the USSR ground control stations to the Soyuz
of commands to remotely control the spacecraft systems. After
being received by the Soyuz onboard receiver a command

switches on or off various onboard systems or changes the sys—
tems' mode of operation., Commands which have tu 0 into effect
when the spacecraft is out of the USSR ground control station
AQS shall be delivered to a special memory device where they
are stored until the appointed time and then delivered to the

spacecraft automatic controls,

The command radio communication line provides downlink
transmigsion of signals which confirm reception and execution
of commands transmitted to the spacecraft and also verification

of the board and ground time,

Onboard telemetry system. Onboard telemetry system

provides the spacecraft system operation remote monitoring on
the ground. Onboard system operation parameters are automatically
measured, coded and transmitted to the ground.

Information received on the ground is automatically de-
coded and processed so that the flight managers and specialists
can at any vime have on request any information on the measu-

red parameters they are interested in,



Real time transmission of telemetry data is accomplished
when Soyuz is within the USSR measuring station A0S, When the
Soyuz is out of the USSR measuring station A0S, telemetry infor-

mation is stored in special memories.

Orbit parameters measurement system, The Soyuz onboard

radio system in conjunction with the ground measurement facilitli-
es provides accurate measurement of the spacecraft orbit para~

meters.

3.3 Basic data on the Soyuz spacecraft launch vehicle

The Soyuz spacecraft launch vehicle (Figure 3.10)
has 3 stages.

I stage consists of 4 side units, each of which is 19m
long,about 3 m in diameter and equipped with the four-chamber
engine and two steering chambers having a total vacuum thrust
of 102 tons,

Il stage is a central unit of about 28 meters, with
maximum diameter of 2,95 meters, equipped with the four-chamber
engine and four steering chambers having a total vacuum thrust
of 96 tons.

LIl stage is a unit of 8 meters in length with a
diameter of 2.6 meters, equipped with four-chamber engine (with
steering nozzles), generating a vacuum thrust of 30 tons,

Launch weight of the launch vehicle (with the Soyuz spacecraft)
is ~ 300 tons,

At launch the engines of the I and II stages are igni-
ted simultaneously. The operation of the second stage continues
following the jettisonning of the 4 side units, The third stage
is operative following the cut-off of the II-nd stage engines,
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Oxygen~kerosene propellant ig usged for all stages of the
launch vehicle, The full length of the launch vehicle (with the -’
Soyuz spacecraft) is ~ 49 meters, Maximum diameter is 10,3 m (sta-

bilizers).

3e4 Biomedical requirementg

The spaceflight biomedical requirements imply all means
and meagsures used at the various stages of design, preparation and
flight implementation to prevent 1llness or functional disturb-
ances which may hinder realization of the flight program,

On designing the Soyuz spacecraft for the joint mission
with Apollo the first biomedical problem solved was the choice of
ga'g atmosphere to exclude human decompression disturbance during
cosmonauts! transfer from the Soviet spacecraft to the USA space-
craft,

Much attention was paid to the cosmonauts' rational work/
rest regime to maintain a high level work capacity. During the
period of crew activities time is allowed for rest, eat period, hy-
gienics procedures, active rest period. These procedures alternate
with work periods to avold overstrain and to schedule the most
regponsible actions for periods of the maximum work capacity.-

For the purpose of disease-prevention provision is made
for Soyuz and Apollo crew members' partial isolation before the
flight, The faét of the matter is that for some preset time period
the crewmen of both gides will have primary contacts with a

limited number of persons. In view of the flight short duration

the main procedures and the crews' joint activity will be perform-

ed under conditions of severe weightlessness adaptation. -
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Ag is generally known,during the first days of human
being under weightlessness conditions some disagreeable feeling
(specifically, with abrupt motion) and objective changes may oc-
cur which usually disappear on the 5th or 7th day of the flight,
That is why the crewmen will be under regular gurveillance of the
ground medical personnel and all their activities should be planned

with regard to medical requirements,

For the purpose of medical monitoring the crewmen re-
ports on their state will be used along with registration of phy-
giological parameters (electrocardiogram, respiratory rate) and

gspacecraft environment inflight characteristics.

Concurrent with medical monitoring dose monitoring will

be conducted to determine the level of radiation effect,

Radiation gafety service will also predict radiation le-
vel in the spacecraft inhabited modules and in the mission trajec-

tory and forcast solar activity (flares).

One more specific feature of Soyuz/Apollo experimental
joint flight is that five cogmonauts and astronauts will be in
gpace at a time, This will provide a great quantity of preflight
and postflight data on human state during space flight. Due to the
gpacecraft different flight duration it will be possible to reveal
characteristic features of organism weightlessness adaptation using
flight data of medical observation and human postflight response

assegsment.

For this purpose it is necegsary to simultaneously carry
out the both gpacecraft crew's pre~ and postflight basic examina-
tion using similar or identical methods of investigation and func-

tional test, conducted according to unified procedures.

- 79 -



In so doing crewmen state of heglth is evéluated and
potential latent diseases or functional anomalies are revealed
which require remedial or preventive intervention,

Preflight and pogtflight medical data together with
preflight examination allow to evaluate general human resgponse to
space factors and to study readaptation behaviour under conditions
. of terrestrial gravity force with the process of weightlessness
adaptation not accomplished.

Preflight and postflight examination program for the
both gpacecraft crews comprises the following proceduregs: medi-
cal examination, individual drug response testing, clinical and
laboratory investigation, biochemical investigation, cardiovas=-
cular gystem observation when in rest and during functional test,
vegtibular and immunologic examination. Both Soviet and American
gpecialists have agreed upon procedures and time schedule for the
Joyuz and Apollo crewmen primary pre- and postflight examingtion,

The crews preflight examination is to be conducted 30,
15 and 7-10 days prior to the flight according to the full pro-
gram, while just before the flight only partial medical examina-
tion will take place.

The crews' postflight examination will be carried out
mainly on the day the migsion is accomplished, then on the 1at
and 3d day after the flight. Should some abnormalities be re-

vealed, this examination will be periodically repeated.
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4.0 MISSION DESCRIPTION

441 Nominal migsion model (F%Q'A'U

Soyuz is launched to the Earth orbit by a launch~vehicle
from Soviet launch complex at 15.20 Moscow Time (12.20 GMT) on
July 15, 1975, The Soyuz is ingerted into a 188 by 228-km orbit
at an inclination of 51948', with orbiting period of about 88.6
min., Following the Soyuz insertion the Soviet tracking stations
calculate the real insertion orbit., The results are uged to cal-
culate the correcting impulses and the required data is trans-
mitted to the gpacecraft. During two days of the flight the Soyuz
performs a number of maneuvers to transfer to the circular assem=-
bly orbit with an altitude of 225 km, that is, the orbit for per-
forming the docking operations., In the Sth orbit when passing the
USSR station coverage zone the Soyuz orbit parameters are once
more radio measured and a decision is taken to launch Apollo.At
7 hr 30 min after Soyuz launch the Apollo will be launched from

the Cape Canaveral launch site,USA.After the orbit insertion the
Apollo will extract the docking module and perform a number of maneu-

vers required for the spacecraft rendezvous,The docking will be made

in the 36 orbit when the two spacecraft assume the required mu-
tual location (51 hr 55 minmYafter the Soyuz lift-off). From this
moment on,the joint two-day flight of £he docked sgpacecraft
gtarts. The crews make sure that the IM systems function normal-
ly; the crews transfer from one gpacecraft to the other. The
first transfer in performed by American astronauts and during
the two days of the docked flight each member of the Soviet and

American crews will visit the other gpacecraft,K Soviet and Ame-

*) Here and further times are given for the nominal plan.Ac-
tual flight times can differ from those given.
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rican crews will conduct joint scientific experiments and radio-
TV transmissions from the spacecraft.

During the docked flight the gpacecraft are oriented =so
that the required Apollo thermal mode and the required position
of Soyuz solar panels are ensured.

At 95 hr 42 minafter Soyuz lift-off the gpacecraft un-
dock but there are still some joint experiments to be conducted.
The experiments which need the orbital maneuvering of the space-
craft, redocking and re-undocking are conducted after the undock-
ing, After final separation of the two spacecraft each will con-
tinue its own activities independently,

The Soyuz retro-rocket is fired during the 97th orbit
and the Soyuz DV is separated after the braking. The DV enters
the lower atmogphere layer and performs the controlled descent,
After that the parachute develops and the Soyuz lands, The land-
ing will be performed in the given area of Kazakhstan at about
142,5 hr GET., The Apollo will continue in orbit for approximate-
ly 3 days after Soyuz landing.9 days after the Soyuz lift-off the
Apollo will splash down in the Pacific ocean west of Hawalian Is-

lands, Thus the joint ASTP program will be accomplished.

Launch of a second Soyuz

To increase the probability of completing the joint
migsion the Soviet side will have a second Soyuz spacecraft

available which will be launched in the following cases:

a) a contingency causes a premature landing of Soyuz

prior to its docking with Apollo;

b) Apollo is not inserted into orbit during 5 days af-

ter Soyuz launch,
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Second Soyuz flight profile will be basically similar
to that of the first Soyuz. Differencies will be determined by

the circumstances of a second Soyuz ingertion.

4,2 Explanation of the preferred migsion profile. Launch

windows

Every flight is preceeded by a trajectory analysis which
gim is to chooge a flight profile, A flight should meet different
constraints and requirements determined by peculiarities of the
launch vehicle insertion zone, reauirements for the spacecraft
landing, flight goals, spacecraft design peculiarities and many
other factors, A specific flight profile and launch time can be
chosen only after the joint analysis of all the above-mentioned
requirements.,

Spacecraft of two different countries designed for dif-
ferent purposes will be participating in this joint mission,that
is why the constraints and requirements for the two spacecraft
are so different., The ASTP mission profile, launch windows and
launch times are chosen so as to maximally meet the requirements

of both sides,

The gpacecraft launch seguence

The chosen spacecrait launch sequence takes into account
a possible change of the launch azimuth of Soyuz and Apollo
launch vehicles and the effect of the launch date shift of the
gpacecraft landing conditions.

During the spacecraft insertion into artificial Earth

Satellite (AES) orbit and maneuvering some motion parameters can
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deviate from the calculated., That can be caused by random errors
in functioning of the spacecraft and launch vehicle control sys-
tems, inaccurate current parameters of the Earth atmosphere and
other errors. These errors cause so-called orbit parameter
gpread. As a rule such spreads are not great but nevertheless
they should be taken into account when launching the second
gpacecraft since the orbital planes of the two spacecraft should
coincide, Orbital planes can be adjusted by changingthe launch
azimuth of the second spacecraft, If Apollo is launched first
then the launch azimuth, if necessary, will have to be changed
by Soyuz and this is not admissible, Soyuz insexrtion zone corres-~
pondsto the populated territory of the Soviet Union, Since the
launch vehicle stages are jettisoned onto the Earth the location
of populated areas should be carefully considered when choosing
the launch azimuth and insertion program.

According to the adopted profile Soyuz is launched first
and Apollo will have to make the necessary correction of the ac-
tive portion which is admissible since Apollo has its insertion
zone over the ocean, Following the first spacecraft orbit insert-
ion there can arise a necessity to postpone the second space-
craft launch, -~ this was also considered when choosing the space-~
craft launch sequence,

With the Soyuz launched first the Apollo launch delay
would only better the aApollo splash - down conditiomns, If Apollo
ig launched first the Soyuz launch date shift would worsen its
landing conditions. The above-mentioned and some other congider-
ations determined the preferred launch sequence for the space-

craft,
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Launch windows

A launch window is a period of time during a launch
which ensures the fulfilment of the mission tasks and meets the
given constraints,

The Soyuz launch time is chosen sgo ag to meet the follow-

ing conditions during the first daily orbit on the landing day.

a) Prior to the Soyuz retrorockets engagement cosmonauts
should have a possibility to manually operate the orientation sys-
tem, To satisfy this requirement the spacecraft during the requir-

ed period should pass over the lighted side of the Earth.

b) Soyuz DV landing must take place at least one hour
before sunset in the landing area,This is necessary for the space-

craft regscue following its landing.

The desirable time of day for Apollo launch is deter-
mined by the following consideration involving the requirement

of having daylight in the splash-~down area for the DV rescue.

The gplash-down in case of an abort after lift-off or
the splash-down in the Pacific at the conclusion of the mission
magt take place at least 2-3 hours before sunset in the landing
area, To meet these requirements the spacecraft launch windows
were determined for every launch date during 1975, If these
launch windows had a common range a compromise decision with re-
gpect to the USA and USSR constraints would be reached by choos-
ing a launch time from this range.

However different geographical location of USSR and USA
launch complexes and different requirements regulted in no such

common range, that is why it appeared impossible to simultaneous-

ly meet the constraints of both sides.

- 86 =



The discussion of this problem resulted in a compromisge
decigion based on the following moderated constraints of both
sides:

1) Soyuz launch windows for the period from March, 1
through October,1 are determined so as to ensure the nominal land-
ing in the 34 orbit of the nominal and reserve landing days; for

the other periods = in the 2nd daily orbit.

2) Nominal "daylight" time for Apollo rescue is reduced
by 25 minutes for the period from March, 1 through October, 13

for the other periods - by 50-90 minutes.,

The launch windows determined on the above~mentioned ba-
sig meet the consgtraints of the American and the Soviet sides;
these launch windows were used to determine the nominal launch
time.

Nominal launch time and launch windows for several

dates are given below (Moscow Time) in Table 4.1.
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Launch date July, July, August, August, Sept., Sept.,
1 15 1 15 1 15

Upper limit of the
launch window 15.44 15.30 15.08 14,40 14,09 13,38

Nominal launch

time and lower

limit of the

launch window 15.34 15,20 14,58 14,30 13,59 13,28

Spacecraft launch time

Soyuz may be launched any time, provided that it is

within a launch window, For this particular mission the Soyuz
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launch time was determined so as to provide the landing. condi-

tions for g second Soyuz, if it has to be used.

Apollo launch time is determined by Soyuz launch time
since the Apollo must be launched into the Soyuz orbital plane.
For the first time such an opportunity occurs at 7.5 hours after
Soyuz launch (it is called the first launch opportunity).

The Apollo will be launched at 22 hr 50 min in Moscow
Time, 19 hr 50 min in Greenwich Time, 14 hr 50 min in Houston
Time,

Since the Eartih makes one revolution around its axis
per 24 hr and the spacecraft orbital plane in space changes re-
latively slowly the spacecraft trajectory every 24 hours passes
over the same regions of the Earth surface, Thig provides Apollo
with additional launch opportunities. They occur once per 24 ho-
urs during four days and each launch opportunity starts 25 minutes
earlier than the possgible launch time on the day before., The Soyuz
flight profile remains the same for all 5 launch opportunities of
Apollo, except for the docking time and the duration of the dock-
ed flight,

Asgembly orbit

An agsembly orbit is an orbit of an Artificial Earth
Satellite (AES), an orbit of the spacecraft docking., Assembly or-
bit parameters for the joint mission were determined with resgpect
to the migsion tasks, spacecraft design capabilities and peculia-
rities, Thus these parameters were determined so as to ensure
such a mutual attitude of the spacecraft at the time of .ipollo in-

gertion which is acceptable for their rendezvous,
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Soyuz maneuvers

During the flight the Soyuz will perform several maneu-
vers., Their aim is to make up for errors which can occur during
the gpacecraft insertion, to form a circular assembly orbit for
Soyuz and Apollo docking and to ensure such a mutual attitude of
the gpacecraft at the time of Apollo insertion which is necessa-
ry for rendezvous. These maneuvers are performed either by the
cfew or by commands from Earth.

Trajectory correction data - the time, the duration of
propulsion sysitem operation and the thrust vector orientation
during a maneuver - is determined using the results of actual or-
bit measurements and is transmitted to the spacecraft when it is

in the coverage zone of a Soviet tracking station.

Soyuz landing

Firgt three orbits of every day (first daily orbits)
occur (due to the Earth rotation) approximately over the same
regions of the Soviet Union where the Soyuz landing must take
place, that is why these particular orbits are used for the
gpacecraft deorbiting. If necessary the Soyuz landing may be per-

formed in the first daily orbits of the following (reserve) day.

4.3 Soyuz independent flight

Soyuz independent flight begine from Soyuz insertion
into AES orbit and ends with Soyuz and Apollo rendezvous (accomp-
lishment of rendezvous maneuvers).,

During this flight the Soyuz insertion into an ellip-
tical 188 by 228 km orbit with an inclination of 51.8° will be
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performed and during the first and second days of the flight
(which correspond to 4th and 17th orbit), a circular assembly
orbit with an altitude of 225 km will be establighed,

The Soyuz crew will reduce the pressure in the living
modules to 520 mm Hg, verify radio and TV communication and con-
duct the planned scientific experiments,

The sequence of main flight operations and crew acti-

vities is given below,
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Orbit GET Main events

00:00 1975, July 15/12:20 GMT (15:20 MT) -
Soyuz launch from the launch complex
at Baikonur

1st orbit Orbit insertion, Separation from the
launch vehicle. Deployment of golar pa-
nels and antennas.,

3d orbit Verify voice communication modes:
2 hr 51 min communication of the USSR MCC with Soyuz
gpacecraft via USA communication network;

2 hr 53 min communication of the flight controller
in the USA MCC with Soyuz.

3d orbit Dinner (40 min)
4th orbit Perform the first maneuver to form a

circular assembly orbit with an alti-
tude of 225 km
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Orbit GET Main events

5th orbit Orient solar panels to the Sun
7 hr Report from the USSR MCC to the USA MCC
on the Soyuz readiness status based on
the results of the first maneuver,

5th orbit Conduct experiments:
"Zone-forming fungi" - (observe and pho=-
tograph the ZFF);
"micro-organism growth" - (observe the

micro=organism growth);
"First embryonic development" - (unstow
Biocat- device, secure it in OM).

Tth orbit Supper; prepare for sleep period.

8-9 orbit 8-10 hr Begin 18t rest period.
Sleep period (8 hours).

14 orbit Morning toilet. Breakfast (30 min).
Spacecraft systems check.

15 orbit Conduct experimenis:
Micro-organism growth (observe the mic-

ro-organism growth)
WZFF" (observe and photograph the ZFF)

16 orbit Lunch (30 min)

17 orbit Perform the second maneuver fto estab-
ligh g circular assembly orbit with an
altitude of 225 km

18 orbit Orient solar panels to the Sun

19 orbit 28 hr 11 min Verify TV communication lines between
Soyuz and the USA MCC
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Orbit GET Main events

19 orbit Dinner (40 min)

22 orbit Conduct experiments:
"ZFF" (observe and photograph the ZFF)

23 orbit Supper (30 min). Individual time.
Evening toilet,

34 hr 20 min Begin the second rest period, Sleep
: (8 hours)

32 orbit Conduct experiments:
"ZFF" (observe and photograph the ZFF);
"Micro-organism growth" (observe the
micro-organism growth)

33 orbit Orient to the Earth for "braking".
Conduct experiments:
"Photography and visual obgervation of
daylight horizon",

4.4 Spacecraft rendezvoug and docking

Soyuz/Apollo rendezvous and docking will take place
during the 3d day of Soyuz flight (with the Soyuz inserted into
a circular orbit with an altitude of 225 km and an inclination
of 51,8 degreeg); the Apollo will conduct a number of maneuvers
to approach the Soyuz,

This maneuvering will result in the spacecraft dock-
ing, A pressue-tight interface will link the spacecraft, The fol-
lowing compatible means are used for rendezvous and docking: ex=-
ternal orientation lights, beacons, USA and USSR VHF-radiostations,

an optical sighting device and docking targets,
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The sequence of Soyuz main flight operations and crew

activities is given below:
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Orbit GET Main events

33 orbit 48:34 Apollo performs a maneuver to ensure the
required difference in altitude between
the gpacecraft for Apollo onboard navi-
gational measurements, Distance between
the spacecraft is approximately 480 km
and reducesin the progress of rendezvous,
The Soyuz is in the orbital orientation
mode

34 orbit 48:43 Distance between the spacecraft is about
441 km, Apollo crew begins visual track-
ing of Soyuz using a gextant; the crews
check the compatible VHF = communication
means. Prior to entering the darkness
in the 34th orbit the Soyuz crew switches
on the beacons.

49:18 Distance between the spacecraft is
about 269 km, Apollo performs a correc-
tion maneuver to control the phasing
and plane differentials between the

spacecraft in altitude and angle,

49:26 Distance between the spacecraft is about
2471 km, Soyuz transponder and Apollo
transceiver are on, Apollo starts track-
ing of the Soyuz using VHF-radiomeans.

49:55 Diatance between the spacecraft is 150
km, Apollo transfers into co-ellipti~-
cal orbit (the orbit with constant dif-
ference in altitudes referenced to the
Soyuz orbit); this brings about con-
stant difference in altitude between
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Orbit GET Main events

the gpacecraft, The Soyuz crew begin pre-
paration for docking and transfer at the
beginning of the 35th orbit: perform ne-
cessary manipulations with equipment and
gystems, required for the docking and
transfer, don pressure suits, inform the
MCC and Apollo on rendezvous operations
and get the required informations

35 orbit 50:54 Distance between the spacecraft is about
39 km, Apollo starts transferring into
interception trajectory,

51:52 Distance between the spacecraft is 2 km.
Apollo retards, reducesg its relative ve-
locity and flies around the Soyuz for
assuming the initial position priorto
approach,

51:31 Distance between the spacecraft is 30-
50 m, Apollo station~keeping relative
to Soyuz, the docking systems are facing
each other,

36 orbit 51:40 The Soyuz crew ig in DV,the hatch bet-
ween DV and OM is closed.

51:45 On the Apollo request the Soyuz rolls
for ensuring the required orientation
of Apollo high - directional antenna to
the communication satellite which will
transmit to Barth the information on
the rendezvous and docking progress.

After the roll the Soyuz maintains the
mode of inertial attitude hold.
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Orbit GET Main events

51:50 After the final check of the spacecraft
systems Soyuz and Apollo crews con-
firm their readiness for docking. Apol-
lo approaches the Soyuz using the opti-
cal sighting device, installed aboard
the Apollo and the docking target mount-
ed on the Soyuz. The crew maintain the
radio communication exchanging the in-
formation on the progress of the main
operation accomplishment., The Soyuz ex-
ternal survey TV camera ig activated
to control the Apollo motion; Soyuz
crew perform photography of the appro-
aching Apollo.

51:55 The docking systems of the two space-
craft are captured and retracted; the
interface is sealed, Apollo maintains
the orientation of the docked space-
craft, The crews report to Farth on
the complete docking and prepare for
transfer from one gpacecraft to the
other,

4.5 Crews joint activity in the orbit

Soyuz/Apollo crews joint activity can be specified as
follows:

1. Spacecraft rendezvous;

2, Approach and docking;

3. Docked flight;

4, Undocking, redocking and final undocking;

5. Joint experiments during separate flight of the space-

craft;
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6. Separation of Soyuz and Apollo.

Main events of cosmonauts and astronauts joint activity are
referenced to ground elapsed time (GET), 1.e. time from the Soyuz

lift-off,

Spacecraft rendezvous

The crew of Soyuz ana Apollo perform maneuvers to bring
the spacecraft (they are in different orbits) as near as 30-50 m,
they also establish spacecraft to spacecraft radio communication
and check all the systems involved in it.
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Orbit GET Main events

33 orbit Start joint activity in orbit. Prenare
the orbital orientation gystems.

Conduct "Photography of daylight hori-
zon" experiment,

Egtablish Soyuz orbital orientation so
that solar panels are properly lightea:
thig is necessary for tracking of the
Soyuz using the Apollo sextant.

34 orbit 49:05 Egtablish radivcommunication with
Apollo and verify systems of radio-
communication between the spacecraft,

49:26 Activate VHF ranging
35 orbit 51:00 Prepare Soyuz inertial attitude hold
gystem.
51:18 Prepare docking system for operation.
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Approach and docking phase

Apollo approach to the Soyuz (Soyuz is in the inertial ori-

entation mode), spacecraft conbact, as well as rigid coupling

of two spacecraft and docking interface sealing are performed

during this phase,

Revo=

lution GET Main events

26 51:45 Establishment of the Soyuz inertial ori-

entation prior to docking

51:55 Docking
51:57 Soyuz system monitoring and rough pressu-
=52:13 re integrity check of OM and DV
52:13 Cosmonauts transfer from DV to OM,
52:1p=- Exact pressure integrity check of Soyuz
=52:40 and interface volume between spacecrafy

Phase of the flight in docked configuration (fig.4.2)

Crew back~to~back transfers, joint scientific experiments,

TV coverages and film and picture shooting are performed during

this phase.
Revo-
lution GET Main events
52:47- Tunnel 2 pressurization and pressure
52:57 integrity check (tunnel between the
spacecraft),
37 531 00w Pressure Garment Assembly (PGA) doffing
53: 12 and PGA connection to the fan for the
drying
38 54 :47 Flight engineer rechecks tunnel 2 pres-

sure integrity after DM pressurization.
Soyuz commander stows PGA'g,
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Revo-
lution GET

Main events

54348

54 150
~55:03

55:01

55138«
~56:44

39 56344
~57:10

57:I5

57 :24=
=57:30

40 57335

58:11
59:00=
~66:30

46 66330~
=67:30

Hatch 4 opening

DM/ Soyuz pressure equalization, Prepara-
tion of the astronauts and cosmonauts for
TV coverage of the rendezvous in the
orbit,

Hatch 3 opening and astronauts transfer
to the Soyuz., Joint TV coverage of the

rendezvous (greetings).

Joint activity period of the USSR and
USA crews in the Soyuz; cosmonauts and
astronauts exchange the flags of their
countries, souvenirs and sign a joint
document on the first international space
docking, They perform film and picture
shooting and have joint dinner,

Transfer of the docking module pilot and
Soyuz flight engineer into DM to conduct
joint "Multipurpose Furnmace" experiment.
Flight engineer returns then into OM,
Transfer kits for"Microbial Exchange" to
DM, Exchange of "Rhythme - 1" devices.
Apollo commander transfers into DM.

Close hatches 3 and 4. Momitor tunnel 2
depressurization.

Pressure integrity check of hateches 3 and
4,

Conduct experiments: "Microorganism
growth", "Genetic studies", "ZFF",

Presleep systems checkout

Sleep period

Individual time
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Revo-

lution GET Main events
67250~ Postsleep systems checkout
~67 :45
67245~ Breakfast
=68:25
47 68:42 second transter initiation,
"Microorganism growth" experiment
48 69:22 Cosmonauts open hatch 4
69:29 Hatch 3 opening.
69331 Astronauts proceed to DM~Soyuz atmosphere
mixing
69:36 Command module pilot transfer and TUSA
equipment transfer into Soyuz
69:48 Soyuz commander transfer into LM (thus,
tlight engineer and DM pilot stay in the
Soyuz)
70:0% Close hatches 3 and 4
70: 1T Apoilo flight engineer and commander
- 70:I7 check pressure integrity of hatches 3%
and 4
T0:I7= Joint activity period of the flight engi-
~75:30 neer and OM pilot in the Soyuz, when TV
coverages, rilms and pictures shooting,
dinner and Zone-~forming fungi joint
experiment are performed
70:03~ Transfer of the Soyuz and Apollo comman=-
~70:53 ders from the docking moduie into the

Apollo command module
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Revo~-

lution GET Main events
70:53= Joint activity period of the Apollo com=
~74:40 mander, Soyuz commander and docking module
pilot in Apollo, when TV coverages, films
and pictures shooting, dinmer and Multipur-
pose Furnace joint experiment are performed
51 74:40 Initiation of the Soyuz and Apollo com~
mander transfer into Soyuz
52 75328 Flight engineer opens hatch 4
75:36 After DM-Soyuz pressure equalization,
Apollo commander opens hatch 3, Initiation
of the DM=-Soyuz atmosphere mixing
T75:47 Soyuz commander transfers into OM
75:57 Command module pilot transfers into DM
75:59 Apollo commander transfers into OM
763202 Flight engineer transfers into DM
76108 Closing of hatches 3 and 4 (thus, Apollo
and Soyuz commanders stay in the Soyuz)
76:15=-  Pressure integrity check of hatches 3 and 4
~76:21
76322~ Joint activity of the Soyuz and Apollo
~79:53 commanders in the Soyuz, when TV coverages,
films and pictures shooting
Microorganism Growth and Microbial Exchange
joint experiments are performed
76:22- Flight engineer and command module pilot
~76:55
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Revo~
lution GET Main events

transfer in the Apollo, when TV coverages,
films and pictures shooting, Microbial Ex-
change scientific experiment are performed

54 78:54 Flight engineer and docking module pilot
transfer initiation into DM

79:27 Soyuz commander opens hatch 4

79:30  Docking module pilot opens hatch 3, Initiati-
on of the DM=Soyuz atmosphere mixing.

79:40 Docking module pilot transfers into OM and
Microbial Exchange experiment

55 79:55 Docking module pilot returns into DM
79:56 Flight engineer transfers into Soyuz.
80:14 Parting of the cosmonauts and astronauts,
80:24 Apollo commander transfers into DM
80:28 Close hatches 3 and 4
80:34- FPressure integrity check of hatches % and 4
-80:41
81:00 Zone~forming Fungi experiment
56 81:30- Supper
-82:10

82:10- Presleep systems' checkout
-82:30

82:30~ Individual time
=-83:10"
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Revo-

Tution GET Main events
57 83:10~ Sleep period
~30:15
62 90:I5= Individual time
~9I:30
91:30- Postsleep systems checkout
-91:45
63 91:45=~ Breakfast
-92:45
93:00~ "Microorganism Growth" experiment.
=-94:25 "Zone-forming Fungi" experiment and system

check

Phase of the undocking, redocking and final undocking

Spacecraft undocking is performed during this phase. Soyuz
docking assembly is set into the active position, and the Apollo
docking assembly is set into the passive one, Then crews perform
redocking, systems check after the docking, pressure integrity

check of the interface volume and final undocking.
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Revo- GET Main events
lution
64 94:25~ PGA donning and transfer into DV
-95:00
95:42:95 Undocking
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Revo-

lution GET Main events
95:50 Establishment of the Soyuz inertial
orientation and the setting of the
Soyuz docking system into the active
position
66 96:11 Spacecraft recontact
96:20- Docking completion
~96:25
96 :20= System check
~96:32
96:45 Flight engineer transfers into OM
96:45 Soyuz commander transfers into OM
96:45= Soyuz and interface volume pressure
=97:10 integrity check
97:25= Dinner
=98:10
67 98:35 Cosmonauts return into DV
98:45 Hatch 5 closing
98:46 System preparation for undocking
99 06= Final undocking
~99:08
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Phase of the joint experiments during the separate

flight of the spacecraft

During the phase the Apollo spacecraft performs the Soyuz
fly-by at different distances and in different planes, keeps
the orientation that is necessary for Ultraviolet Absorption

experiment and performs the TV coverage and photography.

Revo-
lution GET Main events
68 99:10 Establishment of the orbital orien-
tation,
99:10- Conduct the experiments "UVeabsorption"
=102:45 and "Study the possibility of obser-

vation and identification of stars
in the daylight part of the orbit".

99:20 TV coverage

99:24 Open hatch 5

99:24 Cosmonauts transfer into OM
99:30 PGA doffing
102:05 Film the Apollo

Phase of the spacecraft separation

Vuring this phase the Apollo performs orbit-~transfer
manoeuvre, After the completion of this manoeuvre the crews

proceed to the autonomous phase of the flight.
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Revo= GET Main events
lution
70 10245 Preparation of the Soyuz systems
for the spacecraft separation,
7 103 141 Apollo orbit~transfer manceuvre
103 :40 Perform the sun orientation
104:03 Conduct the scientific experiments

"Genetic studies", "Microorganism
growth", "ZFF",

Complete "UV-absorption”" experiment,
Photograph the Apollo spacecraft.,

The joint orbital activity of the Soyuz and Apollo

crews on this phase of the flight is over.
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Designations

"APOLLO" "SOYuzZ”

= T ]

Tunnel 1 Tunnel 2

N -

Command Docking Orbital Descent
Module Module Module Vehicle
(CM) (DM) (OM) (DV)

Hatch 1

\Hatch 4\ Hatch 5

AC — Apollo Commander SC — Soyuz Commander

DP — Docking Module Pilot FE — Souyz Flight Engineer
CP — Command Module Pilot

FIGURE 4.2 ASTRONAUTS AND COSMONAUTS VEHICLE-TO-VEHICLE
TRANSFER DIAGRAM ,
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The first transfer

0, 02 0, + N,

0, 0,+N, 0, + N,

—107—

® Cosmonauts and as-
tronauts location
prior to transfer
initiation

® Open hatch 2

® AC and DP trans-
fer into DM

® Close hatch 2

oDM pressurization
to 490 mm Hg
(astronauts)



G

AC

vy

me e

520
0,+N,
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® DM — tunnel 2
pressure equali-
zation (cosmonauts)

® Open hatch 4
(cosmonauts)

o DM —Souyz pres-
sure equalization

@ Open hatch 3
(astronauts)

@ AC and DP transfer
into Souyz



® AC and DP trans-
AC SC fer into DM

280 520
0, +N,

® Close hatch 3
(astronauts)

® Close hatch 4
(astronauts)

O2 02 + N2

® Tunnel 2 depressu-
rization to 260 mm Hg

® DM depressuriza-
tion to 280 mm Hg
and DM oxygen
purge (astronauts)

) 0, O,+N, 0O, +N,
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® Open hatch 2
®
AC SCe
10 CP - -9
: - PY ® AC and DP trans-
N DP FEe® fer into CM
280 200 520
0o, 0, +N, 0, +N,
Second transfer
® CP transfer into
] Soyuz
ooP L SC y
11 CP ‘,‘ d ® SC transfer into
1@ -’ e Apollo
AC FE

® —osmonauts and as-
/ tronauts location

after the second

12. 'I'I I transfer

280 260 520
02 O2 T N2 02 T N2
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The third transfer

® SC and AC transter
oDpP N into Souyz
SCe - CP
. -
13. AC 9 . ® CP and FE transfer
- .FE into Apollo

® Cosmonauts and ast-

/ ronauts location
after the third
14. transfer

200 260 520
0, 0, +N, 0, +N,
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The fourth transfer

® FE transfer int
oCP SC Soyuz e
15 FE® L
1 DP®* M) @ AC transfer into
it —9 |
AC Apollo

@ Cosmonauts and ast-
ronauts location
after the transfer
completion
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18.7.75
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4eb Independent flight of Soyuz after the spacecraft sepa-—

ration

Soyuz independent flight begins after the Apollo performs
the maneuver to geparate the spacecraft so that they do not col-
lide,

During this flight the Soyuz crew conduct ASTP scientific
experiments, verifies the functioning of the spacecraft systems,
stores and packs the equipment which is to be returned to Earth.

During this flight the Soyuz crew conduct TV-transmissions
from the gpacecraft in the USSR MCC coverage zones.

Pollowing is the sequence of the main events:

e e oy o s S ke kMDAl o g S Ry e e et ek ) S ) S S A o o Sk A8 Sy i e S R T Sk ks R L Al M L LR T e S rd b et S o e

Orbit GET Main events

71 orbit Supper (30 min)

Prepare for sleep period

72 orbit Sleep period (8 hours)

78 orbit Morning toilet
Breakfast (30 min)
Spacecraft systems check

78-80 orbit Verify the functioning of the gpacecraft sys-
tems operational during the descent

80 orbit Orient solar panels to the Sun

80-82 orbit Conduct scientific experiments:
nZFp" (observe and photograph the ZFF, trans-
fer and stow in DV),.
Fish embryonic development (transfer and stow
Biokat~3 device).
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Orbit Get Main events

83 orbit Individual time., Dimmer (30 min)

84 orbit Conduct the experiment: "Photography of the
sunrise',

85«86 orbit Stow the equipment to be returned to Earth

86 orbit Individual time. Supper (30 minutes).

Prepare for sleep period

87 orbit Sleep period (8 hours)

4,7 Preparation for descent; Soyuz descent

The Soyuz descent begins after the crew rest period on
the last flight day. The crew don pressure suits, transfer to IV
and close the DV hatch from the DV side; release OM pressure by
150 mm Hg to make sure that the DV hatch is pressure-tight, ori-
ent the spacecraft for "braking". The retrorocket is activated a%
the given time following the commands of the onboard automatics,
After the retrorocket deactivation the spacecraft modules are se-
parated and the DV performs a controlled descent into the given

landing area. The sequence of major events is given below:

A S A S R Y R T P p Sy S SR L8 MR S WP S A i ek el el e ke M MY St e et ek ] SR el s L A i ity ey T ek B g g WY A PN AP A T A R S FEE N T AN A A

Main events

94 orbit Morning toilet,
Breakfast (30 min).
Check spacecraft systems
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Orbit GET Main events

P T T

94 orbit Don pressure suits.
Crew transfer to DV.
Close hatch DV-0ul

95 orbit 150 mm Hg pressure drop in OM,
lMake sure the DV hatch is pressure-~tight

95 orbit Make sure the pressure suits are pressure-
tight.
Prepare for descent

96 orbit Qrient gpacecraft for "Braking".
Activate retrorocket.
Module separation.
Parachute deployment,
DV soft landing.

4,8 Crew recovery

After completion of the technical and gcientific experi-~
ments program in AES orbit the cosmonauts will be returned to
Barth, DV will land in a pretermined area of the Soviet Union.

The DV is designed for landing but it is also equipped with gpeci-
al systems, ensuring the cosmonauts security in case of a splash~-

down.
In the landing area the cosmonauts will be met by a specially=
~trained rescuse team.The group will consist of technical experts,
doctors,flight record Certification Officers.The rescue team will be

equipped with everything necessary to arrive in time to the landing
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site and render the required aid to the cosmonauts,Planes,helicopiers,

ships and landrovers will be used for rescue, Technical experts

and doctors of the rescus team are usually well-trained parachu-
tists and underwater swimmers., The doctors or the rescue team will
be provided with the required medicaments and equipment which can
be used in the field undexr any weather conditions. During the des-
cent and after the landing the cosmonauts and the rescue team will
maintain the 2-way radiocommunication.

After the DV landing the cosmonauts will open the hatch
covers and prepare the containers with scientific equipment and
filming for transportation,

If necesgsary they may use the emergency kit which containg
the camp outfit, warm clothes, swimming means, communication means,
food, water ete, After the cosmonauts land and leave the IV they
doff pressure-guitg and don their flight-suits. Containers with
gcientific equipment and filming are handed to the specialists of
the rescue team, At the landing site the cosmonauts will be sub-
jected to the first postflight medical examination., In case the
DV splashes-down, the cosmonauts will stay in the DV till the ar-
rival of a rescue team, In this case the cosmonauts will doff
their pressure-suits, prepare the swimming means, communicate

with the rescue service and wait for arrlval of one of its teams
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5.0 Scientific experiments

The program of scientific experiments scheduled for Soyuz

migsion provideg for unilateral and joint experiments.

5.1 Unilateral scientific experiments

Unilateral scientific experiments involve astrophysical
and biological experiments.,

Agtrophysical tests are based on the metrophotography
approach, that is on the use of calibrated photometric films which
make it possible to perform light measurements. Moreover, it is
important that each photo-picture should be exactly time-referenc-
ed., These experiments are conducted with the use of the same auto-
matic camera with a command unit that is used in the Artificial So-~
Tar Eclipse experiment (ASE), Given below is a brief description

of agtrophysical experimente.

PhotOgraphy of the golar corona and zodiacal light againgt

the background of the night sky

The experiment envisages a number of shots of the night and
dusk sky with the Sun at different angles behind the horizon of the
Earth, that is under conditions of solar eclipse by the Earth,

This experiment, carried out in addition to the joint ASE
experiment, will be an attempt to find coronal rays at large angu-
lar distances from the Sun in order to corroborate a hypothesis
of extensive solar corona, Visual obgservation by the Soyuz crew
will serve the same -aim,

Coronal rgys will behidentified or singled ouf among pos-
sible structural formations of atmospheric origin by the absence

of their visible shift againg stars.
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Invegtigation of refraction and transparency of the upper '

layers of the atmosgphere

The aim of the experiment is to measure atmogphere refrac-
tion and solar light absorption by the atmosphere, The experiment,
in particular, will assist to experimentally determine altitude
digtribution of air density in the stratosphere and troposphere
which ig of great importance for the solution of the problems of
meteorology and atmogpheric optics. Moreover, the experiment will
make it possible to obtain initial data for the development of equ-
ipment for autonomous astronavigation and orientation of spacecraft,

The experiment involves photography of the Sun when it
rises or goes behind the horizon of the Earth. The referenced pic-
tures will make it posgsible to obtain the altitude distribution of
atmogpheric layers.

Refraction of the atmogphere is determined from the solar
dise image flattening., Atmospheric absorption (vs. altitude) is.de-
termined in terms of the film darkening both for each image and
for the whole set of solar disc pictures obtained for different po-
gitions of the Sun above the Earth's horizon, The shooting will be
carried out in the narrow spectrum with the use of band~pass filters
to prevent the blurring of the Sun's pictures due to atmogpheric dis-
persion of the light,

Some of the aims of this experiment will be gained addi-
tionally by photography of setting stars. In this case, "deform-
ation" of the portion of a sky of stars ("star grid") in the course
of its going behind the horizon will give atmospheric refraction,
and the measurement of the darkening of the setting stars will de-

termine atmospheric absorption.
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Photography of daytime and dusk horizon

This experiment is divided into two independent procedures:
=~ Photography of daytime horizon,

- Photography of dusk and night horizon.

The aims of the experiment are to determine characteristics
of light-scattering by atmospheric air, investigate stratospheric
(at altitudes from 15 to 25 km) and mesospheric (at altitudes from
40 to 60) layers of aerosol, make an attempt to discover and inves-
tigate noctilucent and nacreous clouds, and analyse dependence of
altitude aerosol distribution on geographical and meteorological
factors, Moreover, the theory available makes it possible to use
photographic data of dusk horizon to quantitively assess atmosgphe-
ric scattering within the altitudes from 30 to 150-200 km,

Daytime and dusk horizon is shot with the use of band-
pass filters,

The program of astrophysical experiments scheduled for the
Soyuz flight in the joint mission involves applied technical expe-
riments as well, In particular, the program envisages visual obger-
vation and photography of light effects in the vieinity of the space-
craft, and investigation of the possibility of the observation and
identification of stars with the spacecraft on a daytime portion of
an orbit,

In this experiment the window is protected from the Earth's
high lights by the same sunshade that is used in the Artificial So-

lar Eclipse experiment.
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Biological Experiments.

The biological expériments are conducted to study the effect
of weightlessness, space radiation and Earth's magnetic field on
the growth, development and heredity of different organisms. Pecu-
liar feature about these experiments ig that they are conducted in
thermostats and the organisms develop mainly during the flight. To
make the organisms develop during the flight the cultures are placed
into the nufrient medium, the seeds are wetted, the shoots and de-
veloping fish are fixed onboard the spacecraft.

Thermostatic control of a biological object is provided by
"Biokat" - biological thermostatically controlled capsule maintain-
ing the given temperature to an accuracy of *0.5%.

‘‘he device consiste of a caging and a power supply unit,
The casing contains the central cylindrical passage surrounded by
the elements ensuring thermostatic control; and the inserts with
biological otjects are placed into the passage.

‘fhere will be three thermostats onboard the Soyuz. They are
intended for conducting the following experiments: "Micro-organisms

growth", "Figh embryonic developmeni", end "Genetic studies”.

"Micro~organisms Growth"

The aim of the experiment is to study the effect of space-
flight factors on the rate and character of the micro~organism
growth, mobility of bacterie cells. Possible changes in morphology,
genetics, survivalability and radio-sensitivity of cells will be
determined. The experiment will use the culture of protea vulgaris,
which is characterized by high mobility in solid and liquid nutri-
ent media. The insert has the form of a capsulé and is made from

transparent material., The butt end of the capsule has the button!
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of the inoculation device under which an ampule with the micro=-
organism culture is located. The cavity with the ampule in is con-
nected to special chambers filled with nutrient media containing
the indicator which changes its colour when effected by micro-or-

genism wagtes thus forming the visual growth boundary,

"Fish embryonic development "

The aim ol the experiment is to study growth and develop-
ment of water animals under the weightlessness conditions, The ex~
periment will reveal embryonic and genetic changes and peculiarities
of formation of the vestibular apparatus of developing fish,

Two inserts-aquariums are placed into "Biokat", one of the
aquariume will be used for the preservation of the developing fish
at the completing phase of the flight., The fish from the other
aquarium and the preserved material will be brought back to Earth,
The experiment will use well-~known aquarium figh = Danyo Rerio or
Cardinal., The inserts with fertilized roe of these figh will be
installed onboard the Soyuz immediately prior toc the lift-off.

" Genetic experiment"

The aim of the experiment is to study the weightlessness
effect on the cell division, genetic structures and radiosensitivity
of different biological objects:

-chlamydomonada zygotes which do not germinate in darkness

for a long time. Peculiarities of the chlamydomonada cell

division when effected by space flight factors will be
studied;

-gseeds of crepis and arabydopsis will be asteeped during

the flight; the shoots will be fixed, In the dividing
cells of the shoots the frequency of chromosome
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restructures will be studied. The effect of the spaceflight fac~
tors on radiosensitivity of the dry seeds of these speciesg, the
frequency of embryonic and chlorophyllous mutations will be studied.

All these objects in the appropriate capsulas will be
also placed into one of the Biokats.

Along with the flight experiment a number of laboratories
in this country will algo conduct control experiments maintaining
the same temperature conditions as in the "Biokat" devices.

Following instructions from the MCC the scientists will
conduct experiments in the same manner as the cosmonauts will con-

duct theirs in the orbit,.

Note: Unilateral experiment program may be changed depending on

the gpecific conditions,
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5.2 Joint scientific exneriments

Arti-ficial solar eclipse experiment [ic 57

4

Artificial solar eclipnge experiment wag proposed by the
UusR side. This experiment requires the participation of hoth space-
craf't during docking and undocking. The exneriment is to obtain from
onboard the Soyuz a series of photopraphs of the sgolar corons and “at-
mogphere”" ground Apollo while the Sun is eclipsed by Apollo, This
flight gives the opportunity for testing new methods of studying the
solar corona and the "atmosphere" around the spacecraft., It is the
first golar eclipse scheduled by man, It will occur on July 19, 1975

at midday universal tiue.

Solar eclipse , The interest it presents for sclentists,

Solar corona is the moat external, extremely rarefied lay-
erg of golar atmosphere. Practically, it congists of fully ionized
hydrogen plasma, i,e, protons and electrons, Its temperature reach-
es 1 million degrees, Solar corona stretches for great distances and
the Harth is in its external part,

High~energy particles and electromagnetic radiation which
effect the earth atmosphere and cause practically all geophysical ef-
fects are formed in solar corona. In the vislble part of snectrum
the solar corona shows itgelf as a weak glow which is nothing else
but sun iight scattered by the electrons of coronal plasma, Self-
radiation of golar corona takes place in the invisible part of spec-
trum, in the generasl, in the shortwave part. Corona brightness mil-
lion times as weaker gs the brightness of golar disk and usually
corona is not geen on the background of bright day sky. Corona be-
comes visible from the EFarth only in case of total solar eclipse,
while the solar disk is fully eclipsed by the dMoon and the sky
brightness decreases million times., It is precigely this happy cir-
cumgtance that has allowed for the solar corona to be detected at

the remote past. However its' physical nature was discovered only

-
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during lasv decades.

Total solar eclipse is a very rare phenomenon. So, total
golar eclipses may occur at the same geographical point, in average,
once in 300 years, The duration of the full phase of the eclipse
usually does not exceed 1-2 minutes, The total time of observations
performed during the whole history of total solar eclipse observa-
tions using optical instruments does not exceed two hours, However,
the most important discoveries in astrophysics as well as in geophy-
sics were made based on these observations. Corona may be investi-
gated out of the eclipse, for example, in short-wave spectral range.
However, for some reasons it is impossible to get the total and re-
liable information using only these methods., The single way to con-
duct out-of-eclipse golar corona observations in visible part of
gpectrum is to create artificial solar eclipse, This principle is
used ag the basis for so called out-of-eclipge coronograph, Artifi-
cial solar eclipse 1s realized in the device itself: the image of
golar disk is shut by non-transparent screen of larger diameter, As
the level of atmogphere background brightness is high under the
ground conditions, the observations of solar corona using these co-
ronographs are possible in close vicinity to the edge of solar disk
(the range not more than tenth parts of angular radius of the Sun).
At the same time the observations of corona up to dozens of angular
radii are of great interest. In general, the observations out of
atmosphere should enable to perform this kind of observations., How-
ever, the ingtallation of out-of-~eclipse coronographs aboard the
spacecraft increase insignificantly the possibility for solar coro-
na to be studied in comparison: to the ground conditions, Artifici-
al solar eclipse experiment provides more reliable conditions to stu-~
dy solar corona, It is reached by eliminating the errors caused by

the light reflected from the Earth, effects of difraction on the
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edge of artificial "moon" and effects of the Soyuz atmosphere (So-
yuz is in shadow), i.e. factors that limit the possibility to car-
ry out onboard investigationg using coronographs, The other merit
of the method to be used in this experiment is the employment of

rather simple and compact recording equiment,

About spacecraft "atmogphere", Spacecraft atmosphere ig

another object of study. Under conditions of space vacuum, conti-
nuous evaporation (sublimation) of different materidls from the space-
craft surfaces takes place.

At firet absorbed gases,water and other volatile substances
will leave the spacecraft surface. Microformations - '"dusgt partic-
leg" - may also leave the gpacecraft surface. Additionally the fail-~
ure of surface layers of the structure itself occurs. ALl materials,
ags well as metals, are subjected to the destruction butto a different
‘degree., Organic materials and different kinds of coatings are es-
pecially unstable, Micrometeorite particles, cosmic and solar radi-
ation intensify this process., All products of "depreciation" leave
the locality of the spacecraft not simultaneously. So, at present
it is considered that there is a peculiar atmosphere around space-
craft. This atmosphere is enriched by the outgassing of sealed com-
partment and especially by exhaust products of reaction engine,

Contamination around the vehicle under orbital flight con~
ditions ig effected by the incident flow of the Earth residual at-
mosphere, pressure of sun light and go called "solar wind". So the
vehicle with the "atmosphere" around looks like comet, But we must
take into consideration that the terms "atmosphere" and "comet"
are used only as graphic phrases, Actually, they describe rare
medium which differs from the undisturbed space medium, It is

necegsary to take into account this difference as all observations
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are conducted ingide the "comet". The components of this "atmoaphe-
re" change physical characteristics of the enviromment and, conse-
quently, may result in operation of important vehicle systems and
instruments., They may also introduce errors into scientific infor-
mation., "Atmosphere" around the vehicle causes appreciable changes
into optical characteristics of the environment, therefore optical
ingtrum