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1. FOREWORD
1.1. Purpose of the Document

The Soyuz Crew Operations Manual (ROP-19) (“SoyCOM”) is a document that contains familiarization
data on all the Soyuz spacecraft systems and flight operations. The SoyCOM Manual is a reference
document for all the Soyuz crew members. It includes a general description of all Soyuz systems, the
systems’ operational limits and characteristics, a review of flight data file, an outline of nominal and
emergency procedures, flight trajectory events and crew/MCC (LIY) joint operations.

Annexed to the Manual are the spacecraft control/display panel appearance and a glossary of
abbreviations and acronyms most frequently used during Soyuz training.

The Manual is to be used by cosmonauts and astronauts in accordance with their assignments for
preliminary familiarization training in Soyuz onboard systems, flight data file and flight operations.

The Manual is not for substantial study of the spacecraft systems but rather for preliminary familiarization
with Soyuz spacecraft.

The SoyCOM reference Manual has been developed by Gagarin Cosmonaut Training Center (GCTC).

1.2. Sphere of Application

The Soyuz Crew Operations Manual (ROP-19) (SoyCOM) will make a part of the curriculum for Soyuz
training. This document applies to Soyuz crew training within the Mir and the International Space Station
(ISS) programs.

1.3. Update Procedure
This document will be updated by RSA as agreed by NASA.
1.4. Documents Used

When compiling the present Manual the following documents were used:

Technical Description of the Soyuz-TM Spacecraft (“Energia”, June 1994)

Soyuz TM Spacecraft Flight Data File (of October 31, 1997)

Shuttle Crew Operations Manual (SCOM 1.0, November, 1991)

Plan for the ISS Russian Segment Training (NAS 15-10110/ROP-17) (NASA/RSA, 1996)
Soyuz Training Plan (NAS 15-10110/ROP-18) (NASA/RSA, 1997)

Ops Protocols of Technical Interchange Meetings (TIM).
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2. SOYUZ SPACECRAFT GENERAL DESCRIPTION
2.1. History of Soyuz Spacecraft Development and Modifications

Development of Soyuz spacecraft started at S.P. Korolev’'s design bureau in 1962. It was originally
supposed to be used for development tests of both equipment for spacecraft rendezvous and docking in
orbit and spacecraft design and systems that would ensure a flight around the Moon and safe return to the
Earth.

As the space program changed the Soyuz spacecraft design criteria were revised accordingly and from
that time on its development was aimed at a second generation multipurpose orbital vehicle with a launch
weight of up to 6560 kg. It was to be designed for executing a wide scope of tasks in the near space
including development tests of procedures for autonomous guidance and navigation, automatic and
manual rendezvous, berthing and docking, verification of principles for using manned space vehicles for
science/technology experiments in space.

On the 28th of November, 1966 the first Soyuz spacecraft was launched unmanned from Baykonur
cosmodrome and flew 34 orbital revolutions (Cosmos-133).

The second launch of unmanned Soyuz in December, 1966 was aborted due to the launch vehicle failure
at the launch pad.

The third unmanned spacecraft made an orbital flight and landed on the Aral Sea surface in February
1967 (Cosmos-140).

The first manned flight of Soyuz-1 spacecraft was made by cosmonaut V.M. Komarov on the 26th of
November, 1967. However the flight ended in a catastrophe because of the parachute system failure
during descent and the cosmonaut died.

After a number of corrections and unmanned spacecraft flights the Soyuz-2 piloted by cosmonaut G. T.
Beregovoy was launched in October 26, 1968.

In February 16, 1969 the first experimental space station weighing 12924 kgs was formed of two manned
Soyuz-4 and Soyuz-5 spacecraft. Two cosmonauts in space suits made a transfer from one spacecraft to
the other.

In June, 1970 the first long duration space flight (17.7 days) was executed onboard Soyuz-9 by
cosmonauts A.G. Nikolayev and V.I. Sevastianov.

In June 1971 Soyuz spacecraft was modified and turned into a crew transfer vehicle to deliver crews to
orbital stations.

During a later service period Soyuz spacecraft was several times modified substantially.

The first modification was connected with corrections that had to be made after the death of Soyuz-11
crew (cosmonauts G.T. Dobrovolsky, V.N. Volkov and V.l. Patsayev) because of the Descent Module
depressurization during the descent phase.

A set of survival aids in case of depressurization during descent was introduced, including space suits,
which dictated a reduction of the crew down to two persons.

The second modification was made for international “Apollo-Soyuz Test Project”.

Compatible equipment for rendezvous and docking, improved assemblies of life support system and of
radio/TV system were installed onboard the spacecraft.

Later on a number of the spacecraft of this modification series were used to support the long duration
service of Salyut orbital stations and the “Intercosmos” international space program.

The next important modification resulted in installing onboard Soyuz spacecraft a principally new motion
control system based on the onboard computer complex and a new propulsion system with unified fuel
supply subsystem for all the thrusters. Many onboard instruments were replaced for improved ones. The
crew was also increased up to three persons and the spacecraft orbital service life extended.

The first manned flight of so modified spacecraft - Soyuz T-2 was made in June 5 - 9, 1980 with docking
to Salyut-6 station (cosmonauts Yu.V. Malyshev and V.V. Aksenov). In November, 1980 a three man
spacecraft, Soyuz T-3 was launched (cosmonauts L.D. Kizim, O.G. Makarov, G.M. Strekalov).

Manned spacecraft of Soyuz T type were repeatedly flown to Salyut-6, Salyut-7 and Mir orbital stations
until 1986. Cosmonauts V.A. Dzhanibekov and V.P. Savinykh successfully approached and docked their
Soyuz T-13 manually to Salyut-7 station the station being out of control. In 1986 the last spacecraft of that
modification, Soyuz T-15, executed interorbit flights from Mir to Salyut-7 and back (cosmonauts L.D. Kizim
and V.A. Solovyov).

The next modification - Soyuz TM spacecraft equipped with a modernized rendezvous radar system
“Kurs”, improved motion control system and radio-communication system as well as propulsion system
with sectionized propellant and gas stocks entered into service in May 21, 1986 when Soyuz TM-1 was
launched in unmanned version to Mir station.

The first manned flight of the modified Soyuz TM-2 was made in February 6, 1987 with docking to Mir
station (cosmonauts Yu. V. Romanenko and F.l. Laveikin).
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Since the Soyuz TM-9 flight in February, 1990 until now the spacecraft is equipped with a special
cupola/window to enable the crew to execute a manual approach in case of the “Kurs” rendezvous radar
system failure.

In January 24, 1993 Soyuz TM-16 was launched with the Androgynous Peripheral Docking Assembly
APDA-89 (cosmonauts G.M. Manakov and A.F. Polishchuk). The crew docked manually to the identical
docking assembly of the KRISTALL Module. That was the operational test of the androgynous docking
system to be later used for Space Shuttle dockings to Mir orbital station.

Some minor corrections and improvements were also introduced into later flown spacecraft of that
modification. They were mostly associated with the motion control system modernization and small
changes in the spacecraft structure.

On the basis of the Soyuz crew transfer vehicle the Progress cargo vehicle was developed. Its first flight to
Salyut-6 orbital station was made in January 20, 1978. Its modification, the Progress-M that followed on
the basis of Soyuz TM was launched for the first time in August 23, 1989 to Mir station and nowadays is
still in service.

2.2. Purpose and Task Versions of Soyuz Spacecraft

The purpose of the spacecraft standard version is to deliver a three-man crew and a load onboard the Mir
orbital complex, to fly jointly for up to 180 days and to bring the crew and the load to the Earth. And the
spacecraft calculated autonomous flight life is 4.2 days.

This time period includes rendezvous/docking operations (2.2 days) and undocking, pre-landing
operations and time reserve.(2 days).

Apart from its main purpose the spacecraft may be also used as a rescue vehicle, unmanned or piloted by
only the commander, or as an unmanned cargo vehicle capable to deliver 250 kg of load from the orbit.
The spacecraft is injected into orbit by the “Soyuz” three stage launch vehicle having launch weight of up
to 310 metric tons (payload weight inclusive) and total length of 51.3 m.

During the launch and injection the spacecraft is covered by the nose aerodynamic cap in the upper part
of which the launch escape system propulsion unit is installed that is capable in case of contingency while
on the launch pad or in low take-off altitudes to inject the upper part of the spacecraft including the
descent module to the safe altitude clearance for the nominal parachute system reliable operation.

During the orbital flight the spacecraft is protected from overheat/overcooling by covering all the outer
surface of its modules with multi-layer vacuum shield thermal insulation except the operation surfaces of
the sensors, antennae, windows, docking assembly, and the thermal control system radiator.

While in the second revolution of the orbital flight tests are conducted for the radar rendezvous,
communication, TV, and motion control systems.

During Soyuz manned flights to Mir station a two-day rendezvous schedule is mostly used.

The autonomous approach procedure starts at the range of less than 400 km in the automatic mode by
means of “Kurs” radar rendezvous system. When the range of 150 m is reached the spacecraft transfers
to the station keeping mode while over the ground tracking/communication sites. At this range the berthing
(final approach) procedure is started and monitored by the Mission Control Center via telemetry data, TV
and crew reports.

The docking starts at the moment of the spacecraft rod contact with the station-receiving cone and is over
when the rod is fully retracted and the electric and hydraulic interfaces of the two vehicles are matched.
When the retraction mode is completed the docking interface pressurization is tested and after that the
transfer hatches are opened. Then the crew performs the spacecraft systems preservation and gets down
to operations onboard the orbital station.

A few days before the return the crew conducts the motion control system test while still being docked to
the station.

After the operation program onboard the station is over the crew transfers to the spacecraft, shuts the
transfer hatch doors, dons the space suits, tests the hatch pressurization and performs the
spacecraft/station undocking. After the undocking the spacecraft attitude for the retrofire is automatically
configured and the engine is fired at the second revolution of the day. When the retrofire impulse is
complete the spacecraft modules are separated and the descent module goes down along the descent
trajectory to the nominal landing area. The Search/Rescue Service evacuates the crew from the landing
site. After a medical inspection at the landing area the crew is transported to the Gagarin Cosmonaut
Training Center where the post-flight rehabilitation procedure is carried out within three weeks.

2.3. Spacecraft Composition

Soyuz spacecraft in its crew transfer (TK) version consists of five modules (Fig. 2-1). There are three
pressurized modules: BbiToBon Otcek (BO) (  the Habitable Module, the Crew Resting Module),
Cnyckaembinn Annapat (CA) (the Descent Module) and Mpu6opHbin OTcek (MO) (the Instrument Module)
and two unpressurized modules: MNepexogHbii OTcek (MxO) (the Adapter Module) and ArperatHbin OTcek
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(AO) (the Assembly Module). The Instrument, Adapter and Assembly Modules (MO+IMxO+AQ) make up
MpubopHo-ArperaTtHein OTcek (MAO) ( the Instrument/Assembly Module). A general view of the Soyuz
crew transfer spacecraft is given in Fig. 2-2.

BO

The BO is designed to accommodate the apparatus and equipment of various spacecraft systems: Life
Support, Rendezvous and Docking, On-Board Complex Control, Measurement, TV etc. and also to
provide for the crew resting and for the crew transfer from the spacecraft to the station.

The BO has the shape of a sphere at the top of which the docking assembly is mounted with the hatch of
800 mm in diameter for the crew transfer to the station. On the upper semisphere the cupola/window is
installed to provide for the manual approach monitoring. On the lower semisphere there is another hatch
of 660 mm in diameter for the crew pre-launch ingress and also the Module depressurization valve zero-
torque outlet and the pressure-sealed lead-throughs of the electrical connections with the other spacecraft
modules. Also mounted on the BO outside are antennae of the “Kurs” Rendezvous Radar System and the
“Klest M” TV System as well as the exteriore TV-camera and the floodlight.

The BO is attached to the CA by means of pyro-locks with spring pushers of the Module Separation
System.

Inside the BO Module there are “cepaHT” (a “cupboard”) and “guBan” (a “sofa”) where various equipment
is located.

CA

The CA is the principal workstation Module of the spacecraft where the crew stays during the orbit

injection phase, orbital maneuvers (attitude control, orbit correction, rendezvous, docking etc.) as well as

during the descent phase.

Inside the CA Module cockpit the crew main spacecraft control station - lNMynbT KocmonasTta (IK)

(Cosmonaut Panel, Crew Display/Control Panel) is installed. The CA can also be used as a floating

means in case of water splash landing and as a shelter in adverse weather condition at the landing site.

The CA is equipped with the systems ensuring both its autonomous orbital flight control and safe landing

within the specified area. The following is located in the CA:

— the spacecraft and CA motion control apparatus;

— equipment for the crew Life Support System and for its survival in case of the cockpit
depressurization;

— Thermal Control System units;

— displays/controls of various systems: TV, radio-communications, power supply, telemetry;

— Post-Landing Survival Kit;

— payload container.

There are three shock absorbing seats inside the CA to provide for the crew’s favorable G-load tolerance

during injection and descent phases. Directly in front of the seated crew there are the spacecraft system

controls , spacecraft orbital attitude and motion hand controllers, the optical sight for attitude or docking

monitoring.

In pressurized containers inside CA the main and back-up Parachute Systems are stowed. There are two

windows in the CA structure. On the structure descent reaction control thrusters are mounted and also the

detachable pressure sealed feed through plate connecting the CA with the other modules, soft landing

thrusters and post-landing deployed radio-communications antennae. The hatch on top of the CA

structure is for the crew transfer to the BO and for post-landing crew egress.

The CA structure is shaped as an aerodynamic “headlight” The exterior of the Module structure is covered

with the heat-protective shroud of which the bottom shield is ejected before landing.

rxo

The MxO Module is a truss structure which is designed to link the CA with the MO Module. In all the
CA/TxO linkage points pyro-locks and pushers of the Module Separation System are installed. In the MNxO
the Atmosphere Revitalization System oxygen pressure tanks are mounted. Outside the MNMxO Module
there are some spacecraft attitude control/berthing thrusters, radio system antennae and ground interface
electrical connectors.

no

The MO is designed for accommodation of the orbital flight control electronic equipment. The MO Module
structure is cylinder shaped. The Module interior is filled with a neutral gas. Inside on a special rack
instruments are mounted of various systems: Motion and On-Board Complex Control, Command Radio
Link, Telemetry, Power Supply, Thermal Control etc. Mounted outside the MO are the spacecraft Infra-
Red Vertical and Solar Attitude Control sensors, electrical pressure-sealed lead-throughs and the Solar
Panel attachment supports.
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AO

The AO is designed for housing the Propulsion System main units with the propellant stock, a part of the
berthing/attitude control thrusters, the accu batteries and the Thermal Control System assemblies. The
AO Module body is cylinder shaped and has a thermal protective cover at one end for the main engine.
Outside of the AO there are: the exterior radiator for waste heat dumping into space, the Infra-Red Vertical
second sensor, thermal sensor for the Module Separation System, the Radio-Communications System
antennae and the Solar Panel attachment aids.
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Fig. 2-1: Soyuz Spacecraft Composition

1. BO (Habitable Module, Crew Resting Module), Weight: 1300 kg. 2. Rod/Cone Docking Mechanism. 3.

Hatch 800 mm. 4. Androgynous Docking Mechanism. 5. Cupola. 6. Ingress Hatch. 7. Parachute cover. 8.
Hatch 700 mm. 9. BCK-4 Periscopic Sight. 10. CA ( Descent Module), Weight: 2900 kg. 11. NMAO

(Instrument/Assembly Module), Weight: 2600 kg. 12. Pressurized Section. 13. Radiator. 14. Solar
Batteries.
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Fig. 2-2: Soyuz Spacecraft Appearance

1. All-Around Antenna. 2. Auto-Following Antenna. 3. Solar Sensor (now not installed). 4. Thermal Sensors. 5. AKP - 2, -3 Antennae. 6. “UIKB-2” Infra-Red Vertical
Sensor. 7. “UUKB-1” Infra-Red Vertical Sensor. 8. BCK-4 Periscopic Sight 9. 2 AC® Antenna. 10. AKP-1 Antenna. 11. TV-camera.
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3. SYSTEMS
3.1. KOHCTPYKUUA N KOMINMOHOBKA (KuK) (DESIGN & CONFIGURATION)

GENERAL INFORMATION ON THE SYSTEM

The Soyuz spacecraft standard version is designed for:

— delivery of a three man crew and a payload onboard the orbital station;
— joint fly with the station for up to 180 days;

— bringing the crew and the payload to the Earth.

The Soyuz spacecraft calculated autonomous flight life is 4,2 days. This time period includes rendez-
vous/docking operations (2,2 days) and undocking and pre-landing operations and time reserve (2 days).
Apart from its main purpose the spacecraft may be also used as a rescue vehicle, unmanned or piloted by
only the commander, or as an unmanned cargo vehicle capable to deliver 250 kg of payload from the
orbit.

SYSTEM COMPOSITION

The Soyuz crew transfer vehicle consists of three pressurized modules:
e the BO (Habitable Module, Crew Resting Module);

e the CA (Descent Module);

e the MO (Instrument Module);

and two unpressurized modules:

e the NxO (Adapter Module);

e the AO (Assembly Module).

The MO (Instrument), [NxO (Adapter) and AO (Assembly) Modules make up the TI1AO
(Instrument/Assembly) Module (Fig. 1).

BO

The BO is designed to accommodate the apparatus and equipment of various spacecraft systems: Life
Support, Rendezvous and Docking, On-Board Complex Control, Measurement, TV etc. and also to pro-
vide for the crew resting and for the crew transfer from the spacecraft to the station.

The BO body has the shape of a sphere at the top of which the docking assembly is mounted with the
hatch of 800 mm in diameter for the crew transfer to the station. On the upper semisphere the cu-
pola/window is installed to provide for the manual approach monitoring. On the lower semisphere there is
another hatch of 660 mm in diameter for the crew pre-launch ingress and also the Module depressuriza-
tion valve zero-torque outlet and the pressure-sealed lead-throughs of the electrical connections with the
other spacecraft modules.

Also mounted on the outside of the BO are antennae of the “Kurs”’Rendezvous Radar System and the
“Klest M” TV System as well as the outside TV-camera and the floodlight (Fig. 3).

The BO is attached to the CA by means of pyro-locks with spring pushers of the Module Separation Sys-
tem. The BO Module body is made of an Aluminium/Magnesium alloy.

Inside the Module there are “cepeaHT” (a “cupboard”) and “amBan” (a “sofa”) which comprise the “interieur
furniture” and where apparatus and equipment as well as various system controls are located (Fig. 4, 5, 6,
7).

CA

The CA is a pressurized habitable module where the crew stays during the orbit injection phase, orbital

maneuvers (attitude control, orbit correction, rendezvous, docking etc.) as well as during the return to the

Earth phase.

Inside the CA Module cockpit the crew main spacecraft control station is installed. The CA can also be

used as a floating means in case of a water splash landing and as a shelter in case of adverse weather

condition at the landing site.

The CA is equipped with the systems ensuring both its autonomous orbital flight control and safe landing

within the specified area. (Fig. 8).

The following is located in the CA:

— the spacecraft and CA motion control apparatus;

— equipment for the crew Life Support System and for its survival in case of the cockpit depressuriza-
tion;

— Thermal Control System units;

— controls/displays of various systems: TV, radio-communications and direction finding, power supply,
telemetry;

12
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— Post-Landing Survival Kit;

— payload container.

The CA body is made of an Aluminium alloy and shaped as an aerodynamic “headlight”. The exterior of
the CA Module structure is covered with the heat-protective shroud.

MxO

The MxO Module is a truss structure which is designed to link the CA with the MO Module. In all the
CA/TxO linkage points pyro-locks and pushers of the Module Separation System are installed. In the MNxO
the Atmosphere Revitalization System oxygen pressure tanks are mounted. Outside the Module there are
some spacecraft attitude control/berthing thrusters, radio system antennae and ground interface electrical
connectors (Fig. 9).

no

The TNO Module is designed for accommodation of the orbital flight control electronic equipment. The
Module body is cylinder shaped with spherical bottoms and is made of Aluminium alloy (Fig. 10).The body
interior is filled with a neutral gas. Inside on the instrument rack instruments are mounted of various sys-
tems: Motion and Onboard Complex Control, Command Radio Link, Telemetry, Power Supply, Thermal
Control etc.

AO

The AO Module is designed for housing the main engine with the fuel stock, a part of the berthing/attitude
control thrusters, the accu batteries and assemblies of the Thermal Control System. The Module unpres-
surized body is shaped as a cylinder with a conical bottom and has a thermal protective cover at one end
for the main engine. Outside the AO Module the exterior radiator for waste heat dumping into space is
mounted (Fig. 11).

SOYUZ SPACECRAFT SELECTED ONBOARD SYSTEMS

“CHAYKA-3” CUCTEMA YNPABJIEHUA OBWXEHWEM (CYQ) (MOTION CONTROL SYSTEM)

The CY[ is built on the basic principle of using a strapdown inertial navigation system and implementing
all the control procedures by means of the Onboard Digital Computer Complex. The inertial system of
such a type makes use of the spacecraft attitude rate and acceleration data derived from digital attitude
rate sensors and string accelerometers.

CUCTEMA YNPABJIEHUA BOPTOBbLIM KOMIMIIEKCOM (CYBK) ( ONBOARD COMPLEX CONTROL
SYSTEM)

The CYBK System is designed to control the spacecraft systems and units during pre-flight and flight
phases in response to commands issued by the ground, from the MK CA (Crew Display/Control panel), by
the Program Timing Device and by other spacecraft systems (Interactive Multisystem Control Com-
mands).

KOMBUHUPOBAHHAA OBUTATEJIbHAA YCTAHOBKA (KOY) (COMBINED PROPULSION SYSTEM)

The KOY (Combined Propulsion System) provides thrust impulses for the spacecraft correction and retro-
grade maneuvers, the spacecraft attitude hold (stabilization) during the Orbital Maneuver Engine burns: in
pitch and yaw (by gimballing the Engine camera) and in roll (by means of microthrusters) and the space-
craft attitude control by means of the microthrusters in the modes of attitude configuration(establishment),

attitude hold, attitude maneuver and injection to passive thermal control (barbecue maneuver).In case of
the Engine failure the retrofire impulse is provided by the simultaneous burn of four primary berth-
ing/attitude control thrusters.

CUCTEMA 3JNIEKTPOMUTAHUA (C3M) (POWER SUPPLY SYSTEM)

The CO3IT (Power Supply System) is designed to provide all the spacecraft equipment with 27 V dc power
and comprises the current generating Solar Batteries, buffer and back-up accu batteries, CA battery, BO
battery and automatic power supply control equipment.

CUCTEMA OBECNEYEHUA TEMJTIOBOIO PEXXUMA (COTP) ( THERMAL CONDITION CONTROL
SYSTEM)

The COTP (Thermal Condition Control System) is designed to maintain conditions of normal temperature
(18 - 25° C) and humidity (20 - 80 %) in habitable modules and the specified thermal conditions (0 - 40 °
C) for instruments, units and spacecraft structure.

KOMMNJIEKC CPEACTB OBECNEYEHUA XUSHEAEATENBbHOCTU (KCOX) ( COMPLEX OF LIFE
SUPPORT ARTICLES)

13
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The KCOX (Complex of Life Support Articles) is designed to provide conditions in the spacecraft modules
ensuring the crew comfort and capacity for work in space flight.

The KCOX Complex includes:

— CpeactBa obecneyeHus razosoro coctasa (COIMC) (Atmosphere Revitalization System);
— Komnnekc cpeacts cnaceHus (KCC) (Survival Aid Complex);

— CpegactBa nogayu rasosoui cmecu (CIMIFC) (Gas Mixture Supply System);

— CpegctBa BogoobecnedeHusa (CBO) (Water Supply System);

— Cuctema nutanusa (CI1) (Food Rations);

— CpegctBa nuyHow rurnensl (CIIN) (Personal Hygiene ltems);

— Underwear, Garments;

— Medicinal/Prophylactic Aids;

— Medical Monitoring Equipment;

— AcceHnsaumnoHHo-caHnTapHas yctaHoBka (ACY) (Waste Management System);
— Hocumbin aBapunHbin 3anac (HA3) (Post Landing Survival Kit).

The COI'C (Atmosphere Revitalization System) is designed to support and monitor specified atmosphere
composition in the spacecraft habitable modules during 4,2 days of the autonomous flight and during 1
day in the CA after landing. It provides for the oxygen supply to the habitable modules and absorption of
CO2 and injurious additives.

The KCC (Survival Aid Complex) purpose is to ensure safe crew return to the Earth in case of a habitable
module depressurization.

The CII'C (Gas Mixture Supply System) is designed for the oxygen stowage and supply to the crew. The
oxygen for the orbital operations is stowed in the IMxO Module and for the descent operations after the
separation - in the CA Module.

The CBO (Water Stock/Supply) is to provide the crew with potable water which is stowed in the BO (20
liters) and in the CA (1,7 liters).

The CI1 (Food Rations) are the crew’s meals in the autonomous flight. They consist of canned and subli-
mated food stuffs. A daily ration provides for four meals a day of 3000 kcal a day. The CI1 Rations are
stored in the BO “cepBaHT” (“cupboard”).

The CJII™ (Personal Hygiene Items) are located in habitable modules and comprise wet and dry napkins
and towels kits.

The Medical Monitoring Equipment is for the crew medical state monitoring. It consists of the Ampli-
fier/Converter Unit and sensor harness (belts). The equipment provides for a simultaneous monitoring of
three cosmonauts by taking their seismocardiograms, electrocardiograms, pneumograms and pulse rates.

The ACY (Waste Management System) is for collecting the crew’s physiological and eventual motion
sickness vestibular disorder wastes and isolating them from the module atmosphere. It is located in the
left part of the “cepBanTt” (“cupboard”).

The HAS3 (Post Landing Survival Kit) is provided to ensure the crew survival in extreme climate conditions.
It includes visual signaling aids, medicines, weapon and ammunitions, water stock, swimming aids and
clothes.

CUCTEMA NPU3EMJIEHUA (CM) LANDING SYSTEM
The CI (Landing System) is to ensure the CA Module safe landing with the crew inside both when nomi-
nally returning from the orbit and in case of emergency during the launch/injection phase. The System
includes:
— Primary and Back-Up Parachute Systems;

“Kazbek” Shock Absorbing Seats.

CUCTEMA CTbIKOBKMN U BHYTPEHHEIO NMEPEXOOA (CCBIM) (DOCKING & INTERNAL TRANSFER
SYSTEM)

The CCBI1 (Docking & Internal Transfer System) is designed for the spacecraft/station mechanical link-
age, compensating for the docking impact energy, spacecraft/station alignment during structural latching
procedure, rigid connection and docking interface pressurization and for undocking at any moment of the

14
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docking procedure and after termination of the joint flight. The active part of the “rod/cone” system is in-
stalled on board the spacecraft. The hatch door Open/Close and pressurization mechanisms can be op-
erated manually.

CUCTEMA KOHTPONNA TEEPMETU4YHOCTMU CTbIKA (CKI'C) ( INTERFACE PRESSURIZATION
CONTROL SYSTEM)

The CKI'C (Interface Pressurization Control System) enables the crew to monitor the docking interface
pressurization and to equalize pressure between the spacecraft and the station, also to monitor pressuri-
zation of the transfer hatches, dump pressure out of the docking node and to monitor the pressurization of
the spacecraft habitable modules. There are manual valves and the Vacuum Pressure Gauge installed in
the BO to provide for the System control by the crew.

“RASSVET” CUCTEMA PAONOCBA3U (CPC) (RADIO COMMUNICATIONS SYSTEM)

The CPC (Radio Communications System) is mainly used for crew/ground voice and telegraph communi-
cation. It operates in SW and VHF bands for two-way crew communication with the ground sites. It pro-
vides voice crew intercom in all spacecraft and station modules as well as voice data recording and play-
ing by means of the Onboard Tape Recorder.

“KLEST-M” TENEBU3NOHHASA CUCTEMA (TBC) (TELEVISION SYSTEM)

The TBC (Television System) provides for:

— TV image transmission from the CA to the ground accompanied by voice data both at the launch pad
and in all flight phases;

— Rendezvous and docking TV monitoring;

— Onboard systems operational status display;

— TV data transmission to the ground via the “Kvant-B” Command Radio Link transmitters.

CUCTEMA BOPTOBbIX USBMEPEHWUN (CBEWN) (ONBOARD MEASUREMENT SYSTEM)

The CBW (Onboard Measurement System) is designed to sample, memorize and transmit data from the
spacecraft sensor equipment. It is a time division multichannel pulse coding frequency modulation system.
It is absolutely automatic and does not require any crew activities.

“KVANT-B” COMMAND RADIO LINK SYSTEM

The Command Radio Link System is designed for the ground/spacecraft two way multi-function radio

communication and for the spacecraft control during active portions of its orbital flight. The “Kvant-B”

System supported by ground facilities ensures execution of the following tasks:

— Measurement of the slant range to the spacecraft and its velocity radial component;

— Spacecraft onboard systems control by means of functional commands;

— Digital data exchange with the spacecraft Onboard Computer Complex and Program-Timing Control
Equipment, these data receiving/transmitting via up and down radio links;

— TV and telemetry data downlinking;

—  Onboard-to-Ground time synchronization.

The system is completely automated and does not require any crew activities.

The antennae layout on Soyuz spacecraft is shown in Fig. 12.

THE SYSTEM OPERATIONAL LIMITS AND CHARACTERISTICS
Soyuz Crew Transfer spacecraft technical characteristics:

= body length 7m
= maximal diameter 2,7m
= CA full volume 4md
= BO full volume 6m’
= autonomous flight service life 4,2 days

joint flight (as a part of the Mir Station (ISS)) service life 180 days
The Soyuz principal dimensions are shown in Fig. 13.

CREW OPERATIONS WITH THE SYSTEM

The crew operations with the System are assumed to be those of mounting/dismounting the easy-mount
instrument/assembly access panels in the BO and opening/closing the CA/BO hatch door. The hatch door
open position is 85 degrees. In the ground operations conditions the brake mechanism should be used.
The door open position is monitored by the indicator light illumination on the Electroluminescent Indicator
Display of the MK (Crew Display/control Panel) in the CA.

15
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Fig.1. Soyuz Spacecraft Modules

1. BO (Habitable, Crew Resting Module). 2. CA (Descent Module). 3. MAO (Instrument/Assembly Module). 4. NxO (Adapter Module). 5. MO (Instrument
Module). 6. AO (Assembly Module).
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Fig.2. BO Exterior Layout

1. AC-BKA Antenna. 2. Boom. 3. Radar shield. 4. AB[1-24 Antenna. 5. Cupola. 6. Window. 7. 2AO-BKA Antenna. 8. KJ1-101-02 TV Camera. 9. CMW4 Small
Dimension Light Emitter. 10. AKP-1 Antenna. 11. 2AC®1-M-BKA Antenna. 12. Docking Mechanism.
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Fig. 3. BO Main Structural Elements

1. Body. 2. Port Side (the “OuBan” - “Sofa”). 3. Starboard (the “CepaHt” - “Cupboard”). 4. Floor. 5. Interior decor trim. 6. Window. 7. Cupola. 8. Frame Ring. 9.
Flange.
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Fig. 4. View on the “AuBaH” (“Sofa”) (Panels Mounted)

1. CO1-6 Luminary. 2. Handhold. 3. The PBC-Y-1 (Universal Onboard Network Outlet) Access Panel. 4. ACY (WMS) Receptacle. 5. Circuit breaker Unit. 6.
Water Container Access Panel. 7. Protective Grid. 8. Ventilation Grid. 9. Medical Equipment Connectors. 10. The PBC-20 (Onboard Network Outlet) Access
Panel. 11. Auxiliary Connector Plate Access Cover. 12. Ingress Hatch Door. 13. KC[I-bO Pressure Relief Valve Access Cover.
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Fig. 5. View on the “OuBan” (“Sofa”) (Panels Dismounted)

1. Transfer Hatch Opening Handle. 2. TA-601 Telephone Distributor Unit. 3. TA-203 Local Commutator . 4. Manual Pump. 5. Container. 6. CAC (Launch
Escape System) BAC-1 Automatic Control Unit. 7. BKB Dismountable Commutation Unit. 8. KIb, KINb-1 Pyro Cartridge Commutators. 9. Auxiliary Connector

Plate. 10. 907, 9071 Power Supply Units. 11. KCO-BO Pressure Relief Valve. 12. “Kurs” System 17P64 Electronic Equipment Container. 13. YAOIK-24 Channel
Selector. 14. MTC-250AT-2 Static Converter.
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Fig. 6. View on the “CepBant” (“Cupboard”) (Panels Mounted)

1.Comfort Fan. 2. Container. 3. BPYBE (BO Manual Control Unit). 4. 3C Unit. 5. MNIMNC (Space Suit Power Supply Panel). 6.Access Cover to the Urine Receptacle
with Wring Out. 7. MB Absolute (Vacuum) Pressure Gauge. 8. Ingress Hatch. 9. Cupola.10 Container Ne 1. 11. 2B Manual Cock. 12. CKI'C (Docking Interface
Pressurization)Control Panel. 13. Manual Pump. 14. Valve Set. 15. Pressure Sensors. 16. Container Ne5. 17. Container Ne 6. 18. Deflector. 19. Ventilation

holes.
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Fig. 7. View on the “CepBanT” (“Cupboard”) (Panels Dismounted)

1. Window. 2. Radio Interference Filter. 3. Unit Il. 4. ACY (Waste Management) Panel. 5. Air Purification Cartridge. 6.Urine Receptacle. 7. ACY Collector. 8.
Insert. 9. Renewable Ring Kit. 10. Pipeline. 11. Matrix Commutator. 12. Fan Assembly. 13. Pyro Cartridge Switchboard. 14. KJ1-108 Radio Transmitter Unit. 15.
3E Condensate Collector Container. 16. Antenna Switch. 17. KJ1-105-1.2 Commutator Unit. 18. KJ1-106 Synchronizer. 19. Sensor. 20. XCA (Cooling/Drying

Unit). 21. 2E Condensate Collector Container. 22. Cupola.
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Fig. 8. CA Interior Layout

View on Plane I.

CA/BO Hatch Lid;

CA/BO Hatch Lock Mechanism;
MK14 Flight Garment;

T3K (Thermal Protective Suit);
Container;

“Kazbek-U” Item (Right);

PYO (Rotation Hand Controller);

“Kazbek-U” Item (Middle);

Luminary;

MN3BC (Spacesuit Fan Circuit Breaker Panel);
“Forel” Hydrosuit;

“Neva-KV” Set;

“Kazbek-U” ltem (Left);
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View on Plane Il.

PY[ (Translation Hand Controller);

TV Camera;

“3B” Manual Cock;

MCA-1-¢732 MK CA (Descent Module Cosmonaut Panel);
Flight Data File Container ;

BCK-4 Sight;

XCA (Cooling/Drying Unit);
raszoaHanuaarop ([A) (Gas Analyser);

PYO (Rotation Hand Controller) Connector;
Pull-Overs;

Starboard Window;

Push-To-Talk Button;
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View on Plane Il
PrB-2 Manual Turn Valve;
PAIM-10 Manual Antenna Switch;
PrB-1 Manual Turn Valve;
PYC (Descent Control Handle);
OCA (Pressure Caution/Warning Signal Sensor);
PAIM-7 Manual Antenna Switch;
1B Manual Cock;
MBK Valve Inhibit Switch;
MBK-O Command Inhibit Switch;
OMK-TCA Electro-pneumatic Valve;
KPYO (Rotational Hand Controller Commutator);
1HP Manual Pump;
OrlK-P[L Electro-pneumatic Valve;
KPYQ (Translational Hand Controller Commutator);
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Fig. 8. CA Interior Layout (Continuation)
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View on Plane IV.

40 - Regenerator ;

41 - [OMII (Soft Landing Thrusters);

42 - OlK-M Electro-pneumatic Valve;

43 - Port Side Window ;

44 -  “Kazbek-U” ItemShock Absorber;

45 - BP-1 Distribution Unit;

46 -  Payload Container;

47 -  BBK Separation Contact Command (KO)lssue Unit;
48 -  C[OB (Ventilation Valve System) Shutter Control;
49 -  BPYC (CA Manual Control) Unit;

50- “Gnom-M” Tape Recorder;

51-  BIIK Plug Cap;

52 - K1 Telegraph Key;

53 - Pressure Sealed Lead Through Plate;

54 - “4B” Manual Cock
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Fig. 9. NxO Layout
1. ONO (Berthing/Attitude Control Thruster) Unit. 2. Oxygen Pressure Bottle (4 pcs). 3. PKO (Orbit Radio Tracking) Antenna. 4. Truss. 5. Pyro Lock. 6. AB[-27
Antenna (2 pcs). 7. Spring Pusher. 8. Heat Exchange Manifold. 9. Ring. 10. Electrical Disconnects.
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Fig. 10. NO Body Structure

1. MxO (Adapter Module) Spherical Bottom. 2. Cylinder Cowling. 3. AO (Assembly Module) Spherical Bottom. 4. Support. 5. Flanged Socket. 6.
Socket/Sprayer.
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Fig. 11. AO Configuration

1. AO Body. 2. Hinged Cooling Radiator. 3. AB[]-26 Antenna. 4. Thermal Sensor (6pcs). 5. KOY (Combined Propulsion System) Basic Unit. 6. AMNO
(Berthing/Attitude Control Thruster) Unit. 7. Radio Communications Antenna. 8. AKP-2 Antenna. 9. AKP-3 Antenna. 10. Solar Battery Mounting Support. 11.
WKB (Infra-Red Vertical) Sensor. 12. Spherical Bottom. 13. KA (Gas-Liquid Unit).

27
ROP-19



17 1 y, 3 & 7 818 g i0 2 i
!
\ )
| 14 ConHeuHbie
1 faTapelt
I
wr | [N/
LI 19 13 20 5 16
1 - ATeHHa " Kypc" 2ACD 9 - B TEHHA TENEMETPW 17 - CTHIEOEOYHBIA MESAH A3
2 - MTeHHa "kypc” AC 10 - AHTenna "kKypc" AKP2 3 18 - ConHeYHBIA BATHHE
J - MTeHHa TR 11 - AHTeHna "Kypc AD 19 - Mepuckon [BCE4)
4 - BuiToROH OTCEE 12 - BTeHna "Kypc" AKPA 20 - lamue KB 2
h - Cnyoceaemuld annapat 13 - BTeHHa PO
f - OcTpoHanpagnedHan aHTeda kPN 14 - TpubopHo-arpera THeid oToeE
T -MT1edHa KPNTwa CB 15 - YEB-aHTeHHa [ronocoBan GERs)
i - [epexo Hol oTGeE 16 - BHEWH AR TENEEaMEpa

Fig. 12. Soyuz Antennae Layout

1. “Kurs” System 2AC® Antenna. 2. “Kurs” System AC Antenna. 3. TV Antenna. 4. BO Module. 5. CA Module. 6. Command Radio Link Pencil Beam Antenna. 7.
Solar Panel Mounted Command Radio Link Antenna. 8. NxO Module. 9. Telemetry Antenna. 10. “Kurs” System Antenna AKP2,3. 11. “Kurs” System AO Antenna.
12. “Kurs” System AKP1 Antenna. 13. Orbit Radio Tracking Antenna. 14. [TAO Module. 15. VHF Antenna (Voice Communications). 16. Exterior TV Camera. 17.
Docking Mechanism. 18. Solar Sensor (now not installed). 19. BCK-4 Periscope Sight. 20. VIKB-1,2 (Infra-Red Vertical) Sensor.
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Fig. 13. Soyuz Spacecraft Principal Dimensions

Dimensions values are given in millimeters.
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3.2. NYNbTbl YNIPABNEHUA (MY) (CONTROL/DISPLAY PANELS)
GENERAL INFORMATION ON THE SYSTEM

The crew transfer spacecraft control/display panels are designed to be operated by the crew for:
— issuing the spacecraft system control commands;

— spacecraft system functioning monitoring;

— time/space information acquisition;

— navigation status determination;

— data exchange with the BLIBK (Onboard Digital Computer Complex);

— KOY (Combined Propulsion System fuel) consumption monitoring;

— TV data acquisition at the BKY Video Monitoring Device.

SYSTEM COMPOSITION

The following control aids are used for the crew transfer spacecraft control:

— nynbT kocmoHaBTa CA (MK CA) (Descent Module Crew Display/Control Panel);
—  6nok pyyHoro ynpasneHus CA (BPYC) (CA Module Manual Control Unit);

— Bnok pydHoro ynpaenenus BO (BPYB) (BO Module Manual Control Unit);

—  6nok Bblgaun komaHabl “KO” (BBK) (“Separation Contact” Command Issue Unit);
— nynbT nuTaHus ckacpangpa (MIC) (Space Suit Power Supply Panel);

— pydka ynpasneHus cnyckoMm (PYC) (Descent Control Handle).

MK CA (DESCENT MODULE CREW DISPLAY/CONTROL PANEL)

Th MK CA (Descent Module Crew display/Control Panel) is shown in Fig. 1.
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Fig. 1. MK CA (DM Crew Display/Control Panel)

On the MK CA front there are the following instruments and controls:

—  komaHgHo-curHaneHble nons (KCr1-J1 and KCI1-M) (Command/Signal Panels: -Left and Right);

— Tabno curHanbHble anekTpontomuHecueHTHble (TCO1+TC35) (Electroluminescent Indicator Displays);
—  KnaBuLK Bblgaun ocobo BaxHbIx komaHg (OBK) (Critical Command Keys);

—  KOMOBWHMPOBAHHBIN 3NeKTPOHHbIN HAnkaTop (KAOW) (Combined Electronic Indicator);

— anekTpoHHble Yackl (BYK) (Onboard Clock);

—  nynbT py4Horo BBoaa nHdopmaumm (MPBU) (Manual Data Load Panel);

—  WHAMKaTOp HaBurauuoHHbIn kocmudeckuin “UUHK-2C” (Space Navigation Indicator);

—  vHAukaTop HanpshkeHus n Toka “UHT3-1” (Voltage & Current Indicator);
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— KAY (Combined Propulsion System) “CUPT” Propellant Quantity Meter;
— circuit breakers;

— keys for issuing service commands;

— switches, knobs, LED lamps.

KCIl’s (COMMND-SIGNAL PANELS)
On the MK CA front panel there are two KCIls (Command/Signal Panels): the Left one (KCI1-J1 shown in
Fig. 2) and the Right one (KCTI1-IT shown in Fig. 3).
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KCTIls are designed for:
— issuing onboard system control commands and their execution monitoring;
— system status monitoring by light indication.

Each KCIT consists of:
— three indicator boards of blue/green luminosity;
— two keyboards: for line (system) selection and for issuing commands.

The line selection keyboard is vertical, the keys are fixed when pressed, mechanically interlocked and
Cyrillic letter designated (For KCM-JT: A, 5,B I, O, XX, N, K, JT and for KCM-M: H, M, P, C, T,VY, ® ). The
extreme right and left indicators in each line have additional light segment which when lit tells you that this
particular line is selected.

The command issue keyboard is horizontal, the keys are mechanically interlocked but not fixed when
pressed and numerically designated: odds for “ON” commands and evens for “OFF” commands.

The KCI1 indicator lights can also go on and off when commands are being passed as issued by system
automatic control, Interactive System Control, Program/Timing Control and KPJ1 (Command Radio Link).

TC3s (ELECTROLUMINESCENT INDICATOR DISPLAYS)

These displays are designed to inform the crew on system status and operational modes.

There are five such displays on the Crew Display/Control Panel. TC31, TC32 and TC35 displays include
green luminosity lights and have the purpose of displaying routine flight information (Fig. 4).
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Fig. 4. TC31, TC32 and TC35

TC34 lights are yellow and its purpose is to display Caution/Warning information. Any TC34 light illumi-
nation is accompanied by a continuous sound signal (Fig. 5).
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Fig. 5. TC34

TC33 red luminosity lights display emergency information. Any of these lights going on is accompanied
by an intermittent audio signal and by separate red “LieHTpansHbiii oroHb” (LO) (“Central Light”) flashing
(Fig. 6).
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Fig. 6. TC33
OBK (CRITICAL COMMAND) KEYS
OBK Keys are shown in Fig. 7.
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Fig. 7. OBK (Critical Command) Keys

Critical nature of the commands issued by means of these keys consists in irreversibility of the proce-
dures launched as a sequence of these commands execution, and also in importance of these proce-
dures as they have a great influence on the mission schedule.
For issuing critical commands on the MK CA there are four keyboards of four keys each, and a separate
keyboard of two keys:“MOArOT. PASFEPMETU3.” ( CONFIG. DEPRESSUR.)and “PA3FEPMETWS.”

(DEPRESSUR.).

All the keys are press-actuated, not fixed when pressed and mechanically interlocked to inhibit issuing

more than one command at a time.
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K31 (COMBINED ELECTRONIC INDICATOR)
The K3U (Combined Electronic Indicator) is shown in Fig. 8.

[ [N} [ [ [N IIIII
—1o00|

Z BOYG1-2
= Eﬂ,!"CI-{ | /ED,!:"CI-S

— IIIIIIIIIIlIIIIIIIIIIIIIII
I
&h
=
=

Tuc_1n||||||]||||1|n|||||||I|||||||||JT¢T @
MNOoOroT
HI
KOHTPACT APROCTHE
K3
T ' Poo[- PK&o| FPEO] _] T P ] T
L 4 TT: 2-P|I()||P 1 pca—{Pnoppg| Poy | I'JI" Puua-zplzﬂlmizpux pra F
- — Ha0 - Tno - - .
L | Po22” oa¥, |TE0TH T K Fus-2)  Prep-g), Pupzm?l.;—l K
BKN (lkontpons|lkotpont] COC TAEN CTP PSR P.T KOY-1 || ¥kl
Ol WA [ nn ATM}(I){(:HJ GH;% cago||oE,no CKIc || vnmn ||Kay-2|{{CHOC CELC TOUHO,
1 2 3 4 5 G T 8 9 10 11 12 13

Fig. 8. Combined Electronic Indicator

The KOW purpose is to display:

— system analog parameters;

— spacecraft attitude parameters;

— TVimages;

— BUBK (Onboard Computer Complex) data while operating the computer in display mode;
— descent parameters in PYC (Manually Controlled Descent) mode;

— simultaneously TV image and BL|BK data;

Over each of the selection key there are graphical hints of parameters and scales to be displayed on the
K3W screen when a particular key is pressed.

When the KOW session is over and a long duration non-operation interval is expected the K3W should be
switched off. To do so it is necessary to press again “UN BKI.OTKI” (Indicator Power ON/OFF) key
which will de-energize the “Ctpenka” equipment and to issue one of the OFF commands: “Oucnnen’
(Display), “TB CA” (DM TV), “TB CTbIK” (DOCK. TV).

During spacecraft descent when OK-52 “TpeaBaputensHoe pasgenenue” (Preliminary Separation) com-
mand is passed the KOW current mode is automatically switched off and “TB PYC” (Manually Controlled
Descent TV) mode is switched on, the image frame for the mode being supplied by the “Klest” TV sys-
tem.

While the KOW is being run in one of the modes (except “TB PYC” - Manually Controlled Descent TV
mode) when a command for switching on another mode (“Oucnnen” - Display, “Oucnnen + TB” - Display
+ TV, “TB CA”-DM TV, “TB CTbIK” - Dock. TV) is issued by the crew the K3W Indicator will automatically
transfer to the new mode.
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BYK (ONBOARD CLOCK)
The BYK Clock is shown in Fig. 9.
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Fig. 9. BYK (Onboard Clock)

The BYK onboard electronic digital clock provides time reference information:
— current Moscow Time counting by seconds - “4TB” (Clock of Current Time);
— preset time coming announcement - “OlM1” (Announcement);

— “Announcement’ time;
— timing, time interval measurements by means of Stop-Watch.

On the BYK Clock front panel there are:
“BKI” (ON) switch to switch on the BYK power;

—  “PABOTA-KOPPEKUMWA”(Run/Correction) switch to select the BYK run or correction mode;

—  “YTB-OI” (Clock of Current Time/Announcement) switch to select either YTB (current time) or OI1
(preset time) data to be displayed on the upper indicators;

—  “MYCK.OCTAHOB.CBPOC” (Start/Stop/Reset) button for the Stop-Watch manual control;

- “YAC.MUH.CEK” (Hours, Minutes, Seconds) digital indicators to display current or preset time data;

-  “MMUH.CEK” (Minutes, Seconds) digital indicators to display Stop-Watch data

—  “BBOQL’ (Enter) button to enter current or preset time data;

— The BYK is switched on by placing “BKI1” (ON) switch in the upper position while the MK CA power is
on.

The Clock is equipped with both built-in autonomous pulse generator and external high stability pulse in-
put. The external pulses may come from either the AlNBY (Program-Timing Control Equipment) or KI1110
TV unit.

During launch/injection and autonomous orbital flight phases the BYK is time synchronized with the AMNBY
(Program-Timing Control Equipment).

When the BYK is time synchronized with the built-in generator the error is no more than 30 sec. a day.
The external pulse time synchronized BYK maximal error is 4.5 sec.

The Stop-Watch can operate both in manual and automatic modes. The Stop-Watch automatic control is
used for the propulsion system engine burn timing and has a higher priority level than that of the manual
control.

When OK-29 “BknitoueHne CKL” (Engine Fire) command is issued the Stop-Watch is stopped, reset and
started. When OK-30 “OtkntodeHne CK ” (Engine Cut Off) command is generated, provided the
“MAHEBP” (Maneuver) flag is present the Stop-Watch is stopped.

During descent phase (provided “CIMYCK” (Descent) flag is present, the Stop-Watch is stopped on CI1-7
“Kacanune” (Contact) automatic command.

The Stop-Watch is manually controlled by means of “rTlYCK.OCTAHOB.CBPOC” (Start/Stop/Reset) but-
ton:

— pushing the button once makes the Stop-Watch start;

— pushing the button twice makes it stop;

— pushing it thrice resets the Stop-Watch, the indicators coming off.
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nPBU (MANUAL DATA LOAD PANEL)
The NMPBW Panel is shown in Fig. 10.
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Fig. 10. MPBU (Manual Data Load Panel)

The MPBW Panel operating jointly with the Bnok py4Horo Beoga nicopmauun (BPBW) (Manual Data Load
Keyboard) enables the crew to:

— load/display the BLIBK (Onboard Computer Complex) command/set-up data;

— display data for the spacecraft CY[] (Motion Control System) status check program;

— load/display setting data for the spacecraft CYC (Descent Control System);

— set BKY display modes for the BLIBK (Onboard Computer Complex) data.

When loading data the indicator digit windows are filled starting from window 1 to the right (from the most
to the least significant digit). When the setting data are entered, if they are correct, one should press
“NCNOJIH” (Exec.) key. If while loading data the last digit entered is incorrect “TALUEH” (Delete) key
should be pressed and the correct digit reentered.

“UHK-2C” SPACE NAVIGATION INDICATOR

The “UHK-2C” Indicator (“The Globe”) presents the following data:

— spacecraft current geographical fix;

— number of orbits flown by the spacecraft by the given moment;

— time to go to shadow entering/leaving;

— estimated spacecraft landing site for the engine retrofire at the given moment.

The “UHK-2C” Indicator appearance is shown in Appendix A.
The Indicator is an electromechanical device, simulating the Earth rotation as observed onboard the
spacecraft by rotating “the Globe” in two axes (the spacecraft orbit axis and the Earth daily rotation axis).
“The Globe” is driven in two axes by a step electric motor via reduction gears as commanded by pulses
repeated at a frequency of 1 Hz.
The Indicator has a three position mode selector switch:
— “OTKIT” (OFF) position deenergizes the Indicator;

“3” (Earth) position activates the current geographical fix indication mode;
— “MIT” (Landing Site) position transfers the Indicator into estimated landing site display mode.
The spacecraft current fix is indicated both on the “Globe” map at the central cross-hairs and on latitude
and longitude scales rotated by the same mechanism driving the “Globe” in orbital and Earth rotation
axes.

The accuracy of the spacecraft geographical fix determination is < 100 km, and that of the landing site
estimation - 150 km.
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“UHT3-1” VOLTAGE & CURRENT INDICATOR
The “UHT3-1” Voltage & Current Indicator is shown in Fig. 11.

Fig. 11. Voltage & Current Indicator

This Indicator is designed for monitoring: voltage (“U”) at the Power Supply System output buses, load
current (1.H), solar battery current in autonomous orbital flight (I.c6) and the spacecraft accu battery charge
current while in “Mogsapsin” (Recharge) mode using the Orbital Module (OB) power supply (l.3ap).

When using the Indicator the crew can monitor one of the above listed values at a time. There is a four
position switch for selecting the value to be measured and a mechanical knob for adjusting the scale fig-
ure marking to the measured value range.

“OTKIT” (OFF) position of the switch is used in the spacecraft preservation mode.

“CUPT” PROPELLANT QUANTITY METER
The Propellant Quantity Meter is shown in Fig. 12.

Tonmmeo KAY

o] o] 3] [7]

Fig. 12. Propellant Quantity Meter

The Meter measures and displays the KOIY (Combined Propulsion System) propellant quantity available. It
is a device that automatically decreases a preset value corresponding to the quantity initially charged into
the spacecraft tanks as the propellant is consumed by the propulsion system.

MANUAL CONTROL UNITS

The purpose of Bnok pyyHoro ynpas nexust CA (BPYC) (CA  Manual Control Unit - Fig. 13) and Bnok
pyyHoro ynpaenenusa 6O (BPYB) (BO Manual Control Unit - Fig. 14) is power supply bus commutation of
units and instruments and overcurrent protection of equipment in the CA and BO Modules.
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Fig. 13. BPYC (CA Manual Control Unit)
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Fig. 14. BPYB (BO Manual Control Unit)

The power supply buses are commutated by means of manual circuit breakers and toggle switches.

Both toggle switch commutated power supply circuits and non-commutated circuits of low current (< 5A)
units are protected from excessive current by means of fuses.
The BPYC and BPYE fuse state is monitored by means of LED lights on the unit front panels.
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BBK (“SEPARATION CONTACT” COMMAND ISSUE UNIT)
The BBK (“Separation Contact” Command Issue Unit) is shown in Fig. 15.
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Fig. 15. BBK (“Separation Contact” Command Issue Unit)

In CA close to MK CA Panel lower plane, to the left of the Flight Engineer’'s work-station there are two
identical units for crew-issuing “Separation Contact” back-up command in case this command is not
passed from the Launch Vehicle automatics.

On each unit there is one toggle switch with “ON” position designated as “KO” (Separation Contact) and
one “KO” covered key.

In case the “KO” command is not passed automatically in preset time moment the crew should place the
two toggle switches in “KO” position, open the “KO” key covers and simultaneously press the two “KO”
keys. The crew must execute all the above mentioned operations within 15 seconds after the space-
craft/Launch Vehicle scheduled separation time.

nrc (SPACE SUIT POWER SUPPLY PANEL)
The MIC (Space Suit Power Supply Panel) is shown in Fig. 16.
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Fig. 16. MMNC (Space Suit Power Supply Panel)

[g H DEFEIATA I

The MIC Panel is designed for commutation and protection of the “Orlan-D” EVA suit power supply cir-
cuits when the BO volume capacity is used for EVA egress.

Umbilical cables of “Orlan-D1, 2” suits are connected to X123/1 and X123/2 connectors located under
Container 1 in the BO.
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INTERNAL ILLUMINATION AIDS

The Internal lllumination Aids comprise operational and TV lights and a light with an autonomous power
source (Lantern).

Operational illumination is provided: in the CA - a single “C1-6” Luminary with adjustable light intensity,
and in the BO - by two “C[]1-5M” Luminaries with non-adjustable light intensity.

The light units of “C[1-6” and “C[A1-5M” Luminaries are interchangeable.

TV lights in DM are switched on by “TB CA” (DM TV) command (P-11 on KCI1-IM) and switched off by “TB
CA” command (P-12).

The “®3C” light with autonomous power source (Lantern) is used for illumination during transfers to un-
lighted modules and in off-nominal situations.

PYC (DESCENT CONTROL HANDLE)

The PYC (Descent Control Handle) is designed for generating the CA roll control signals in the controlled
descent mode and also for issuing the following commands to the Descent Control System:
— PYC Handle power (MAUT);

— Free Gyro uncaging (PI);

— Backup Ballistic Descent (BCP);

— Ballistic Descent (BEC);

— Reduced Descent Program (MP-5);

— Nominal Reentry (T.c);

— Manual Attitude Control (PO);

— Manually Controlled Descent (PYC).

The PYC Handle stowed position is to the left under the MK CA Panel, in operational position it is gripped
by the Commander.

The PYC appearance is shown in Fig. 17.
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Fig. 17. PYC (Descent Control Handle)
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THE SYSTEM OPERATIONAL LIMITS AND CHARACTERISTICS

When operating the KCIlls one should take into account symbolic designations for types of commands
which are shown to the right of the corresponding light:

< - command without indicator light;

Il - only “ON” command,;

</l - only “ON” command without indicator light.
The execution of commands without indicator light can be monitored by other indications.
Commands issued by means of keys: 9, 11, 13, 15 on KCTI1-J1 do not have corresponding “OFF” com-
mands, therefore there are no figures (10, 12, 14, 16) marked on the accompanying even keys.
After issuing a command the line selection key should be depressed (switched off) to prevent from inad-
vertent issuing of a non-desired command. To switch off a line (system) selection key one should press
slightly any other line selection key, the previously selected line light will go off.
When two commands are simultaneously issued from the KCIN and KPJ1 (Command Radio Link) the latter
is of a higher priority: while a KPJ1 (Radio Link) command is being issued the KCI1 commands are inhib-
ited.
While operating the KCIls one should keep in mind that the KCI1-J1 commands are powered from “Ce”
buses configured in MO Module which are de-energized after the spacecraft module separation during
descent. That is why once the “Separation” command is passed the KCI1-J1 command issue capability is
lost, however a part of indicator lights powered from “C” buses configured in CA will remain ON.
The KCI1-IT commands which are powered from “C” buses can be issued in all spacecrfaft flight phases
including post-separation period.
On the MK CA Panel there are two groups of fuses for excessive current protection of several instruments.
The fuse status is monitored by means of LED lights. When a fuse is blown the corresponding red color
LED goes on. The blown fuse should be replaced with a proper one of the CA Manual Control Unit spare
fuses. If the same fuse is blown repeatedly the crew will replace it after consulting the LIYT1 (MCC).

When the MK CA is de-energized the crew will still be able to operate the following displays and controls:

— OBKKeys;

— adjuster knobs: “APKOCTb PAB. OCBELLEHWNA” (Operation Light Intensity) and
“BOCIMNPOUN3BEOEHNE” (Play);

—  “HACTPOWKA PPX” (Liquid Flow Regulator Adjustment) switch;

- “OATYUKU UNM” (Attitude Indicator Sensors) switch;

— radio communications controls;

— “BKIl. PE3. BATAPEW” (Backup Battery ON) key (IK3);

— Voltage/Current Indicator;

Fuel Quantity Meter;

K3W Indicator in TV mode.

CREW OPERATIONS WITH THE SYSTEM

The MK CA is energized/de-energized by means of two “MYJIbT” (Panel) keys: “INK7 BKI” (ON) and “I'K8
OTKN” (OFF) with protective cover. “MYINbT” keys are press activated, not fixed when pressed and me-
chanically interlocked.

To test performance of the KCI1 indicators one of the*KOHTPOJIb KCIT” (KCI1 TEST): either MK12 or
IMK24 key on the MK CA Panel should be pressed. While either of the keys is pressed all the KCI1-J1 and
KCI-I1 light will be blue/green color illuminated. The test duration must not exceed 30 seconds.

To test performance of the TC3 (Electroluminescent Indicator Display) lights one of the “KOHTP.TC3”
(TCO Test): either MK11 or MK23 keys on the MK CA Panel should be pressed. While the key is pressed
all the Indicator Display lights are constantly illuminated as well as two “MecTto nocagku” (Landing Site)
LED lights on the Navigation Indicator. Apart from that an intermittent audio signal will sound and “L|O”
(Central Light) will flash. The test duration must not exceed 30 seconds. When “KOHTP.TC3” (MNK11 or
MK23) (TC3 Test) key is released the “LJO” (Central Light) goes OFF, the sound audio stops sounding,
the “Mecto nocagku” (Landing Site) LED lights go OFF and the TC3 Indicator Displays retain their previ-
ous configuration.

In case of non-passage of commands issued from the KCI1 the command duration shaping circuit failure
may be a probable cause. In that case it is necessary to connect LUMBK cap to LUMBK plug connector to
the left of the Flight Engineer seat. After that the KCI-issued command duration will be defined by the key
pressing time. This time should not exceed 1-2 seconds.

The audio signal accompanying Caution/Warning and Emergency indicator lights can be switched OFF by
pressing “OTKIN.3BYKA” (Sound OFF) key (IMK21). When the sound is OFF the “LIO”(Central Light) also
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goes OFF. The indicator lights go OFF when the cause of their illumination is eliminated except the follow-
ing indicator lights: “Bei3oB Ha cBa3b” (Comm. Call), “Asapusa BLUBK” (BLBK Failure) on TC34, “ABapus
OK” (Discrete Circuit Failure) on TC33 which are put OFF by pressing “CBPOC ABAP.CUI'HAJT” (Emer-
gency Signal Reset) key - MK9.

The CA luminary is switched ON by means of “CPO CA” (CA Operational Lighting) toggle switch on the
BPYC Unit and the lighting intensity is adjusted by means of “APKOCTb PABOYEIO OCBELEHNA"
(Operational Lighting Brightness) knob at the front of the MK CA Panel.

The BO luminaries are switched ON by means of “CPOBO” on the BPYB Unit.
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3.3. CACTEMA OBECMEYEHMWS TEMNOBOIO PEXXUMA (COTP) (THERMAL CONDITION CONTROL
SYSTEM)

THE COTP PURPOSE

The COTP is designed for:

— thermal stabilization of the spacecraft body and its elements during pre-launch and all flight phases;
— ensuring necessary thermal conditions in the pressurized modules in all flight phases;

— supporting humidity level in habitable modules within specified limits;

— ventilation of pressurized modules.

SYSTEM COMPOSITION

The COTP consists of the active part: Cuctema tepmoperynuposaxus (CTP) ( Thermal Control System)
and the passive part: Cpegctea naccusHoro Tepmoperynmpoanus (CIMTP) ( Passive Thermal Adjustment
Aids).

The CTP is a hydraulic system which includes several hydraulic loops: KoHTyp »xwunbix otcekoB (KXKO)
(Habitable Module Loop), KoHTyp HaBecHoro pagmatopa (KHP) (Attached Radiator Loop), KoHTyp
BoasiHoro oxnaxaenus (KBO) (Water Coolant Loop), lNMpomexyTouHbI KOHTYp NogorpeBsa (MIKTT)
(Intermediate Heating Loop) and KoHTyp oTkadku koHaeHcaTta (KOK) (Condensate Evacuation Loop).

The CIITP purpose is to avoid uncontrolled spacecraft/ environment heat exchange. The CIITP Aids
include: akpaHHo-BakyymHas nsonsaums (3BTW) ( Shield Vacuum Thermal Insulation), heat sinks, thermal
resistors and the special treatment of the spacecraft outer surfaces and its exterior elements.

The Soyuz spacecraft COTP block-diagram is shown in Fig. 1.

CTP SYSTEM

KXKO (Habitable Module Loop)

KXKO is a pressurized hydraulic loop. The heat agent is circulated along the loop as driven by the “OHA-3”
Electric Pump Unit. The heat agent is fed to the >WOKOCTHO-XWOKOCTHbIN TENNOOOMeHHMK (HKKT)
(Liquid/Liquid Heat Exchanger) in the AO Module. In the XOKT the excess heat is transferred from the
KXKO heat agent to the KHP heat agent. Then the agent is pumped through the piping to the CA where
one half of its volume flow is fed to the XonogunsHo-cywmnneHein arperat (XCA ) (Cooling/Drying Unit) of
that Module, and the other half is flown to the BO Module XCA. From the BO the agent flows through the
piping to the XOKT of the active docking mechanism where it comes in heat contact with the MKIT heat
agent. Then it goes to the docking mechanism heating channel and after that it is fed to the BO and CA
Modules. From the pressurized modules the agent is pumped to the NxO, where it thermally stabilizes the
MxO Module ArO thrusters. Then it goes to the AO thus providing for the AO Module MO thrusters.
Then the full flow of the agent goes through the mechanical additive filter and the electric heater to the
“OHA-3" Electric Pump Unit inlet. The Pump Unit operation is monitored by the pressure differential te-
lemetry sensor. The loop pressure is monitored by a pressure sensor and by a pressure warning trans-
ducer. A thermal expansion compensator in the loop.

KHP (Attached Radiator Loop)

The KHP is a close d pressurized hydraulic loop and consists of the interior and exterior manifolds. The
agent is circulated in the manifolds by means of the “OHA” Electric Pump Unit.

The interior manifold is for KXXO/KHP heat exchange in the 2XXKT. The heat received by the KHP is used
for the AO Module body thermal stabilization and for keeping the MO Module gas environment within
specified temperature limits.

The agent circulation in the loop is as follows: from the Pump Unit it goes to the XOKT for receiving heat
from the KXKO loop, then to the aszoxugkocTtHein arperat (MKA) ( Gas Liquid Unit) where it exchanges
heat with the MO Module atmosphere and finally passes along a pipe coil for the thermal stabilization of
the AO body and the KOY (Combined Propulsion System) units. Passing through the mechanical additive
filter the agent is fed to the QHA1 inlet provided the Perynatop pacxopa xugkoctu (PPXK) (Liquid Flow
Regulator) is in closed position. A special device is built in the interior manifold to compensate for the
agent volume variations.

The exterior manifold is for the excessive heat dumping by means of the HaBecHol xonoguneHbin
pagnatop (HXP) (Attached Cooling Radiator).

The agent circulation in the exterior manifold is as follows: from the “GHA2” Pump Unit it goes to the HXP
and then through the mechanical additive filter to the 3HAZ2 inlet provided the PP>XX is in closed position.
The interior and exterior manifolds are connected via the PP>K. When it is in closed position two hydrauli-
cally separated manifolds are formed each having its own SHA.
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If the interior manifold agent temperature is too high (which is testified by the liquid temperature sensor
indication) it becomes necessary to use the exterior manifold for dumping out excessive heat by means of
the HXP. To do so the PPX is transferred to the open position which makes the two manifolds one hy-
draulically united loop. The agent in the united loop is circulated by means of two QHAs operating in se-
ries. To enhance the CTP System reliability (to retain the capability of feeding the agent to the HXP in
case of the PPX failure, i.e. when it cannot support the required agent flow rate) a pyro valve and two
orifice plates are installed in the loop.

The interior and exterior manifold OHA performance is monitored by a pressure differential telemetry sen-
sor installed in the pipe between the 3HA inlet and outlet.

The loop agent pressure data is transmitted to the crew from the pressure sensor and the pressure warn-
ing transducer.

MK (Intermediate Heating Loop)

The TKI loop is designed for the spacecraft and its active docking mechanism thermal stabilization during
spacecraft/station joint flight in docked configuration while the majority of its systems are preserved. The
MK loop has pressure tight hydraulic connections with the Mir Core Module CTP System manifolds via
the docking assembly valves. The Core Module CTP heat agent goes through the docking assembly hy-
draulic couplers to the XXKT, where its heat is transferred to the spacecraft CTP System KXKO loop agent.
The TMKI1 loop agent pressure is monitored by means of the pressure sensor and the pressure warning
transducer.

There is a thermal volume variation compensator installed in the loop. The docking assembly coupling
valves are detachable and self-locked.

Note: This loop is not used in the spacecraft of Soyuz TM type to be docked to the ISS. The spacecraft
thermal stabilization while in the preservation mode is achieved by setting the Air Heater and using the
Liquid Electric Heater installed at the inlet of the OHA (Electric Pump Unit) in the KXKO (Habitable Module
Loop).

KBO (Water Coolant Loop)

The KBO loop purpose is to provide for the specified thermal conditions in case of the CA water splash
landing. The CA cabin heat originated from the thermal shield heat accumulated during atmosphere reen-
try as well as from the CA equipment operation is transferred to the water coolant circulating in the XCA
heat exchanger. When simultaneously the valve pyro cartridge is fired and the water pump is switched on
the outside water is pumped in. The pump drives the water through the loop at the flow rate of not less
than 8 liters per minute.

When the KBO loop is in operation the CA Module XCA 1B Manual Cock must be open and the fan
switched on. The heat exchange between the KBO and KXO loops is not controlled. The heat exchange
intensity largely depends on the CA air/outside water temperature relation. If necessary the crew can ad-
just cabin air temperature by switching on/off the XCA fan and the KBO loop pump.

KOK (Condensate Evacuation Loop)

The KOK loop is for the condensate transportation from the XCA (Cooling/Drying Unit) to the Condensate
Ccontainers and for its subsequent stowage. The loop is so designed as to allow the condensate to be
pumped from the CA Module XCA by the CA Manual Pump either to the CA or BO Condensate Contain-
ers and also by the BO Manual Pump from the BO XCA and from the CA XCA to the BO Containers.

So the Manual Pump pumps the condensate. When the CA/BO Hatch Door is closed the condensate is
pumped from the CA Module XCA into the CA Container, for that purpose the 3B and 4B By-Pass Valves
should be set at “KoHgeHcat B CA” (Condensate to CA) position. In case the CA/BO Hatch Door is open
the condensate is to be pumped from the CA Module XCA to the BO Containers by means of the CA
Manual Pump and for that purpose the 3B and 4B Valves should be positioned to “KoHgeHcaTt B 5O ”
(Condensate to BO). The crew has the capability of using the BO Manual Pump for pumping the conden-
sate from the CA Module XCA to the BO Containers, and the 3B and 4B Valves in this case should be set
at “KoHgeHcat B BO” (Condensate to BO).

In order to support the KOK Loop operation during the spacecraft autonomous flight before descent the
crew must see to it that the CA Container be filled minimally during the autonomous flight phase after the
spacecraft injection into orbit.

There are two Condensate Containers in the BO Module. When one of them is full up the other one is
filed. The Condensate Containers are equipped with quantity indicators. And increased Manual Pump
handle force can be an indirect crew indication that the Container is full.
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Ventilation System

The Ventilation System is designed for:

— ensuring necessary crew life support and comfort conditions, specifically in the line of uniformity of the
atmosphere gas composition, temperature, humidity and air speed all around the spacecraft habitable
volume;

— cooling the operating units and equipment and subsequently transferring heat to the CTP System
agent in the MNKA.

The Ventilation System is operating in all phases of the spacecraft prelaunch procedures and flight. The

air circulation in CA and BO is maintained by means of the XCA fans and special air circulation fans in

those modules. The air in the O Module is circulated by means of the KA fans.

THE SYSTEM OPERATIONAL LIMITS AND CHARACTERISTICS

# Technical Characteristics Values

1 Air temperature in habitable modules +18 + +25°C

2 Instrument/assembly temperature in their location area +0 + +40°C

3 Air relative humidity < 75%

4 Air speed in the habitation area 0.1 + 0.8 m/s

5 Air speed in the instrument area 0.05+1.5m/s
6 Gas temperature in the MO Module 0 +40°C

7 Operational pressure in all hydraulic loops 0.5 +2.0 kg/em®
8 CTP System service life 4500 hrs

CREW OPERATION WITH THE SYSTEM

The CTP crew operations are assumed to be those of the System health monitoring, its operation control

as well as of reconfiguring the System when in station/spacecraft joint flight phase and at the end of this

phase.

While in the spacecraft autonomous flight phase the crew executes the following operations:

— pumps out the condensate in two hours after the Launch Vehicle separation command (after that the
pumping is repeated every four hours for two minutes);

— controls the Air Flow Regulator in the XCA of the CA and BO Modules according to the CA/BO Hatch
door position;

— controls operation of the air circulation fans (BCA and BEO) in the CA and BO Modules;

— controls the Ventilation Valve System (C[B) shutters;

— switches off the BO Module XCA and air circulation fan before closing the CA/BO hatch lid (when the
pre-descent program is over).

After the station/spacecraft docking the crew performs operations for the spacecraft preservation. The

spacecraft preservation is to be executed within three hours after the transfer hatch opening. The crew:

— lays the air guide hose with fan and heater from the Orbital Module to the spacecraft (The heater and
fan power supply receptacles are in the BO Module "Divan” back); the heater should be switched off
for the crew sleep time;

— switches on an additional fan in the Core Module to direct air flow to the spacecraft;

— ensures operation of the united NKMN/Core Module CTP (“Kvant” Module CTP) hydraulic loop;

— turns the CA fan so as to direct air flow to the CA/BO hatch and then switches it on for continuous run;

— switches on the BO fan for continuous run as well, the air flow directed to the Core Module hatch;

— pumps the condensate from the CA and 5O Module XCA into the BO condensate container and then
switches off the two XCA, but the XCA fans are switches on;

— sets the PPX adjustment switch on the MK CA at “17 rpagycos C” (17 degrees C) and then switches
off the PPXX;

— monitors the Ventilation Valve System (C[1B) Shutter closed position.

During the station/spacecraft joint flight the crew regularly monitors the following parameters of the space-
craft preserved CTP System:

— air temperature in the CA and 5O Modules;

— gas temperature in the MO module;

— the KXKO and KHP loop agent pressure;

— the CA and BO Module XCA in off position;

— the PPXn closed position;
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— the KXKO loop and A0 thrusters heaters in off position.

When the joint flight is over the crew executes the CTP System depreservation.

Fig.1. Soyuz TM Spacecraft CTP (Thermal Control System) Functional Block Diagram

1. CCBIT1 - Docking/Internal Transfer System; 2. BO - Habitable (Crew Resting) Module; 3. BBO - BO
Module Fan; 4. CA - Descent Module; 5. BCA - CA Module Fan; 6. NMAO - Instrument/Assembly Module; 7.
3K - Container 3; 8. [IBH - Breathing Plenum (Forced) Ventilation Squib Valve; 9. BB - Breathing Ex-
haust Ventilation Squib Valve; 10. 2K - Container 2; 11. 3HA1 - Electric Pumping Unit 1; 12. HXP - At-
tached Cooling Radiator; 13. AT - Liquid Temperature Sensor; 14. 1C[] - Pressure Switch Sensor 1; 15.
OMT1 -Temperature Sensor (Telemetry) 1; 16. ANMO AO - Berthing/Attitude Control Thrusters in Assembly
Module; 17. 3C[ - Pressure Switch Sensor 3; 18. AMT3 - Temperature Sensor (Telemetry) 3; 19. 30 -
Filter 3; 20. 5I'P - Hydraulic Coupler 5; 21. 3B - By Pass Valve 3; 22. 1E - Condensate Container 1; 23.
MH90 24. NKA - Gas/Liquid Unit; 25. NMHT1 26. 3E - Condensate Container 3; 27. 2E - Condensate Con-
tainer 2; 28. 7I'P - Hydraulic Coupler 7; 29. 2HP - Manual Pump 2; 30. 4B - By Pass Valve 4; 31. 1HP -
Manual Pump 1; 32. H - Pump; 33. [ - Choke; 34. XXKT - Liquid/Liquid Heat Exchanger; 35. 3I'P - Hy-
draulic Coupler 3; 36. 3M AO - Assembly Module Condenser Coil; 37. NMH86 38. NMH88 39. INMH 214 40. [ -
Choke; 41. XOKT - Liquid/Liquid Heat Exchanger; 42. QHAZ2 - Electric Pumping Unit 2; 43. 2XCA - Cool-
ing/Drying Unit 2; 44. [1 - Choke; 45. 6P - Hydraulic Coupler 6; 46. [AMNO IMXO - Berthing/Attitude Control
Thrusters in Adapter Module; 47. XOKT - Liquid/Liquid Heat Exchanger; 48. 20 - Filter 2; 49. PPX - Liquid
Flow Regulator; 50. 2B - Valve 2; 51. 1XCA - Cooling/Drying Unit 1; 52. OT>XX - Liquid Temperature Sen-
sor; 53. MHT3 54. MHT2 55. 1B - Valve 1; 56. 4I'P - Hydraulic Coupler 4; 57. NMH87 58. >KOH - Liquid
Electric Heater; 59. 1® - Filter 1; 60. [ - Choke; 61. NMH85 62. NMH89 63. 2CL - Pressure Switch Sensor 2;
64. OMT2 - Temperature Sensor 2 (Telemetry); 65. 3HA3 - Electric Pumping Unit 3; 66. 2I'P - Hydraulic
Coupler 2; 67. 1I'P - Hydraulic Coupler 1; 68. 1K Container 1; 69. [] - Choke.
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3.4. CUCTEMA YINPABJIEHUA BOPTOBbIM KOMIMJIEKCOM (CYBK) (ONBOARD COMPLEX
CONTROL SYSTEM

GENERAL INFORMATION ON THE SYSTEM

The CYBK (Onboard Complex Control System) is designed for:

— program/logic control of the onboard systems;

— the spacecraft systems status and modes routine data collection, compression and transfer to the
onboard displays and telemetry;

— electric power distribution to the onboard users and the C3I1 (Power Supply System) protection from
the current overload.

When describing the CYBK operation algorithms the basic terms are defined as follows:

Command is a voltage impulse of (34 - 23) V and of short duration (0,25 - 2 sec) that results in a reversi-
ble or irreversible change in the CYEK electrical circuitry or in the onboard systems status.

Flag is a memory element with two stable states which are used as logical conditions for command exe-
cution.

Operation is a reversible or irreversible change in the CYEK electrical circuitry or in the onboard system
status which results in an analogous signal appearing or disappearing at its output. A part of CYEK opera-
tions originate conditions for command executions, i. e. are logical.

Generalized Command is a group of combined commands which are functionally different (i.e. originated
by different sources: KPJ1 (Command Radio Link), ArBY (Program/Timing Control Equipment), MK CA,
system automatics and on each of which several identical operations are executed.

Interactive Multisystem Control Command is a command issued to the CYBK by a system automatic
control and used for other onboard system control.

SYSTEM COMPOSITION

Control commands coming from various sources (K CA, AMBY, KPI1, interactive commands from on-
board systems) are sent to the bnoku o6paboTtku komaHa (BOKC BOKB BEOKIT) (Command Processing
Units). Those commands coming from onboard systems, OBK (Critical Commands) several MK CA com-
mands are not processed in the decoders but are sent directly to the Command Processing Units. The
Units perform logical processing of the commands and their duration and execution sequence shaping.

From the Processing Units the commands are sent to:

— Bbnoku cunoson astomaTnkn (BCAI, ECAB, BCAC) (Actuation Automatic Units) - for commutating
units/assemblies power supply;

— onboard systems - for mode setting;

— Pyro Cartridge Commutators - for cartridge activated device circuit commutation.

The CYBK communicates with the BLIBK by means of Interactive Multisystem Control Commands be-
cause the BLIBK is functionally a part of CY[] (Motion Control System).

Command execution indication is generated by the system automatic control and provides for the crew
capability to continuously monitor the CYBK and other systems fulfilling their functions.

BCAIN (BCAB, BCAC) Units function is the onboard systems power supply bus commutation and the C3I
System protection from overcurrent.

The Pyro Cartridge Commutators KIb (CA, I1) organize logical processing of cartridge activated devices
control commands and implement the time/logic sequence of the spacecraft “division” (“Separation”) into
modules.

The CYBK System block diagram is shown in Fig. 1.
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Fig.1. CYBK System Block Diagram

1. Onboard Systems. 2. Actuation Automatic Units. 3. Processing Units. 4. Puro Cartridge. 5. Cartridge
Actuated Device Circuit Commutation. 6. Decoders.

Power Supply Distribution to the Modules

The electric power distribution circuitry belongs to hybrid type. The MO Module central distribution unit -

BCAI receives electric power from the C3IM System. There are three separable modules ([MAO, CA, BO)

in the spacecraft composition which dictates a necessity of having separate power supply buses for the

modules.

In the MO central distribution unit - BCAIT the following buses are configured:

— [1buses, non-commutatable, for the MNAO users;

— b buses, commutatable, fed via the cable mast and pressure sealed connectors to the BO distribution
unit - BCAB for the BO users;

— Ce buses, commutatable, fed via the cable mast and pressure sealed connector plate to the CA dis-
tribution unit - BCAC.

Ce buses energize C buses. Ce and C busses are used for power supply to the CA users before the

“paspgeneHne” (Module Separation) in the pre - descent phase. On the “Separation” command the C buses

are fed from the CA batteries and the Ce buses are de - energized.

B buses are used in the CA only for the NK CA display indications of the BO systems and units status.

The spacecraft main load E buses after docking to the station OB Module are energized by the OB Mod-

ule C3I1 System via the OB/Ob interface load connectors - LUPC1 and LWWIPC2.

The spacecraft modules electric power distribution diagram is shown in Fig. 2.
The C3IN System Protection from Current Overloads
For the current overload protection the following elements are used: overload relays, manually operated

circuit breakers (A3C) and fuses on the BPYC and BEPYB Units, PBC-Y(Universal Onboard Network
Power Outlet) and MK CA.
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Fig. 2. Spacecraft Modules Power Bus Distribution

1. The MK CA Panel, KP-O1 Command: “OBbEOVHEHHOE MMNTAHWNE” ( United Power Supply). 2. The
MKCA Panel, KP-02 Command:"OBbEOVNHEHHOE NMUTAHUE” OTKN (OFF), (‘ABTOHOMHOE
MATAHWE” - Independant Power Supply - ON). 3. OBK12,0BK13 Critical Command:“OTCTPEN BO” (5O
Jettison). 4. OK53 Generalized Command :“PA3OENEHWUE” ( Separation). 5. Pressure sealed connector
plate. 6. Cartridge actuated cutter (pyro-knife). 7. Cable-mast.

Annapatypa nporpammHo-BpemeHHoro ynpasneHus (AMNBY) (Time/Program Control Equipment)

The ATBY purpose is the spacecraft systems time/program control and its functions are:
— periodical time mark (tag) originating and sending to the onboard systems;
— originating the onboard system control “firm” programs.

ATBY can run one of the possible seven “firm” programs at a time. The programs can be initiated by a
command from the KPJ1 Link, MK CA and from onboard systems; The Soyuz spacecraft AlBY provides
for the following programs:
Mp. #1 - “Short” communications program, it switches on the equipment of the Radio Telemetry
System and the “Kvant” (KPJT) System for the time of communication session.
Mp. #3 - “Long” communications program, it switches off the Radio Telemetry, “Kvant” and TV
Systems equipment before entering a long duration LOS zone (“deaf” revolutions - no ground
communication), and switches on/off the Telemetry system buffer memory during the LOS
zone.
Mp. #4 - Antenna deployment program, it deploys the “Kurs”, Communication and Telemetry
System antennae, exterior appendages and configures the KOY (Propulsion System) for op-
erations after the orbit injection.
Mp. #5 - Urgent descent program, it provides for the reduced time preparation for the descent
in case of emergency and in other situations demanding and urgent descent.
Mp. #9 - Descent/maneuver program, it is used for configuring the spacecraft for descent in
back up modes.
Mp. #11 - Separation program, it implements the separation algorithm and is started automati-
cally by Mp.5 or MNMp9 step marks.
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Mp. #12 - Program for docking/undocking mode Al1O thruster control, it controls OMNO-b
thruster burns for “approach”/“retreat”, configures (resets) the CCBI1 System for a repeated
approach/docking attempt in case of a miss and switches off the CCBI' power.

Separation System

The Separation System purpose is to ensure the spacecraft division into modules and the module separa-
tion at the CA/MNAO and the CA/BO interfaces by means of cartridge activated devices and spring pushers.

The spacecraft separation is necessary for the CA getting rid of the NMAO and BO Modules before the de-
scent for delivering the crew to the Earth. In case of a failure in the launch/injection phase the separation
is executed on the CAC (Launch Escape) System commands.

In the descent phase the spacecraft separation is executed on the command of one of the “Separation”
Command sources: BLBK, AlNBY (Mp.11), MK CA (OBK2 and OBK9 Critical Commands) and Cuctema
TepmogatyukoB (CTH) (Thermal Sensor System).

The BO separation (jettison) can be executed either automatically on the nominal separation schedule
within the unified cyclogram or on the OBK12 and OBK 13 Critical Commands in case of the urgent de-
scent before the CK[], (Orbital Maneuver Engine) ignition for retrofire.

As a result of any separation command a sequence of two generalized commands: OK-52
‘MPEOBAPUTEJIBHOE PA3OENEHUNE ” (Preliminary Separation) and OK-53 “PASOEJIEHUE”
(Separation) will be generated.

Cuctema tepmogarumkoB (CTH) (Thermal Sensor System)

The CT[ purpose is to generate control commands and send them to the Separation System when the
descending spacecraft reenters the denser Earth atmosphere.

The CT[ System includes 6 thermal sensors mounted at the AO Module lower end ring frame. The sen-
sors actuate when their surface temperature reaches 150 = 10° C, which corresponds to the altitude of
(105 - 110) km.

The nominal separation procedure includes the following main operations:

— cartridge actuated devices inhibit removal;

— the CA Battery (BCA) connection;

— de-energizing the Ce and b power buses;

— the pyro knife actuation to cut the cables of the cable mast connecting BO/CA and BO/TTAO;
— the CA/BO interface pyro aids explosion after in 0,1 sec after the pyro knife actuation;

— The pressure sealed connector plate jettison in 1,5 sec after the BO actual jettison;

— The CA/MAO interface pyro aids explosion in 0,35 sec after the connector plate jettison.

OPERATION LIMITS AND SYSTEM CHARACTERISTICS

An important feature of the CYBK System circuitry is the OFF command priority (as a rule) over the ON

command to ensure absolutely the instrument de energizing in case of its off-nominal operation.

To enhance reliability of the pyro aids operation a two step control of their explosion is provided two com-

mands: the preliminary one and subsequently the executive one being issued to actuate them.

The KCIT command duration is set by the duration shapers (limiters) at 0,35 sec.

The KPJ1 and AINBY commands are sent to CYEK at a fixed duration of 0,25 sec.

The OBK (Critical) and MK commands do not have a duration shaper, the crew sets the duration of these

commands being issued to the actuating switching elements by keeping the OBK and lK keys pressed for

not longer than 1-2 sec. The exceptions are:

— [IK11, NMK23 commands “KOHTP.TC3”(TCO3 Test) and MK12, MNMK24 “KOHTP.KCI1T” commands (KCIT
Test) which should be kept pressed for not longer than 30 sec.;

— OBK-12 OBK-13 commands “OTCTPEJ BO” (BEO Jettison) are set fixed at 0,5 sec.;

— OBK-7 command “BKJ1 CKO” (CK ON - Ignite) is set at 0,2 sec.

The CYBK System includes the LUBIK cap plug providing the crew capability of inhibiting the KCIM com-
mand duration shaper when it fails.

When the CA/BO hatch lid limit switches are failed the “PA3PELL.PPCT” (GO for Undock) toggle switch

on the BPYC Unit enables the crew to set the same designation flag 148 which is the back up one for flag
19: “8AKP.JTIIOK CA-BO” (CA/BO Hatch Closed).
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In off-nominal situations the BLIBK - originated separation cyclogram can be terminated by NK-113 “O4P”
(Dynamic Mode Termination) command; the AINBY [p.11 “INporpammbl pa3geneHus” (Separation Pro-
grams) program can be terminated by MK->X5 “IMPOIP.3” command.

When the separation is controlled with the TKCA by means of the OBK-2 “NMOAIOTOBKA
PASOEJIEHUA” (Separation Config.) and the OBK-9 “PA3AEJIEHUE” (Separation) commands one should
keep in mind that the only prerequisite of these commands execution is the “CIMYCK” (Descent) flag which
can be introduced by the OBK-1 “INPU3HAK CIYCK” (Descent Flag) Critical Command. That means that
there is a risk of the “separation” to take place in the autonomous orbital flight phase before the retrofire
burn.

CREW OPERATION WITH THE SYSTEM

In case the nominal Launch Vehicle/Spacecraft separation at the final orbit injection phase has not oc-
curred the crew uses the BBK Units to issue the “KO” command to the explosive bolts for the back up
separation of the spacecraft from the Launch Vehicle third stage.

When the launch/injection is nominal and there are no situations to require an urgent descent the crew
disconnects the CT[ System from the Separation System by issuing the OBK-16 “TEPMOOATYUK
OTKJT” (Thermal Sensors Disconnect) command on the MCC instruction. On the OBK-16 command the
CTA System output is connected to the TC3-3 “CPABOTAJT1 TEPMOOATYUK” (Thermal Sensor Actu-
ated) indicator thus transferring the CT[], System to the display mode.

During the spacecraft depreservation before undocking the CT[] and AlBY are energized by the MK Y17
“MOCTOAHHbBLIE CUCTEMBbI” (Constant Use Systems) command.

To terminate the AIMBY Tp. # 5,9,11,12 programs the crew is recommended to initiate the lNp. #3 program
by means of the >K-5 command from the KCTI1.
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3.5. CUCTEMA JJIEKTPOINMUTAHUA (C3IM) (POWER SUPPLY SYSTEM)

GENERAL INFORMATION ON THE SYSTEM

The C3I1 System is designed for the electric dc power supply to the spacecraft onboard systems in all the
flight phases.

The C3I includes independent chemical power sources (XUT) and the unified power system.
The independent XTs are necessary for the power supply to the systems which are energized only in
certain spacecraft flight phases and which require an independent power sourse.

SYSTEM COMPOSITION
The C3I1 System block diagram is shown in Fig. 1.
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Fig. 1. The C3I System Block Diagram

The C3I1 comprises the following:
a) electric power sources:
— solar battery (Cb);
— buffer battery (bB);
— back up battery (PB);
b) control and display aids:
— ©Bnok gatyukos (BA-M) (Sensor Unit);
— ©nok wyHTtoB BLL) (Shunt Unit);
— integrating a/h counters (WCA-4, UCA-7-1, NCA-7-11);
—  Bnok kommyTauun nctodHukos nutanusa (BKNI) (Power Source Commutation Unit);
— Voltage/Current Indicator (MHT).

ConHe4yHas 6atapes (CB) (Solar Battery)

The CB is the electrical power primary source (generator). The Cb consists of the semiconductor photo
cells which perform direct conversion of the Sun’s radiation energy into the electric energy.

The Cb is made of two identical wings each having four panels. The CB is mounted on the NMAO Module
along the spacecraft planes Il and IV.

The Cb is electrically subdivided into Cb1 and CB2 sections connected in series to enhance its energeti-
cal and operational performance. The capability to switch off the left wing panels is provided by the wiring
diagram.

The CB area is 10 m”.

Initially (at the moment of the “KoHTtakT nogbema” - “Lift Off Contact” event) the CB panels are folded
around the NMAO Module and covered by the nose aerodynamic cap. After the spacecraft injection into
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orbit the panels are transferred to the operational position by means of the “Antenna Deployment Pro-
gram” ( the ATBY TMp. Ne 4) commands for unlocking (releasing ) the spring/rotary joint mechanisms.

The Cb location and structure are shown in Fig. 2.
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Fig. 2. Cb Location and Structure

1. Left Wing (Plane IV). 2. Right Wing (Plane II). 3. Plane I. 4. Plane Ill.

BydepHasn n pesepBHas 6aTtapeu (bb, PB) (Buffer and Back Up Batteries)

The Bb and the Pb batteries are chemical electric power sources (XWTs) based on silver/zinc accu ele-
ments.

The Bb is constantly connected to the C3IN System output buses and provides for the onboard users
power supply in case the CB current is either lower than the load current or as low as zero (when in the
shadow or when the Solar ray incidence angle to the CE operational surface is greater than 60°).

The PbB is designed to maintain the onboard network voltage and to ensure power supply to the onboard
users in case:

— itis scheduled by the flight plan for the energy consuming flight portions;

— the onboard network voltage goes lower than the specified value (24,3 V).

Both the BB and the Pb have four silver/zinc storage battery sections each. Structurally one Bb and one
PB sections are housed in one 906B Unit there being four such Units.

The CA battery (909A Unit) is designed for electric power supply to the CA users in the autonomous flight
portion.

The 909A Unit is a chemical electric power source based on silver/zinc accu elements and comprises two
sections.

The 909A Unit is installed in the CA in charged state and operates in discharge mode only.

Bnok patuukoB (B-M) (Sensor Unit)

The BO-M Unit purpose is to generate and issue commands to the BKWI Unit for the operational proce-
dure adjustment. The input voltage for all the sensors is the voltage across the measurement buses which
are directly energized from the Bb terminals.

Bnok wyHToB (BLU) (Shunt Unit)
The BLW Unit purpose is to generate voltage signals proportional to the currents measured (the sign being
taken into account) and to send them to the a/h counter inputs.

UHTerpupyrowme cuetymku amnepyacoB (MCA) (Integrating a/h counters)
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The NCA counters are designed for measuring the algebraic sum of the quantity of electricity flowing in
the BB and Pb circuits.

Bnok kommyTauumn nctouHukos nutaHus (BKWUIM) (Power Source Commutation Unit)
The BKUIT Unit is designed for configuring buses and the C3I1 System various operational modes.

MHupukaTtop HanpsikeHus u Toka (MHT3-1) (Voltage & Current Indicator)

The NHT3-1 Indicator is designed for monitoring the C3I System main parameters:

— Voltage across the C3I1 output buses (U.can), monitored with the MUHT switch in the “40V” position,
the voltage operating range being 23 + 34 V (scale 0...40B);

— The CbB current (l.c6), monitored while the UHT switch is in the “l.3ap/40A” position, the current oper-
ating range being 0 + 30A (scale 0...40A);

— The load current (I.H), monitored when the MHT switch is in the “l.Harp/40A” position, the operating
range of the load current established value being 0 £ 80 A (scale 0...80A).

When using the Indicator the crew can monitor one of the above mentioned parameters at a time. The

switch “OTKI” (OFF) position is used in the spacecraft preservation mode.

THE C3MN SYSTEM AUTONOMOUS OPERATION

The C3I1 System main operational procedure control is accomplished either automatically or manually.
The automatic operations mode is primary and the manual mode is auxiliary (back up).

In the automatic mode the CO3IT operation is controlled by control commands generated by the COrl
automatic control aids depending on the Bb energetic status.

The Bb freshening charge mode is only possible if the CB current I.c6 is greater than the load current I.H.
These parameters can be monitored by means of the MHT Indicator. This condition is also valid for the
BE/Pb joint operation case.

COMBINED POWER SUPPLY MODE

After the spacecraft docking to the station OB Module the C3I1 is transferred to the Combined Power
Supply Mode. The mode transfer is executed on the NMKCA (KPJ1) - A1 “OBbEANHEHHOE NMNATAHUE”
(Combined Power Supply) command. This command switches the spacecraft modules to power supply
from the OB Module Power Supply System and the Cb is disconnected from the spacecraft C3I1 output
buses. The Bb remains connected to these buses and in this mode it has a function of a standby electric
energy source for eventual need to transfer back to the autonomous operation mode.

On revolution 1-5 after docking the BB and PB undergo recharge since a part of their capacity has been
consumed during the approach, berthing and docking operations. The Bb and Pb batteries are charged
from the Ob Module Power Supply System while the spacecraft C3ll System is in the Combined Power
Supply Mode.

Transfer back to the Autonomous Power Supply Mode is accomplished by the following commands:
MKCA, KPN - A1 “OBbEANHEHHOE MMUTAHUE OTKI” (Combined Power Supply OFF), MK CA, KPN -O5
“NOArOTOBKA PE3EPBHOWM PACCTBLIKOBKW” (Back Up Undocking Config), OBK-10 “ABAPUHOE
BKIMFOYEHWME NMMUTAHUNA” (Contingency Power ON).

OPERATIONAL LIMITS AND SYSTEM CHARACTERISTICS

The spacecraft COIN System belongs to the continuously operating system type, therefore the KCI1 lights
as a rule indicate the System elements going OFF while their nominal state is ON.

Measures to maintain the onboard network voltage within specified limits (23 = 34 V) besides the COIl
System automatic control commands also include a special mode

envisaged in the FDF and named “Solar Orientation and Spin” Mode (Barbeque Maneuver) which is ac-
complished after a dynamic operation (maneuver). While in this mode the BB capacity consumed during
the dynamic operation is restored.

# | Technical Characteristics Values
1 | Onboard bus D.C. energy <85A
2 | Onboard network voltage 23+34V
3 | BB capacity guaranteed 340 A/h
4 | bb service life 100 discharge/
charge cycles
5 | PB capacity guaranteed for the first discharge (service life is two discharge
/charge cycles) 280 A/h
CA Battery capacity guaranteed (after 180 day stowage) 100 A/h
7 | Cb current/voltage when in Sun Orientation with accuracy 26 A
not worse than + 10 degrees 34V
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CREW OPERATION WITH THE SYSTEM

The C3I1 System is designed for completely automatic operation without crew participation. However
there are some manual controls and displays on the MK CA, which enable the crew to monitor the C3I1
operation and issue control commands in any moment. The System control is mainly exercised from the
KCIM-Nn (b and A lines).

Besides the KCIT commands the crew can connect the Pb by NK-3 command. This command is executed
by the PE Battery voltage regardless of the C3I1 output buses being energized or not.

The PB connection is indicated by the TC3-5 “PB NMOAKN” (Pb Connect) light.

When under manual control the crew must maintain the BB and PB maximal charge level.

To ensure a higher voltage level during energy consuming operations the Pb is additionally connected to
the BB prior to those operations. The PbB is always connected prior to the approach and undocking proce-
dures.
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3.6. CUCTEMA CTbIKOBKW U BHYTPEHHEIO NEPEXOLA (CCBIT) ( DOCKING AND INTERNAL
TRANSFER SYSTEM)

PURPOSE OF THE SYSTEM

The CCBI is designed for:

— ensuring rigid mechanical link of the docking spacecraft and Mir station and at Russian Segment (RS)
ISS side providing for a pressure sealed internal transfer passage between them (the assembly
scheme is shown in Fig. 1);

— connecting/disconnecting common electric and hydraulic lines during docking/undocking procedures
by means of connectors providing for power supply, control command and display communications
and uniting the CTP System manifolds (only for Mir station);

— accomplishing the undocking procedures after the completion of the joint flight.

E

Fig. 1. (Spacecraft/Mir Station Assembly Scheme)

SYSTEM COMPOSITION

The CCBI1 is an electromechanical system and structurally implemented in three main elements: the
AkTVBHBIN cTbikoBOYHbIN arperat (ACA) ( Active Docking Assembly), MaccuBHbI CTbIKOBOYHbIV arperat
(MCA) (Passive Docking Assembly) and the automatic control units (their electric part). The ACA is
installed on the spacecraft BO Module (Fig. 2). The MNCA is mounted on the station. The automatic control
units are located in the BO Module “CepsaHT1” ("Servant").

Fig. 2. (Spacecraft CCBIN1 Main Element Location)
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There are two automatic control units:

— AxtueHbIn 6nok ynpaeneHus (ABY-CCBIT) (Active Control Unit);

— Bnok kommyTauum cteikoBodHOro mexaHuama (BK-CM) (Docking Mechanism Commutation Unit).
Besides the System includes the onboard cable network (BEKC).

The ACA Assembly consists of the following

main mechanisms and elements:

—  CT1blkoBOYHbIN MexaHu3am (CM) (- Docking
Mechanism);

— MexaHuam repmeTtusauun ctoika (MIC)
(Interface Pressurisation Mechanism);

— MexaHuam repmeTusauunm kpbiwkn (MIK)
(Transfer Door Sealing Mechanism);

— hydraulic connectors (2 pcs) (only for Mir
station);

— electric connectors (4 pcs);

— spring pushers (2 pcs);

— contact sensors.

Kpemmnca [1J1

The ACA exterior appearance is shown in
Fig. 3.

Fig. 3. (The ACA Exterior Appearance)
1. CM (Docking Mechanism). 2. MI'C (Interface Pressurization Mechanism) Locks. 3. [J1 (Transfer Hatch
Door).

The TICA consists of the following mechanisms and

elements:

— Docking Receptacle Cone;

—  MexaHusm repmeTtusauum ctbika (MIC) ( Interface
Pressurization Mechanism);

— MexaHuam repmeTtunsauum kpoiwkn (MIFK) (Transfer Door
Sealing Mechanism);

— Hydraulic connectors (2 pcs) (only for Mir station);

— electric connectors (4 pcs);

— spring pushers (2 pcs);

— contact sensors.

IlpreMHEIH
KOHYT

The TCA exterior appearance is shown in Fig. 4.

Pric.4.

Fig. 4. (NMCA Exterior Appearance)
1. MI'C (Interface Pressurization Mechanism) Lock. 2. Docking Receptacle Cone.

The CCBIN Mechanism Design and Operation

The CM Mechanism is mounted on the MJ1 (Transfer Hatch) Door, is fixed by four pyro bolts and is
designed for:

— initial spacecraft aiming error compensation;

— docking impact energy absorption;

— ensuring the first mechanical link;

— spacecraft/station alignment;

— first mechanical link breakage;

— spacecraft/station structural latching and mutual alignment.
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The CM Rod'’s function at docking is to act as a buffer element

CTHIKOBOUHBIA MExaHHIM receiving the mechanical effort at the spacecraft/station impact and
CIrpaHHYHTENE HEITA to transmit this effort to the absorption system. The CM Rod has a
capability of moving forwards (BbigBmkeHue - extension) and
backwards (BTarmBaHune - retraction) by means of the NCM
(Docking Mechanism Drive) and besides it can npocenatb (retreat,
actually move backwards) at the moment of the spacecraft/station
impact (“KacaHue” - Contact).

The CM Rod exterior appearance is shown in Fig. 5.

Fig. 5. (CM Rod)
1. CM (Docking Mechanism) 2. Limiting Docking Cone. 3. CM Rod. 4. Head.

In the forward part of the CM Rod there are four Latches.
The Latches can be in either of the two positions: extended
or retracted, the extension and retraction being executed
by the latch retraction mechanism driven by the Latch
Actuator (M3).

First Mechanical Link

During docking the CM Rod Head with the Latches
extended enters the NMCA Receiving Cone. In the Cone
Drogue there are four trapezoids shaped slots. When the
Head enters the Drogue the Latches at first override the
spring force and retract into the Head body (the Drogue
diameter is less than the diameter of the Head with the
Latches extended). Then the Head goes deeper into the
Drogue and the Latches pass by the Drogue Stops
entering the Drogue slots, the springs act upon the
Latches returning them into the initial (extended) position
(Fig. 6).

Fig. 6. (Before and After Passing the Stops)

The Stops fix the Head in the Drogue preventing the Latches from getting out. Thus the first mechanical
link is achieved.

The first mechanical link can be broken by retracting the Latches or as a back up version by releasing the
Stops. In an extraordinary case the first mechanical link can be broken by means of the cartridge-
activated aids. To do so the four fixing pyro bolts are exploded, the CM Mechanism is separated from the
N (Transfer Hatch) Door and remains in the NCA Cone. After that the capability of docking to that MNCA is
lost.

The Cone is mounted on the CM body and its function is to limit the spacecraft/station relative angle when
mutually oscillating after the first mechanical link is established.

The MI'C (Interface Pressurization Mechanism) is designed to

ensure the second mechanical link, i. e. rigid and hermetically

sealed connection of the spacecraft and station docked. The

design of the ACA (Active Docking Assembly) MI'C and the MNCA

(Passive Docking Assembly) MI'C is identical.

The MI'C consists of:

— TMpuBoa repmeTtusaunm ctoika (MNIFC) (Interface Pressurization
Actuator);

— eight lock mechanisms.

All the MI'C elements are located on the docking structural ring

(Fig. 7). Each lock mechanism has two operational hooks. One of

the hooks is active (movable) and the other is passive

Thocoran TBRE Mexaritsm (stationary). The MNIC Actuator can move the active hooks to
Puc. 7. either “Open” or “Closed” position.

Fig. 7. (MI'C Elements on the Structural Ring)
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1. Cable link. 2. Lock Mechanism.

MexaHnam aamea MIC

AETUBHEIA KDHE

[NaCCHBHBIA KRHOK

T

After the spacecraft/station structural latching and alignment the
spacecraft active hooks are positioned opposite the station passive
hooks and the station active hooks opposite the spacecraft passive
ones.

Second Mechanical Link

The second mechanical link is established by closing the hooks. The
active hook at first rotates capturing the stationary hook of the partner
Assembly and then goes deeper into the structural ring thus ensuring
latching of the ACA and the INCA structural rings (Fig. 8).

The interface pressurization is achieved by way of compressing the
two concentric rubber ring sealings on the ACA structural ring by the
MCA structural ring (rubber/metal joint) during the second mechanical
link formation.

The station active hooks are usually also closed to enhance the

oc interface rigidity.

BTopan mexaHMdeckas
CBA3b

PUc. 8

Fig. 8. (Second Mechanical Link)
1. The MI'C Lock Mechanism. 2. Active Hook. 3. Spacecraft. 4. Orbital Station. 5. Passive Hook.

In case of extreme need there is a back up capability of opening the ACA Assembly active and passive
hooks by means of cartridge actuated aids. These aids are pyro bolts that are located under the active
and passive hooks. When the pyro bolts are exploded the active and passive hooks are opened and
fixed in the open position by special springs. This results in the second mechanical link breakage
regardless of whether the MCA active hooks are open or closed. After that the spacecraft docking
capability is lost.

OPERATIONAL LIMITS AND SYSTEM CHARACTERISTICS

# Technical Characteristics Values

1 Berthing parameters at the moment of contact:
— Longitudinal approach speed Vx 0,1+0,35m/s
— Lateral approach speeds Vy, z <0,1m/s
— Roll angle mutual error + 10 degrees
— Pitch and Yaw angle mutual error + 7 degrees
— Relative angular rates + 0,6 degrees/s

2 Excentricity (Central aiming error) + 340 mm

3 Maximal NCM Drive force at Rod retraction 1500 kg

4 CM Rod extension time 6+ 9,5 min

5 CM Rod Head Latch extension/retraction time 2+ 3 min

6 Maximal MI'C force at structural Ring latching 20 tons

7 Maximal MI'C force at structural Ring latching when ACA and INCA Hooks
are closed simultaneously 40 tons

8 MI'C Hooks opening and closing time 3+ 5 min

9 Total effort of the four spring pushers at separation 300 kg

10 | Spacecraft/station separation velocity at pusher action 0,15 m/s

11 | Transfer Hatch diameter 800 mm

12 | System weight 200 kg

13 | ACA Assembly service life 5 dockings/

undockings
14 | NCA Assembly service life 20 dockings/
undockings

The reason for the rather wide range of the CCBI electromechanism action time values is the spacecraft

onboard network voltage instability.
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CREW OPERATION WITH THE SYSTEM

The CCBI1 System is controlled by:

1) [K CA commands;

2) Interactive Multisystem Control Commands from the ABY-CCBIT (Active Control Unit);
3) marks of MNp. Ne 12 Program of the CYBEK System AlNBY Equipment;

4) KPJ1 (Command Radio Link System).

The docking is nominally accomplished in the automatic mode the system status indication and
commands being generated after the data of the following sensors.

CM sensors located on the Rod Head

1) [OK1 Contact Sensors (4 pcs) are located under each of the four sectors forming the Head surface.
They are the first to actuate during docking procedure (provided the berthing parameter values are
kept within specified limits) and they send the Contact signal at the moment of the Rod and Cone
contact;

2) O3l Head Capture Sensors (2 pcs) are located at the backward part of the Head. They are the
second to actuate during docking at the moment of the Head entering the Cone Drogue. These
sensors signalize about the first mechanical link being established.

3) [OK2 Contact Sensors are located at the Head butt. During docking they issue two different signals
depending on how the specified berthing parameter values are observed:

- when the specified berthing parameter values are observed the [1IK2 Sensors are the third (after
the OK1 and O3l Sensors) to actuate when the Rod Headhits the Drogue bottom and issue signal
of the first mechanical link fully established (cuenka - latching);

- when the specified berthing parameter values are not observed (a miss) the[1IK2 Sensors issue
the miss signal.

MI'C sensors located on the docking structural ring

1) OKP Undocking Monitor Sensors (2 pcs) actuate (disconnect) during retraction at docking when the
gap between the docking rings is 40 mm at the moment they are acted upon by the partner Assembly
spring pushers. The OKP Sensors issue the first mechanical link breakage signal during undocking
(their contacts connect).

2) [3C Interface Close Sensors (4 pcs) actuate when the gap between the structural rings is as small as
3,5 mm and issue the signal of the interfaced closed.

3) [HOOrI Pressurization Sensors (4 pcs) actuate when the gap between the two structural rings is 1 mm
(during the hook closure) and send out the signal of the interface pressurized.

The CCBI1 System block diagram is shown in Fig. 9.
The Docking procedure is an automatic sequence of the following operations:

1) Establishing the first mechanical link due to the ACA Rod Head Latches passing/fixing by the NCA
Receiving Cone Drogue Stops and the impact energy absorption by the ACA aids.

2) Contraction of the spacecraft and station (interface closure) due to the ACA Rod retraction and
simultaneously their mutual alignment in three axes.

3) Formation of the second (rigid) mechanical link with simultaneous interface pressurization by closing
the MI'C Hooks.

4) The first mechanical link breakage by retracting the Rod Head Latches.

5) Rod retraction into the final position.

If the automatic procedure fails the crew completes docking by means of the MK CA commands.

After docking the internal transfer tunnel pressurization is tested using the CKI'C System aids and the
transfer hatch doors are opened in the spacecraft and station.

The hatch doors are sealed/unsealed and opened/closed manually using the dismountable handle of the
CCBI1 System kit. There is a capability of automatically closing and sealing the station transfer hatch door.

To enhance the interface rigidity after docking the NMCA Assembly MI'C Mechanism hooks are also closed.
Undocking is accomplished after the transfer hatch doors are closed both in the spacecraft and station,
pressure is released from the docking assembly (transfer tunnel) and subsequent transfer door sealing
(pressurization) test by means of the CKI'C System aids is conducted. To effect the undocking the
spacecraft hooks are opened (the station hooks are opened beforehand) to break the second mechanical
link and under the spring pusher effort the spacecraft and station are separated.

61



NAS15-10110 0004AE4b (ROP-19)

CTRYETYPHAA cRerma CCEMN.

LaTHuEH MNrUEOOEI I

I'II:HI ns I I'IF'I:I I'IF'HI

LE1 LE2 Lsr L3 nor LEP

o =22 == == == =-]= el = = =] =1 =14
EE=-CM
T
AEBY — CCEIN
ne CHEE EPrl
T* b L uwpesa
R
ac

Fig. 9. CCBIN System Block Diagram
1. Sensors. 2. Contact (KacaHne) Sensors -1 and -2. 3. Rod Head Capture Sensor. 4. Interface Close
Sensor. 5. Pressurization Sensor. 6. Undocking Monitor Sensor. 7. Docking Mechanism Actuator. 8. Latch
Actuator. 9. Intetrface Pressurization Actuator. 10. Door Sealing Actuator. 11. Docking Mechanism
Commutation Unit. 12. Docking and Internal Transfer System Active Control Unit. 13. Spacecraft Crew
Display/Control Panel. 14. Onboard Complex Control System 15. Command Radio Link. 16. Pressure
Sealed Electric Connectors. 17. Orbital Station. 18. Actuators.

The System parameters are displayed on the KCI1-J1, KCI1-IM and TC3-2.

nogeEag

aTEDL

HMEXAH
COEQHH

PEHHM
CCEN
EBIMOrH

1. Forward. 2. Bach Off. 3. Mecanical Connection. 4. CCBI1 Mode Execute.

Besides a part of the automatic docking procedure data can be monitored by the crew via the BKY Video
Monitoring Device display:

CCBIIT -
CCBIM READY

CLEMKA —
LATCHING

KACAHUME —
CONTACT

NMPOMAX —
MISS
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3.7. CPEOCTBA KOHTPOIIA FTEPMETUYHOCTU CTbIKA (CKI'C) (  INTERFACE PRESSURIZATION
CONTROL AIDS)

CKIc PURPOSE

The CKI'C Aids are designed for:

1. Spacecraft/station Interface (Link) pressurization monitoring after docking.

2. Pressure equalization between the spacecraft and station before opening the transfer hatch doors.

3. The transfer hatch doors sealing monitoring after they are closed before the spacecraft/station undock-

ing.

CKIrc COMPOSITION

The CKI'C Aids include:

1. KnanaH koHTponsa manon nonoctu (KKC) (Minor Volume Check Valve);

2. KnanaH koHTpons 6onbwow nonoctu (KKT) (Greater Volume Check Valve);

3. KnanaH BbipaBHuBaHus gasneHus mexay bO u ctbikoBouHbIM y3nom (KB BO -CY) (BO Module/
Docking Assembly Pressure Equalization Valve);

4. KnanaH cTpaBnuBaHus gasneHus u3 cteikoBoyHoro yana (KCO CY) (- Docking Unit Pressure Release
Valve);

5. MaHoBakyymmeTp (MB) (Vacuum Pressure Gauge);

6. ManorabaputHbi gatumk gasnexus (MOO) (Small Size Pressure Sensor) - 2 pcs.

Apart from that the Knanan BbipaBHuBaHusa gasnexus (KB CY-OB) (Ob Module/Docking Assembly Pres-
sure Equalization Valve) located onboard Mir station and RS ISS can be used for the spacecraft/station
pressure equalization.

CKIc OPERATION

The Interface pressurization is achieved by two rubber sealing rings located at the spacecraft docking
structural ring. While the spacecraft hooks are being closed the rubber sealing rings are compressed by
the docking structural ring and thus pressurize (hermetically seal) the docking interface.

In the interface pressurization check mode and the transfer hatch door seal check mode the CKI'C opera-
tion is based on creating a pressure differential between the volume monitored and the environment vac-
uum and measuring the pressure drop rate in the volume.

The volumes to be monitored are the 6onbwas nonoctb (BIM) ( Greater Volume) and the manas nonoctb
(MIT) (Minor Volume) which are formed after docking (shown in the diagram).

The pressure is measured by means of the MB Gauge or the KGUW Indicator (fed by the MM[ Sensor
data), the unit being mm of Hg (mm pT. cT.).

The CKI'C principle of operation can be illustrated by using the block diagram (Fig. 1).

THE CKIC MODES:

— Interface Pressurization (Integrity) Check Mode;

— Spacecraft/Station Pressure Equalization Mode;

— Pre-Undocking Transfer Hatch Door Pressurization (Integrity) Check Mode.

Interface Pressurization Check Mode

The operation sequence in this mode is as follows:

1) Pressure is fed to the MIN (The KKC and the KB BO-CY Valves are opened and the pressure is
equalized between the MIN Volume and 5O Module);

2) Using the MB Gauge the pressure change rate in the MI Volume is monitored (The KKC Valve is
open, the KKT and the KB[1 EO-CY Valves are closed);

3) Pressure is fed to the BIN (The KKT and the KB BO-CY Valves are opened and the pressure is
equalized between the Bl Volume and the 5O Module);

4) Using the MB Gauge the pressure change rate in the BT Volume is monitored (The KKT Valve is
open, the KKC and the KB[1 EO-CY Valves are closed).

Spacecraft/Station Pressure Equalization Mode

The operation sequence is as follows:

1) Open the KKT, the KB[] BO-CY and the KB[] OBb-CY Valves;

2) Using the MB Gauge and the KOW Indicator monitor complete pressure equalization between the
spacecraft and station.
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Pre-Undocking Transfer Hatch Door Pressurization Check Mode

The operation sequence is as follows:

1) Open the KC[ CY Valve and release pressure from the CY (Docking Assembly);

2) Using the MB Gauge monitor the pressure change rate in the BT Volume (the KKT Valve is open, the
KC[O CY Valve is closed).

SYSTEM OPERATIONAL LIMITS AND CHARACTERISTICS

# | Technical Characteristics Values
1 | MB Vacuum Pressure Gauge measurement range 1 + 960 mm of Hg
2 | MB measurement error <2 mm of Hg
3 | KGW Indicator measurement range 1 + 1000 mm of Hg
4 | KB/ measurement error <95 mm of Hg
5 | Bl Volume 250 |
6 | MIN Volume 2,51
7 | Pressure feed to BI:
- from BO <1 min
- from OB < 30 min
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Fig. 1. CKI'C Block Diagram

1. KB CY-OBb - knanaH BbipaBH1BaHUs aaeneHust CY-Ob (CTbIKOBOYHbIN y3en-opobuTanbHbIn 6510K) -
Docking Assembly/OB Module Pressure Equalization Valve; 2. KB[ BO-CY - knanaH BblpaBHMBaHWS
aasneHus BO-CY (bbiToBOM OTCEK-CThIKOBOYHbIV Y3en) - BO Module/Docking Assembly Pressure Equali-
zation Valve; 3. KCO-CY - knanaH cbpoca gasneHus n3 CY (CTbIKOBOYHOrO y3na) - Docking Assembly
Pressure Relief Valve; 4. KKC - knanaH KOHTpOnsi CTbIKa - Interface Monitor Valve; 5. KKT - knanaH
KOHTpons TyHHens - Tunnel Monitor Valve; 6. MOOA (K3W) - maHOMeTpuyeckuin atymk abcontoTHOro
naeneHus (KAOW) - Absolute Pressure Manometric Sensor (KAW); 7. MOOA (PTC) - MaHOMETpUYeCKuin
aatyuk abcontotHoro aaeneHus (PTC) - Absolute Pressure Manometric Sensor (PTC); 8. MB -
mMaHoBakyymeTp - Vacuum Pressure Gauge; 9 Bl - 6onblas nonocts - Greater Volume; 10. Ml - manas
nonoctb - Minor Volume; 11. OC - opbutanbHas ctaHuma - Orbiter; 12. TK - TpaHcnopTHbIN kopabnb -
Spacecraft; 13. PeanHoBoe ynnotHeHue - Rubber Sealing; 14. 3arnywka KCO CY -  Docking Assembly
Pressure Relief Valve Cap; 15. 3arnywka py4Horo BbipaBHMBaHusA gaenexHus - Manual Pressure Equaliza-
tion Cap; 16. Brnok knanaHos - Valve Assembly.
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3.8. CUCTEMA PAMOCBSA3U “PACCBET” (CPC) (“RASSVET” RADIO COMMUNICATIONS
SYSTEM)

THE “RASSVET” CPC SYSTEM PURPOSE

The CPC System purpose is to provide the crew communications with the ground. The basic crew/ground
communications mode is two way duplex voice radio communications in VHF band. For communications
with Mir Station and for off-nominal crew/ground communications two-way simplex mode in VHF band is
used.

A peculiar feature of the CPC System is its being used during the CA Module descent and landing phase
for radiating signals for the Search/Rescue Service direction finders. These signals are transmitted in two
bands: VHF and SW. If he CA Module lands within the specified landing area its search is conducted
using VHF direction finder signals. If the CA lands anywhere beyond the specified area the SW signals are
used at first to determine the actual landing area and then in this area the CA is searched using the VHF
band direction finding signals.

The main purpose of the SW band radio aids is the direction finding signal transmission. The SW band
equipment is used for communications purposes only in case of the VHF band aids failure (in the
parachuting descent phase radio messages are sent simultaneously in VHF and SW bands) and only in
the simplex mode.

The CPC System also provides the intercom capability for the crew and all radio dialogue recording by the
onboard “Gnom-S” tape recorder.

SYSTEM COMPOSITION
The CPC System includes (Fig. 1):
— VHF transmitters (primary and back up half-sets);
— duplex VHF receivers (primary and back up half-sets);
— simplex VHF receivers (primary and back up half-sets);
— VHF beams (primary and back up sets);
— SW transmitters: -1 and -2;
— SW receivers: -1,-2,-3;
— [NporpammHo-BpemeHHoe ycTponcTtsy (MBY) (Program/Timing Device);
—  Bnok norvkn ynpaenexus (BJTY) (Control Logic Unit);
— Acoustic Unit (primary and back up half-sets);
— Antenna deployment attitude controller;
— Telegraph key;
— “Gnom-S” onboard tape recorder and 4 cassettes;
— P-855A-1 emergency communication radio set;
— WN-10 headsets.
Fig. 1. (CPC System Block Diagram)
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The VHF transmitter is designed for the crew communication with the ground and with Mir orbital station
and for the CA Module direction finding signal transmission in the descent/landing phase.

The duplex VHF receiver is for ground communication.

The Simplex VHF receiver purpose is for Mir station (RS ISS) communication and can be also used for
ground communication in case of the duplex receiver failure.

The SW transmitter-1 is for ground communication while in orbit and in parachuting descent phase and
also for transmitting direction finding signal while in descent/landing phase of flight.

The SW transmitter-2 is for the ground communication while parachuting and for transmitting direction
finding signals in descent/landing phase.

The SW receivers-1 and -2 are designed for ground communication in the orbital flight.

The SW receiver-2 is primary for the orbital flight communication and the SW receiver-1 is used on the
ground instructions.

The SW receiver-3 is for ground communication after landing.

The MBY Device purpose is for automatic issue of the direction finding signals and for the VHF and SW
transmitter automatic control after the “Separation” command.

AHTeHHO-buaepHbie ycTponcTBa (ADPY) (Antenna/Feeder Devices)

Different antennae are used in different flight phases:

1. In the launch/orbit injection phase the antenna mounted on the Launcher Vehicle's "1" Unit is used
(Fig. 3). This is an VHF band antenna and VHF band transmitters and receivers are connected to it.
SW communication in the launch phase is impossible because there is no SW antenna available.

2. In the orbital flight phase the VHF communication is conducted using the ABM-272 antenna (ABM
stands for Onboard Meter Band Antenna). The capability of the SW communication appears after the
Solar Battery deployment via the ABM-275 and ABM -276 antennas (Fig. 3). The Solar Battery
structural elements are used as the SW antennas.

3. In the descent phase the ABM-273 slot antenna is used (Fig. 3).which is mounted on the CA Module
Hatch Door.

The SW communication in the descent phase is only possible after the parachute is deployed. From the

parachute deployment up to the touch down both the SW transmitter 1 and SW transmitter 2 are

connected to the Main Parachute rope antennae: the ABM-264 ( OCI1 Primary Parachute System) and the

ABM-265 (3CI1 Back Up Parachute System) antennae (Fig. 3). The SW receivers are inoperative in the

descent phase and are not connected to the antennae.

4. After landing when the "lNeneHr" command is passed there is a capability of VHF communication via

either combined SW/VHF ABM-279 antenna if the CA Module position is vertical or via one of the three

VHF ABM-274 antennae at the spacecraft bottom if the CA Module lies on its side.

SW communication is also possible using the combined SW/VHF ABM-279 antenna. If the CA is on its

side and the ABM-279 antenna has been deployed into the ground the crew will have to deploy the

extension SW antenna.

“RASSVET” CPC SYSTEM OPERATIONAL LIMITS

When switching ON any transmitter (H1, M1, H7, P9 KCI - commands) it is necessary to switch OFF all
the MNP keys and depress all the “Press to Talk” keys. Otherwise the transmitter would not switch ON.
When in the descent phase the use of the MP[ keys on the MK CA is forbidden. The “Press to Talk” key is
free for message transmissions but it should not be fixed when pressed.

CREW OPERATION WITH THE SYSTEM
The CPC System is controlled by means of the KCI1-I. There are volume controls YKB (VHF), KB (SW),
BIY (Intercom) and also MNP and OTKI1 keys. When switching ON any MNP[ key all the three LED lights
above those keys go on (Fig. 2).
At the middle work station there is a volume control of the onboard tape recorder “BocnpounsseneHve”
(Play) and the “KB NMPM” (SW RCVR) selector switch.
All the command passage is displayed on the KCIT and the TC3.
On the TC34 there is a yellow “Bbi3oB Ha cBa3b” (Communication Call) light which is accompanied by
audio signal. The audio signal can be switched off by the “OTKJ1 3BYKA” (Sound OFF) key and the TC3
light - by the “CBPOC ABAP. CUTHAINU3ALNN” (Emergency Signal Reset).
On the TC3-5 there are the following yellow lights:

“YKB MPO” (VHF XMTR),

“KB MPLO" (SW XMTR).

After landing there is a capability of voice communication by means of the P-855A-1 emergency radio
using both its own and CA Module antenna.
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Spacecraft Communication in Orbital Flight Phase

Nominally crew-to-LIYT (MCC-M) communication in the orbital flight phase is conducted through the VHF
two-way (duplex) communication channel (H1, H2, M5 commands). The H13 "Oynnekc BIMY "(Two-Way
Intercom) command can be arbitrarily issued by the crew.

For communication from the 5O Module a 20 m extension cable is used. The cable can be connected to
any work station in the CA Module. If the "Oynnekc BIMY" command has been issued the "MNepegaya”
(Transmitting) key can be pressed at any work station. If the command has not passed the "lepenaya"
key should only be pressed at the work station to which the extension cable has been connected.

In case of the VHF two-way communication channel failure the crew-to-LIYI1 communication is conducted
via the VHF one way (simplex) channel (H1, H5, M5, H13 commands). For transmitting one must press
the THI (Push-to Talk) or the "lMNepegaya” key.

In case of communication off-nominal situation the crew can communicate via the SW channel (after the
Solar Battery deployment) or via "Kvant" and "Klest" Systems.

In order to configure_.SW _communication the following commands should be issued:
- H7 "Moar. KB MPA1" (SW XMTR CONFIG)

- H11 "KB MPM" (SW RCVR)

- select NMPM2 (RCVR 2) using toggle switch on the MNMKCA (crew panel)

- press Push-to-Talk or the "lNepegaya” key.

Communication via the «Kvant» System is a two-way type and the communication mode can be arranged
within the same communication period. To configure communication via "Kvant" System:

- Standby till the System is ready to operate in the Telephone mode, the P3 - «T/1® KBAHT» light goes
ON automatically.

- press Push-to-Talk or the "lMepegaya” key.

Communication via the «Klest» System is a one-way type and it will take some time for its arrangement
both onboard the spacecraft and at the MCC. To configure communication via "Klest" System:
1. Rearrange connectors in BO:
- Commutator X10A to Synchronizer X4W;
- Synchronizer X10A to Commutator X10A.
2. Issue command: M17 "TI1® Knect" («Klest» Telephone).
3. Issue command: P17 "TMPLO Knect" («Klest» XMTR).
4. Issue command: P11 "TB CA" (CA Module TV).
5. Press Push-to-Talk.
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Fig. 2. (CPC System Controls and Displays)
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Communication arrangement in all the Soyuz spacecraft flight phases is shown in Fig.3.
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Fig. 3. (Soyuz Spacecraft Flight Phase Communication Arrangement)
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THE ONBOARD “GNOM-S” TAPE RECORDER

The onboard tape recorder purpose is to record the crew/ground communication in all the radio links, to
record the intercom voice communication and to play the records.
The tape recorder is energized via the BPYC toggle switch “MAI™.

The onboard tape recorder (Fig. 4) has three operation modes:
- recording;
- play;
- rewind.

Recording is the principal mode. Four cassettes are provided for the recorder:
— cassette 1, lift off, orbit injection and orbital flight ground communication;
— cassette 2, docking procedure;
— cassette 3, undocking to landing;
— cassette 4, spare back up.

Each cassette has its numerical designation. The cassettes should be inserted into the recorder in their
numerical order.

Continuous recording time of each cassette in one direction is 90 minutes.

THE TAPE RECORDER OPERATION PROCEDURE IS AS FOLLOWS:

Before inserting the cassette press the Otkn (OFF) key and then the Kacceta (Cassette) key. After that
insert the cassette into the cassette holder and close it. After the new cassette is inserted rewind it until
the tape consumption counter reading is “2 - 3”. Then press the Bkn (ON) key for recording. The recording
is continuous.

At the beginning of the recording the cassette number, date, the recorded date headline, the speaker’s
call sign and the record start time should be dictated.

At the end of the recording the speaker should dictate the recording termination time, his call sign and the
recording direction (“1” or “2”).

In the record and play mode the tape recorder runs the cassette up to its end in direction “1” (“1” light is
ON) and then automatically switches to direction “2” (“2” light is ON), runs it to the end in that direction and
then stops (“0” light is ON). Every time the recorder is switched on again it always selects direction “1”
automatically. So it is necessary to pay attention to the direction of just finished run each time the recorder
is switched off. If it is direction “1” next time the recorder is switched on no additional operation is required.
If it is direction “2” next time the recorder is switched on after pressing the BKJ1 (ON) key press “2” key to
select direction “2”.

Transfer from direction “1” (at the end of the run) to direction “2” in recording and play mode is automatic.

In the rewind mode the recorder stops at the end of the cassette in any direction (“0” light goes ON).
Voice communication in all radio links (USW, SW, Intercom, “Kvant”, “Klest”) is recorded.

To play the data recorded the headset should be connected to the recorder X3 socket.
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Fig. 4. “Gnom-S” Onboard Tape Recorder Exterior Appearance
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3.9. TENEBU3UOHHAA CUCTEMA “KINECT” (TBC) (“KLEST” TELEVISION SYSTEM)

TBC SYSTEM PURPOSE

The TBC purpose is to perform the following functions:

— Transmitting the crew TV image from the CA Module during prelaunch, launch/orbit injection and or-
bital flight phases;

— Spacecraft/Station docking procedure monitoring;

— Display of graphic data coming from the “Ctpenka-BKY” (Strelka-VKU) sensor equipment;

— Display of data originated by the “Cumson” (Simvol) equipment;

— Display of combined external TV camera and “Cumson” (Simvol) data;

— Display of the spacecraft descent parameters in the controlled descent mode;

— Onboard Clock synchronization after the CA/BO separation.

SYSTEM COMPOSITION
The Soyuz spacecraft TBC System block diagram is shown in Fig. 1.

Itincludes:

— KJ1-101-02 external NV camera;

— KI1-102A-02 CA Module TV camera;

— KJ1-102-05 CA Module second TV camera;

—  KJ1-105 Commutation units (2 pcs);

— KJ1-106 Synchronizer;

—  KJ1-107 BugeokoHTponbHoe yctponcTeo (BKY) (Video Monitoring Device);

— KJ1-110 Display Unit for “py4Hoe ynpasneHue cnyckom (PYC)” (Manually Controlled Descent) Mode;
— KI1-108 Transmitter Unit;

— KP-77 Luminaries (4 pcs).

TV Cameras

The TV cameras' function is to convert the scene in their objective field of view into TV signal (the external
camera is black and white and the CA Module cameras are color).

The external TV camera is used for approach/docking and attitude maneuver monitoring. It is equipped
with two replaceable objectives: one of wide angle and the other of narrow angle.

There is a shutter in front of the objective used to protect the transmitting tube from direct solar rays.
When the camera is switched on the shutter uncovers the objective and when the camera is switched off
the shutter covers it.

There is “TB lNepecseTka” (Light Redistribution) Mode provided in the camera, which allows to decreasing
the light specks in the image from brightly illuminated objects.

The objective is selectable and the “TB NepecseTka” Mode is switched by control commands provided the
camera is ON.

The CA Module TV cameras are used for the crew status monitoring in all flight phases.

The KI-102A-02 Camera is directed at the Commander and the Flight Engineer, and the KJ1-102-05 looks
at the Cosmonaur-Researcher.

When the CA cameras are switched On the KP-77 luminaries are switched On.

Commutators
The commutators are used for commutation (distribution) of TV signals coming from the TV sources to
the onboard TV users.

Synchronizer

The synchronizer functions are:

— to synchronize operation of the external TV camera and the “Cumon” (Simvol) equipment;

— to sum up signals from the external TV camera and from the “Cumson” (Simvol) equipment in order to
form the combined image (Oucnnen TB) (TV Display) Mode.

BuaeokoHTponbHoe ycTponctBo (BKY) (Video Monitoring Device)
The BKY function is to convert the TV signal into visual image. On the front panel there are brightness and
contrast adjustment knobs.

Display Unit for Pexxum py4Horo ynpasnenus cnyckom (PYC) (Manually Controlled Descent Mode)

The Display Unit for the PYC Mode converts the controlled descent parameters coming from the BLIBK
into a TV signal.
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The Display Unit operates in two modes:
“program curve’;
“roll attitude rate”.
The Unit generates six program curves and three apparent velocities accumulated values “descretes”.

Radio Transmitter
The Radio Transmitter transmits the TV signal to the ground.

Luminaries

The luminaries are used to provide for necessary illumination in the CA Module during the TV cameras
operation.

The luminaries are switched on simultaneously when the cameras are switched on.

TBC System Location
— TV cameras:
— the external camera is located outside the BO between planes Il and Ill. The camera optical
axis is directed along the “- X” axis;
— the KY-152 CA Module camera is in the CA upper part on the starboard;
— the KY-152 CA second camera is in the CA upper part on the port side;
— Commutation Units:
— one is in the BO behind the cover marked “XCA”;
— the other is in the CA on the port side at the level of the left seat;
— Synchronizer is in the BO behind the cover marked “XCA”;
— BKY Video Monitoring Device is a part of the MK CA panel;
— Display Unit for the Manually Controlled Descent Mode is in the CA between the parachute containers;
— Radio Transmitter is in the BO behind the cover marked “XCA”;
— Luminaries are in the CA beside the cameras in pairs.

TBC System Technical Data:

— black and white image;

frame size - 4/3;

decomposition method - every other line;
— line scan frequency - 625 Hz;

— frame scan frequency - 25 Hz.

TBC System Operation
The TBC equipment operation modes are initiated by commands issued either from the KCI1 or via the
KPJ1. The KCIT - issued commands are listed in Table 1.

Table 1

Name of Command KCI Adress

ON OFF
“TB ctbIk” (TV Docking) P9 P10
“TBCA” (CATV) P11 P12
“Mopkn TB2 CA” (CA Second Camera ON) P13
“Oncnnen” (Display) 3 4
“Oucnnen TB” (TV Display) B15
“TB PYC” (Manual Contr. Descent TV) H17 H18
“NPA Knect-M”(“Klest” XMTR ON) P17
“TB nepecBeTt” (Light Redistribution) P5 P6
“O6bektue LUMP/Y3K” (Wide/Narrow Angle Obj.) P7 P8
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3.10. CUCTEMA BOPTOBbIX U3MEPEHUI (CEXU) (ONBOARD MEASUREMENT SYSTEM)

CBU SYSTEM PURPOSE
The CBW System is designed for ensuring two way multifunction radio communication and Soyuz space-
craft control in both orbit injection and orbital flight phases.

The CBU System ensures execution of the following tasks:
Measurement of the slant range to the spacecraft and its velocity radial component (PKO Mode);

— Spacecraft onboard systems control by means of functional commands (®K Mode);

— Digital data exchange with the spacecraft BLIBK Complex and AlBY Equipment via up and down
radio links (LU Mode);

—  Two way Crew/Ground voice communication (TJ1® Mode);

— Telemetry data downlinking (TM Mode);

— TV data downlinking (TB Mode);

— Onboard-to-Ground time synchronization;

— Downlinking the crew health status parameters;

— The spacecraft principal onboard system status monitoring when docked to Mir station or RS ISS;

— Issuing the “ABapus Hocutensa” (Launch Vehicle Failure) command into the CAC (Launch Escape)
System during Launch/Injection phase.

The Soyuz spacecraft CBU System includes:

— BP-9LlY-3 Radio Telemetry System;
—  Mwup-3-A1 Multichannel Recorder.

BP-9LlY-3 Radio Telemetry System

The BP-9LY-3 Radio Telemetry System is designed for sampling, memorizing, and converting the sensor
data featuring the spacecraft onboard system operation and transmitting it to HW/IMs (ground tracking
sites).

The BP-9L}Y-3 is multichannel time division measurement equipment.

The BP-9L1Y-3 equipment has the following operation modes:

— direct measurement/transmission (HI'1 Mode) at the data rate of 25600 measurements per second;

— data recording on magnetic medium (tape) memory of the 3anomunatowiee yctponctso (3Y) (Data
Storage Unit)) at the data rate depending on the recording time mode. There are three recording time
modes: 32, 130 and 960 min.;

— play (reproduction) of data recorded on the 3Y memory;

— the 3Y tape rewinding into the initial position for recording (ucxogHoe 3Y).

The System Antenna Feeder Unit consists of two redundant ABM-282 and ABM-283 antennae. The ABM-
282 antenna is primary and is located on the AO Module flare. The ABM-283 is the back up one and is
mounted on the CB extreme section on plane IV. The onboard transmitter is switched from one antenna to
the other by KPJ1 commands.

The BP-9LLY-3 can transmit data by means of both its own transmitter and the “Kvant-B” System transmit-
ter.

The BP-9L1Y-3 System units are located in all the spacecraft modules.

The BP-9LlY-3 System Operational Limits and Characteristics

# Technical Characteristics Values

1 Total weight 95 kg

2 Maximal data rate 25600 1/sec.
3 Channel sampling rate (JIK channels) 50 Hz

4 Number of channels 8

5 Number of JIK channels 64

6 3Y memory capacity 6 M words

7 Telemetry frame capacity 512 words

8 Word capacity 8 bits

9 Service life 1500 hrs
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Crew operation with BP-9LY-3 Equipment

The BP-9LY-3 Equipment operation is controlled by means of the CYBK commands, NMBY program marks
and ground - issued commands.

The crew can switch the direct measurement mode ON or OFF by switching ON or OFF communication
session (XK-3 and XK-4 “CeaHc cBs3n” (Communication Session) KCI1-J1 commands). There are no other
manual Control/Display aids for the BP-9L1Y-3 equipment.

Mup-3-A1 Multichannel Recorder

The autonomous multichannel Mup-3-A1 recorder is used for recording the spacecraft system operation
parameters in principal dynamic flight portions on the armored cassette magnetic tape.

The Mup-3-A1 Recorder is located in the CA at the crew console frame between planes Ill and IV. The
armored cassette is returned back to the ground together with the crew and is post flight processed using
special equipment.

When the Mup-3-A1 Recorder is switched ON the KJY (Combined Propulsion System) parameters (P.O1
and P.I"2) and the CMUOC ( Descent Reaction Control System) parameters (P.nep1 and P.nep2) are only
recorded on the Recorder magnetic medium and the crew cannot display them on the MK CA Panel KO
Indicator. If the crew is monitoring these data they will disappear from the K3W screen at the moment of
the Recorder switching ON.

Mup-3-A1 Equipment Operational Limits and Characteristics

# Technical Characteristics Values

1 Total weight 18,5 kg

2 Maximal data rate 6000 1/sec.
3 Channel sampling frequency 31,25 Hz

4 Number of analog channels 64

5 Number of digital (signal) channels 128

6 Continuous operation time 76 minutes
7 Service life 50 hrs

Crew Operation with Mup-3-A1 Recorder

The Mup-3-A1 Recorder is switched on by two commands issued sequentially:

— “nporpes” (Heating) on which the equipment electronics is energized,;

—  “npotsxka” (Tape Transport) on which the tape transport mechanism is started.

The Launch Control Complex, generated by the onboard automatic control aids and issued by the crew
can issue these commands. When the KCI1-I T-1 “MpoTsikka Mup -3” (Mir-3 Tape Transport) is issued
both heating and tape transport are switched ON simultaneously and on the T-2 command both are
switched OFF. This operation is executed on the ground instruction in order to prevent eventual tape stick-
ing during a long duration space flight.

If the KCI-M T-1 “MpoTts»kka Mup -3” light illuminates that is the crew indication of the Recorder being in
operation.

Soyuz spacecraft CBU System/Mir station Complex CBU System interface

In order to enhance the capability of monitoring the spacecraft system major parameters when docked to
the station there are special BP-9LY-3 units installed onboard Mir station to which the spacecraft sensor
outputs involved are commutated. After docking the outputs of these BEP-9L1Y-3 units are electrically con-
nected to the station Telemetry System.

The major parameters transmitted to the Mir station CBU System are:
— pressure of propellant components in storage tank (KOY System);
— pressure of pressurization gas in spheric bottles CUOC System);
— pressure and temperature in spacecraft modules;

— pressure and temperature in loops/manifolds of the COTP System;
— pressure in the oxigen pressurization bottle in the CA.
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3.11. PAOUOTEXHUYECKAA CUCTEMA CBJINXKEHUA “KYPC” ( PTCC) (“KURS” RADAR
RENDEZVOUS SYSTEM)

PTCC “KURS” PURPOSE

The “Kurs” PTCC System is designed for measuring the parameters of the spacecraft / station relative
motion during their rendezvous.

The “Kurs” PTCC System ensures target search and acquisition at the range of not less than 300 km.

In order to realize the approach mode the spacecraft PTCC is measuring the following relative motion
parameters:

— range p;

— range rate p’;

— target line of sight angle in heading n and in pitch 9;

— radio direction angle in heading n and in pitch ¥;

— relative roll angle v;

— line of sight angular rate Q.

The data measured are sent to:

— Motion Control System (CY[) for executing the approach mode;

— Crew display for the approach procedure monitoring;

— Telemetry System for the approach procedure monitoring by the ground.

SYSTEM COMPOSITION
The PTCC System includes the following antennae (Fig. 1):

2A0 Antenna
The n and ¥ angles measured by 2A0O Antenna are used for the spacecraft directing at Mir station. The
Antenna is fixed to the folding rod at the docking assembly flare between planes Il and .

AC Antenna
This Antenna is used for measuring the following relative motion values: p, p’, m, 9, v, Q. The Antenna is
fixed to the rod on the BO body in plane I.

2AC® Antenna
This Antenna is used for measuring radio direction parameters (n, 0) transmitted from the Mir station.
The Antenna is fixed to the rod on the BO Module in plane IV.

AKP1 and AKP2 Antennae

These are used for transmitting/receiving signals in the spacecraft full sphere and for receiving p and p’
parameters. The AKP1 Antenna is on the BO between planes Il and IV and the AKP2 Antenna is on the
Propulsion System compartment between planes | and IV.

AKP3 Antenna
The AKP3 Antenna operates jointly with the 2A0 Antenna in the attitude control mode. The AKP3 Antenna
is mounted on the Propulsion System compartment between planes 11 and IV.

Electronic Equipment

The Electronic Equipment of one PTCC set includes (Fig. 2): npuemnuk (NMPM) ( Receiver); nepegatunk
(MPO) (Transmitter); Logic Unit; sensors of relative attitude (n, 9), line of sight angular rate (Q), relative
range (p), range rate (p’), relative roll angle (y), radio direction angles (n, ©¥); Device for data exchange
with BLIBK; atanoHHbIn reHepatop 4acTtoTthl (3IMY)  (Reference Frequency Oscillator); Test Generator;
filters: Built-in Test Equipment.

Based on the test results the Built-in Test Equipment generates either the System Ready for Operation
Signal or a measurement channel failure Signal. The test results are sent to the BLUBK which performs
analysis of the first and second PTCC System sets, selects the better one and initiates its operation.

The electronic units are housed in a container which is located in the BO “Ousan” (Divan). There are two
sets of the electronic units in the container, one being primary and the other back-up to enhance the reli-
ability.

The crew monitors the relative motion parameters and the PTCC operational status by using the BKY

(Video Monitoring) Device in formats 43 or 44.
The KCI-1 is used for the PTCC System equipment control.
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The approach procedure data and parameters measured by the “Kurs” System equipment are displayed
in formats ®.43 “ConwxeHne” (Approach) or ®.44 “Ipuyanusanue” (Berthing) (See Appendix B). The
format is selected by means of the NMPBW (Manual Data Load Panel) on the MK CA.

The format area is subdivided into subject sites in which specific information on relative motion parame-
ters, “Kurs” equipment modes and current flight situation is displayed.

In the right part of ®.43 format there is a chart of attitude angles 1, © and roll angle .
The heading angle (n) is read on the axis of abscissae. The pitch angle (9) is measured on the axis of
ordinates. The relative roll angle (y) is read in the upper part of the chart on the axis of abscissae. The
above mentioned angular coordinates are indicated in the phase plane as brightness marks (crosses).
The cross deflection from the origin determines the line of sight deflection from the spacecraft longitudinal
axis.
The object sites displaying numerical data are marked with symbols, which denote:

N, O, ¥ - pitch, heading and roll accordingly;

Qz, Qy - line of sight attitude rate projections;

p - range (km);

p’ - range rate (m/sec);

n, O - radio direction angles (degrees).

Graphical data on the p, p’, n, O values or numerical data on the p, p’, n, 9, Qz, Qy values are coming to
the corresponding subject sites designated accordingly either from the prognosis (forecast) or from the
“Kurs” System equipment.

The “Kurs” System equipment is controlled either automatically (from the BLIBK) or manually by means of
the KCI1-J1 commands: “Kypc-1” (I9) or “Kypc-2” (F'11) switching ON either set 1 or set 2 of the “Kurs”
System equipment. Nominally the flight plan provides for automatic switching ON of the “Kurs” equipment.

SYSTEM OPERATIONAL LIMITS AND CHARACTERISTICS

As there are two sets of the “Kurs” equipment onboard the spacecraft it is possible to select either of
them.

At first one set of the “Kurs” equipment is switched ON. When it enters the operation mode it is subjected
to testing. In case the test results are negative there may be the following equipment failures:

— Set failure;

— AC mode failure;

—  “p” panel display failure;

— berthing mode failure;

— failure of viewing angle display.

The test results are sent to the BLIBK and memorized. Then the next “Kurs” equipment set is switched ON
and driven to the operational mode with its subsequent testing. The test result are also memorized by the
BLIBK. Based on the test results the BLIBK selects the best (healthy) set and uses it in the approach pro-
cedure.

“Kurs” Equipment Nominal Operation Cyclogram

When the tests are completed the “Kurs” equipment enters functional operation mode.

The BLBK issues the “Kpyrosown nouck” (Circular (All-around) Search) command and sends it to the “Kurs”
equipment. On this command AKP1 and AKP2 antennae are connected to the Receiver and Transmitter
in turn. This enables the spacecraft to receive signals radiated by the station “Kurs” equipment and to
radiate signals in full sphere. On the BKY Device the “Kpyr " (Circular Search) light goes ON.

On board the Mir Orbital Complex its “Kurs” equipment is also operating in the Circular Search Mode, i. e.
the AKP1 and AKP2 antennae in turn receive and transmit signals in full sphere.

This Mode lasts no more than a minute that is until one of the spacecraft AKP antenna begins to receive
signals from the Mir Complex. When the reception becomes stable the spacecraft “Kurs” equipment gen-
erates the CurHan Hanuuus uenu (CHL) (Target Acquisition) command. On that command the Search
Mode is terminated but the AKP1(2) antenna that was the source of the CHL, command generation re-
mains connected to the receiver and transmitter. The CHL, command initiates the spacecraft-to-station
pointing mode. The 2A0 antenna starts operation measuring angular errors in 1, & between line of sight
and the spacecraft longitudinal axis. The error in m, ¥ is fed to the Motion Control System which rotates
the spacecraft in n and 9 angles simultaneously aligning the spacecraft longitudinal axis with the line of
sight. At the ©.43 (44) format n and 9 numerical values appear and also on the phase plane the cross
starts moving. When the angular error in i and © decreases down to less than 5°
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the “Kurs” equipment generates the “AsToconposoxaeHue” (Auto Tracking). On the ABToconpoBoxaeHve
command the AKP1 and 2A0 antennae are withdrawn from operation and the AC antenna operation is
initiated by connecting it to the receiver and transmitter. Using this antenna the spacecraft attitude relative
to the Mir Orbital Complex is maintained in response to n and © error signals and also the line of sight
angular rate Q measurement is initiated. The Q numerical values begin to appear at the .43 (44) format.
On the “AsToconpoBoxaeHne” command range (p) and range rate (p’) measurement channels are
switched ON. As soon as the spacecraft “Kurs” starts measuring p and p’ the “3axsat” (Lock-In) com-
mand is generated and p, p’ numerical values from the “Kurs” equipment are displayed at the ®. 43 (44)
format. Information on p, p’, Q is sent to the spacecraft Motion Control System which computes the nec-
essary thruster burns and issues commands to initiate them.

At the range of p=10 km the BLIBK issues the “Tect K” (“Kurs” Test) command and sends it to the “Kurs”
equipment. On this command measurement of 1, 9, p, p’, Qz, Qy is terminated and the test mode is initi-
ated for checking up the p and p’ measurement channels serviceability and the range channel calibration.
The test lasts less than 100 seconds. When it is completed the AKP1 and AKP2 antennae start operating
and the “CHLI” command is generated. Then using the 2A0 antenna the angular error is diminished and
subsequently the “AsToconposoxaeHune” and “3axsat” commands are issued. At the range of p<1 km the
2AC® antenna is connected to the receiver and is used for measuring n and ¥ radio direction angles. This
angles are sent to the CY[ System and to the ®.44 format and used while flying around the Mir Complex
relative to the selected docking unit. When the fly-around maneuver is completed the BLIBK issues the
“BAB KOH” (' Station Keeping within the Cone) command. On this command the “Kurs” equipment trans-
fers from the “8axsat” Mode to the “lMpuyanusanne” (Berthing) Mode. The Motion Control System running
to zero n and 9 radio direction angles brings the spacecraft to the Mir Complex longitudinal axis. Then the
v roll angle measuring and running to zero is initiated. When the angular error value in n, 0, y is small
enough to ensure the automatic berthing the crew using the MPBN panel issues the “Paspelwerue
npnyanmeanms” (GO for Berthing) command into the CY[ System. The CY[ System moves the Soyuz
spacecraft to the Mir Complex at a specified velocity (range rate) and the two space vehicles get docked.
When the “Kacanne” (Contact) command is issued the “Kurs” equipment is switched OFF.
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Fig.1. (PTCC System Antennae Layout)
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Fig.2. (PTCC System Electronic Equipment)

1. AK Antenna Complex. 2. Filter. 3. Receiver. 4. Transmitter. 5. Test. 6. Set 1. 7. Test Generator. 8. Reference Frequency Oscillator.
9. Logic Unit. 10. Parameter measurement. 11. Device for Data Exchange with BLIBK. 12. Power Supply Unit. 13. Set 2.
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3.12. ONTUKO-BU3YAIIbHbIE CPE[CTBA (OBC) (OPTICAL-VISUAL AIDS)

The Soyuz spacecraft optical-visual aids (OBC) include:
BusyanbHas cuctema kocmoHaBTa (BCK-4) (Periscope);
—  Bwuawnp HouHoro ynpasneHusa(BHYK-K) (Night Time Control Visor);
—  Bwuawnp nunota (BI1-1) (Pilot Visor);
— NasepHbin gansHomep (JTNP-1) (Laser Range Finder).

BCK-4 COSMONAUT VISUAL SYSTEM

BCK-4 Purpose
The BCK-4 Cosmonaut Visual System is designed for the spacecraft attitude monitoring in orbital flight
phase, docking procedure monitoring and space object visual observation.

BCK-4 Composition
The BCK-4 has external and internal (cabin) parts which are installed on the window located in the CA
Module at the spacecraft “-Y” axis. The instrument visor axis is 6 ° inclined relative “-Y” axis.

The external part consists of the central viewing tube and the peripheral tubing unit . The instrument line
of sight can only be in two fixed positions: 0 degrees (“OpueHt”) (Attitude Monitor) and 84 degrees
(“Mpwuyan”) (Berthing). The position is changed by turning the mirror unit in the central tube head using an
electric motor.
The cabin part includes the instrument body with elements of the two optical systems and the control knob
panel (Fig. 1).

-—-

WTOPRKA () ceeTodnanTp
OTED nepedep.

Fig. 1. (BCK-4 Screen and Control Knob Panel)

1. Screen (Contrast) knob. 2. Shutter ON/OFF knob. 3.Periferal Light Filter knob.
4. Central Light Filter knob.

The “UenTp. CeTtocbunbtp” (Central Light Filter) knob is used to insert a neutral light filter into the central
optical system field of view.
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The “OkpaH” (Screen) knob is used for focus adjustment by moving the screen along the visor axis.
Rotating the “CeetodmnbTp nepudep” (Peripheral Light Filter) knob a dark light filter can be introduced
into any of the eight peripheral tubes.

The “LUTopka” (Shutter) knob purpose is to shut off the field of view of all the eight peripheral tubes simu |-
taneously.

BCK-4 System Operational Limits and Characteristics

# Technical Characteristics Values
1 Central system field of view angle 15°
2 Central system magnification (0,7-0,1)
3 Central system lens aperture diameter - not less than 77 mm
4 Visor axis angle relative to central system axis 0and 84 °
5 Field of view angle of each peripheral system visor tube:

— inradial direction 14°

— in tangential direction 30°
6 Peripheral system magnification (0,09-0,01)
7 Peripheral system lens aperture diameter - not less 60 mm
8 Power supply voltage 27 +7V

-4

9 Power consumption 15W

Crew operations with the BCK-4

Throughout all the orbital flight the crew uses the BCK-4 as the principal instrument for monitoring the
spacecraft attitude and attitude maneuvers for which the visor axis is set into the “OpueHT” position by
KCI-1 B-18 command.

The basic attitude - orbital Earth coordinate system (OCK) with preset heading angle is considered estab-
lished when the reference object (Earth) apparent run direction in the central system field of view is paral-
lel to the heading indicator stroke rotated at the preset angle. And the Earth horizon in the screen periph-
eral zone must be parallel to the corresponding strokes or coincide with them.

For approach/docking the visor line is set in the “IMpuyan” position by the KCI1-J1 B-17 command. At the
range of 2 km the crew selects the screen according to the illumination conditions. In the shadow the lens
screen is used and in the sunlight the matte screen is preferable. At this range it is possible to estimate
the range using the screen grid. Charts and tables for range determination by the target angular size are
included into the FDF ((“Nominal Modes”).

BHYK-K NIGHT TIME CONTROL VISOR

BHYK-K Purpose
The BHYK-K Night Visor is used for visual monitoring the spacecraft heading attitude through the BCK-4 at
the shadow part of the orbit and for observing faintly illuminated object through the window.

BHYK-K Composition
The BHYK-K consists of (Fig. 2): collective, objective, electronic/optical converter 30I(brightness con-
verter) and biocular.

The Infrared rays are passing through the collective (adapter of BCK-4 and BHYK-K optical systems), then
through the objective and are focused at the 30Tl converter input plane. The 30T converts the IR signal
into video image which is viewed by the cosmonaut via the biocular. The biocular and objective are fixed
to the 30T by screwed joints and the collective is connected to it by means of special pin locks.
For the spacecraft heading attitude monitoring a rotatable grid is used.
The BHYK-K Visor principal controls are located at the 90TI1 converter:

- “CeTb” toggle switch - for power supply switching ON;

- “ApkocTtb” knob - for brightness adjustment;

- Grid control knob.
The Visor field of view can be closed by means of a shutter located in the collective, the shutter control
knob having only two positions: “OTtkp” (Open) “3akp” (Closed).
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Fig. 2. (BHYK-K Composition)

1. Kpbiwka - Cover; 2. Konnektue - Collective; 3 .Kpbiwka - Cover; 4. O6bektne - Objective; 5.
MpeobpasoBaTens sipkocTu - Brightness Converter; 6. Buokynsip - Biocular; 7. Kpbliwka - Cover; 8. CeTb -
Power; 9. Bkn - ON; 10. Otkn - OFF; 11. WTopka - Shutter; 12. OTtkp - Open; 13. 3akp - Close; 14. OTkp -
Open; 15. Bug A - View A; 16. Bua B - View B; 17. Yrnoeoe none: ¢ BCK, ABToHOMHbIN pexum - Field of
View: with BCK, Autonomous Mode; 18. ApkocTb - Brightness; 19. Cetb - Power; 20. Otkn - OFF; 21. Bkn
- ON; 22. 3axum - Clamp; 23. 3akp - Close; 24. OTkp - Open; 25. Bug b - View B; 26. Bug I' - View I'; 27.
CeTb - Power; 28. 3akp - Close.

BHYK-K System Operational Limits and Characteristics

# Technical Characteristics Values
1 Objective relative aperture 1:1,8
2 Objective focal distance 36 mm
3 Field of view angle:

- with BCK-4 12, 20°

- in autonomous mode °

37

4 Brightness gain :

- with BCK-4 600

- in autonomous mode 900
5 Grid rotation 20+1°

Crew Operation with BHYK-K

BHYK-K is used at the shadowed part of the spacecraft orbit for monitoring orbital attitude system (OCK)
and for the target acquisition and its attitude monitoring during approach and docking in the shadow.
When operated jointly with the BCK-4 it is necessary to: take the covers off, open the shutter, switch ON
the “CeTtb” toggle switch at the BHYK-K and using the “ApkocTtb” knob adjust the image brightness to op-
timal level. To monitor the spacecraft heading attitude using the “Cetka” knob match the grid vertical
strokes with the terrain run direction and read the angle on the knob scale.
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When the BHYK-K is operated in autonomous mode it is necessary to dismount he collective. Other op-
erations are similar to those of the joint mode with the BCK-4. After every 5 hours of the BHYK-K continu-
ous operation an interval of 30 minutes is necessary.

BM-1 PILOT VISOR

BM-1 Purpose

BI-1 instrument is a visor designed for the observation of reference objects located in the infinity and for
the estimation of the angle to the object observed (for instance Mir station (ISS) while executing manual
approach).

BI-1 Composition

The BI1-1 Visor consists of (Fig. 3): the half-transparent glass 7 and the Integral Light Unit 4.

o)

s
-

—
- —
g
A
7
N

=]

\

/
Ve
Ve
—_
[n 4]
M

X

Py

|
@\

. - WréncencHuM pasoem

. - Mlamna noaceeTER

. - TymbGnep "Cete™

. - ¥380 NGACEETKN

. - Harnasuuk

. - SALMTHEIA KONYX

. - Crexno

. - JANACHAA NAMNAE NOACBETEM
. - PErynarop ApKGCTH CETEW

24
=2
(=R B0 RN

Fig. 3. (BI-1 Visor)

1. Plug Connector. 2. Light Lamp. 3. Power Switch. 4. Integral Light Unit. 5. Eye Shield. 6. Protective
Cover. 7.Glass. 8. Back Up Light Lamp. 9. Reticle Brightness Adjustment Knob.

The Integral Light Unit is used for generating the reticle collimation image at the Glass. In the
Launch/Orbit Injection phase the instrument with the protective cover is stowed in the right seat container.
BI1-1 is installed befor approaching on BO cupola.

BI-1 System Operational Limits and Characteristics
# Technical Characteristics Values
1 | Field of view angle 10°
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2 | Magnification 1

3 | Output aperture diameter 18 mm
4 | Output aperture offset from the instrument axis 110 mm
5 | Power Supply Voltage 27V

Crew Operation with BIN-1

To start operations the Integral Light Power (Toggle Switch 3) should be switched ON and the reticle
brightness should be adjusted using knob 9.

Prior to descent the Visor is stowed in the BO and is jettisoned together with this Module.

JINP-1 LASER RANGE FINDER

JINP-1 Purpose
The JMP-1 instrument is a laser range finder designed for measuring range to the objects located within
145 - 6000 m while executing orbital station manual approach.

JNINP-1 Composition

JINP-1 is a special instrument (Fig. 4). It has two oculars (eye pieces): the optical ocular (right) for the
target observation and aiming, the indicator ocular (left) - for measuring range to the target. In case of low
illumination level the JIMNP-1 reticle strokes can be lighted by LED light “MTOOCBET BKJT” toggle switch.
Range to the target closest to the J1MP-1 is measured by pressing “USMEPEHUE 1” button.

OK¥NAP MHOWKATOPA (NEBbIA)

HHAMKATOP AANLHOCTH

MHAWMKZTOP HAIMMHA LenM Ganxe
YCTAHOBMEHHOW MHHHMANLHOW A20LHOCTH

MHAMKATOP OTCYTCTBMA SOHAHMPYIDILETO HMITY LT
[(NpH 3TOM BO BCEX PaIpAafaX BhCBEYMBRIITCA HYH)

HHAHKATOP FITOBHOCTH K HAMEPEHHID [38NeHbIA)

MHAMKATOp pRapaikH 2KKyMy[aTopa (KpacHeii)

MHAMKATOP HAMMMMA HECKObKHX LEneh

Fig. 4. (JINP-1 Laser Range Finder)

1. Indicator Ocular (Left). 2. Range Indicator. 3. Indicator of a Target Available Closer than Minimal Preset
Range). 4. Probe Pulse Absence Indicator (Zeros appear in all digits). 5. Ready for Measurement Indicator
(green). 6. Storage Battery Discharge Indicator (red). 7. Target Plurality Indicator.

JIMP-1 Operational Limits and Characteristics

# Technical Characteristics Values
1 Ranges to be measured through the window 145-6000 m
2 Measurement error +10m

3 | Visor field of view angle 6,7°
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4 Warm up time for measurement 5s

5 | Time for measurement data display in the left ocular 4+1s

6 JIMP service life (single battery powered) 300 measurements
7 Continuous operation time 5 hrs

Crew Operation with the J1MP-1

For the JMP-1 operation it should be mounted on the cupola/window of the BO Module by means of a
special bracket. Then it is necessary to check up if there are power supply aids (storage batteries) in the
JINP-1 and to make sure all the JINP-1 toggle switches are in OFF position.

Before starting the JINP-1 operation it is necessary to lock it to the bracket, set the protective cover and
connect the umbilical. The umbilical is used for the JIMP-1 connection to the BBK-1 special instru-
ment/calculator which is designed for calculating the approach range rate on the basis of two JIIP-1 range
measurements.

To operate the JIMP-1 it is necessary to switch on power by means of the “BKI1” toggle switch and to en-
ergize the Integral Light Unit by the “MOOCBET BKIJ1” toggle switch (if the target is observed against the
dark background). By rotating the right ocular rim set the JIF1P-1 contrast image.

If when switching the JIMP-1 power ON the red light indicating the battery discharge illuminates in the left
ocular it is necessary to replace the power supply battery.

For the JTNP-1 instrument 5 doubtful measurement of every 20 measurements are admissible.

Target Range measurements

Aim the JNMP-1 at the target via the right ocular. Then press and hold the ““UBSBMEPEHWE 1” button, in 5
seconds the green indicator light must illuminate in the left ocular which will indicate the JIMNMP-1 readiness
for measurements. When the green light is ON release the “UBMEPEHUE 1” button. If the laser ray hits
the target in the left ocular red range indicator lights will illuminate in the left ocular (range is displayed in
meters). If the laser misses the target zeros will appear in all the indicator digits.

For the second range measurement it is necessary to repeat the above mentioned operation steps.

When the JIMNMP-1 operation is completed it is necessary to switch OFF the power (“BbIKI” switch) and the
Integral Light (“NTOOCBET BbIKJT” switch).

In the Launch/Injection phase the JIMNMP-1 is stowed in the BO Module.
Prior to descent the JIMNP-1 is stowed in the BO and is jettisoned together with this Module.
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3.13. KOMIMJIEKC CPEACTB OBECINEYEHUA XXN3HEOEATENIbHOCTU (KCOX) (COMPLEX OF
LIFE SUPPORT ARTICLES)

KCOX PURPOSE

1. Maintaining necessary microclimate parameters (P, T, gas composition) in the spacecraft habitable
modules;

2. Ensuring the crew survival in contingency situations;

3. Providing the crew with potable water and food rations;

4. Collection, isolation and stowage of crew physiological wastes (urine and solid excreti).

KCOX COMPOSITION

The KCOX Complex consists of:
— CpeactBa obecneyeHus razosoro coctasa (COIMC) (Atmosphere Revitalization System);
— Komnnekc cpegcts cnacenus (KCC) (Survival Aid Complex);
— Cpeactea nogauu raszoson cmecu (CIIC) (Gas Mixture Supply System);
— Astomatuka KCC (AKCC) (Survival System Automatic Equipment);
—  Komnnekt nHgusmnayaneHoro 3awmutHoro cHapsixeHust (KU3C) (ckadbanap) ( Individual Protec-
tive Equipment Set) (Space Suit) (Section 3.14);
— Cpeactea BogoobecneueHus (CBO) (Water Stock/Supply);
— CpepacrtBa obecneveHus nutaHnem (COIM) (Food Rations);
— AcceHusaumoHHo-caHunTapHasi yctaHoBka (ACY) (Tyanet) (Waste Management System/Toilet);
— CpepgctBa koHTpons repmeTtndHocTy cTbika (CKIC) (- Interface Pressurization Control Aids) ( Section
3.7);
— Hocumbin aBapwuiiHbiii 3anac (HA3) (Post Landing Survival Kit) (Section 3.21).

The KCOX Complex ensures:

1. Life support of 2 man or 3 man crew in the spacecraft pressurized modules (CA or CA+B0) within the
period of 4.2 days of its autonomous flight.

2. Life support of the crew, the space suits donned, in the depressurized CA Module within the time pe-
riod of 125 min.

CPELCTBA OBECIMEYEHMWSA FA30BOIO COCTABA (COIC) ( ATMOSPHERE REVITALIZATION
SYSTEM)

COrI'C Purpose:

1. Maintaining the oxygen partial pressure (PO2) in the module within specified range at the specified
degree of its integrity by issuing control signals from the gas analyzer to the O2 supply valve;

2. Cleaning atmosphere in the habitable modules and filtering out injurious additives.

3. Monitoring atmosphere composition in the habitable modules by the 02, CO2 and H20 partial pres-
sure indications.

4. Issuing emergency signals when the PCO2 exceeds the specified upper threshold value and when the
PO2 decreases below the specified lower threshold value.

5. Issuing emergency signal when the pressure decreases below the preset value.

6. Ensuring pressure equalization and release from the spacecraft pressurized modules.

7. Maintaining the specified gas composition in the CA atmosphere in case of failure to open the CA/BO
Hatch door.

8. Pressurizing the CA parachute container displacement cavity at the touch down.

9. Pressurizing the BO Module with oxygen prior to launch.

10. Filling the MO with inert gas (Nitrogen).

The COI'C Composition and Location

The COI'C includes:
1. Cpepncrtea ounctkn atmocdepbl (COA) (Atmosphere Purification Aids);
—  Bnoku ounctkn atmocdepbl CA n 5O (BOA CA, BOA BO) (CA and BO Atmosphere Purifica-
tion Units);
— Perenepartop (PI') (Regenerator);
— 11 + M2 Purification Cartridges.
2. lazoananusatop (FA) (Gas Analyzer).
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3. Oatumk curianusatop gasnenus (OCH) (Pressure Emergency Sensor).
4, ArperaTbl CTpaBNMBaHvs 1 BbipaBHMBaHus gasnenus (ACBM) ( Pressure Release and Equalization
Aids):
— knanaH BblpaBHMBaHus gaenenns CA-BO (KB CA-BO) (CA/BEO Pressure Equalization Valve);
— knanaH ctpasnueaHusa aasnerus ns 6O (KCO BO) (BO Pressure Release Valve).
5. Cucrema HagayBsa BbiTecHuTensHoi emkoct (CHBE) (Displacement Cavity Pressurization System).

The COI'C System Main Characteristics

The COI'C System is capable of maintaining the following principal gas composition parameters (provided
that there is 2 or 3 man crew, the overall pressure is 450 - 970 mm Hg, one-crewman mean O2 consum p-
tion rate is 25 I/hr and CO2 excretion is 20 I/hr) within the time period of 4,2 days at the preset level of the
module pressurization:

— carbon dioxide partial pressure P.CO2<10 mm Hg;

— oxygen partial pressure 140 <P.02 <310 mm Hg and P.O2 < 40% Po (overall pressure);

— water vapor 8 <P.H20 <15 mm Hg;

— harmfull elements - not to exceed specified values.

BOA Unit

The BOA Unit Purpose is to delete CO2 and harmfull elements generated by crew human physiology
and equipment operation from the module atmosphere.

BOA Composition and Location:

— Fan Unit (Primary and Back-Up).

— 3O Motor Electronic Switch.

— Purification Cartridges: M1 - in the CA, N2, N3, N4 115, 16 - in the BO.

— Perforated cover - at the CA Module Back Up Fan inlet.

The design of the BOA-CA and the BOA-BO is identical

The BOA-CA is stowed under the Cdr seat, the EOA BO is in the lower part of the “CepaHT” (Servant).

BOA Technical Characteristics:

— Purification Cartridge service life: 60 man-hours

— Primary Fan air flow rate: 180 I/min.

— Back Up Fan air flow rate: 120 I/min.

— Purification Cartridge replacement: when P.CO2 = 10 mm Hg.
— Fan power consumption: 7.5 W .

Purification Unit Sequence of Operation

Launch/Orbit Injection: The BOA CA is operational, the BOA BO is idle.

Orbital flight: The BOA BO is operational, the BOA CA is idle. Cartridge replacement in the CA.
Approach/Docking: The two units are operational (CA/BO Hatch door is closed).

Docked Configuration: The two units are idle. Spacecraft preservation. New Cartridge in the CA.

Descent: Prior to closing the CA/BEO Hatch door the BOA BO is operational and after it is closed the BOA
CA Unit is operational.

Purification Cartridge Replacement Principles

The Purification Cartridges are replaced according to the flight plan schedule and on the ground instruc-
tion. However the following requirements should be observed:

1. A new Cartridge should be used for each flight phase:
W 111 - for orbit injection;
W 13 - for orbital flight;
W 115 - for docked configuration flight.
2. When a new Cartridge is initiated in the CA, the old one should be used in the BO until its service life
expires.
3. When P.CO2 = 10 mm Hg the Cartridge is to be replaced

4. In case of the Masoananuaatop (FA) (Gasoanalyzer) CO2 channel failure the Cartridges are to be re-
placed according to their service life.
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PI" Regenerator

PI Purpose: maintaining the CA atmosphere composition in case of failure to open the CA Hatch door.
The Regenerator service life is 51 man-hr.

The regenerator should be started when after landing any of the three parameter values are:
- P.02 < 140 mm Hg;
- P.CO2 > 10 mm Hg;
- T.CA<15°C.

A Gas Analyzer

The I''A Purpose is:

— to monitor constantly the module atmosphere separately in P.O2, P.CO2, and P.H20 parameter val-
ues;

— to issue control signal to the 3MK-PL (Electropneumatic Valve for Pressure Adjustment) oxygen sup-
ply valve;

— toissue ON command to the TC3-3 “COCTAB BO3YXA” (Composition of Air) emergency light.

A Characteristics

Parameters P.02 P.CO2 P.H20
Range (mm Hg) 0(80)-350 | 0-25 0-35
Error (mm Hg) +12 +1.5 +2
Control command to the O2 Supply Valve: (mm Hg)

- OTKP 3r1K-PA 160 - -

- 3AKP 3TK-P[ 185 - -
Emergency Signal (mm Hg) <120 =20

The "A “warm up” time for the operational mode is 1 hour.

AcC Caution/Warning Pressure Sensor

OCQO Purpose is to issue caution/warning signal when the Module atmosphere pressure is lower than the
preset value.

ACO composition

OCL is structurally arranged as a unit composed of:
— MAQA small size pressure sensor;

— electric circuit;

— setting controls.

AcmhO Controls

On the OC[ front panel there are:

— multiposition switch for the pressure setting;

— pressure range switch;

— “CurHanusaums” (Signalization) Toggle switch.

JAcCQO Technical Characteristics
The AC[H overall pressure range is subdivided into two ranges:
— 420-690 mm Hg
— 720 -990 mm Hg.
There are 20 setting points in the overall range at 30 mm Hg interval between them.
The pressure error at the sensor actuation is 220 mm Hg.
When the sensor actuates the TC3-3 “OABJIEHVE CA NMAOAET” (CA PRESSURE FALLING) illuminates.

KB/[] CA-B0O Pressure Equalization Valve

The KB CA-BO Pressure Equalization Valve purpose is to equalize the CA/BO pressure.
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KC/[ BO Pressure Release Valve
The KC[, BO Pressure release Valve purpose is to release pressure from the BO Module.

CHBE Pressurization System
The CHBE Pressurization System purpose is to pressurize the displacement cavity in the parachute con-
tainer to ensure stable floating of the CA Module in case of a splashdown landing.

KOMIMNEKC CPEACTB CMACEHUA (KCC) (SURVIVAL AID COMPLEX)

KCC Purpose: maintaining life and operation support of a three man crew in the depressurized CA Mod-
ule in all flight phases in order to ensure safe return to the Earth. The KCC Diagram is shown in Fig. 1.

The KCC Composition:
- Cpeacrtea nogaym raszoeor cmecm (CIIC) (Gas Mixture Supply System);
- AsTomatuka KCC (AKCC) (Survival System Automatic Equipment);
- Komnnekt nHameugyansHoro 3awmTHoro cHapsbkeHnsa (KN3C) (ckadpaHap) ( Individual Protective
Equipment Set) (Space Suit) (Section 3.14);

CPE[OCTBA NOJAYMN FTA30BOW CMECMU (CMIC) (GAS MIXTURE SUPPLY AIDS)

The CMNIC Purpose:

. 02 supply into the space suits when the CA is depressurized.

. O2 supply into the CA either automatically or manually for P.O2 adjustment.
. O2 stowage in pressure tanks.

. Excess pressure relief in the spacecraft modules.

. CA/Environment pressure equalization when descending both nominally and with the CA depressur-
ized.

OO WN =

The CMIFC Composition and Location
1. Gaseous O2 Stowage Aids:
— 4 spherical tanks (located on the NxO frame and set in pairs (Sections 1 and 2);
— 1 cylindrical tank (located in the CA under the Flight Engineer seat).
2. Oxygen Equipment
— Metal/ceramic filters;
Pneumatic connections;
Check valves;
Reducers;
Electric/pneumatic valves: 3TMK-PL, 3rK-I, 3MK-CA(1,2);
Electromechanical valve: 3TK-INCA;
— Manual turn valves: PlB-1,2.
3. briok aBTomaTtumyeckoro perynuposanunsa aasnenus (BAP[) (Automatic Pressure Control Unit).
4. O2 Pressure Sensors in the Tanks;
5. Tank Wall Temperature Sensors

CIIC Technical Characteristics:

The CII'C Aids ensure:

— 02 supply at the pressure of 4.5 atm into three “Cokon-KB2” space suits at the flow rate of 23.5 I/min
into each suit for the time period of 125 min in case of the CA depressurization (90 min - from the
MxO Module and 35 min from the CA);

periodical O2 injection into the CA automatically during the 4.2 days of the spacecraft autonomous
flight at the operational flow rate of 6 I/min.;

three pressurization (integrity) tests of the three space suits with O2 consumption of 240 | for one test;
gaseous O2 stowage in 4 NxO tanks, 20 /220 atm. each and in 1 CA tank, 11/230 atm;

excess gas discharge from the CA when the pressure rises up to 950 mm Hg subsequently maintain-
ing the pressure within the range of 740 - 870 mm Hg;

CA depressurization in emergency cases and maintaining PO2 in CA below 10 mm Hg;
CA/environment pressure equalization at the safe altitude of 5.5 km and maintaining pressure differ-
ential within 0.1 atm during descent both in nominal mode and when the CA is depressurized;
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CA O2 stowage tank pressure relief prior to landing down to the safe value of 10 atm;
crew capability to monitor O2 stowage tank pressure using the K3U Indicator.

BAP[ Automatic Pressure Control Unit

The BAP[ Unit functions are:

excess pressure relief from the CA and maintaining it within the range of 740 - 870 mm Hg;
CA/environment pressure equalization when descending both nominally and with the CA depressur-
ized;

CA depressurization in case of pressure drop to 400 mm Hg (pure oxygen breathing) to prevent at-
mosphere overoxidation and in case of fire;

CA pressurization prior to landing for eventual water surface splash down.

AKCC Survival System Automatic Equipment

The AKCC function is to control the CINI'C actuators.

The following operations are executed on the AKCC commands:

1.

2.

3.

7.

8.

The 3TK-I valve opening for the O2 supply to the space suits from the CINIC tanks when the CA
pressure decreases down to 400 mm Hg.

The TKI" (BAPL) squib valve explosion for the excess pressure relief when the CA or CA+BO pres-
sure increases up to 950 mm Hg.

The 3MK-PL valve automatic closing and locking in that position when the module pressure drops
down to 550 mm Hag.

The MKI (BAPL) pressurization squib valve and the NKC (BAPL,) pressure relief squib valve explosion
for the CA depressurization.

The 3MMK-IMCA opening on the CA/T1xO separation.

The 3MK-CA 1, 2 valve opening on the bottom thermal shield jettison for the CA oxygen tank pressure
relief to safe value.

Control of the space suit fan operation using the KCI1-IT via the N3BC Space Suit Fan Circuit Breaker
Panel.

Issuing data display signals to the MNK-CA Panel.

AKCC Composition and Location

1. The “Argus” pressure sensor is on the CA bottom.

2. The BACC Automatic Equipment Unit is in the same place as the “Argus”.
3. The M3BC Panel is under the Flight Engineer seat

4. The MNBK Valve Inhibit Switch is to the left and under the MNMK-CA Panel.

CUCTEMA BOOOOBECMNEYEHUA (CBO) (WATER SUPPLY SYSTEM)

CBO System Purpose is potable preserved water supply to the crew.

CBO Composition:

In the BO:

water stowage tank;

manual pump;

protective unit;

drinking dispenser;

three individual mouthpieces.

In the CA:

two feed tanks;
special drinking dispenser;
three individual mouthpieces.

In the BO the CBO System equipment is located in the “Ousan” (Divan) (opposite to the ingress hatch).
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CBO Technical Characteristics:
stowage tank capacity: V=20 I;
feed tank capacity: V=0,85 |;
stowage time:
— in the stowage tank: 360 days;
— inthe feed tank: 120 days;
silver content in the water: 0,2 mg/l;
rated water daily consumption by a crew member: 1,7 ;
stowage tank water load: for 3 men — 19,7 |; for2 men - 12 |.

CPEOCTBA OBECNEYEHUA MUTAHUEM (COIM) (FOOD AIDS)

COI function is to stow and deliver food rations for the crew and provide for the food waste collection
and isolation.

COInn Composition
1. Stowage aids in the 5O Module “Cepsant” (Servant) (Daily food rations are located in envelopes).
2. Food delivery aids:
—  CIM-3 (spoon and fork);
— CI1M-4 (can opener and the “konokoneunk” (handbell) squeeze tube opener)
3. Envelopes for food wastes.

Each crew member has its own food ration marking:
KK-1,2 for the Commander;
BU-1,2 for the Flight Engineer;
KW-1,2 for the Cosmonaut-Researcher.

The COIT Aids provide for three meals a day with the unheated food stuffs.
The daily ration meal taking procedure is defined by the checklist enclosed in the food ration. Each daily
food ration amounts to about 3000 kcal.

ACCEHU3ALMOHHO-CAHUTAPHASA YCTAHOBKA (ACY) (WASTE MANAGEMENT SYSTEM)
ACY function is collection, isolation and stowage of the crew physiological wastes.
ACY Composition:

In the BO:

— solid /liquid waste collector;
wring receptor;

urine collector;

filter/fan;

ACY panel;

inserts and replaceable rings.

In the CA:

urine collector (3 pcs.);
terminal;

replaceable rings.

ACY Technical Characteristics:

— System service life: 12,6 man-days;
Collector capacity: 10,8 |;

Fan air flow rate: 250430 I/min;

Rated one man daily urine excretion: 1,2 1.
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3.14. CKA®AH[OP “COKOIN-KB-2” (CK®) (“SOKOL-KB-2” SPACE SUIT)

SPACE SUIT PURPOSE

The “Sokol-KB-2” Space Suit is the principal element of the KU3C Individual Protective Equipment Set
which is a part of the Soyuz spacecraft KCC Survival Aid Complex.

The “Sokol-KB-2” Space Suit is designed for maintaining life and operation support of the Soyuz crew in
cooperation with spacecraft systems in case of the CA Module depressurization in critical flight phases
(launch/orbit injection, docking / undocking / redocking and descent).

The KNC3 Set jointly with the KCC Complex makes it possible to prevent the low pressure effect on the
crew in case of the CA depressurization maintaining pressure in the Space Suit about 300 mm Hg by con-
tinuous oxygen supply.

In case of the CA splashdown landing after the crew egress the Space Suit ensures a crew member water
buoyancy and stability by means of the “Neva-K” buoyancy collar and a capability of lifting him up on board
hovering helicopter.

The KCC Complex which includes the KM3C Set is designed for maintaining the crew life support pa-
rameters within the limits ensuring the crew safe return in case of the CA depressurization during
launch/orbit injection, docking, undocking, redocking and descent flight phases. In that case the KCC is-
sues emergency signals to the MK CA Panel, automatically supplies oxygen to the space suits, prevents
the CA atmosphere from overoxydation, equalizes the CA and environment pressure, switches on space
suit fans during descent and relieves pressure from the CA oxygen tank prior to landing.

SPACE SUIT COMPOSITION

The Space Suit set includes:

“Sokol-KB-2” Space Suit (cuff mirror incl.)

“I'M-7A 1”pressure tight gloves (hygienic gloves incl.);
— WJI-10 headset;
— underwear.

The Space Suit auxiliary equipment set includes:
— cotton/flax socks;

— launch highboots;

— launch gloves;

— launch scarf (for cold season launch).

The Space Suit spare equipment set for the Soyuz spacecraft includes:
— [MN-7A pressure tight gloves;

— WJI-10 headset;

— underwear, socks;

— maintenance Kkit.

The maintenance kit is designed for the space suit flight maintenance as its nominal usage procedure and
includes:

— stowage envelope;

— space suit drying aid;

— glove drying aid;

— pressure tight helmet glass textile protective cover;

— package for helmet glass oiling;

— electric connector plugs;

— rubber tight plaits for pressurizing the “appendices”.

The maintenance kit is located in the BO Module, fixed to the wall near the “CepBaHT” (Servant).

Besides the “Sokol-KB-2” Space Suit the KN3C Set includes:
—  BP-1 distribution unit;
— BBY-1 onboard fan unit;

“Neva-K” buoyancy collar.

SPACE SUIT DESIGN

The space suit has soft type structure and is a two layer combination garment with built in soft helmet,
footgear and removable gloves.
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The space suit principal diagram is shown in Fig. 1.

There is an opening in the front part for the space suit donning, on the left hand cuff the pressure differen-
tial indicator is fixed and on the right hand cuff there is a removable mirror for the donned space suit ext e-
rior inspection (in particular for checking up the helmet locks).

The space suits are manufactured for standard sizes and for basically seated position for the cosmonaut
comfort in the spacecraft seat. In order to allow for a cosmonaut specific anthropometric features individ-
ual fitting aids are provided.

The space suit consists of two shells: internal pressure tight envelope and external structural shell.

Pressure Tight Envelope

The pressure tight envelope is designed to ensure the space suit pressurization and is made of rubberized
capron fabric and in the joint areas - of rubberized knitted fabric.

There is a “big appendix” in the envelope (for the space suit donning) and a “small appendix” in the lower
part (for urination). The “appendices” are made of rubberized cotton fabric and are pressurized by means
of two rubber tight plaits.

Fixed to the pressure tight envelope internal part are elastic pipelines for ventilation and for oxygen supply.
Ventilation pipelines are laid to the trousers, sleeves and helmet. Pipelines feeding air to the feet are con-
nected to the ventilation insoles. The oxygen supply pipe is laid to the helmet.

A neck curtain is pasted in the throat part of the envelope in order to prevent water from leaking into the
suit when the cosmonaut is floating. In the initial position the curtain is stowed under a cover which is at-
tached to the envelope throat by means of a drawstring. In case of a splashdown landing the cosmonaut
pulls the drawstring and the curtain is released and then by pulling the curtain band ends he tightens the
neck curtain The pressure tight envelope is attached to the structural shell.

Structural Shell

The structural shell is designed for maintaining the space suit shape under differential pressure and for
the pressure tight envelope protection. The shell is made of lavsan fabric and has built in structural bands
with clasps in the sleeves, top part, and trousers area for the space suit fitting.

The space suit is donned through the structural shell opening which is covered by means of two structural
zippers. The “big appendix” is fabric-reinforced along the zippers to prevent it from jamming.

In the “small appendix” area there is a physiological opening in the shell which is secured by lacing it up
and covered by a fabric flap with velcro fastener.

The space suit frontal opening is reinforced by a transversal structural band which locks the shoulder joint
cords and by a spring lock in the waist area.

In order to provide for the space suit mobility freedom there are soft joints in the structural shell shoulder,
elbow and knee areas. The shoulder joints are additionally equipped with cord connections for a better
mobility.

There is an adjustable frontal tightening band with a spring lock used to compensate for eventual space
suit excess stretching out by the pressure differential.

Pressure Tight Helmet

The pressure tight helmet is manufactured integral with the space suit top and consists of the following
elements:

— shell - the suit top part extension;

— pressure tight joint;

— glass;

— ventilation and oxygen manifolds.

The helmet is tightly locked when its two half-frames get in full contact. The pressure tight joint is fixed
closed by means of two locks located on the helmet lower half-frame. At the moment of each lock closing
its latch actuates and a specific click is heard.

The latch has a mechanical flag indicator which is protruding from the lock body in case it is not fully
closed.

The helmet is unlocked by rotating the lower half-frame handle down and to the right up to the limit. This
will move the lower half-frame arch until its bosses contact the latch and release them from the upper half-
frame hooks.

There are ventilation and oxygen manifolds in the helmet for air and oxygen supply accordingly. The ven-
tilation manifold has a receptacle for fixing the suit pressure charging. This operation is accomplished
when the cosmonaut is floating after the splash-down landing and the neck curtain has been tightened.
The helmet glass is made of strong polycarbonate material with yet a decreased abrasion resistance. To
prevent the glass from scratches on the outside surface it is covered with the organic glass protector
which is taken off after the crew ingress prior to launch.
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M-7A Pressure Tight Glove

The I'T1 7A glove is a rubber pressure tight glove which is covered by fingerless structural shell with lock
ring for connection to the suit sleeve.

The rubber glove consists of a finger part and the cuff part attached to it. The finger part has the capron
knitwear reinforcement layer covered with rubber. At the finger flexion points there are bulges made for
finger mobility enhancement. The cuff part is made of rubberized knitwear. The structural shell is made of
lavsan fabric. The glove is connected to the suit cuff by means of the lock ring in which a hollow rubber
hose (the “aytTnk”). The glove can be rotated about the longitudinal axis by the turnable hand connector at
the suit sleeve.

The pressure tight gloves are manufactured in three sizes: Ill, Il b and IV which correspond to the palm
half-grip of 8, 8.5 and 9 cm.

To provide necessary physiologic / hygienic conditions for the crew member operation in the gloves hygi-
enic cotton gloves are to be put on prior to the pressure tight gloves donning.

PerynaTop aaBneHusa ckadaHgpa ¢ nogcocom PACIM-3M-01 (Air Suction Suit Pressure Regulator)
The POCIM-3M-01 pressure regulator is designed for maintaining necessary absolute pressure in the
space suit in case of the CA depressurization and for building up pressure differential during pressuriza-
tion tests.

The regulator has two pressure modes (0.4 and 0.27 kgf/c:m2 ) and its functions are:

— to maintain preset absolute pressure (0.4 or 0.27 kgf/cm2 ) and to build up pressure differential
(pressure adjustment);

— to prevent the suit pressure differential from rising above 0.45 kgf/cm2 (safety relief valve);

— provides for the crew capability of breathing the outer air while the helmet is closed and there is no
suit ventilation (air suction).

The pressure regulator main parts are:

— body with three stops;

— valve with evacuated bellows (aneroid) and springs;
— cover with locks.

The bellows is the regulator sensitive element its operation principle being based on its elastic deformation
/ acting pressure relationship. The cover is the manual pressure adjustment aid.

The pressure regulator ensures one of the following conditions in the space suit depending on the cover
position:

1. When the cover is in the “0.4” position (i.e. at the medium stop):

— if the CA pressure is normal the bellows is compressed and the valve is open forced by the under-
valve spring and the suit interior volume is connected to the environmental atmosphere; there is a ca-
pability of breathing the outer air while the helmet is closed and there is no suit ventilation;

— in case of the CA depressurization the bellows expanding gradually closes the valve at the level of
P.CA=300 mm Hg and absolute pressure of 0.4 kgf/cm? is maintained in the suit.

2. When the cover is in the “3akpbiTo” (Closed) position (i.e. at the lower stop) the valve is closed forced
by the over-valve spring and with the oxygen supply the pressure differential of 0.45 kgf/cm? is main-
tained in the suit. This mode is used in the suit pressurization tests.

3. When the cover is in the “0.27” position (i. e. at the upper stop) in case of the depressurized CA the
bellows expands maximally and the load force acting on the valve is less than in the “0.4” cover posi-
tion so the valve will close at a lower pressure level - at P.CA=200 mm Hg. And the absolute pressure
of 0.27 kgf/cm2 is  maintained in the suit. This mode is used when it is desirable to enhance the suit
mobility for a short time period of no more than 5 minutes in the depressurized CA.

In order to transfer the regulator from the “0.4” to the “0.27” position it is necessary to pull the cover and
screw it out till the upper stop.

In order to transfer the regulator from the “0.27” to the “0.4” position it is necessary to screw the cover in
till the medium stop, pull it, pass the stop and then screw the cover out till that stop.
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In order to close the pressure regulator it is necessary to screw the cover in from the medium stop to the
lower stop then pull the cover and make sure it is screwed in home. The reverse operation is accom-
plished by screwing the cover out till the medium stop.

While the suit usage in flight is nominal the pressure regulator cover is to be in the “0.4” position except
for presuurization test periods.

Ykasatenb usbbiTtouHoro gasneHus (YOAnC-K) maHomeTpuyeckoro tTuna ( Pressure Differential Ma-
nometric Indicator)
The YOnC-K pressure differential manometric indicator is designed for visual monitoring of the space suit
pressure differential:

P.U3b6 = P.CK® - P.CA

The indicator is implemented as a manometric capsule, its interior volume being connected to the space
suit interior. The indicator principle of operation is based on the relationship between the pressure differ-
ential value and the elastic deformations of the manometric capsule - the indicator sensitive element
which when deformed converts the pressure differential value into the capsule upper center linear dis-
placement. This displacement is transmitted by the transfer/multiplying mechanism to the indicator
pointer.

The inczjicator scale is graduated from O up to 0.45 kgf/cmz, the graduation marks being spaced at 0.02
kgf/cm®.

Space Suit Electric Equipment

The electric equipment is designed to provide for the crew member radio communication (X3 umbilical)
and medical monitoring (LLU9) with the space suit donned.

It consists of the pressure tight electric lead through fixed to the suit shell, interior and exterior conductor
bunches for the headset and medical harness connections to the spacecraft onboard systems.

Maintenance Kit

The maintenance kit is designed for the space suit flight maintenance as its nominal usage procedure.
The kit is located in the BO Module, fixed to the wall near the “cepsaHT”.

OPERATION WITH THE SPACE SUIT
The “Sokol-KB-2” is a ventilation type space suit.

While in nominal flight normal life support conditions in the suit are maintained by its venting with the cabin
air. The air is fed to the suit by the onboard ventilation unit from the CA atmosphere at the flow rate of 180
- 200 nl per minute, that being sufficient for removing excess heat, breathing wastes and moisture from
the suit. The coming air is fed through the elastic piping to the helmet, to the sleeves and to the feet by
three approximately equal flows. The air goes out of the suit via the open helmet or via the pressure
regulator when the helmet is closed.

In case of the CA depressurization life support conditions are ensured by constantly supplying oxygen into
the suit from the stowage tanks. When the pressure in the CA falls down to 400 mm Hg the ventilation air
supply to the suit is terminated and the constant oxygen supply is initiated. The suit ventilation manifold is
isolated from the CA atmosphere (in the BEP-1) and oxygen is pumped into the helmet. The oxygen flow
rate of 20 - 23.5 nl per minute is enough for the breathing wastes and moisture removal from the helmet.
When the CA pressure falls down to 300 mm Hg the pressure regulator closes maintaining absolute pre-
sure in the suit at 0.4 kgf/cm® level. The pressure regulator also provides for the excess oxygen outlet
from the suit.

98



NAS15-10110 0004AE4b (ROP-19)

LWnemodeon LLN-10

WedHan wTopea

PerynaTop JAE NEH KA
pPoCcn

YeazaTens Wbk TOYH oMo
JABNEHHR YHC-K

; Klacnopo s BOpTOE R

; '_ aNnoHoR
A % BeHTunvpyowui Boaayx

11z BBY-1
K BopToROR CUCTEME

P JHOGE A3
III K BopToEOH CUCTEME

MEJEOH TREONR

BeH TunupyeMele CTENLEW

Fig. 1. “Sokol-KB-2” Space Suit Principal Diagram

1. WW1-10 Headset. 2. Neck Curtain. 3. POCI Pressure Regulator. 4. YOnC-K Pressure Differential
Indicator. 5. Oxygen Supply from Stowage Tanks. 6. Ventilation Air from BBY-1 Unit. 7. To Onboard Radio
Communication System. 8. To Onboard Medical Monitoring System. 9. Ventilated Insoles. 10. Medical
Harness. 11. Nozzles.
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3.15. CUCTEMA YNPABJIEHWA OBUWXEHUEM (CY[) (MOTION CONTROL SYSTEM)
GENERAL INFORMATION ON THE SYSTEM

The CY[ System is designed to perform the following Soyuz spacecraft control tasks:

— automatic and manual spacecraft attitude establishment and attitude hold relative to various basic
coordinate systems;

— automatic attitude maneuver in any coordinate system base for programmed rotations to preset atti-
tude angles;

— automatic execution of the propulsion system engine burn cyclogram during orbit maneuver;

— automatic solving of the spacecraft center of mass motion control problem during the orbital complex
approach and during descent;

— automatic System/equipment status monitoring, dynamic operation execution monitoring and System
reconfiguration in case of equipment failure;

— data display to the crew on each dynamic mode execution procedure, on System parameters, on
malfunctions and failures.

The CY[ System includes two control circuits: analog and digital.

In the digital circuit the incoming data processing and the control signal shaping and issuing is accom-
plished by the BLIBM Computer Complex.

In the_analog circuit the incoming data processing and the control signal shaping and issuing is accom-
plished by means of various analog units.

The CY[ System has a wide built in system of automatic testing and fault detection based on the principle
of: “One CY[ fault tolerance for the Flight Plan execution and two fault tolerance for the safe crew return”.

A combination of redundancy on the interconnection, unit and function levels and capability of system
reconfiguring achieve this principal realization.

SYSTEM COMPOSITION

The CY[ System block diagram is shown in Fig. 1.

The CY[ includes the following elements:

— bopTtosoi Luudposon BeivncnuTensHbin komnnekc (BLIBK) ( The Onboard Digital Computer Complex),

the CY[ System core element ensuring performance of all the tasks in the orbital flight, rendezvous
and descent flight phases;

— CY[ System automatics units (MY KC-020, BYT1O, BYCIlm);

— CY[ System measuring instruments:

a) attitude sensors that determine directions in space base on various physical principles (KB,
“Kypc”, CT);

b) attitude rate sensors (BAYC-I, BAYC-II, BAYC-III);

C) accelerometer, measuring acceleration along the spacecraft longitudinal axis;
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Fig. 1. (CYQ System Block Diagram)

1. Onboard Digital Computer Complex. 2. Thrusters. 3. Orbital Maneuver Engine. 4. Berthing/Attitude
Control Thrusters. 5. Cosmonaut Panel. 6. Descent Reaction Control System. 7. Descent Control Unit. 8.
Special Programming/Computing Unit. 9. BYTO - Manual Control Unit. 10. Attitude Rate Sensor Units. 11.
Descent Control Handle. 12. Free Gyro. 13. String Accelerometer Unit. 14. Translation Hand Controller.
15. Rotation Hand Controller. 16.Infrared Vertical Sensors.17. "Kurs" Rendezvous Radar System.

—  KOMOWHMpoBaHHasa AsuratensHas yctaHoBka (KOY) (Combined Propulsion System):

. conuxatowe-koppektupytowmin asuratens (CKO) (Orbital Maneuver Engine);
. asuratenu npuyanuesanusa n opueHtaumm (OMNO) (Berthing / Attitude Control Thrusters);

— cucTeMa ucnoniHuTenbHbiX opraHoB cnycka (CUO-C) (Descent Reaction Control System);

— CVY[ System crew display aids (MK CA Cosmonaut Panel, other displays);

— manual motion control aids:

py4ka ynpasrneHus opueHtaumen (PYO) (Rotation Hand Controller);
pyyka ynpasnexus asmkenunem (PY[) (Translation Hand Controller);
py4ka ynpasnenus crnyckom (PYC) (Descent Control Handle);
BM3yanbHas cuctema kocmoHaBsTa (BCK-4) (Cosmonaut Visual System).

Note: A new software version, the MO-17, has been adopted for the CY/[] System management which has
brought about the following major updates:

. algorithms for remote part of rendezvous/approach procedure have been revised as re-
lated to the target point approach guidance technique;
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. a new program has been introduced for fire monitoring of the translational Ar1O thrusters
using the signal of the cuezHanuzamop daeneHus 6 kamepe ceoparusi (CAK) (Thruster Chamber
Pressure Switch Sensor);

. the translational 10 thruster test has been introduced into the CY/] Test Ne1 procedure
prior to berthing and prior to undocking;
. the undocking cyclogram has been revised for the spacecraft separation from the “tail”

and “nadir” docking nodes of the ISS RS to ensure safety.

1. Reuvision of the Approach Control Programs

A new translational A0 test program specially developed for MO-17 version is included into the CY/
Test Ne1, approach and undocking procedures.

In Cy/[] Test Ne1 and undocking modes the program is initiated at the start of the BYC Unit gyro spin-
ning. While in approach mode the Al10O test program is started at the transfer to berthing mode.

The ArO test program fires +X, -X, +Y, -Y, +Z, -Z thrusters during one BLUBK clock cycle the interval be-
tween fires being also one cycle.

An additional program, ‘OO +X Test’, is implanted into MO-17 version. This program capable of check-
ing up the “retrofire” OO thruster performance is initiated during berthing at the range of about 40 m and
during undocking after the first A0 +X separation burn is executed. For the 0O +X test period the CY/
System is transferred to the indicator mode. During the test [I[10 +X thrusters are fired twice for the burn
time of one BLBK clock cycle.

One more test program is introduced into MO-17 version. It is the translational 41O thruster fire monitor-
ing program using the CAK (Chamber Pressure Switch Sensor). The program verifies if the data on the
translational Ar1O thruster actual fire from the CAK sensor and the data on the fire command being
passed coincide. This monitoring is performed during CY/[ Test Ne1, during approach and during undock-
ing. Whenever a mismatch is detected a failure warning signal is issued and the failed A0 thruster iden-
tified. The spacecraft N0 Subsystem manifolds are combined and in case of approach mode it is termi-
nated and evasive maneuver mode initiated. In case of undocking the spacecraft continues its flight with
A0 sets combined.

2. Undocking Program Update

Now the full version of the nominal undocking cyclogram includes the following operations:

the BLIBK test immediately after the CY/[] System initiation;

translational Ar0O thruster test at the start of the BAYC gyro spinning;

BAYC Unit test;

CY/] System operation in indicator mode up to 10 seconds after actual undocking;

the preset coordinate system acquisition from the orbiter at the actual undocking;

fire and 15 second burn of AlNO +X thrusters at 180 seconds after actual undocking;

ArNoO +X test;

spacecraft rotational maneuver to the attitude defined by uplinked settings at the moment
of 420 seconds after actual undocking (the target attitude presumably features spacecraft “+X”
axis pointed to “nadir” and “-Y” / “+Z” bisector directed opposite to the orbital velocity vector);
. evasive maneuver second impulse at 550 seconds after actual undocking by means of

ArO “Y” and “+Z” thruster burn for 30 seconds;

o CY/[ System switching off at the end of cyclogram.

When undocking from the “tail” node of the ISS RS the second impulse is prohibited.

For manual redocking the BLIBK is initiated beforehand the BLIBK test, translational IO test and BYC
test being performed. When spacecraft undocks from the orbiter the coordinate system is acquired .

In case necessity arises to execute the spacecraft evasive maneuver from the orbiter automatically the
crew must load special control flag (character) into the BLUBK.
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3.15.1. CyA SYSTEM - ORBITAL FLIGHT (Cya-on)

Orbital flight phase is the flight portion from the moment of the spacecraft injection into orbit until the ap-
proach procedure initiation. The orbital flight phase includes the following dynamic modes:

— CVY[ System test #1 (revolution 2);

—  Two burn maneuver (revolution 3 - 4);

— One burn maneuver (revolution 17).

The primary control circuit to function in the orbital flight phase as well as in the rendezvous and descent
phases is the digital circuit. The analog control circuit is back-up for these flight phases.

DIGITAL CIRCUIT (OK)

GENERAL INFORMATION ON THE SYSTEM

The CY[ System digital control circuit ensures execution of the following dynamic modes and operations:

automatic attitude configure(establishment) and attitude hold in the inertial coordinate system;

— automatic (manual) attitude configure and attitude hold in the orbital coordinate system;

— automatic attitude maneuver in any coordinate system base by programmed rotations for preset atti-
tude angles;

— automatic execution of the Orbital Maneuver Engine burn cyclogram and the apparent velocity incre-
ment measurement during the burn;

— automatic and manual spacecraft attitude stabilization (hold) in the preset coordinate system during
the Obital Maneuver Engine burn;

— automatic issuing of the engine cut-off command when the preset impulse value is reached;
— program/logic control of the operational modes;

— automatic System/equipment status monitoring, dynamic operation execution monitoring and System
reconfiguration in case of equipment failure;

— data display to the crew on each dynamic mode execution procedure, on System parameters, on
malfunctions and failures.

The digital circuit is built around_a gimballess (platformless) inertial navigation system based on the BLIBK
Computer Complex and the use of a three-component set of the absolute attitude rate sensors and a sin-
gle-component set of string accelerometers (Fig. 1).
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Fig. 1. (Digital Circuit Basics)
1. Initial conditions of motion. 2. Onboard Digital Computer Complex. 3. Kinematic equations. 4. Inertial
Navigation equations. 5. Models. 6. Correction Sensors. 7. Measurement Instrument Set. 8. Attitude
Rate Sensors. 9. Accelerometer.
SYSTEM COMPOSITION
The CY[ System digital circuit for the orbital flight phase consists of (Fig. 2):
— BUBK Onboard Computer Complex;

— set of sensor instruments (BAYC Rate Sensor Units, UKB IR Vertical Sensors, BCA Accelerometer
Unit);

— actuating thrusters (e.g. KOY Combined Propulsion System);

— Crew and ground control aids (PYO and PY[] Hand Controllers, KCI1-J1 and OBK Panels, BPB/ Man-
ual Data Load Unit, BKY Monitor, TC3 Display, BCK-4 Cosmonaut Visual System).

104



NAS15-10110 0004AE4b (ROP-19)

KPJII
I ¥
LI - HCIIO/IHHTE L HBIE OPTAHEI
nucmﬁ{%em b Gopropas P
BEpTHEATH | | mahpoBas + | 1.Chmok arome-wopper-

BEMMHMCIHTETLEHAT THPVHOIIHH BT ATEIE
1. devrare m npryamie axns

MAIHHA H OpMEHTAIMH

A A A AA

[r—
1 " Iy - 0ok axee-
YTIIOBEIX KC-020 JIepOME TP OE

cKopoeTel =

¥ | |

IYJIET - PY¥HKA VIIpAB- PYYKa ¥IpaB-
JHCIUIEH JIEHHA OpPHEH- JIEHHA TBH-
KOCMOHABTA Tﬂlﬂ‘lﬂﬁ W EHIE™
A A [ ]
¥ ¥
KOCMOHABT

}

B3] CIeIMaTbHEBI
KOCMOHAETA

(BCK-4)

Fig. 2. (Digital Circuit Composition)

1. Onboard Computer Complex. 2. Actuating Thrusters: 1). Orbital Maneuver Engine 2). Berthing/Attitude
Control Thrusters. 3. Accelerometer Unit. 4. Programming/Computing Unit. 5. Translation Hand Controller.
6. Rotation Hand Controller. 7. Cosmonaut Visual System. 8. Cosmonaut. 9. Display. 10. Cosmonaut
Panel. 11. Attitude Rate Sensors. 12. Infrared Sensors. 13. Command Radio Link.

BOYC-1 Attitude Rate Sensor Unit is designed for measuring the absolute attitude rate vector projections
on the spacecraft body axes.

MKB Infrared Sensor's function is to send to the BLIBK signals proportional to the spacecraft attitude de-
flection from the local vertical in roll and pitch The WKB sensitivity axis is directed along the spacecraft “-Y”
axis.

BCA and Y KC-020. The BCA Accelerometer Unit has three string accelerometers for measuring linear
acceleration acting along the spacecraft “+X” axis. The MY KC-020 Programming / Special Computing Unit
is designed for processing the BCA signals corresponding to the spacecraft acceleration during engine
burn.

BPBW Manual Data Load Unit is designed for performing two tasks:
— to receive data from the Manual Data Load Panel Keyboard, process it and send it to the BELIBM;
— to receive coded data from the BLIBM and to send it to the Panel indicators.

PYO Rotation Hand Controller is for setting the spacecraft attitude rates around its X, Y, Z axes in manual
attitude control modes.

PY[Q Translation Hand Controller is for manual issuing commands for the spacecraft center of mass
translations along X, Y, Z axes.
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PRINCIPAL ATTITUDE CONTROL MODES:

OCK (Orbital Coordinate System) Mode;

NCKT (Current Inertial Coordinate System) Mode;
Programmed Attitude Maneuver Mode;

Manual Attitude Control Mode.

OCK MODE

The basic OCK Orbital Coordinate System’s origin is in the spacecraft center of mass (Fig. 3) and its axes
are defined as follows:

the OYo axis is directed along the radius vector connecting the Center of the Earth and the spacecraft
center i. e. along the local vertical off the Earth;

the OXo axis is perpendicular to the OY axis, it lies in the orbital plane and is directed forward along
the spacecraft orbital heading;

the OZo axis is perpendicular to the orbital plane and completes the right hand coordinate system.

It is a rotating coordinate system (the rotation rate being Wzo = - 0,067 °/sec).

HanmpapJIIeHHEe MMOIeTa

Fig. 3. (OCK Coordinate System)

1. Spacecraft orbital heading direction. (LUM — Centre of Mass, LI3 — Centre of Earth).

The spacecraft attitude establishment procedure in the OCK system can be conventionally subdivided into
the following steps (Fig. 4):

1. The VKB Sensor switching on.

2. Searching the Earth.

3. Aligning the spacecraft along the local vertical in roll and pitch.

4. Establishing the spacecraft attitude in yaw.

5. Attitude hold in the OCK System.
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Fig. 4. (Establishing Attitude in OCK System)

a. Free Drift. 1.IR Vertical Sensor. 2. IR Horizon. 6. Earth Search. B. Earth Search Completion. 3. Pro-
gram Marks: CY[l System ON, VKB Sensor ON, Earth Search. r. Alignment along the Local Vertical. 4.
Local Vertical. p. Alignment Completion, KB Sensor Adjustment in Altitude. 5. Spacecraft Flight Heading.
e. Alignment in Yaw. x. OCK Attitude Hold.

PEXXWM MHEPLMAJIbHON CUCTEMbI KOOPOWUHAT TEKYLLENA (UCKT)
(CURRENT INERTIAL COORDINATE SYSTEM MODE)

In this mode the spacecraft’s inertial attitude is held that was at the moment of the “Tekywee nonoxeHne”
(Current Position) command issue from the KCI1-J1.

PROGRAMMED ATTITUDE MANEUVER MODE

This mode is used for the spacecraft attitude maneuvers to any space angles as defined by the attitude
maneuver quaternion.

MANUAL ATTITUDE CONTROL MODE
The Manual Attitude Control Mode (The POLK Mode) is used for the spacecraft attitude control by means
of the PYO Rotation Hand Controller and the BCK-4 Cosmonaut Visual System. When in the POOK mode

by deflecting the PYO Controller from its neutral position the spacecraft attitude rates are set according to
the characteristics chart shown in Fig. 5.
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Fig. 5. (PYO Attitude Control Characteristics Chart)
1. Soft Stop. 2. Stiff Stop. 3. PYO Deflections. 4. Spacecraft Attitude Rates (°/sec).
PROGRAM/TIME CONTROL OF CYQ SYSTEM

The CY[ System control nominal version is automatic control using the rmbkun BpemexHon umkn (ML)
(Flexible Time Cycle). An example of the 'BL] attitude maneuver procedure is shown in Fig. 6 (Step 2-6).
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Y 1
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) \ 2. IlocTpoeHue OPHEHTALIHH E
v W OCE ¢ paspopoToM BOKRYT
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S.Paspopor mwnmonet B OCEp
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Fig. 6. (FBL| Maneuver Procedure)

0. Spacecraft positions in the orbit. 1. “3akpyTka” (Solar barbecue rotation around Y axis). 2. Establishing
the OCK attitude with 180° attitude maneuver around Y axis (OCKp Attitude). 3 - 4. OCKp attitude hold. 5.
Attitude maneuver around Z axis and flight in OCKp attitude while maneuvering. 6. Orbital Maneuver En-
gine burn for orbit correction while in UICKT Attitude hold. 7. Establishing solar pointing (Y axis) attitude in
PO AK Mode (manual attitude control / analog cxircuit). 8. “3akpyTka” Solar barbecue and switching CY[]
System off. 9. Sun.

SYSTEM OPERATIONAL LIMITS AND CHARACTERISTICS

Time for establishing OCK attitude does not exceed 15 min.

Accuracy of establishing attitude — 1,5°.

Propellant consumption for establishing attitude - Go < 1 kg.

Accuracy of attitude hold in the NCKT System is 1,1°/hr.

The programmed attitude maneuver attitude rate can take on the following values:

— in approach phase and in descent phase prior to separation — 3,5°/sec;

— if the preset attitude maneuver space angle is (Qnp)<36° - 0,3°/sec;

— in all other cases this value is chosen on the basis of the requirement that any attitude maneuver
should be completed within 120 sec.

CREW OPERATION WITH THE SYSTEM

The crew realizes monitoring of all the dynamic modes and operations using the MK CA and display for-
mats as necessary.

Sequence of the CY[1 System commands to be monitored and their time ties are presented in the appro-
priate sections of the FDF.

When necessary the crew can realize the spacecraft manual control mode.

ANALOG CIRCUIT (AK)

GENERAL INFORMATION ON THE SYSTEM

The AK Analog Control Circuit is the CY[] System back up circuit. As compared to the [K Digital Circuit it

fulfills a narrower scope of tasks which ensure accomplishment of the following critical flight operations

when the K Circuit fails:

— the spacecraft manual approach to the orbital complex (at the range of no more than 5 km), berthing
and docking;

— realization of the engine retrofire impulse for initiating the spacecraft descent from the orbit.

SYSTEM COMPOSITION
The AK block diagram is presented in Fig. 7.
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Fig. 7. (Analog Circuit Block Diagram)

1. String Accelerometer Unit. 2. Special Programming/Computing Unit. 3. CK[] Engine Shut Off “Main”
Command. 4. Actuating Thrusters. 5. CKO Orbital Maneuver Engine. 6. Berthing/Attitude Control
Thrusters. 7. TIK CA Cosmonaut Panel. 8. Manual Control Unit. 9.Translation Hand Controller. 10. Rota-
tion Hand Controller. 11. Attitude Rate Sensor Unit - I. 12. IR Vertical Sensor.

BNOK YNPABJEHUSA NPUYATIMBAHUEM U OPUEHTALIMEN (BYIO)
(BERTHING AND ATTITUDE CONTROL UNIT)

The BYIO Unit is a logic/converting device to be used only when the AK circuit is operative.
The BYTIO functions are:

o summing and amplification of signals coming from sensors and hand controllers;

. conversion of each control channel (roll, pitch, yaw) summed up signal into the form re-
quired for the CY[] System actuating thruster operation.

. spacecraft attitude hold in all channels whenever the PYO hand controller is returned

into neutral position while in manual attitude control modes.

The AK Circuit can operate in two modes:
— automatic mode;
— manual mode.
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Fig. 8. Attitude Maneuver Steps in AK Automatic Mode

1. Spacecraft arbitrary attitude. 2. Single axis attitude established: “-Y” axis is aligned with the local vertical
with the arbitrary heading angle. 3. Pitch 90° rotation maneuver executed, X axis now pointing to the
Earth. 4. Attitude control in roll being executed using the VKB Sensor signals. 5. Three axis orbital attitude
established (the spacecraft heading angle is “180°-0°"). 6. The CK[, Orbital Maneuver Engine is fired and
the spacecraft attitude is being stabilized (held) in all axes. 7. The CK[ Engine shut off (the 'K “Main”
command issue). 8. Flight direction. 9. Time marks of the Np. 9 program.

AK MANUAL MODE

In this mode the following operations are fulfilled:

— establishing orbital attitude using the BCK-4 instrument;

— establishing one-axis Solar attitude and initiating the “3akpyTka” barbecue rotation;
— spacecraft three-axis attitude hold during the CK[] Engine burn;

— manual berthing and docking to the Orbital Complex.

The spacecraft actual attitude data is acquired by the crew by means of the BCK-4 Visual System and the
BKY Display.

SYSTEM OPERATIONAL LIMITS AND CHARACTERISTICS
The PYO Controller characteristics chart while in the AK manual mode is shown in Fig. 9.
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Fig. 9. (PYO Attitude Control Characteristics in the AK Manual Mode)

1. Soft Stop. 2. Stiff Stop. 3. PYO Deflections. 4. Spacecraft Attitude Rates (°/sec).

CREW OPERATION WITH THE SYSTEM

In order to make the AK operative the crew will issue the “Beibop AK” command from the KCI1-J1.

The AK manual mode is selected by the crew by issuing either the “PO AK” command from the KCI1-J1 or
the “PO” command from the PYC Handle.

Manual berthing mode is set by the “PY[}” command from the KCI1-J1. In this mode the cosmonaut oper-
ates both PYO and PY[l Hand Controllers

Using the PYO Controller and BCK-4 monitoring the spacecraft attitude relative to the Station is main-
tained.
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3.15.2. Cy[l SYSTEM - RENDEZVOUS (CY[-CB)
GENERAL INFORMATION ON THE SYSTEM

In the rendezvous flight phase the CY[l System function is to fulfill the following tasks:

— the spacecraft optimal trajectory selection for the Mir station or ISS rendezvous to minimize propellant
consumption;

— arranging the spacecraft motion along the rendezvous trajectory selected;

— ensuring automatic or manual spacecraft fly around to the specified station docking assembly, station
keeping and berthing with the spacecraft/station relative motion parameters appropriate for the dock-
ing mechanism nominal operation;

— providing for automatic CY[l System status monitoring during the rendezvous procedure and the con-
trol circuit automatic reconfiguration in case of equipment failure;

— crew data display on the rendezvous procedure execution, spacecraft/station relative motion parame-
ters and the spacecraft CY[] System faults;

— ensuring the spacecraft automatic or manual escape from the uncontrolled impact with the station.

In the rendezvous phase the station flies along the known orbit and maintains preset attitude hold for the
best Solar illumination of the nominal docking assembly. The spacecraft must travel to the station prox-
imity and execute soft docking. As the station cannot maintain responsive attitude relative to the space-
craft the latter after the station proximity approach must fly around the station to the preset docking as-
sembly, establish attitude accurate enough relative to it and execute berthing and docking.

The rendezvous phase consists of two flight portions:

— gdanbHuii yyactok (1Y) (Remote Approach) where the CY[] System provides for the optimal rendez-
vous trajectory selection to bring the spacecraft to the orbital proximity area and the spacecraft motion
control on that trajectory, the spacecraft guidance in this flight portion being based on free trajectory
method;

— bnwxkHui yyactok (BY) (Proximity Approach) where the CY[] System provides for the spacecraft cen-
ter of mass motion and attitude control while it flies to the selected docking assembly and ensures soft
contact at docking, the parallel guidance method being used in this flight portion.

In the proximity approach flight portion the CY[] can operate in:
— automatic mode;

— semiautomatic mode;

— manual mode;

— combined mode.

SYSTEM COMPOSITION

The CY[] System composition and structure in the rendezvous flight phase is shown in Fig. 1.
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Fig. 1. (CYQA Configuration in Rendezvous Phase)

1. Command Radio Link. 2. Actuating Thrusters. 3. Orbital Maneuver Engine. 4. Berthing/Attitude Control
Thrusters. 5. Accelerometer Unit. 6. Special Programming/Computing Unit. 7. Rotation Hand Controller. 8.
Translation Hand Controller. 9. Pilot Visor. 10. Cosmonaut Visual System. 11. Cosmonaut. 12. Display.
13. Cosmonaut Panel. 14. “Kurs” Radio Communication System. 15. Attitude Rate Sensor. 16. IR Vertical
Sensor. 17. Onboard Computer Complex.

APPROACH CYCLOGRAM

The rendezvous phase consists of two flight portions:

o NanbHuii yyactok ([Y) (Remote Approach) where the CY[l System provides for the optimal rendez-
vous trajectory selection to bring the spacecraft to the orbiter proximity area and the spacecraft mo-
tion control while on that trajectory, the spacecraft guidance in this flight portion being based on the
free trajectories to the extended target point technique;

o BnwkHuin yyactok (BY) (Proximity Approach) where the CY[] System provides for the spacecraft cen-
ter of mass motion and attitude control while it flies to the selected docking node and ensures soft
contact at docking, the parallel guidance technique being used in this flight portion.

The cyclogram of the spacecraft approach to the station is shown in Fig. 2.

On the second day of the flight two orbits (revolutions) prior to the estimated time of the spacecraft/station
contact The MCC-M uplinks and loads into the BLIBM Computer memory the state vector containing data
on the spacecraft and station orbit parameters estimated for a certain To moment. The spacecraft estab-
lishes attitude in the OCKp coordinate system for the engine posigrade burn.

At the To moment computation of the spacecraft/ station relative motion parameters is started and corre c-
tion impulse values are calculated to be applied to the spacecraft center of mass.

One minute prior to the first impulse burn estimated time tckg 1 the spacecraft is rotated relative to the
OCKp system to align the thrust vector with the computed AV ckg 1 vector. At the tckg 1 time moment the
orbital maneuver engine is fired and the AV ckg 1 impulse is applied. After the engine is cut off the space-
craft is rotated back in the OCKp system and the OCKp attitude hold is maintained.
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At the T1 moment the “Kurs” radar rendezvous system is switched on and tested. When the tests are over
the target search is executed which is completed by the target acquisition and the CHL] signal issue. From
this moment on the “Kurs” system generates line of sight direction data (pitch and yaw angles) and sends

it to the BLUBK Onboard Computer Complex.

At the range of 186 km the spacecraft attitude in the JICK (Radial Coordinate System) is established.
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Fig. 2. (Spacecraft to Station Approach Cyclogram)

1. CY[ System switching on and establishing the spacecraft attitude in OCKp coordinate system. 2. Start-
ing point for the Remote Approach and for the equation of spacecraft/station motion solving procedure. 3.
First impulse burn - AV ckg 1. 4. “Kurs” equipment switching on and testing. 5. Establishing the spacecraft
attitude in the JICK (Radial Coordinate System), correcting the motion parameters estimated on the basis
of the “Kurs” System measurements. 6. Second impulse burn - AV ckg 2. 7. “Kurs” test at 10 km range. 8.
Third impulse burn - AV ckg 3. 9. Transition to the Proximity Approach: range is 400 m, range rate is < 2
m/sec, line of sight angular rates are < 0.3°/sec. 10. Fly around and station keeping. 11. Berthing initiation
command issue. 12. Berthing. 13. Latching. 14. Flight direction 15. Station. 16. Line of sight. 17. Space-

craft attitude in the JICK coordinate system. 18. Spacecraft attitude in the OCKp coordinate system. 19.
Waiting orbit. 20. Transfer orbit. 21. Target hit orbit. 22. Station orbit.
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The JICK coordinate system is as follows (Fig. 2):

— the JICK system origin is in the spacecraft center of mass;

— the X axis is aligned with the J1B (line of sight);

— the Y axis is perpendicular to the X axis and lies in the orbital plane;

— the Z axis complete the JICK to the right hand system.

The “Kurs” equipment acquires the target and sends the following data to the BELIBK:
— the line of sight direction (pitch “u” and yaw “h” angles);

— relative range “p”;

- range rate “p”.

For the purpose of ensuring safety the spacecraft approach with ISS is directed to the extended target
point which is on the orbiter OCK Coordinate System Z axis at the range of 1 km. The CY[ System pro-
vides for the spacecraft motion along the target point trajectory by generating corrective lateral impulse to
the spacecraft center of mass approximately 80 minutes prior to the moment of transfer to Proximity Ap-
proach portion.

One minute prior to precalculated time tcka 6ok of the lateral impulse burn the spacecraft attitude maneu-
ver is performed relative to the OCKp Coordinate System in order to match the CK[ thrust vector with the
corrective impulse AVckg 6ok vector. So at the moment of tckg 6ok the CKL Engine is fired and burns for
AVckp 6ok impulse. When the Engine is cut off the spacecraft is rotated back relative to the OCKp Coor-
dinate System with subsequent attitude hold in that System.

After the DV ckg 6ok impulse burn the spacecraft flies along the internal transfer orbit to the target point.
The BLIBK compares measured the relative motion parameters with the calculated and gives corrections
to the calculated parameters. The calculated value correction with the measured value is called “filtration”.
At the moment of tckg2 the CK[ is fired to produce the second corrective impulse AVckg2. One minute
before the CK[l is fired The spacecraft is rotated to match the CK[ Engine thrust vector with the calcu-
lated AVcka2 vector. When the CK[I burn is terminated the spacecraft is attitude maneuvered back rela-
tive to the JICK Coordinate System and then the CY[] System executes the spacecraft attitude hold in the
JICK System. After the AVcka2 impulse burn the spacecraft flies along the final trajectory to the target
point.

At the relative range of p=15 km the "Kurs" Radar Rendezvous System reduced test is conducted.

At the range of p=3-5 km the CKJ is fired for the AVcka3 maneuver impulse which is preceded by space-
craft attitude maneuver relative to the JICK System and is followed after the CK[ cut off by the spacecraft
rotation back in the JICK System.

After the AVcka3 maneuver the extended target point is removed to the docking node X axis at the range
of 300 m from the node. That will require another CK[ burn for the AVcka4 corrective maneuver impulse.

After that the berthing/attitude control thrusters can fire for the spacecraft motion parameter correction to
meet the requirements of the transition to the Proximity Approach flight portion. These requirements in-
clude:
p <400 m;
|p1< 2 m/sec;
|Q™| < 0,3/sec.

When these requirements are fulfilled the spacecraft flies around the station to the preset docking assem-
bly, station keeps and berths to the station.

After the spacecraft and the station docking mechanisms are latched the spacecraft CY[ System is
switched off automatically.

SYSTEM OPERATIONAL LIMITS AND CHARACTERISTICS

Automatic approach mode start range - not more than 900 km.

Accuracy of the spacecraft attitude establishment in the JICK coordinate system - not worse 1,5°.
Station keeping range - 100-200 m.

Impact velocity at contact — 0,35-0,1 m/sec.

Angular misalignment between spacecraft and station at contact - not more than 4°.

CREW OPERATION WITH THE SYSTEM

At the preset time the crew monitors the CY[] System switching on and the approach cyclogram execution
using the MK CA Panel and the BKY Display data.

On the ground’s instruction the crew issues command for berthing.

In case of an off-nominal situation the crew activity will be in accordance with the Flight Data File and the
ground’s instructions.
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3.16. CUCTEMA YNPABJIEHUSA CMTYCKOM (CYC) (DESCENT CONTROL SYSTEM)
GENERAL INFORMATION ON THE SYSTEM

The CYC System is designed for the safe crew return to the nominal landing area.
SYSTEM COMPOSITION

The descent control circuit ensures the preset flight range counted from the moment of the CK[] Engine
firing and stabilization of the spacecraft longitudinal axis attitude relative to the incoming air flow through-
out the descent flight phase until the OcHoBHas napawutotHaa cuctema (OCIT) (Primary Parachute Sys-
tem) is deployed.

The System’s primary operation mode is the automatically controlled descent mode (AYC).

The Back Up modes are:

— Manually Controlled Descent mode (PYC);
— Ballistic Descent mode (BC);

— Back Up Ballistic Descent mode (BCP).

The descent control circuit hardware composition is shown in Fig. 1.

Bnok aBTomatuku cnycka (BACI) (Descent Automatic Equipment Unit) is designed for reception and
logical processing of the input commands, commutation of the CYC System unit power buses, control
command issue into the CYC System and data supply to the K CA indicators.

Bnok cTpyHHbIX akcenepomeTpoB (BCA) (String Accelerometer Unit) is designed for measuring the
CA Module longitudinal acceleration in the atmosphere portion of the descent phase.

CneuunanusnpoBaHHas BbluncnuresibHaa mawmHa (KC-020) ( Specialized Computer) computes and
sends to the CY[] System:

— signal of the apparent velocity Vs;

— programmed roll angle Y.

The KC-020 Unit is switched on automatically on the “Pasgenenne” (Separation) command (on the actual
separation of the spacecraft modules).
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Fig. 1. (Descent Control Circuit Block Diagram)

1. Attitude Rate Sensor Unit. 2. Free Gyro. 3. String Accelerometer Unit. 4. Descent Automatic Equipment
Unit. 5. Specialized Computer. 6. Descent Control Unit. 7. Descent Control Handle. 8. Display Unit. 9.
Cosmonaut. 10. Descent Reaction Control System.

Bnok ynpaBneHus cnyckom (BYCI1) (Descent Control Unit) is designed for the Descent Reaction
Control System (CUO-C) thruster ignition/shut off on signals coming from the KC-020, CI', PYC, bAYC-II.

Pyuka ynpaBneHus cnyckom (PYC) (Descent Control Handle) is designed for generating control sig-
nals vy,c to adjust the descent trajectory and for issuing main commands while configuring descent.

CBob6oaHbin rupockon (CI) (Free Gyro) fulfills the following tasks:

— issues signals proportional to the CA angles about Xv and Yv axes;

— generates caution/warning signals when the roll and yaw angles reach the threshold values for the
Control System transfer to the BC mode.

Bnok aaTuukoB yrnoBbix ckopocTein (BAYC-Il) (Attitude Rate Sensor Unit) is designed for measuring
attitude rates in three mutually perpendicular Velocity Coordinate System Xv, Yv, Zv.
ABTOMATUYECKUWN YIIPABJISIEMbIA CITYCK (AYC) (AUTOMATICALLY CONTROLLED DESCENT)
The AYC is the CYC System primary operational mode. In this mode the descent is executed by settin%
the programmed roll angle which is calculated on the results of comparison of the descent actual time t

and the descent programmed time t"* which is set as a function of the apparent velocity Vs:

™=t™ (vs)
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The crew monitors the descent procedure by the BKY Display data (Fig. 2).

TP (Vs) t[b(‘.,.fs}

—
=3 .

) N

Fig. 2. (BKY Display Format for AYC Mode)

PYYHOM YINPABJISIEMbIA CITYCK (PYC) (MANUALLY CONTROLLED DESCENT)

The Manually Controlled Descent mode is a back up for the AYC mode and is used when the reentry con-
ditions are not nominal or the spacecraft stabilization during the CK[] engine burn is degraded or some
specific failures of the CYC System equipment occur.

The descent control is executed by the crew using the Pyuka ynpasneHusi cnyckom (PYC) (Descent Con-
trol Handle) which when deflected produces roll control signal y.pyc.

EAﬂﬂMCTM'-{ECKMVI CrnycCK (bC) (BALLISTIC DESCENT) and BAJIIMCTUYECKUU CITYCK
PE3EPBHbIN (6CP) (BACK UP BALLISTIC DESCENT)

The BC mode is executed by maintaining the CA roll rate (wx=+13 °/s) and simultaneously damping rota-
tional oscillations about the spacecraft lateral axes when the AYC and PYC modes are impossible. In the
BC mode the crew monitors the descent procedure by the BKY Display data (Fig. 3).

The BCP mode is initiated by the crew when the BC mode is impossible. The BCP mode is realized by an

independent control circuit operation. In the BCP mode the CA roll rate wx=18°/s is maintained. The BCP
mode descent is not monitored by the crew.
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Fig 3. (BKY Display Format in BC Mode)

NOMINAL DESCENT PROCEDURE

The descent execution nominal version is single flexible cycle descent. The cyclogram of this descent is

shown in Fig. 4.
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Fig. 4. (Nominal Descent Cyclogram)

1. CY[ switching on. 1.-2. Spacecraft attitude establishment for retrofire in the OCK and attitude hold. 2.
CKA ignition for the burn time necessary to achieve the retrofire impulse V1=115,2 m/s while the space-
craft is in the WCKT attitude. 2. Spacecraft attitude hold in the UCKT. 3. BO/CA/TTAO separation. 4. At-
mosphere reentry. 5. Landing. 6. Flight heading. 7. Descent transfer orbit. 8. Station orbit. 9. Atmosphere
boundary. 10. Earth.

SYSTEM OPERATIONAL LIMITS AND CHARACTERISTICS

The CYC System ensures the CA Module descent to landing within the nominal landing area the landing
point deviation from the calculated point being:

— inthe AYC mode - 30 km;

— inthe PYC mode - 60 km;

— inthe BC mode - 75 km.

The PYC mode cannot correct the CYC System CA stabilization circuit.

CREW OPERATION WITH THE SYSTEM

The CYC operation starts in the moment of the CK[], Engine retrofire ignition and ends at the moment of
the Primary Parachute System deployment. The crew monitors the process of the CYC configuring for
operation and the descent procedure using indicator lights and display formats on the MK CA.

In case the AYC mode cannot be executed the crew makes the decision to transfer to any of the back up
modes (PYC, BC, BCP). There is no transfer back capability.
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3.17. KOMBMHUPOBAHHAS IBUTATENIbHASI YCTAHOBKA (KOY) ( COMBINED PROPULSION
SYSTEM)

GENERAL INFORMATION ON THE SYSTEM

The KOY System is designed for generating thrust force along the spacecraft principal axes (X, Y, Z) and
control moments about these axes.

The KOY uses displacement (pressurization) propellant supply to the liquid bipropellant thrusters. The
propellants used are: nitrogen tetroxide as the oxidizer and unsymmetrical dimethylhydrazine as the fuel.

The KY units are located in the AO and the NMxO Modules. The thruster location layout is shown in Fig. 1.

Fig. 1. (KOY Thruster Location Layout)

SYSTEM COMPOSITION

The KLY consists of:

— displacement pneumatic (pressurization) subsystem;

— propellant supply subsystem;

— cbnuxatowe-koppektupytowmnii auratens (CKO) (Orbital Maneuver Engine);

— Asuratenu npuyanueanusa n opmentaumm (OMO) (Berthing/Attitude Control Thrusters).
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The KOY System structurally consists of the Bba3soseit Bnok (BB) (Basic Unit) and the lMoacuctema

asurartenen npuyanuesanns n opueHtaumm (OMO) (Berthing/Attitude Control Thruster Subsystem).

The BB includes:

B Displacement Pneumatic Pressurization System;

B Propellant System which ensures propellant supply to the Orbital Maneuver Engine;
B Conmxatowe-koppektupytowmii asuratens (CKO) (Orbital Maneuver Engine).

The OMNO Subsystem includes:
B Propellant System which ensures propellant supply to the MO thrusters;
B [suratenu npuyanueaHusi n opmentauum (OMNO) (Berthing/Attitude Control Thrusters).

The KOY pneumatic/hydraulic circuit diagram is shown in Fig. 2

The Displacement Pneumatic Pressurization System is designed for:
B high pressure gas (Helium) stowage;

B creating operational pressure in the propellant tank ullages;

B actuation control of the CK[] Engine line valves.

The Displacement Pneumatic Pressurization System includes:

KOY Elements Section 1 Section 2
LWap-6annoHsl (LUB) (Spherical Bottles) Wb1, W2 WBE3, WH4
OnekTponHeBMoknanaHel Hagayea (Electro-Pneumatic | SMKH1 OlMKH2
Pressurization Valves)

Oatuvkn gaBnexuda rasa B LUB  (Spherical Bottle Gas | OLUB1 OuB2
Pressure Sensors)

PeaykTtopbl HM3koro gasnexnns  (Pressure Reducing | PA1 PO2

Valves)

MpenoxpaHuTenbHbie KnanaHbl (Pressure  Relief | KIMH1, KI1 KMH2, K2
Valves)

O6patHble knanaHbl (Check Valves) KO1, KO3, KO4 KO2, KO5, KO6
OnekTponHeBMoknanaHel nycka CK[ (Engine Start | M1, N41, Op1 N2, naz, gp2
Electro-Pneumatic Valves)

CvrHanusaTopbl AaBneHus rasa 3a pegyktopom  (Low | COP1 capP2
Pressure (Post-Reducer)Switch Sensors)

TenemeTpuyeckue gaTymku gaBreHus rasa 3a OH1 OH2
peaykropamu P01, PO2 (Low Pressure (Post-Reducer)

Telemetry Sensors)

MK1 - nupoknanaH o6beAMHEHNs cekumii No BbICOKOMY AaBneHunto  (Squib -Operated Valve for Com-
bining High Pressure Pipelines of Two Sections)

Op[l - opeHaxHbIn anekTponHeBmoknanaH nycka CKI (Engine Start Electro-Pneumatic Drain Valve)

MK2 - nupoknanaH o6beaMHeHUs cekumin no Hu3komy aaeneHunto (Squil-Operated Valve for Combining
Low Pressure Pipelines of Two Sections)

KMA -npegoxpaHnTenbHbIv KnanaH gpeHaxHbin (Drainage/Pressure Releif Valve)

The Propellant System is designed for:
B stowage of the propellant components;
B propellant supply to the CK[l Engine and AMO thrusters.

There are two sections in the Propellant System which include:

KOY Elements Section 1 Section 2
TonnueHble 6aku ¢ okucnutenem u roptounm  (Oxidizer [ BO1, BI'1 BO2, blr'2

& Fuel Tanks)

KomneHcaTopbl TeMnepaTypHbiX pacwmpeHui Tonnuea | KT1, KT2 KT3, KT4
(Propellant Thermal Expansion Compensators)

[JaTunkn gaBneHns KOMMNOHEHTOB TonnMBa B 6akax 0601, Obr1 0602, Oblr2
(Propellant Component Pressure Sensors in Tanks)

AnekTpornapoknananbl nogadn tonnuea k- AMNO (Pro- | 3KO1, OKIM1 3KO2, OKIr2
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pellant-to-A4MNO Supply Electro-Hydraulic Valves)

Hatunkmn pacxoga Tonnuea vepes AMNO  (AMO Propel- | APO2, API2 OPO3, OPr3
lant Flow Rate Sensors)
'MapoknanaHbl C NHEBMOYMNpPaBeHnem K1, K2 K3, K4

npepsaputensHoro nycka CKL,  (Pneumatically Oper-
ated Hydraulic Valves for CK[] Pre-Start)
TenemeTpudeckme gaTymkn aBneHUst KOMNOHEHTOB acr1, oCo1 AOCr2, 0Co2
Tonnmea B maructpanax OMO (4MNO Pipeline Propellant
Component Pressure Telemetry Sensors)
K5,K6-rmgpoknananbl okoHyaTtenbHoro nycka CK (Hydraulic Valves for CK[ Final Start)

OPO1, APl 1 -gatynkn pacxoga komnoHeHToB Tonnmea Yepe3 CKO  (CK[ Propellant Component Flow
Rate Sensors)

COO, CAOr -curHanusaTopbl AaBneHus KoMNoHeHToB Tonnmnea B marmctpanax CKO, (CKA Pipeline Pro-
pellant Component Pressure Switch Sensors)

MK3, MNMK4 -nupoknanaHel 06beanMHeHMs TONNUBHbBIX Maructpanen (Squib-Operated Valves for Combin-
ing Propellant Pipelines)

OKO3, OKI 3-anekTporngpoknanaHbl 06beanHeHns TONNMBHbIX konnektopos (Electro-Hydraulic Valves
for Combining Propellant Manifolds)

The Orbital Maneuver Engine is a liquid propellant rocket engine and is used for generating spacecraft
orbit adjustment and retrofire thrust impulses.

The Engine is gimbal-mounted and is capable of being deflected by electric motors within -5° up to +5° for
thrust vector control in pitch and yaw.

The AMO Berthing/Attitude Control Thrusters are liquid propellant rocket thrusters and are designed for
rotating the spacecraft about its center of mass and translating the spacecraft center of mass along its
main axes.
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Fig. 2. KOY Functional Block Diagram

1. KB-12 - Combined Electronic Indicator Key 12; 2. KBlA-10 - Combined Electronic Indicator Key 10; 3.
Pw6 1 - Pressure in Section 1 Spherical Bottles (1 & 2); 4. LUB1 - Spherical Bottle 1; 5. LLIB2 - Spherical
Bottle 2; 6. LUB3 - Spherical Bottle 3; 7. LLUB4 - Spherical Bottle 4; 8. Pwb6 2 - Pressure in Section 2 Spheri-
cal Bottles (3 & 4); 9. OWWB1 - Section 1 Spherical Bottle Pressure Sensor; 10. MK 1 - Squib -Operated
Valve for Combining High Pressure Pipelines of Two Sections; 11. AlLWB2 - Section 2 Spherical Bottle
Pressure Sensor; 12. 3INKH1- Section 1 Electro-Pneumatic Pressurization Valve; 13. 3MKH2 - Section 2
Electro-Pneumatic Pressurization Valve; 14. (TM)OQH1 - Section 1 Low Pressure Sensor (Telemetry); 15.
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P01 - Section 1 Reducing Valve; 16. P02 - Section 2 Reducing Valve; 17. OH2(TM) - Section 2 Low Pres-
sure Sensor (Telemetry); 18. COP1 - Section 1 Low Pressure Switch Sensor; 19. K2 - Squib -Operated
Valve for Combining Low Pressure Pipelines of Two Sections; 20. COP2 - Section 2 Low Pressure Switch
Sensor; 21. KO1 - Check Valve 1; 22. KIMH1 - Purge Pressure Relief Valve 1; 23. KIMH2 - Purge Pressure
Relief Valve 2; 24. KO2 - Check Valve 2; 25. KO3 - Check Valve 3; 26. KO4 - Check Valve 4; 27. KO5 -
Check Valve 5; 28. KO6 - Check Valve 6; 29. BO1 - Oxidizer Tank 1; 30. BI'1 Fuel Tank 1; 31. KMN1 -
Pressure Relief Valve 1; 32. T11 - Start Valve 1; 33. 41 - Drainage Start Valve 1; 34. KM - Drainage
Pressure Relief Valve; 35. N2 - Drainage Start Valve 2; 36. KIN2 - Pressure Relief Valve 2; 37. M2 - Start
Valve 2; 38. BO2 - Oxidizer Tank 2; 39. BI'2 - Fuel Tank 2; 40. KT1 - Propellant Thermal Expansion Com-
pensator 1; 41. KT2 - Propellant Thermal Expansion Compensator 2; 42. [ip1 - Drainage Valve 1; 43. Op[
- Engine Start Electro-Pneumatic Drain Valve; 44. [p2 - Drainage Valve 2; 45. KT3 - Propellant Thermal
Expansion Compensator 3; 46. KT4 - Propellant Thermal Expansion Compensator 4; 47. IBO1 - Oxidizer
Tank 1 Pressure Sensor; 48. IBI'1 - Fuel Tank 1 Pressure Sensor; 49. K1 - Engine Pre-Start (Oxidizer
Supply) Valve 1; 50. COO - Oxidizer Pressure Switch Sensor; 51. K3; - Engine Pre-Start (Oxidizer Supply)
Valve 3. 52. BO2 - Oxidizer Tank 2 Pressure Sensor; 53. IBIr'2 - - Fuel Tank 2 Pressure Sensor; 54.
K3WN-12 - Combined Electronic Indicator Key 12; 55. Pok-1, Pr-1 - Section 1 Oxidizer, Fuel Pressure; 56.
K2 - Engine Pre-Start (Fuel Supply) Valve 2; 57. COI" - Fuel Pressure Switch Sensor; 58. K4 - Engine Pre-
Start (Fuel Supply) Valve 4; 59. KB1-10 - Combined Electronic Indicator Key 10; 60. Pok-2, Pr-2 - Section
2 Oxidizer, Fuel Pressure; 61. APO1 - Oxidizer Flow Rate Sensor 1; 62. IPI'1 - Fuel Flow Rate Sensor 1;
63. K5 - Engine Final Start (Oxidizer Supply) Valve 5; 64. K6 - Engine Final Start (Fuel Supply) Valve 6; 65.
CKL - Orbital Maneuver Engine; 66. «M» - Engine Thrust Vector Control Gimbal Motors; 67. «M»- Engine
Nozzle Cover Motor; 68. Kpbiwka CK - Engine Nozzle Cover; 69. basosbinn 6nok KOY - Propulsion Sys-
tem Basic Unit; 70. Mogcuctema AMNO - Berthing/Attitude Control Thruster Subsystem; 71. NK3 - Squib-
Operated Valve 3 for Combining Oxidizer Pipelines; 72. NK4 - Squib-Operated Valve 4 for Combining Fuel
Pipelines; 73. OKO1 - Oxidizer-to-OMNMO Supply Electro-Hydraulic Valve 1; 74. 9KI'1 - Fuel-to-AMO Supply
Electro-Hydraulic Valve 1; 75. 3KO2 - Oxidizer-to-AMNO Supply Electro-Hydraulic Valve 2; 76. 3KI'2 - Fuel-
to-OMO Supply Electro-Hydraulic Valve 2; 77. QPO2 - Oxidizer Flow Rate Sensor 2; 78. IPI"2 - Fuel Flow
Rate Sensor 2; 79. ACI1(TM) - Fuel Pressure Switch Sensor 1 (Telemetry); 80. 3KI'3 Fuel Manifold
Combining Electro-Hydraulic Valve 3; 81. ACI'2(TM) - Fuel Pressure Switch Sensor 2 (Telemetry); 82.
OPO3 - Oxidizer Flow Rate Sensor 3; 83. PI'3 - Fuel Flow Rate Sensor 3; 84. CO1(TM) - Oxidizer
Pressure Switch Sensor 1 (Telemetry); 85. 3KO3 - Oxidizer Manifold Combining Electro-Hydraulic Valve
3; 86. ICO2(TM) - Oxidizer Pressure Switch Sensor 2 (Telemetry); 87. 1 konnektop - Manifold 1; 88. 2
konnektop - Manifold 2; 89. ONO -b - Higher Thrust AMNO Thrusters; 90. AMNMO -M1 - Lower Thrust AMO
Thrusters in Manifold 1; 91. AMNO-M2 - Lower Thrust MO Thrusters in Manifold 2.

There are 26 OO thrusters: 12 lower thrust AMNO-M thrusters (1-12, Fig.1) and 14 higher thrust OMO-b
thrusters (13-26, Fig.2).

Propellant is supplied to the thrusters via two manifolds:

— the first manifold feeds the propellant components to all the AMO-b thrusters and to six AMNO-M (OMO-
M1) thrusters;

— the second manifold feeds the propellant components to the other six AMNO-M (OMO-M2) thrusters.

The first and the second manifolds are initially separated from each other by means of the KO3 and the
OKI3 valves.

The first manifold is connected to the first propellant stowage tank section and the second manifold is
connected to the second propellant tank section.

The ANO thrusters are arranged into clusters, which are installed in the AO and the NxO Modules in the
spacecraft planes |, Il, lll and IV.

The OMNO-M1 and the OMO-M2 thrusters are only used for the spacecraft attitude control and the ONMO-b
thrusters are used both for the attitude control and for the spacecraft approach and berthing to the station.

On the “KO” (KoHTakT otaenenus) (Separation Contact) command the KOy stowage tanks of the two sec-
tions are for the first time pressurized and the two ANO manifolds are filled with the propellant compo-
nents.

KOY PROPULSION SYSTEM CONTROL

The CKO (ONO-BrT) is (are) ignited on the OK-29 “BKINOYEHME CKL” (CKQ Ignite) generalized command
and is (are) shut off on the OK-30 “OTKIMOYEHWME CKL” (CKL Shut Off) generalized command.
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The KLY control electrological diagram is shown in Fig. 3.
AMNO Operation

When the control signal comes from the CY[] System the valves of appropriate OO thrusters are
opened. The oxidizer and fuel enter the thruster combustion chamber and when mixed ignite. The com-
bustion products (high temperature gases) exhaust through the thruster nozzle (jet) thus generating reac-
tive thrust.

CKL Operation

On the “BKIMKOYEHUE CKLO” (CKQ Ignite) (OK-29) command the CK[ starting hydraulic valves are opened
providing for the propellant component flow from the stowage tanks to the CK[ combustion chamber to
self-ignite and to generate reactive thrust by the combustion product exhausting through the chamber
nozzle. On the “OTKINIOYEHWNE CKLO” (CKL Shut Off) (OK-30) command the hydraulic valves are closed
to shut off the component flow to the CK[] chamber. The CK[ Engine burn is terminated.

Prior to the nominal descent execution the two pressurization subsystem sections and the two propellant
stowage tank sections are connected to each other and the “OBbEAVNHEHUE CEKLIMM KOY” (KOY Sec-
tion Connect) command is issued to configure the CK[] Engine and the OO thruster operation as fed by
the two sections simultaneously.

In case of the CK[ failure there is a capability to fire four AMO-b thrusters simultaneously to fulfill the nec-
essary retrofire impulse, called OMNO-bT.

SYSTEM OPERATIONAL LIMITS AND CHARACTERISTICS

# | Technical Characteristics Values

1 | Propellant Total Charge Capacity 440 - 892 kg

2 | Pressurization Gas Spherical Bottle Operational Pressure 350 - 30 kgf/cm?2
3 | Propellant Stowage Tank Admissable Pressure for the Thruster Operation | 14 - 22 kgf/cm2
4 | COP Caution/Warning Sensor Actuation Pressure 24+1,5 kgf/cm2
5 | CAA (COo, car) Caution/Warning Sensor actuation Pressure 12+0,5 kgf/cm2
6 | Oxidizer to Fuel Ratio 1,85

7 | CKO Cover Opening/Closing Time 15 - 25 sec

Table 1. KOY Thruster Characteristics

Parameter CKO aono-b Ono-m
Thrust, kgf 300+30 13,3 2,7
Total Component FlowRate, g/s 1070 55 11

Table 2. KOY Parameter Values in Various Flight Phases (Monitored by K31)

Flight Phase (Portion) Parameters to be monitored by K9
(Allowable Values)
Pw61 (KOWN), P62 (KSN) P.o (K3W), P.r (KSW)
kagf/cm2 kgf/cm2
Prior to KI (Lift Off Contact) 300 - 350 0-1
After First Pressurization 250 - 280 14 - 22
Orbital Flight:
— during CK[] burn decreases 14 - 22
— during AMO burn decreases 14 - 22
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CREW OPERATION WITH THE SYSTEM

Prior to executing dynamic modes the crew configures the KUY for the operation according to the FDF
procedures:

— selection of the pressurization subsystem section, the propellant tank section and the OO set;

— monitoring the KOY parameter values and the CUPT Propellant Quantity Meter data.

When in a dynamic mode the crew monitors the procedure of the AMNO thruster and the CK[ engine igni-
tion, burn and shut off by the spacecraft behavior, indicator lights, display formats, KOY parameter dis-
played by the KO/ and the CUPT.

In case of one of the pressurization subsystem sections failure or one of the propellant stowage tank sec-
tions failure the crew has the capability to transfer to the other (operative) KOY sections.

In case of a failure in the selected OO thruster set during the spacecraft attitude establishment (maneu-
ver) the crew has the capability of selecting the operative ANO set using the MK CA Panel.
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3.18. CUCTEMA UCNONHUTENbHbIX OPTAHOB CIMYCKA (CUO -C) ( DESCENT REACTION
CONTROL SYSTEM)

GENERAL INFORMATION ON THE SYSTEM

The CUNO-C System is designed for generating control moments around the CA Module body axes during
its descent from the orbit to the Earth.

The CUNO-C principle of operation is that of a propulsion system with the displacement (pressurization)
liquid monopropellant supply to the thrusters. The monopropellantused is high concentration Hydrogene
peroxide.

SYSTEM COMPOSITION

The CUO-C System consists of:

— displacement (pressurization) subsystem;

— monopropellant supply subsystem;

— ynpasnsowme peaktnsHble mukpogsuratenu (YPM[) (Reaction Control Microthrusters).

The CNO-C System pneumatic/hydraulic diagram is shown in Fig. 1.

MyHkymoHanbHaa cxema CHO-C

K3l-11 E3l-11
PHan? PHan
Frnepz Frep1

KOs

KMNpaz KIMpA
p N p

P2 K10 K20

Fig. 1. CUO-C System Functional Block Diagram

130



NAS15-10110 0004AE4b (ROP-19)

Fig. 1 CUO-C System Functional Block Diagram

1. BA2 - Nitrogen Bottle 2; 2. BA1 - Nitrogen Bottle 1; 3. IBH2 - Nitrogen Pressure Sensor 2; 4. BH1 -
Nitrogen Pressure Sensor 1; 5. KINA2 - Nitrogen Purge Squib Valve 2; 6. KA1 - Nitrogen Purge Squib
Valve 1; 7. KBU-11 - Combined Electronic Indicator Key 11; 8. KBW-11 - Combined Electronic Indicator
Key 11; 9. PHap2, Prnep2 - Section 2 Nitrogen Purge, Peroxide Pressure; 10. PA2 - Nitrogen Pressure
Reducer 2; 11. KINA3 - Squib Valve for Combining Low Pressure Nitrogen Sections; 12. PA1 - Nitrogen
Pressure Reducer 1; 13. PHag1, Pnep1 - Section 1 Nitrogen Purge, Peroxide Pressure; 14. KOA2 - Check
Valve 2; 15. KINpA2 - Nitrogen Pressure Relief Valve 2; 16. LLC - Drain Outlet; 17. KMNpA1 - Nitrogen Pres-
sure Relief Valve 1; 18. KOA1 - Check Valve 1; 19. OINP2 - Peroxide Pressure Sensor 2; 20. NP1 - Per-
oxide Pressure Sensor 1; 21. BlN2 - Peroxide Tank 2; 22. BIN1 - Peroxide Tank 1; 23. KCI12 - Peroxide
Drain Valve 2; 24. KCI11 - Peroxide Drain Valve 1; 25. KlMpl2 - Peroxide Pressure Relief Valve 2; 26.
KMpl1 - Peroxide Pressure Relief Valve 1; 27. KINM2 - Squib-Operated Start Valve 2; 28. KIMMN2[4 - Addi-
tional Squib-Operated Start Valve 2; 29. K14 - Additional Squib-Operated Start Valve 1; 30. KIIM1 -
Squib-Operated Start Valve 1; 31. KOT - Cut-Off Squib Valve for Pitch Thrusters; 32. KOP - Cut-Off Squib
Valve for Yaw Thrusters; 33. KOK[] - Cut-Off Squib Valve for Additional Roll Thrusters; 34. KOK - Cut-Off
Squib Valve for Roll Thrusters; 35. T1 - Pitch Thruster 1; 36. T2 - Pitch Thruster 2; 37. P1 - Yaw Thruster
1; 38. P2 - Yaw Thruster 2; 39. K1[] - Additional Roll Thruster 1; 40. K2[1 - Additional Roll Thruster 2; 41.
K1 - Roll Thruster 1; 42. K2 - Roll Thruster 2.

The Displacement Pneumatic (Pressurization) System is designed for:
B pressurizing gas (Nitrogen) high pressure stowage;
B raising pressure to the necessary level in stowage tank ullages.

The Displacement System consists of two sections each one including (Table 1):

Table 1.
PNEUMATIC SYSTEM ELEMENTS SECTION 1 SECTION 2
6annoH ¢ asotoM (Nitrogen Bottle) BA1 BA2
AaTtyvk gaeneHus asota Hagayea (Nitrogen Pressure Sen- | OBH1 OBH2
sor)
nMpoknanaH nycka asota (Nitrogen Purge Squib Valve) KIMA1 KIMA2
peaykTop Hu3Koro gasnexus (Pressure Reducer) PA1 PA2
o6patHbIvi knanaH (Check Valve) KOA1 KOA2
knanaH npegoxpanutensHolv (Pressure Relief Valve) KIMpA1 KlMpA2
AaTyvK gaeneHus nepekucu sogopoga (Hydrogen Peroxide | OMP1 aneP2
Pressure Sensor)

KIMAS3 - nupoknanaH o0 beguHEHNsT CEKLUIA a30Ta HU3KOro AaBreHUs

Pressure Nitrogen Sections}

(Squib Valve for Combining Low

The Propellant System is designed for:
B the Hydrogen Peroxide stowage;

B the Peroxide (monopropellant) supply to the inputs of the ynpasnsiowue peakTuBHbIE MUKPO-

asuratenu (YPML) (Reaction Control Miro-Thrusters).

The Propellant Supply System consists of two sections including the following elements (Table 2):

Table 2.
PROPELLANT SYSTEM ELEMENTS SECTION 1 SECTION 2
TonnMBHBIN 6ak (6ak nepekncu) (Monopropellant | BIM1 B2
(Peroxide) Tank)
nyckoBon nupoknanaH (Squib-Operated Start Valve) KM K2
MyCcKOBOW NupoknanaH gononHutenbHbli (Additional Squib- | KMM14 Krnz24
Operated Start Valve)
nuMpoknanaH cnvea nepekucu (Peroxide Drain Squib Valve) | KCI1 KCI2
KnanaH npegoxpaHutensHeln nepekucn  (Peroxide Pres- | KMpll1 KMpl2
sure Relief Valve)

LWC - wryuep cnuea (Drain Outlet)

KOT, KOP, KOK, KOK[ - nupoknanaHbl OTCeYHble ABUraTernen no kaHanam TaHraxa, pbiCKkaHusl, KpeHa,

KpeHa gononHutenbHbin (Cut-Off Squib Valves for Pitch, Yaw, Roll and Additional Roll Thrusters)

Ynpasnsiouine peaktmeHble Mukpoasuratenu (YPMI) (Reaction Control Micro-Thrusters) are designed

for generating control moments (+Mx, -Mx, +My, -My, +Mz, -Mz) about the CA Module center of mass.
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There are 8 YPM[ thrusters in the CUO-C System (Fig.2):

M T1, T2 (pitch channel),

B P1, P2 (yaw channel),

W K1, K14; K2, K2[ (roll channel, K1[ and K2[] are additional roll control thrusters).

Each YPM[I thruster includes ynpasnstowumn anektporngpoknanaH (YOIK) (- Electro-Hydraulic Control
Valve), reactor and nozzle.

All the CNO-C equipment articles except cut-off squib valves and thrusters are structurally combined in
the MueBmorugpoarperat (MIFA) ( Pneumatic/Hydraulic Unit) which is mounted in a special container be-
yond the pressurized CA Module sheath (Fig. 2).

The KOT, KOP, KOK and KOK[] squib-actuated valves are located beside corresponding YPM[ thrusters.

Fig. 2. (CUO-C Thruster Location)

The CNO-C System starts operating after the CA Module separation.

The system is configured into the operational state 14 seconds prior to the module separation. While con-
figuring the system appropriate cartridge activated valves are opened feeding the Hydrogene peroxide to
the YPMA.

From the module separation moment up to the CA bottom shield jettison moment the CUO-C operates
under the CYC System command control.

At the parachuting portion of the flight until landing the CMO-C System operates under the cuctema
npuademnenus (CI) (Landing System) command control.

When there are control signals from the CYC or CI1 Systems valves of appropriate YPM[ thrusters are
opened. The Hydrogene peroxide enters the catalyst reactor where the peroxide decomposition reaction is
realized producing gaseous oxygen and water vapor. The decomposition products are exhausted through
the jet generating the thrust.
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On the “OTCTPEJ NTOBOBOW TEMNOSALLUNTLI” (Bottom Shield Jettison) all YPM[ thruster valves are
opened and all the peroxide residuals are drained out.

SYSTEM OPERATIONAL LIMITS AND CHARACTERISTICS

# | Technical Characteristics Values

1 | Monopropellant Charge Capacity 29,6-31,4 kg

2 | Nitrogen Stowage Pressure Range (P.Haa1.,P.Haa2) 270-350 atm

3 | Peroxide Stowage Tank Pressure Range 1,5-4,5 atm

4 | Peroxide Allowable Pressure for Thruster Operation (P.nep1, P.nep2) 15-18 atm

5 | System Readiness for Operation Time after Opening not more than 10 sec
Nitrogen and Peroxide Starting Valve Opening

6 | System Operativeness Time since Filling Moment 195 days

CREW OPERATION WITH THE SYSTEM

The crew all along the flight time until the module separation moment monitors the CUO-C parameters by
the KGW data (P.Haa1, P.Hap2, P.nep1, P.nep2).

During the System operation it is monitored and controlled automatically.
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3.19. KOMNNEKC CPEOCTB NMOCAOKMU (KCM) (LANDING AID COMPLEX)
KCI System Purpose and Composition

The Soyuz spacecraft KCI1 Complex is designed for the crew safe landing in the CA Module during nomi-
nal descent and in case of the Launch Vehicle failure at the launch site and in the orbit injection phase.

The KCIT consists of:

1. OcHosHas napauotHas cuctema (OCI) (Primary Parachute System).
2. 3anacHas napaiutoTHas cuctema (3CIM) (Back Up Parachute System).
3. Oeuratenu markon nocagku (OMIM) (Soft Landing Thrusters).

4. Cosmonaut Operation Seat.

5. Astomatuka KCIM (AKCHM) (KCM Automatic Equipment).

OCIl System

The OCI1 System consists of three parachutes: the BbITspxHOW napattoT (BI) (- Pilot Parachute), the
Topmo3How napawwtoT (TI) ( Brake Parachute) and the ocHoBHow napawwtot (OI1) ( Main Parachute). The
OCI1 System ensures landing of the CA Module weighing 2800 - 3100 kg at the velocity of 6.5 m/s. The
System is located in a pressurized container inside the CA Module.

The BIN Parachute ensures the Tl Parachute deployment and consists of two canopies connected in
series. The BIT Parachute is brought into action compulsorily - when the OCI1 System container cap is
jettisoned.

The Tl Parachute ensures CA descent velocity decrease from 230 m/s down to 90 m/s and the Ol Para-
chute deployment.

The OIN Parachute ensures the CA Module landing at the velocity of 6 - 7 m/s. The Ol Parachute con-
sists of the 1000 square meter canopy and the harness system.

3CTI System

The 3CI1 System consists of three parachutes: the Bl Parachute, the Tl Parachute and the OI1 Para-
chute. The 3CI1 System ensures the CA Module landing in case of the OCI1 System failure. The landing
velocity with the 3CI1 is 9.5 m/s. The system is located in a pressurized container inside the CA Module.
The BIN Parachute ensures the Tl Parachute deployment and consists of two canopies connected in
series. The BIN Parachute is deployed compulsorily - when the 3CIT System container cap is jettisoned.
The Tl Parachute ensures the CA Module descent velocity decrease and the Ol Parachute deployment.
The Ol Parachute ensures the CA Module landing at the velocity of 10 m/s. It consists of the 590 square
meter canopy and the harness system.

OMI Soft Landing Thrusters

The six JMTIT thrusters are located at the CA bottom. Their purpose is to decrease the CA descent vertical
velocity down to 2 m/s. When parachuting with the OCI1 System six/four OMI1 thrusters are ignited and
when with the 3CTI1 system six OMI1 thrusters are fired.

Cosmonaut Operation Seat

The "Kasbek Y" shock absorbing seat is the cosmonaut work station and ensures crew member endur-
ance to high G loads during launch/injection and CA module landing. There are three seats installed in the
CA Module. Each one has two operational positions: unarmed position (throughout the flight time) and
armed position (prior to landing).

AKCI Automatic Equipment

The AKCIT consists of barostatic and time mechanisms and the Namma-nyuyesoii Beicotomep (T1B)
(Gamma Ray Altimeter). The barostatic and time mechanisms operating according to their settings issue
commands for sequential parachute deployment and for the execution of pre-landing operations in the CA.
The AKCIT units are located at the CA Module bottom.

The purpose of the I'JIB Altimeter is to issue the landing event signal at the altitude of 15 m (TC3-4
“MOCALKA” (Landing) light goes ON) and the command for the IMTI1 thruster ignition at the altitude of 0.8
m.
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KCI Operation

There are four KCIT operation modes:

- Nominal mode (descent with the OCI1) (Fig.1);
- Back up mode (descent with the 3CIT) (Fig.1);
- First emergency program;

- Second emergency program.

Nominal Mode (Landing with OCI)

While descending from the orbit after the retrofire burn the “PA3OEJIEHUE” (Separation) generalized
command comes from the CYBK System on which the CA separates from the adjacent modules (BO and
IMAO). The separation command also arms the AKCI1 Equipment. If it does not arm automatically the
crew will duplicate it manually by issuing ®1 “ACINT” command on the KCI1-I. When the descent altitude is
as low as 10.5 km the AKCI1 issues the command for the OCI1 container cover jettison which results in
the BIN Parachute deployment and sequentially the Tl Parachute deployment. Then the ballistic descent
mode (BEC) is initiated the CA Module being rotated about its longitudinal axis at the rate of 13°/s.In 16.5 s
the Tl Parachute is jettisoned pulling out the Ol Parachute by its connector link The CA is descending
with unsymmetrical harness connection to the Ol parachute.

Between the altitudes of 6.5 km and 5.5 km the AKCIT measures the CA vertical descent rate with the
parachute (if the descent rate is greater than 18 m/s the “ABAPUA” (OCI1 System Failure) command is
issued and the 3CI1 System is deployed).

When the altitude reaches 5.5 km the AKCI1 gets down to the pre-landing operations:
- bottom thermal shield jettison;

- switching off the “bC” mode of the CYC System;

- CA/environment pressure equalization;

- jettison of the CA window covers;

- transfer to the CA symmetrical harness connection to the Ol Parachute;

- the seat shock absorber arming.

At the descent final portion following the I'JIB Altimeter commands:

- at the altitude of 15 m the audio signal is switched On and the “TTOCAOKA”(Landing) light illuminates
(TCO-4);

- at the altitude of 0.8 m 4 JMI1 thrusters are fired;

- manual OIT rope jettison inhibit is removed;

- The cuctema geixatensHow BeHTunsAumm (OB) (Breathing Ventilation System) is put to operation.

When landing onto the firm ground the Commander jettisons only one parachute rope. When the space-
craft lands onto the water surface he jettisons the parachute completely.

Landing with 3CTI1 (in Case of OCII Failure)

At the altitude of 6.5 - 5.5 km the OCI1 operational status is analysed. The descent rate greater than 18
m/s is the OCI1 failure indication. The AKCI1 generates the “ABAPUA” (OCI1 System Failure) command
and brings the 3CI1 system into operation.

On the “ABAPUA” command the following is accomplished:

- the OCI1 System OI1 Parachute release;

- the 3CI1 System container cover jettison;

- the 3CIN System BI1 Parachute and the Tl Parachute deployment;
- the “BC” mode initiation;

- the T Parachute jettison and the Ol Parachute deployment;
After that the pre-landing operations are executed.

Pre-Landing Operations

At the altitude of 10 m the “MOCAOKA” (Landing) (TC3-4) light goes On and the audio signal is switched
On. At the altitude of 0.8 m six [JMI1 thrusters are fired.

When landing onto the firm ground the Commander jettisons only one parachute rope. When the space-
craft lands onto the water surface he jettisons the parachute completely.

Fig.1. (Descent with OCTI1, Descent with 3CIl)

135



NAS15-10110 0004AE4b (ROP-19)
Descent with OCI
Flag Altitude | ACH Operation
SEPARATION 130 km ACI1 pre-operational initiation (“ACIMN” KCIM ®1)
(ACI1 arming)
:: 00 (P=133 mmHg) 10,5 km BBEP-1 (Barometric Relay Unit) actuation
MBM1-1,2,3 (Program/Timing Mechanism) start
OCI1 container cover jettison (“6C” TC3-4)
16,5 8,5 km Jettison of Tl Brake parachute of OCI1
(“BBOA OCIT” TC3-5)
19,5 7,2 km NMBM1-1,2,3 stop
OCI1 full development
:: 00 (P= 335 mm Hg) 6,5 km BBP-2 actuation
MBM1-1,2,3 start
Breathing orifice circuit configuring
Time base counting t.6a3b1=55 s
Statoscope circuit configuring (P.HacTp.=54 mm Hg)
565 5,5 km
158 Bottom shield jettison
'NB circuit configuring
Opening BAP[] (Automatic Pressure Control Unit) valves
Window cover jettison
163 OCI1 rope rearrangement (transfer from unsymmetrical to symn@trical harness)
67 Seat shock absorber arming
Pressurizing the BE (Displacement Cavity) of OCI
Air release from the high pressure bottle for pressurizing the BE of CI1 in the CA
70 I'NB and Y[ (Impact Sensor) energizing
H=20-10m “NMOCAJKA” light ON (TC3-4)
85 NMBM1-1,2,3 stop
H=1,56m 0,8-1,5m Fire (4 thrusters)
Breathing orifice opening
H=0m Landing contact
Descent with 3CIN
Flag Altitude | ACI Operation
P=54 mm Hg BP-2 (Barometric Relay Unit) actuation
during 55 s MBM1-1,2,3 (Program/Timing Mechanism) start
(V.ocn>18 m/s)
:: 00 5,5 km Jettison of the OCI1 ropes
02 3CI1 container cover jettison
13 4 km Jettison of Tl Brake parachute of 3CI
(“BBOO 3CM” TC3-5)
227 3,5km Bottom shield jettison
'NB circuit configuring
Opening BAP[] (Automatic Pressure Control Unit) valves
Window cover jettison
230 3CI1 rope rearrangement
1 36 Seat shock absorber arming
3CIM parachute BE displacement cavity pressurization
Air release from the high pressure bottle for pressurizing BE of O§I1 in the CA
39 I'NB and Y[ (Impact Sensor) energizing
H=20-10 m “NMOCAJIKA” light ON (TC3-4)
H=15m 0,8-1,5m OMI fire (6 thrusters)
Breathing orifice opening
H=0m Landing contact

Fig.1.

136



NAS15-10110 0004AE4b (ROP-19)

3.20. CACTEMA ABAPUUHOI'O CMACEHMUSA (CAC) (LAUNCH ESCAPE SYSTEM)
CAC SYSTEM PURPOSE AND COMPOSITION

The CAC System is designed for bringing the crew modules away from the failed Launch Vehicle and
providing conditions for guarantied operation of the landing aids while at the launch site and in the orbit
injection phase.

The system is fully automatic. In case of the Launch Vehicle failure the “ABAPUA HOCUTEJIA” (Launch
Vehicle Failure) red light illuminates (TC3-3) and also the Central Light goes ON and the intermittent
audio signal sounds.

Having received these signals the crew reports to the Launch Control and prepares to withstand the ac-
celerations associated with the launch escape procedures.

General CAC System design is shown in Fig.1.

The CAC System consists of:
— CAC Propulsion System;
— Aerodynamic Cap covering the crew modules;
— CAC Automatic Equipment.

OBuratenbHasn yctaHoBka CAC (OY CAC) (CAC Propulsion System)
The Y CAC is an active aid which enables the spacecraft rescued part to escape in case of the Launch
Vehicle failure both at the launch site and in the orbit injection phase.

The Y CAC consists of:
— UeHTpanbHbin pakeTtHbii gsuratens (LLPA) (Central Rocket Engine);
—  Four Ynpaensitowue paketHble gsuratenu (YPL) (Attitude Control Rocket Thrusters);
— PaketHble gsuratenu pasgenexus (POP) (Separation Rocket Thrusters).

The LUPL engine is designed for the spacecraft crew module (EO-CA) escape from the failed Launch Ve-
hicle and climb up to the altitude necessary for the parachute system operation in case of emergency at
the launch site or in launch vicinity conditions.

The YP[ thrusters are designed for executing the preset spacecraft crew module escape trajectory in
case of emergency at the launch site or in the vicinity of the launch site.

The POP thrusters are designed for executing the evasive trajectory of the CAC System after its nominal
jettison in the spacecraft orbit injection phase. The PP thrusters are also used to take the Cap+BO clus-
ter away from the CA at the climb portion of the spacecraft rescued part launch escape trajectory.

Apart from the Y CAC Propulsion System the following thrusters are located on the Aerodynamic Cap:
— PaketHble geuratenu ronosHoro o6tekatens (PO (Cap Thrusters);
— [Oeuratenu cbpoca ctBopok (JCC) (Section Jettison Thrusters).

The POl thrusters are designed for raising the climb altitude of the spacecraft rescued part in case of
emergency in launch vicinity conditions and also for taking the rescued part away in the orbit injection
phase after the LIP1 nominal jettison and prior to the Cap jettison.

The OCC thrusters are designed for taking the Cap sections away from the spacecraft during its nominal
jettison procedure in the orbit injection phase.

Crew Module Aerodynamic Cap
The Crew Module Aerodynamic Cap is the structural base for the escaping crew modules.

CAC System Automatic Equipment

The CAC Automatic Equipment is designed for joint operation with the spacecraft and the Launch Vehicle
systems in generating signals and executing commands for the crew module escape from the failed
Launch Vehicle in case of emergency at the launch site or in the orbit injection flight phase.

CAC SYSTEM OPERATIONAL PROCEDURE
The CAC System total operational period is subdivided into six portions:

1. From the moment of the “Baseaenne CAC” (CAC arming) command for configuring the CAC System
for operation up to the “KIT” (koHTakT nogbema - Lift-Off Contact).
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. From the “KIM” up to 20 seconds of flight elapsed time.
. From the FET 20 s up to the 1Y CAC jettison programmed time.
. From the Y CAC programmed jettison up to the Cap (I'O) jettison.

. From the 'O programmed jettison up to the “INO” (npegBapuTensHoe oTaeneHme — preliminary separa-
tion) command.

. From the “TO” command up to the Launch Vehicle 3" stage Propulsion System Shut Off command.

(o2 abhwiN

First Portion Procedure
In this CAC System operational period portion the emergency signal can be issued only by the Launch
Director via the KPJ1 system from the Launch Control vault.
On receiving the “ABapus” (Emergency) signal the following commands are issued:
— for the spacecraft separation at the CA-IMAO interface;
— for the UP[ engine 1 - 2 chamber ignition.

In 1,8 s after the “ABapus” signal is issued the YP[ thrusters are fired under the program control which
depends on the wind direction and the location of the launch facilities.

In 4 s after the “ABapusa” the POl thrusters are fired.

At the escape trajectory peak the CAC Automatic Equipment issues commands:

— for the BCK jettison;

— forthe CA/BO separation.

After the BCK jettison the a POP thruster is fired and carries the Cap+BO cluster away from the CA so as
to prevent their collision. At the preset time moment the parachute system is put to operation and follows a
reduced time program.

Second Portion Procedure

This portion features low flight altitudes. So the failed Launch Vehicle Propulsion System is not cut off to
carry the Launch Vehicle away from the launch facilities as far as possible. The parachute system oper-
ates under the control of reduced time programs.

Third Portion Procedure
When the “ABapusa” signal arrives the following commands are issued:
1. The Launch Vehicle Propulsion System emergency ignition;
2. Execution of all the commands according to the First portion program of the CAC operation with ex-
ceptions:
— only the first LUP chamber is ignited (the altitude clearance is sufficient for the KCIN complex op-
eration;
— the POr is not fired (altitude sufficient for the KCI1 operation);
— only one YP[ thruster is burnt, the one located in plane II.

At the preset moment the KCIN Complex is put to operation.

Fourth Portion Procedure

This portion’s peculiar feature consists in using the POl thrusters as active aid for the crew module es-
cape. On the “ABapusa” signal the spacecraft is separated at the CA-NAOQO interface and two POl thrusters
are ignited. In 0,32 s after the “ABapusa” command the second Pl thruster group is ignited to take the
crew modules away from the failed Launch Vehicle trajectory. According to the preset program the CAC
automatic equipment issues commands for the BCK jettison and for the CA | BO separation.

At the preset moment the KCIN Complex is put to operation following the nominal time program.

Fifth Portion Procedure

There are no active aids used in this portion for the crew module evasive maneuver away from the failed
Launch Vehicle. So the nominal spacecraft separation aids are employed. On the “Asapwus” signal the
CAC automatic equipment issues commands for the Launch Vehicle Propulsion System emergency cut
off and for the spacecraft crew module nominal separation. The KCI1 operation follows the nominal time
program.

Sixth Portion Procedure

It is this portion’s peculiarity, that in case of emergency separation the spacecraft injection to off-nominal
orbits is possible. So based on the long duration (>30 min) crew life support requirement for the off-
nominal orbit flight the crew rescue is executed within the integrated spacecraft. On the “ABapuga” signal
the CAC automatic equipment translate command for the spacecraft nominal separation from the Launch
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Vehicle 3" stage. The separation is accomplished followed by the spacecraft descent. The integrated
spacecraft separation is executed nominally at the atmosphere reentry. The spacecraft landing aids oper-
ate on the nominal program.

Fig. 1. CAC System Diagram

1. Stabilizer.

2. I-1ll, 1I-IV - Stabilization Planes.
3. View A:

BrI' - Balance Weight;

YP[ - Attitude Control Thrusters;
POP - Separation Thrusters;

[y CAC - CAC Propulsion System;
UPL - Central Rocket Engine;

O - Aerodynamic Cap;

IOCC - Section Jettison Thrusters;
BO - Upper Support;

POI - Cap Thrusters;

BO - Habitable (Crew Resting) Module;
CA - Descent Module;

HO - Lower Support;

BCK - Cosmonaut Visual System.
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Fig. 1. CAC System Diagram.
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3.21. HOCUMbI ABAPUWHbBIN 3AMAC (HA3) (POST LANDING SURVIVAL KIT)
HA3 PURPOSE

The “Granat 6” HAS3 is designed for the Soyuz spacecraft crew life support at the off nominal landing site
during not less than 3 days.

HA3 COMPOSITION

The HAS Kit is made up of the following component groups:

Individual buoyancy aids;
Thermal protection garment.

1. Emergency radio and illumination aids;
2. Camp ouftfit;

3. Water/Meals group;

4. Weapon;

5. Medical Aid Kit;

6.

7.

The HA3 components are stowed in three units and 13 soft packs and are located in the CA Module.
Unit 1

The Unit 1 bag is made of orange capron. In the bag there are: potable water canister, crew checklist for
off-nominal solid ground landing/water splashdown and a polyethylene flask. At the bag side in the pocket
there is a mouthpiece for water drinking.

The 6 liter canister is made of Aluminium alloy and has two orifices: the greater one and the smaller one.
The smaller orifice is used for inserting the mouthpiece and is covered with a thread plug. The greater
orifice makes it easier to fill the canister with water, snow or ice to be melted and is covered with a cou-
pling connector and a coupling nut. The crew checklist is put into a polyethylene bag and soldered. The
soft polyethylene flask in tissue jacket is used for water stowage under the garment in cold weather.

Unit 2

The Unit 2 bag is made of rubberized tissue of orange color and has two pressure tight sections. In the
upper section there are food rations and salt. In the lower section there are the medical aid kit and camp
outfit articles. The medical aid kit contains medicines and dressing material. The medical kit composition
and usage instruction data are on the label sticked to the kit cover inner part. The camp oulffit includes:
fishing tackle, dry fuel, wind resistant matches, needles/threads, wire saw (3 pcs.). The medical cloak (3
pcs.) can also be used for precipitation/overcooling/overheating protection and for water collection. To
provide for the crew meals there are three meal a day food rations for each crewman in the HA3 Kit.

Unit 3

The unit is composed of two pressure tight bags connected to each other and to the raft which is laced up
above. In the lower bag there is the emergency radio set with cables and power supply sources, sig-
nal/illumination aids, a lantern, light filters, a whetstone for sharpening knives, sticky plasters, a measuring
glass and packets for vomit excreta. In the upper bag there are weapon, a machete knife in casing, the Air
Force graded multi-tool knife and cartridges in bandoliers. The raft purpose is to provide for the Unit 3
positive buoyancy.

The emergency VHF band radio set purpose is to enable the off-nominally landed crew to communicate
with the Search/Rescue Service planes and helicopters and to direct them to the crew actual position in
the area. The radio set can operate in two modes: “Cesasb” (Communication) and “Mask” (Beacon). The
radio set is equipped with three power sources.

The weapon is a three barrel pistol (“TT1-82” make). It is designed for light/audio signaling, hunting/game
shooting and defense for beast-of-prey. For the upper two smooth-bore barrel shooting 12,5 mm car-
tridges are used, for the lower rifled barrel 5,45 mm bullet cartridges are to be used. The machete knife in
casing can be used as a butt for the weapon. For giving light signals light signaling aids are used.

There are hydraulic combination suits (3 pcs stowed in one soft package) which are individual survival
aids in case of the CA water surface splashdown. The suits have two eye-loops each to enable the crew-
man to be lifted from the water surface on board the hovering helicopter.
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The thermal protection garment (3 sets, each stowed in 4 soft packages) is designed for the crew protec-
tion on the ground at the temperatures of down to -50 ° C and at the wind speed of up to 10 m/s. The set
can be worn together with the underwear, flight suit and the hydro-suit. It consists of: combination suit,

jacket, high boots, helmet, cap, fur socks and wool gloves.
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4. SYSTEMS’ OPERATIONAL LIMITS AND CHARACTERISTICS

Soyuz Spacecraft Main Technical Characteristics

# Characteristics Values
1 Launch weight 7000 kg
2 Total spacecraft body length 7000 mm
3 Maximal diameter 2720 mm
4 Solar battery wing span 10700 mm
5 Solar battery area 10,4sq. M
6 Diameter of habitable modules 2200 mm
7 Volume of habitable modules (for gas content) 10 cu. M
8 CA module weight (crew ingressed) 2100 kg
9 Payload:
— payload injected into orbit 50 kg
— payload returned to the Earth 50 kg
10 Propulsion System:
— Propellant total charge capacity 840 kg
—  CKQ thrust 300 kgf
— ONO-B thrust 13,8 kgf
—  [ANO-M thrust 2,5 kgf
—  CK[ propellant flow rate 1kg/s
— N0 propellant flow rate 0,4 kg/s
— Propellant consumption for 1 m/s increment 2kg
11 Power Supply System:
— voltage 27V
—  buffer battery capacity 340 A/h
- back up battery capacity 280 A/h
—  CA battery capacity 120 A/h
— solar battery current 22 A
12 Landing System:
— rated landing point hit accuracy +30 km
— parachuting descent rate (primary parachute) 6,7 m/s
— parachuting descent rate (back up parachute) 9,8 m/s
— _landing contact vertical velocity (parachute + soft landing thrusters) | 2 m/s
Soyuz Spacecraft Orbit Injection Flight Phase Parameters
# Parameter Time Velocity Altitude Range Acceleration
t, s V, m/s H, km L, km N.x1, g
1 Lift Off Contact 0 0 0 0 0
2 Lift 8 29 0,1 0 1,4
3 Pitch Mnvr 20 81 0,8 0 1,5
4 Ram (Q)max 65 455 11,1 16 2,2
5 St Cut Off ('K 1) 118,03 1560 41,5 39 3,5
6 Y CAC Jettison 121,23 1670 45,4 41 3,5
7 Cap (I'O) Jettison 156,31 1900 85 109 1,25
8 St Il Cut Off (TK 11) 285,05 3680 168 418 2,46
9 Tail Flare (XO) jettison 305,78 3809 176 500 1,0
10 St Il Cut OFF ('K 111) 526,13 7492 208 1600 3,25
11 Sepacecraft/LV 529,43 208 1640 0
Separation
KOY Propulsion System Operational Limits and Characteristics
# Technical Characteristics Values
1 Propellant Total Charge Capacity 440 - 892 kg
2 Pressurization Gas Spherical Bottle Operational Pressure
350 - 30 kgf/lcm2
3 Propellant Stowage Tank Admissable Pressure for the Thruster
Operation 14 - 22 kgf/cm2
4 CIP Caution/Warning Sensor Actuation Pressure 24+1,5 kgf/lcm2
5 chg (coo, car) Caution/Warning Sensor actuation Pressure 12+0,5 kgf/cm2
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6

Oxidizer to Fuel Ratio

1,85

7

CKI Cover Opening/Closing Time

15 - 25 sec

CUOC Descent Reaction Control System Operational Limits and Characteristics

# Technical Characteristics Values
1 Monopropellant Charge Capacity 29,6-31,4 kg
2 Nitrogen Stowage Pressure Range (P.Hag1.,P.Hag2) 270-350 atm
3 Peroxide Stowage Tank Pressure Range 1,5-4,5 atm
4 Peroxide Allowable Pressure for Thruster Operation
(P.nep1, P.nep2) 15-18 atm
5 System Readiness for Operation Time after Opening not more than
Nitrogen and Peroxide Starting Valve Opening 10 sec
6 System Operativeness Time since Filling Moment 195 days

CCBIN Docking/Internal Transfer System Operational Limits and Characteristics

# Technical Characteristics Values

1 Berthing parameters at the moment of contact:
— Longitudinal approach speed Vx 0,1+0,35m/s
— Lateral approach speeds Vy, z <0,1m/s
— Roll angle mutual error + 10 degrees
— Pitch and Yaw angle mutual error + 7 degrees
— Relative angular rates + 0,6 degrees/s

2 Excentricity (Central aiming error) + 340 mm

3 Maximal IMCM Drive force at Rod retraction 1500 kg

4 CM Rod extension time 6+ 9,5 min

5 CM Rod Head Latch extension/retraction time 2+ 3 min

6 Maximal MI'C force at structural Ring latching 20 tons

7 Maximal MI"C force at structural Ring latching when ACA and NCA
Hooks are closed simultaneously 40 tons

8 MIC Hooks opening and closing time 3+ 5 min

9 Total force of the four spring pushers at separation 300 kg

10 Spacecraft/station separation velocity at pusher action 0,15 m/s

11 Transfer Hatch diameter 800 mm

12 System weight 200 kg

13 ACA Assembly service life 5 dockings/

undockings
14 MNMCA Assembly service life 20 dockings/
undockings

COTP Thermal Conditions Control System Operational Limits and Characteristics

discharge/charge cycles)

# Technical Characteristics Values

1 Air temperature in habitable modules +18 + +25°C

2 Instrument/assembly temperature in their location area +0 + +40°C

3 Air relative humidity <75%

4 Air speed in the habitation area 0,1+0,8m/s

5 Air speed in the instrument area 0,05+1,5m/s

6 Gas temperature in the MO Module 0 +40°C

7 Operational pressure in all hydraulic loops 0,5 +2,0 kg/cm”

8 CTP System service life 4500 hrs

C30 Power Supply System Operational Limits and Characteristics

# Technical Characteristics Values

1 Onboard bus D.C. energy <85A

2 Onboard network voltage 23+34V

3 BbE capacity guaranteed 340 A/h

4 BE service life 100 discharge/
charge cycles

5 PE capacity guaranteed for the first discharge (service life is two 280 A/h
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6 CA Battery capacity guaranteed (after 180 day stowage) 100 A/h
7 Cb current/voltage when in Sun Orientation with accuracynot worse 26 A
than + 10 degrees 34V

CKrC (Interface Pressurization Control) System Operational Limits and Characteristics

# Technical Characteristics Values

1 MB Vacuum Pressure Gauge measurement range 1 +960 mm of Hg

2 MB measurement error <2 mm of Hg

3 K3W Indicator measurement range 1 -+ 1000 mm of Hg

4 K3 measurement error <95 mm of Hg

5 Bl Volume 2501

6 MI1 Volume 2,51

7 Pressure feed to BIT:

- from BO <1 min
- from OB <30 min

TBC Television System Operational Limits and Characteristics

# Technical Characteristics Values

1 TV image color (Display) black & white

2 Exterior TV camera field of view (LY mode) 64x50°

3 Exterior TV camera field of view (YY mode) 13,50x10,20°

4 CA module TV camera field of view 60x50°

5 TV camera maximal allowable continuous operation time 1 hr 30 min

6 TV camera warm up time 30s

7 TV transmitter max. allowable continuous operation time 30 hrs

8 TV transmitter warm up time 120 s

9 TV frame dimension format (w/h) 4/3

10 Decomposition method every other line

11 Line scan frequency 625 Hz

12 Frame scan frequency 25 Hz
BP-9lY Equipment (CBU System) Operational Limits and Characteristics

# Technical Characteristics Values

1 Total weight 95 kg

2 Maximal data rate 25600 1/sec

3 JIK channel sampling rate 50 Hz

4 Number of channels 8

5 Number of JIK channels 64

6 3Y memory capacity 6 M words

7 Telemetry frame capacity 512 words

8 Word capacity 8 bits

9 Service life 1500 hrs
Mwup-3-A1 Equipment Operational Limits and Characteristics

# Technical Characteristics Values

1 Total weight 18,5 kg

2 Maximal data rate 6000 1/sec

3 Channel sampling frequency 31,25 Hz

4 Number of analog channels 64

5 Number of digital (signal) channels 128

6 Continuous operation time 76 minutes

7 Service life 50 hrs
BCK-4 System Operational Limits and Characteristics

# Technical Characteristics Values

1 Central system field of view angle 15°

2 Central system magnification (0,7-0,1)

3 Central system lens aperture diameter - not less than 77 mm

4 Visor axis angle relative to central system axis 0and 84°
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JIMP service life (single battery powered)

300 measurements

Continuous operation time

5 Field of view angle of each peripheral system visor tube:
— in radial direction 14°
— in tangential direction 30°
6 Peripheral system magnification (0,09-0,01)
7 Peripheral system lens aperture diameter - not less 60 mm
8 Power supply voltage 27+7 V
-4
9 Power consumption 15W
BHYK-K System Operational Limits and Characteristics
# Technical Characteristics Values
1 Obijective relative aperture 1:1,8
2 Objective focal distance 36 mm
3 Field of view angle:
- with BCK-4 12,20°
- in autonomous mode 37°
4 Brightness gain :
- with BCK-4 600
- in autonomous mode 900
5 Grid rotation 20+1
BI-2 System Operational Limits and Characteristics
# Technical Characteristics Values
1 Field of view angle 10°
2 Magnification 1
3 Qutput aperture diameter 18 mm
4 Output aperture offset from the instrument axis 110 mm
5 Power Supply Voltage 27V
JINP-1 Operational Limits and Characteristics
# Technical Characteristics Values
1 Ranges to be measured through the window 145-6000 m
2 Measurement error +10m
3 Visor field of view angle 6,7°
4 Warm up time for measurement 5s
5 Time for measurement data display in the left ocular 441 s
6
7

5 hrs

COrI'C Atmosphere Revitalization System Operational Limits and Characteristics

# Technical Characteristics Values

1 Operational time with 2/3 man crew 4,2 days

2 Total pressure in habitable modules 450-970 mm Hg

3 02 average consumption by one man 25 I/hr

4 CO2 averege excretion by one man 20 I/hr

5 Carbon dioxide partial pressure <10 mm Hg

6 Oxygen partial pressure 140-310 mm Hg

7 Water vapor partial pressure <15 mm Hg

8 Injurious additives not to exceed
specified values

9 BOA Unit purification cartridge service life 60 man-hr

10 Regenerator service life (AT 20° C) 51 man-hr

11 Air flow rate through BOA primary fan 180 I/min

12 Air flow rate through BOA back up fan 120 I/min

13 P.CO2 for purification cartridge replacement 10 mm Hg

14 BOA fan power 75W

15 A Gas Analyzer warm up time 1hr
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A Gas Analyzer Operational Limit and Characteristics

# Parameters P.02 P.CO2 P.H20

1 Range (mm Hg) 0(80)-350 | 0-25 0-35

2 Error (mm Hg) +12 +1,5 +2

3 Control command to the O2 Supply Valve: (mm Hg)

- OTKP 3MNK-P 160 - -
- 3AKP 3MK-PA 185 - -

4 Emergency Signal (mm Hg) <120 > 20
ACh Caution/Warning Pressure Sensor Operational Limits and Characteristics

# Technical Characteristics Values

1 OC[ pressure range number 2

2 OCL pressure range | 420-690 mm Hg

3 OC[H pressure range Il 720-990 mm Hg

4 Interval between setting points 30 mm Hg

5 Number of JC[] setting points 20

6 OCL actuation error +20 mm Hg
CNIC Gas Mixture Supply Aids Operational Limits and Characteristics

# Technical Characteristics Values

1 02 supply pressure to space suits 4,2 atm

2 02 supply flow rate 23,5 /min

3 Crew life support time in case of CA depressurization 125 min

4 Crew life support time using O2 from INxO tanks 90 min

5 Crew life support time using O2 from CA tank 35 min

6 02 supply flow rate through 3MK-PL in CA for 4.2 days 6 I/min

7 Total O2 consumption for space suit tests up to 240 |

8 Volume capacity of NxO O2 stowage tank (4 pcs) 201

9 MxO O2 stowage tank pressure 220 atm

10 Volume capacity of O2 stowage tank in CA (1 pc) 121

11 CA O2 stowage tank pressure 230 atm

12 Excess gas maximal pressure in CA <950 mm Hg

13 Pressure range maintained after BAP[] actuation 740-870 mm Hg

14 PO2 pressure in depressurized CA <10 mm Hg

15 CA/environment pressure equalization altitude 5,5 km

16 Ca O2 stowage tank pressure prior to landing 10 atm

17 CA total pressure increase rate at JMNK-P[ actuation 1 mm Hg/min

18 CA total pressure decrease rate at BAP/[] actuation 40 mm Hg/s
CBO Water Supply System Operational Limits and Characteristics

# Technical Characteristics Values

1 Stowage tank capacity 201

2 Feed tank capacity 0,851

3 Stowage time in stowage tank 360 days

4 Stowage time in feed tank 120 days

5 Silver content in water 0,2 mg/l

6 Rated daily water consumption by a crew member 1,71

7 Water charge in stowage tank for 3 man crew 19,7 1

8 Water charge in stowage tank for 2 man crew 121
ACY Waste Management System Operational Limits and Characteristics

# Technical Characteristics Values

1 ACY service life 12,6 man-days

2 ACY collector capacity 10,81

3 Fan air flow rate 250430 I/min

4 Rated one man daily urine excretion 1,21
«Sokol-KB-2» Space Suit Operational Limits and Characteristics
[ # | Technical Characteristics | Values
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1 Time for crew stay in suit: ventilation ON, helmet open, gloves doffed
(nominal operation) in 3-6 hr cycles 20 hrs
2 Time for crew stay in suit: ventilation ON, helmet open, gloves
doffed (emergency operation) incl. 30 hr continuous operation 50 hrs
3 Time for crew stay in suit: ventilation ON, helmet closed, gloves
donned 1yr
4 Time for crew stay in suit: ventilation OFF, helmet open, gloves
donned 1hr
5 Life support time in case of CA depressurization 125 min
6 Life support time in case of CA depressurization using Nx0O 02
stowage tanks (pre-separation) 90 min
7 Life support time in case of CA depressurization using CA O2
stowage tank (post-separation) 35 min
CY[ Motion Control System Operational Limits and Characteristics
# Technical Characteristics Values
1 Time for establishing attitude in OCK <15 min
2 OCK attitude establishment accuracy 1,5°
3 Propellant consumption for OCK attitude establishment <1kg
4 Attitude hold accuracy in UCKT 1,1%hr
5 Programmed rotation maneuver attitude rates:
— in approach and in descent prior to separation 3,5%s
— if the preset space angle for rotation maneuver is less than 36° 0,3°/s
6 Time for programmed rotation maneuver execution <120 s
7 Spacecraft automatic approach mode initiation range <900 km
8 JICK attitude establishment accuracy <1,5°
9 Spacecraft station keeping range 100-200 m
10 Range rate (impact velocity) at contact 0,35-0,1 m/s
11 Spacecraft/Orbiter angular misalignment at contact <4°
12 Landing accuracy in AYC mode 30 km
13 Landing accuracy in PYC mode 60 km
14 Landing accuracy in 6C mode 75 km
KCI Landing Aid Complex Operational Limits and Characteristics
# Technical Characteristics Values
1 Descent rate with pilot parachute (BIT) 230 m/s
2 Descent rate with brake parachute (TI1) 90 m/s
3 Descent rate with primary parachute (OCI1) 6,5 m/s
4 Descent rate with back up parachute (3CI) 9,5 m/s
5 OCIT parachute canopy area 1000 sgm
6 3CI1 parachute canopy area 590 sqm
7 Number of JMIT thrusters at CA bottom 6 pcs
8 Descent rate after [JMI1 thruster fire 2m/s
9 Number of JMIT thrusters fired in descent with OCI1 6/4 thrusters
10 Number of MIT thrusters fired in descent with 3CI1 6 thrusters
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5. FLIGHT DATA FILE REVIEW
5.1. SOYUZ FLIGHT DATA FILE GENERAL CONCEPT

The Soyuz spacecraft flight data file (as of November 1997, Edition Ne 76/18) includes 5 type onboard
checklist books:

— «Nominal Modes» book (one book for each crew member);

— «Back Up Modes» book (one book for Commander and one for Flight Engineer);

— «Off-Nominal Situations» book (one book for each crew member);

— «Reference Materials» book (one book for the crew);

— «Flight Plan» book (one for the crew).

There are 10 books onboard spacecraft for 3-man crew and 8 books for 2-man crew.

In the «Nominal Modes» book nominal flight operations are described successively in conformity with the
nominal flight plan from pre-launch procedures up to descent and post landing crew operations. In
describing the majority of operations two data presentation forms are used: block form and detailed form.
The block form gives the crew a general outline of the operation to be performed, and the detailed form
enables the crew to monitor step by step the status change in the spacecraft displays and controls while
executing the operation.

To facilitate registering data transmitted from the MCC special underlined blank spaces are provided in
the FDF.

In detailed nominal operation cyclograms references are made as necessary to other FDF books
indicating the page where the necessary back up operation, off-nominal situation or reference data are
presented.

In the «Back Up Modes» book back up operations is described successively in accordance with the
nominal flight plan. The data presentation forms are identical to those of the nominal operation
description.

The crew refers to the «Off-Nominal Situations» book as necessary either following reference in the
«Nominal Modes» and «Back Up Modes» or on the results of the spacecraft system status monitoring.
The «Reference Materials» book is a collection of brief descriptions of all the spacecraft systems including
their main technical performance data, block-diagrams and information on the status of the spacecraft
systems and controls in various flight phases.

In the «Flight Plan» book every spacecraft flight day is briefly described in conformity with nominal and
back up flight plan options.

Conventional notations/symbols used in the Soyuz spacecraft Flight Data File as well as adopted
abbreviations/acronyms are presented in the beginning of each book (ref. Section 5.7).

The FDF is issued for the Soyuz spacecraft specific series: there are even and odd issue numbers
(according to the spacecraft sequence number)

Note:
Revision of the Soyuz spacecraft flight data file composition is planned for June 1999.
The Soyuz spacecraft FDF (as of June 1999, Edition 204/205) will include 6 type books:
¢ «Launch/Injection. Descent» book (pre-launch operations; launch/injection; spacecraft depreservation;
transfer hatch closing; pre-undocking operations; undocking; nominal and urgent descent; additional
retrofire maneuver in case of the CK[] Engine failure in descent phase; post-landing crew operations);
o «Orbital Flight» book (CY/[ Test Ne1; Transfer to 6O; Maneuvers Ne1 and Ne2; automatic approach,
berthing, docking; interface pressurization test; transfer hatch opening; spacecraft preservation;
operations in docked configuration; CY/] Test Ne2; redocking);
o «Off-Nominal Situations» book (depressurization and fire in the CA and BO; envisaged off-nominal
situations in selected spacecraft systems; crew operations most frequently performed in spacecraft);
e "Back-Up Modes" book (not revised)
«Reference Materials» book (not revised);
e «Flight Plan» book (not revised).

5.2. <NOMINAL MODES» BOOK

The «Nominal Modes» book is the principal checklist for the Soyuz spacecraft control and contains
complete description of the crew nominal operations while executing the spacecraft flight plan in all the
flight phases.

In this book data is presented in conformity with the flight plan execution for 2-man and 3-man crew
options. In the 2-man option the Cosmonaut-Researcher’'s operations are performed by either
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Commander or Flight Engineer depending on their actual location at the moment the Cosmonaut-
Researcher’s activity is required.

The checklist data contents and the form of its presentation are designed so as to be used by specially
taught and trained crews.

The «Nominal Modes» book is issued for a specific series of spacecraft to fulfill identical tasks.

The book can be updated based both on the spacecraft system modifications and on the crew procedure
development in simulation facilities.

When preparing for a dynamic mode execution the crew as authorized by the ground can take pages out
of other FDF sections and insert them into the nominal cyclogram provided that the nominal cyclogram
procedure should not be violated.

The «Nominal Modes» book contents are as follows:

1. General instructions.
1.1 Crew responsibilities in executing the flight plan.
1.2 Functional duty distribution among the crew members.
1.3 Realizing in flight communication.
1.4 Crew operation with the BYK Onboard Clock.
1.4.1 BYK time synchronization.
1.4.2 BYK correction.
1.4.3 Entering the OIN (Announcement) time.
1.4.4. Crew operation with the Stop-Watch.
1.5 «Globe» correction.

2. Pre-launch procedures.
2.1 Crew ingress and the spacecraft preliminary inspection.
2.2 Closing the CA/BO hatch door.
2.3 CA equipment test and initiation.
2.4 System status test.
2.5 Communication test.
2.6 OC[ sensor performance check.
2.7 Space suit pressurization test.

3. Orbit injection phase.
3.1 Spacecraft system status monitoring and pressurization tests of the CA, BO and MO modules after
3.2 I;(Ss.cent: K circuit + MNp.5 program + AYC mode (in case of CA, NO depressurization in the orbit

injection phase).

4. BUMNW (Docking Rod -to-initial position mode)

5. CY[ system test Ne 1 («Kurs» system and OK circuit test)

6. TV system test.

7. Crew transfer to BO module.

8. Opening CA/BO hatch door.

9. Space suit doffing, drying and stowage.

10. Purification cartridge replacement.

11. Regenerator preparation and switching ON.

12. Spacecraft system in-flight monitoring.
12.1 Oxygen pressurization of the CA/BO modules.

13. Maneuver Ne 1.
13.1 First (two-impulse) maneuver.
13.2 preparation an d test of approach control/monitoring aids in the 5O module.
13.3 Second (single-impulse) maneuver + PYO-2 test.
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14.

15.

16.

17.

18.

19.

Configuring approach/
14.1 Crew duties in the approach/berthing procedure.

Space suit donning.
Approach/berthing.
Docking and spacecraft pressurization test.

Interface pressurization test
18.1 MI (Minor volume) pressurization.
18.2 Ml pressurization test.
18.3 MB (Vacuum Pressure Gauge) pressurization monitoring.
18.4 Bl (Greater Volume) test without pressurization.
18.5 Bl pressurization from spacecraft.
18.6 BI pressurization from OB (Station Orbital Module) (on ground instruction).
18.7 MI integrity test after Bl pressurization.
18.8 Ml integrity test.

Spacecraft/ OB pressure equalization.
19.1 Spacecraft/Ob pressure equalization procedure.
19.2 Spacecraft/Ob urgent pressure equalization procedure.

20. Transfer hatch door opening and transfer to OB.

21.

22.

23.

24.
25.
26.

27.

28.
29.
30.

Spacecraft preservation.
21.1 Individual equipment replacement.
21.2 Cosmonaut support replacement.
21.3 Cargo replacement.
21.4 NI (Payload) from OB to spacecraft or from spacecraft to OB.

Spacecraft operations in docked configuration.

22.1 Transfer to combined power supply mode.

22.2 Bb (Buffer battery) and (if necessary) PE (Back up battery) refreshening charging.
22.3 BB and PB refreshening charging termination (C3I preservation).

22.4 Transfer to autonomous power supply mode.

22.5 Airflow vent of BCK-4.

Spacecraft monitoring in docked configuration.
23.1 System monitoring.
23.2 MM integrity monitoring in docked configuration.

CY[ System test Ne 2 (in docked configuration)
Returnable equipment packing.
Spacecraft depreservation.

Closing of transfer hatch doors.

27.1 Preparation for closing OB/CY(Docking assembly) and CY/BO hatch doors.
27.2 CY/BO and OB/CY hatch door automatic closing.

277.3 OB/CY and CY/BO hatch door manual closing.

Transfer hatch pressurization test.
Preparation for redocking.

Redocking.
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31. Preparation for undocking (for descent in case of docking failure).

32. Pressurization test of CA/BO hatch.

33. Undocking without picture taking.

34. Descent.
34.1 BPBUW (Manual Data Load Unit) modes in descent
34.1.1 Time synchronization mode.
34.2 Descent Ne 2 I'Li(Flexible Cycle)+ CK[] (Orbital Maneuver Engine) +50 Module.

35. Post landing crew activities.
35.1 Solid ground landing.

35.2 Water surface splashdown.
35.2.1 Floating CA egress.

35.3 Rapping communication code.

35.4 Post egress crew procedures.

35.5 Post landing radio communication.

35.6 Post landing communication regulations.
35.6.1 Solid ground landing.
35.6.2 Water surface splashdown.

36. Form 2. «Globe» correction.
37. Form 03 TK. Spacecraft system monitoring.

38. Tables and charts for range determination.
5.3. <BACK UP MODES» BOOK

The «Back Up Modes» book is a checklist for the back up mode execution. The back up modes are
executed on [maBHasa onepaTueHas rpynna ynpasnexus (FTOIY) ( Main Operative Control Group) (MSS)
instruction.

A back up operation is the onboard system control, monitoring or maintenance activities envisaged to be
accomplished to ensure the mission task fulfilment in case of necessity.

The «Back Up Modes» book contents are as follows:

1. General instructions.
1.1. Crew responsibilities in executing the flight plan.
1.2. Functional duty distribution among the crew members.

2. Urgent orbit rise.
2.1. Urgent orbit rise using 'Ll (Flexible cycle).
2.2. Urgent orbit rise with «Kurs» System test.

3. Maneuvers.
3.1. Additional single-impulse maneuver.

3.2. Additional maneuver Ne2 (two impulse, coarse mode).

3.3. Additional maneuver Ne2a (single impulse, coarse mode).

3.4. Additional maneuver Ne26 (single impulse, preceded by attitude maneuver).
3.5. Additional maneuver Ne2g (single impulse, no preliminary attitude maneuver).

3.6. Maneuver Ne3. Two pulse, PO manual attitude control in K digital circuit, according to I'L|
Flexible cycle with CO Solar barbecue mode.
3.7. Maneuver with PO manual attitude control in AK analog circuit.

4. Back up approach modes.
4.1 Preparing for approach.
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4.2 Crew duties in approach/berthing procedure.

4.3 Back up approach/berthing mode with V.5 and V.6.

4.4 Approach/berthing without measurements using cupola («-X» axis).
4.5 Ballistic precision approach.

5. Elements of attitude control modes.
5.1 Configuring systems and «Chaika» CY[] System switching on.
5.2 OCK (Orbital coordinate system attitude establishment).
5.3 UCK (Inertial coordinate system attitude establishment).
5.4 Attitude maneuver - rotation to a preset space angle.
5.5 CO+3akpyTka (Solar attitude establishment and barbecue rotation).
5.6 COu3 in PO manual attitude control in AK analog circuit.
5.7 PO AK manual attitude control in analog circuit.
5.8 PO [K (manual attitude control in digital circuit) starting from OCK (MCKT) attitude.
5.9 PO [OK manual attitude control in digital circuit.
5.10 Manual maneuver using BI-1 through cupola in PO [K to retrofire attitude.

6. Spacecraft/Orbiter Docked Cluster Back Up Attitude Control Modes.
6.1 Spacecraft(Cluster) attitude rate damping in PO AK.

6.2 Cluster barbecue rotation using Cluster aids: Spacecraft + Orbiter Core Module + Specialized
Module + Cargo Transport Vehicle.

6.3 TN + PYMW Cluster mode: Spacecraft + Core Module + Specialized Module.

7. Redocking back up modes.
7.1 Redocking in automatic mode.

8. CCBI1 System back up modes.
8.1 Opening Orbital Module hooks.
8.2 Back up undocking.
8.3 CM (Docking mechanism) jettison .

9. Back up descents.
9.1 Descent Ne 2 ('L} + ONO-BT thrusters)
9.2 Descent Ne 3 ('L} + PO OK + CK[] engine + BO)
9.3 Descent Ne 4 - AK circuit on Mp.9 program.

10. Undocking back up modes.
10.1 Undocking with picture taking.

11. BO Module jettison.

12. EVA

12.1 Spacecraft preparation for EVA.

12.2 Crew activities on EVA day.
12.2.1 Cdr and Flight Engineer activities.
12.2.2 Cosmonaut-Researcher activities.

12.3 Post EVA crew activities.
12.3.1 Cosmonaut-Researcher activities.
12.3.2 Cdr and Flight Engineer activities.
12.3.3 Crew activities when using BO as air lock.

5.4. <OFF NOMINAL SITUATIONS» BOOK

In the «Off Nominal Situations» book envisaged off nominal situations are presented both for the
spacecraft as a whole and for its systems as well as the urgent descent procedure is described for the

space suit being either doffed or depressurized as a consequence of some off nominal situations.
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Besides for some situations of the spacecraft as a whole where the risk of the crew death is involved
recommendations are given for the highest probability method to achieve crew survival.

The «Off Nominal Situations» book is designed for use by a specially taught and trained crews as their
guide for off-nominal situation detection, diagnosis and elimination for the purpose of:

1. Ensuring flight safety.

2. Prevention of the off nominal situation further development.
3. Retaining the spacecraft system operability.

4. Ensuring the flight plan execution.

The crew will report all the off nominal situations and off-nominal deviation cases to the ground by
codeless communication.

The principal order of the off-nominal situation presentation in the book is as follows:
1. Indication - data that tells the crew that there is an off-nominal situation with highest probability.
2. Crew activities - the off-nominal situation diagnosis and elimination.

The following term definitions are used in the «Off Nominal Situations» book:

1. Off nominal situation: a spacecraft equipment failure or an operative (non -operative) system parameter
value deviation of its nominal status that could result in the nominal flight plan reconfiguration or in
resorting to back up modes.

2. Envisaged off nominal situation: a situation which results from the equipment failure described in the
FDF.

3. Non-envisaged off nominal situation: a situation which results from the equipment failure not described
in the FDF.

4. Nominal descent. the descent on primary or back-up landing day to the nominal landing area from the
primary or back up orbit revolution.

5. Descent ahead of time: the descent executed on the ground instructions ahead of the flight plan
schedule to the nominal or back up landing area.

6. Urgent descent: the descent on the crew decision or the ground instructions from any orbit revolution
using forms 23-14 if possible.

The contents of the «Off Nominal Situations» book are as follows:
1. General Instructions.
2. Depressurization.

3. Fire.
3.1 Fire in BO.
3.2 Fire in CA
3.3 Crew transfer to CA using Maonupytowmii npoTtusoras (MUMNK) (Oxygen Breathing Gas Mask).

4. Off nominal situation at launch pad.

5. Off nominal situation in spacecraft systems.
5.1. CY[ (Motion Control System).

5.1.1 Attitude control/maneuvers.
5.2. KOY (Combined Propulsion System).
5.3. CMOC (Descent Reaction Control System).
5.4. CCBI1 (Docking and Internal Transfer System)
5.4.1. Docking.
5.5. CKI'C (Interface Pressurization Control Aids).
5.6. COI'C (Atmosphere Revitalization System).
5.7. CMrC (Gas Mixture Supply System).
5.8. KCC (Survival Aid Complex).
5.9. COTP (Thermal Condition Control System).
5.10. Water supply.
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5.11. ACY (Toilet).

5.12. Radio communication system.

5.13. TV system.

5.14. C31 (Power Supply System).

5.15. CYBK (Onboard Complex Control Systen).

6. Urgent descents.
6.1 Preparation for urgent descent.

6.2 Urgent descent modes.
6.2.1. Descent OK(Digital circuit) + Mp. 5 program+ BC (ballistic descent).

6.2.2. PO AK (manual attitude control in analog circuit) + BC.
6.2.3. OK + Bkn. CK[ c MK (Orbital Maneuver Engine fire by crew command) + BC.
6.3 Post separation descent operations.

7. Operations frequently used (for reference).
7.1 CA/BO hatch door closing.
7.2 CA/BO hatch pressurization test.
7.3 Space suit donning.
7.4 Space suit pressurization test.

8. Radio communication forms.
8.1 Form 23-14. Ballistics data.

5.5. cREFERENCE MATERIALS» BOOK

The «Reference Materials» book is a supplementary flight data book and includes data on the design,
operation logic, maintenance order and rules of the spacecraft systems, equipment and instruments which
are under direct crew operation while executing the flight plan.

The book describes all versions of system usage modes and enables the crew to estimate the system
status and performance in various flight phases. The scope of information on the system presented in the
book depends on the system role in fulfilling

the flight objectives and generally includes the following data:

1. The system block diagram accompanied by the list of parameters displayed to the crew and
commands issued by the crew from the NK panel and NBY commands.

2. The system technical characteristics needed by the crew when analyzing the system actual
performance.

3. Nominal status and nominal parameters of the system presented in order of the flight phase sequence.

The materials contents and their presentation form in the book are designed for the use of specially taught
and trained crews capable of independent understanding and estimation of the situation onboard the
spacecraft.

The «Reference Materials» book has the following contents:
1. General instructions

2. Motion Control System (CY[).
2.1. Technical characteristics.
2.1.1 CO Solar pointing and solar barbecue rotation mode.
2.1.2 OCK attitude establishment using MKB (IR Vertical Sensor).
2.1.3 OCK in PO manual attitude control using BCK visual system.
2.1.4 Programmed attitude maneuver.
2.1.5 PYO Attitude control handle.
2.1.6 PYC Descent control handle.
2.1.7 Setting calculation (on the ground instruction).
2.1.7.1. Calculation of V (velocity increment) setting.
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2.1.7.2. Calculation of t.ru1(2) setting.

2.1.8. PYO-2/KPYO (Rotation Hand Controller/RHC Commutator)and PY[-2/ KPY[] (Translation
Hand Controller/THC Commutator) connection chart in 5O Module.

2.2. BPBW/ Manual data entry unit.
2.2.1 BPBW switching on.
2.2.2 BPBW switching off.
2.2.3 BPBMU test.
2.2.4 Display test.
2.2.5 Display format setting.
2.2.6 System status monitoring data display program.
2.2.77 Current faults.
2.2.8 Forseen faults.
2.2.9 Urgent faults.
2.2.10 Instructions.
2.2.11 «Cepsuc CK[}» (CK[ Engine service data).
2.2.12 Entering AYC (Automatically Controlled Descent) first group ()S setting.
2.2.13 Display of AYC first group setting.
2.2.14 Entering AYC second group (t.0, K) setting.
2.2.15 Display of AYC second group setting.
2.2.16 Entering PYC (Manual Controlled Descent) (S, K, N) setting.
2.2.17 «MpepynpexaeHue» (Warning)
2.2.18 «KomaHpgHas uHdgopmaums» (Command data).
2.3. Control words.
2.4. Display formats.

3. Combined Propulsion System (KOY).
3.1. Functional block diagram.
3.2. KOY technical characteristics.
3.3. KOY nominal status and parameters in various flight phases.

4. Descent Reaction Control System (CUOC).
4.1. CMOC technical characteristics.
4.2. CMOC nominal status and parameters in various flight phases.

5. Docking and Internal Transfer System (CCBIM).
5.1. Functional block diagram.
5.2. CCBI technical characteristics.
5.3. CCBI1 nominal status in various flight phases.
5.4. CCBI1 operation mode elements.
5.4.1. Rod retraction.
5.4.2. Closing hooks.
5.4.3. Retraction of latches.
5.4.4. Extension of latches.
5.4.5. Monitoring of OB Module hook opening.
5.4.6. Opening of OB Module stops.
5.4.7. Manual closing of CY/OB hatch door.
5.4.8. Dismounting of BO/CY hatch door with CM (Docking mechanism).
5.4.9. Dismounting of CM.

6. Interface Pressurization Control Aids (CKI'C).
6.1. Functional block diagram.
6.2. Technical characteristics.
6.3. CKI'C nominal status and parameters in various flight modes.
6.4. CA/BO hatch door closing.
6.5. CA/BO hatch door opening.
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7. Atmosphere Revitalization System (COI'C), Gas Mixture Supply Aids (CIMIC), Survival Aid Complex
(KCC).

7.1 Functional block-diagram.

7.2 COIC technical characteristics.

7.3 Space suit technical characteristics.

7.4 COIC operation modes in various flight phases.

7.5 Purification cartridge replacement order and cartridge cap positions.

7.6 CINIrC and space suit nominal status and parameters in various operation modes.
7.7 Space suit donning.

7.7.1 Structural shell donning.

7.7.2 Suit Donning.

7.7.3 Donning of space suit with special glove.
7.8 Space suit pressurization test.
7.9 Space suit drying and stowage.

8. Thermal Condition Control System (COTP)
8.1 Functional block-diagram.
8.2 Technical characteristics.
8.3 Operation modes.

8.4 Principle of crew operation with the PPB air flow regulator of XCA cooling/drying unit while air
temperature adjusting.

9. Complex of Life Support Articles (COX)
9.1 Having meals.
9.2 Water supply.
9.3 ACY Waste management system.
9.4 Medical monitoring/
9.4.1 Bracelet. Prevention of adverse flight factor effects in adaptation critical period.
9.4.2 Motion sickness effect prevention using the MLUA device.

10. Radio communication system.
10.1 Functional block diagram.
10.2 In flight communication procedures.
10.3 Nominal status of transmitting/receiving aids in various flight phases.
10.4 Tape recorder operation modes.
10.5 Communication system operation.
10.6 Operation in telegraph mode.
10.7 Data radio exchange.

11. TV System.
11.1. Functional Block diagram.
11.2. Purpose and technical characteristics of TV system.
11.3. Operation modes and functional diagrams.

12. lllumination.
12.1. Control procedures.
12.2. ®3C Special electric lantern.

13. Power Supply System (C30M)
13.1. Functional block diagram.
13.2. C30 technical characteristics.
13.3. C3MN nominal status and parameters in various flight phases.

14. Landing automatic equipment (ACI)
14.1. Descent with primary parachute system (OCI).
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14.2. Descent with back up parachute system (3CI).
14.3. ACI equipment operation in emergency program 1.
14.4. ACI equipment operation in emergency program 2.

15. Visual instruments and panel controls/displays.
15.1 Cosmonaut visual system (BCK).
15.2 BI-1 Pilot’s visor.
15.3 BHYK-K night time control visor.
15.4 NNP Range finder.
15.5 BBK-1 command issue unit.
15.6 B parachute altimeter.
15.7 WHT Voltage/current indicator.
15.8 TC3 Electroluminescent Indicator Display.
15.9 BYK Onboard Clock.
15.10 Operation with BYK clock.
15.11 BKY Video monitoring device.
15.12 «Globe» correction.
15.13 N3C Audio Caution/Warning Indicator.

16. Onboard Complex Control System (CYEK)
16.1. List of flags embodying conditions for command execution.

16.2. List of logical operations embodying conditions for command execution.

16.3. Generalized commands.

16.4. Interactive Multisystem Control Commands.
16.5. KCM-J1 - issued commands.

16.6. KCM-MN - issued commands.

16.7. Critical commands.

16.8. MK CA panel service commands.

16.9. BPYC - issued commands.

16.10. BPYE - issued commands.

16.11. PYC - issued commands.

16.12. commands issued from supplementary CA Module panels.
16.13. NBYX firmware programs.

17. Table of connection/umbilical location in CA and BO.
17.1 Connections/umbilicals used in CA.
17.2 Connections/umbilicals used in BO.

18. Equipment packing.
18.1. CA equipment and payload location plan for injection phase.
18.1.1 Contents of Ml 2 container in injection phase.
18.1.2 CA balance (CG position) data for urgent descent.
18.2. BO nominal and delivered equipment location plan.
18.2.1 Nominal/delivered equipment location in BO.
18.3. List of payload (M) delivered in BO.

18.4. Plan for location of equipment and payload containers in CA for descent phase.

19. Act.

20. YCWUI Monoblock.
20.1 Disassembling of YCW/IT Monoblock.
20.2 Assembling of YCWI for return.

21. Dismounting of «Kurs» system equipment.
21.1. Preparation of work station in BO.
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21.2. Safety measures.

21.3. Dismounting of K1-BKA-01 unit.
21.4. Dismounting of MTC-250AT-2.
21.5. Mounting of 2d4-BKA.

5.6. «<FLIGHT PLAN» BOOK

The «Flight Plan» book is a brief checklist for executing the Soyuz spacecraft flight and contains crew
data on time and execution order for operations starting from the spacecraft orbit injection moment up to
the spacecraft module separation in descent phase.

In the book operations are presented which the crew while following the nominal flight plan schedule as
well as dynamic operation postponement scheme for several flight days fulfills.

The «Flight Plan» book contents are as follows:

1. Nominal Flight Plan.
1.1 CT20. Orbit injection. Tests. First maneuver.
1.2. CT21. Second maneuver.
1.3. CT22. Three impulse autonomous approach.
1.4. CT23. Redocking.
1.5. CT24. CY[] System test Ne 2 in OB part configuration.
1.6. CT25. Undocking. Descent from the first orbit revolution in 'L} BL|BK.

2. Dynamic Operation Postponement Scheme.
2.1. Postponement scheme for dynamic operations in the first day.
2.2. Postponement scheme for dynamic operations in the second day.
2.3. Postponement scheme for dynamic operations in the third day.
2.4. Postponement scheme for dynamic operations in the fourth day

5.7. CONVENTIONAL NOTATION/SYMBOLS IN SOYUZ SPACECRAFT FDF
The Soyuz spacecraft FDF notations/symbols are presented in Table 1.

Below a few examples are given to illustrate how the crew uses these notations/symbols (from Soyuz
spacecraft FDF #76/18).

Example 1:

In «Nominal Modes» book on page 35 the operation of the C[ Sensor actuation test is described. The
crew puts the switch on the AC[ in the «720» position, the « CUTHAJTM3ATOP-BbIKI.» toggle switch - to
the «CUIHAJIM3ATOP» position, toggle switch to the «720-990» position (an example of using the
conventional symbol Ne8). The increase of P.HACTP. results in illumination of the «OJABJIEHWE CA
MAOAET» light on TC3-3 indicator (Conventional symbol Ne1 is used to denote the light illumination).
When the OC[ actuates the audio signal sounds and the LJO Central Light blinks.(To indicate the LIO
blinking symbol Ne3 is used). Then the crew must write down the OC[ actuation pressure value -
«P.CPABAT» and report it to the ground. The place for this value registration in the FDF is denoted by
symbol Ne33. Then the crew decreases the C[] actuation pressure until the « JABJIEHUE CA MNMAOAET»
light on TC3-3 goes off. (Symbol Ne2 is used to denote the light going off).

Example 2:

In the «Nominal Modes» book on page 48 the «[1K + Np.5 + AYC» urgent descent cyclogram is described.
When preparing to the operation the crew check the initial status of KCI and TCO lights. The «CO[
OTKIJ1» light must be off (symbol Ne2 is used) and the «2 CEKUNA HAOOYBA» and «2 CEKUWA KOY»
lights must illuminate (symbol Ne 1 is used). The tape recorder is switched on by the crew if it has not
been on ( symbol Ne 22 is used). The actions described in the frame are to be taken in case of the CA
depressurization (symbol Ne 27 is used). At the time moment denoted «T.[Mp5» the crew initiates AlNBY
program Ne 5 from the PYC handle which will illuminate the «YKOPOUY MPOI'P CIMYCKA» light on TC3-2
(symbol Ne 1 is used). Beside the «T.[Np5» inscription there is a straight line marking the space for writing
down the program Ne 5 initiation Moscow time (symbol Ne 31 is used). One minute after program Ne 5
initiation The «Chaika» CY[] System is powered automatically. The first minute of program Ne 5 is denoted
by symbol Ne 20.
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Example 3:

On page 61 of the «Nominal Modes» book the crew transfer to the BO Module after the spacecraft
module pressurization test is described. To present the action sequence of the Commander in space suit
ventilation switching off, disconnecting the space suit connectors and umbilicals symbol Ne 26 is used, the
«OTcTbikoBaTh WwnaHrn CK n pasbembl X3, LW9»  (Disconnect space suit hoses and X3, LLU9 connectors)
instruction being presented by means of symbol Ne 7. The space for writing down the «P.TK(MB)» value
measured by means of the Vacuum Pressure Gauge is denoted by symbol Ne 32 and the space for writing
down the «P.N2» nitrogen pressure calculated value - by symbol Ne 33. This is because the crew must
report the P.N2 value to the ground in the next communication session and the P.TK(MB) value will be
used by the crew throughout the flight. The off nominal situation which results in the urgent descent from
the orbit (pressure decrease in the spacecraft of 2 mm Hg for the time period less than 10 minutes) is
emphasized by means of symbol Ne 34. Notation Ne 28 is used for describing the crew procedure of
switching off the BO Module atmosphere purification units and switching on the CA atmosphere
purification units (operations at the end of page). On page 61 symbol Ne 29 is also used. For instance the
KB valve opening on the CKI'C panel in the BO should only be executed by the crew after closing the
PrB-1 valve in the CA.

Example 4:

On page 15 of the «Off Nominal Situations» book crew procedures in case of the CA or BO
depressurization are described. Here for emphasizing the actions to be executed simultaneously or with
minimal interval between them symbol Ne 25 is used three times. On the same page the following
graphical aid is used for emphasizing reference/caution information:

BHUMAHWE! ECIIN BbIJ1O JIOXXHOE CPABATbLIBAHUME APIYCA...
(ATTENTION! IN CASE OF «<ARGUS» FALSE ACTUATION...)

Example 5:

In the «Off Nominal Situations» book on page 20 the crew activities in case of fire in the CA are described.
Here symbol Ne 23 is used. The crew is instructed to obligatorily close the 3INK-P[ valve to shut off
oxygen supply into the CA Module.

5.8. FDF IN-FLIGHT OPERATIONAL USE

Two months before the launch date (one month prior to the crew complex examination training session)
the FDF set with the latest updates related to the forthcoming flight is transferred from the RSC «Energia»
to the Gagarin Cosmonaut Training Center.

Three weeks prior to launch the Gagarin Center receives two sets of the Soyuz spacecraft FDF: one for
the primary and one for the back up crew. During the pre-launch period which starts 14 to 10 days before
the launch date the crew can introduce necessary marks and underline important positions in the FDF.
One or two days before the launch in Baikonur Launch Center the current ballistic data are introduced into
the primary crew’s FDF and writing aids (pens, pencils, erasers) are fixed to the FDF books. Thus
prepared FDF is handed over to the RSC «Energia» representatives for stowing it onboard the spacecraft.
The whole FDF set (except the Flight Engineer’'s «Back Up Modes» book and the «Flight Plan» book is
stowed in the FDF container located in the CA Module and the Flight Engineer’s «Back Up Modes» book
and the «Flight Plan» book - in one of the payload containers in the BO Module.

After the crew ingress into the spacecraft 2,5 hours prior to launch time the cosmonauts get the «<Nominal
Modes» books from the FDF container and when necessary other books as well.

While the flight proceeds nominally the crew uses mainly the «Nominal Modes» booksreferring to other
books when necessary. The crew is free to replace pages from one book to another if that makes the FDF
use more convenient.

After the landing the FDF remains in the CA Module. If necessary it can be used by the crew and experts
for analysis of specific flight situations and for preparing the crew post flight reports.
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Table 1

Conventional Notation/Symbols in Soyuz Spacecraft FDF

1) 0 Light illuminates and is on, does not go off
2)m Light goes off, stays off, does not illuminate
3) = Light blinks
4) =& Light is either on or off
5) Light changes status on the command issue
(seldom used symbol)
6) —» Connect
7) <—— Disconnect
8) — Reposition as instructed, transfer to
9) M Clockwise
10) ¥ Anti-clockwise
11) M Clockwise until stop
12) £\ Anti-clockwise until stop
13) M Adjust
14) 12:35:20 Hours, minutes, seconds
15) 12:35: Hours, minutes
16) :35:20 Minutes, seconds
17) 08:: Hours
18) :05: Minutes
19) ::08 Seconds
20) 10:Mp1 Tenth minute of Program 1
21) :01Mp12 First second of Program 12
22) /BKI/ Execute action if it has not yet been executed
23) BKI Execute action obligatorily irrespective of whether it has been
executed or not
24) | BKIJl Execute sequence of actions in strictly stated order
OTKI
OTKP
25) Execute actions either simultaneously or sequentially with
BKIN minimal interval
OTKI
OTKP
26) b/ : BKJ1 Sequence of actions to be executed by the Flight Engineer
: OTKI
: OTKP
27) Execute actions only at the indicated condition
— MNPU
BKI PAC-
OTKJ1 | KOHCEP-
OTKP | BALUMA
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28) Execute in consecutive order several similar actions

BKIT1 BOA CA

OCH, PE3 BPYC

29) Lower action is to be executed only after the upper action is
executed

BKI1... —L\

BKI1

30) Execute action OTKP ( Open) 1 minute after action OTKII

200 OTKN (Switch Off)

:01: OTKP

31) Space for registering current information uplinked from the
ground

32) E Space for registering data necessary for subsequent crew
: operations or for post flight analysis

33) Space for registering data necessary for current analysis

34) Emphasis of references to off nominal operations or to actions
in case of an off nominal situation
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6. NOMINAL PROCEDURES
6.1. General Flight Program

The Soyuz manned spacecraft flight objective is:

— 2 -3 man crew and payload delivery to Mir station or ISS;

— joint flight up to 180 days;

— crew and payload return to the Earth;

— return of the crew uncapable of using its nominal spacecraft from the orbital station to the ground.

The Soyuz spacecraft general flight program is shown in Fig. 1.

The Soyuz spacecraft is launched by Soyuz Launch Vehicle and injected into orbit the with the following
parameters:

— inclination 51,6 degrees;
— period of revolution 88,44 minutes;
— maximal altitude of the orbit 240 km;
— minimal altitude of the orbit 200 km.

After the spacecraft injection into orbit the module pressurization test is conducted.

In the second revolution of the first flight day the following operations are accomplished: «Kurs»
equipment test, OK (Digital circuit) test, PYO (Rotation Hand Controller) test in AK (Analog circuit),
accelerometer test, spacecraft solar pointing and Solar barbecue rotation.

In the third - fourth revolution two impulse interorbital transfer maneuver is executed.

In the 17-th revolution a single impulse maneuver is executed with the test of the back up PYO Controller
set in the BO Module.

In revolution 33-34 three impulse autonomous spacecraft approach to the orbital station is executed which
ends with berthing and docking in revolution 34 at the illuminated part of the orbit.

The approach/docking procedure is mainly monitored by the ground control tracking aids.

After the spacecraft and the orbital complex are docked and the hooks are closed the joint flight is begun
with the capability of executing dynamic operations using spacecraft CY[l and KOY Systems including the
docked cluster orbit correction, automatic and manual redocking from one docking node to another and
CY[] System tests.

3 - 4 days prior to the joint flight termination the pre-descent test of the CY[ and the KOY system is
conducted. On the test results the decision is made on undocking and on descent mode selection.

In revolution 15 of the pre-descent day the spacecraft/station undocking is executed with the spacecraft
attitude hold so as to align its «+X» axis along the velocity vector.

In revolution 16 of the pre-descent day the nominal descent cyclogram is initiated and the Orbital
Maneuver Engine retrofire impulse is executed.

The spacecraft landing in the preset area is accomplished with the descent in the first revolution of the
landing day.

6.2. Preparation for Launch

The pre-launch procedure starts with the Launch Vehicle installation with the spacecraft on the launch pad

and ends with the launch.

Nominal preparation cycle at the launch complex is supposed to be completed in two days.

The following operations are executed at the launch complex:

— spacecraft radio system test for the joint operation with the ground radio complex;

— test of the onboard part of the command radio complex for the joint operation with the grou nd radio-
command complex;

— test of the Launch Escape Complex readiness for launch;

— test of the onboard Launch Escape System as a part of the Launch Escape Complex;

— all system transfer into the flight configuration;

— spacecraft participation in the Launch Vehicle General Test.

— monitoring telemetry parameters of the spacecraft onboard system status;

— monitoring crew medical parameters after the spacecraft ingress;

— BO Module oxygen pressurization up to differential pressure of 0.1 atm for its integrity test;

— collection of launch readiness indications for the Launch Vehicle and the spacecraft;

— entering the Launch Escape System settings according to the flight schedule;

— Launch Vehicle/spacecratft lift off.
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The spacecraft preparation for launch is conducted according to the launch complex technological plan.

The crew ingress into the spacecraft at the launch pad is scheduled for 2.5 hours prior to launch (using
the ingress hatch in the BO Module. After the ingress the crew:

— conducts prelaunch inspection of the BO and CA equipment;

— connects hoses and connectors X3, L9 to the space suits;

— switches on the suit ventilation;

— checks up the fastening system;

— establishes communication with the Launch Control;

— takes the cap off the CA purification cartridge;

— at T-2 hrs tests the CA/BO hatch door closing jointly with the launch team;

— positions the BYK Onboard clock, CUPT Propellant meter and MHK Indicator into initial status;

— conducts checks and collection of all the equipment initial status;

— checks the radio communication system;

— switches on the IC[ Sensor/signalizer, checks its actuation and adjusts the indication pressure;

— fastens itself in the seats;

— conducts space suit pressurization test;

— monitors system parameters, total and partial pressures air temperature and humidity in the modules;
— writes down and transmits to the ground pressure and temperature in BO and CA.

6.3. Orbit Injection

The injection to orbit phase starts with the spacecraft launch (the «KoHTakT nogbemay - Lift Off Contact
command issue) and ends with the nominal spacecraft separation from the Launch Vehicle («KoHTakTt
oTgeneHus» - Separation Contact command issue). The injection flight phase duration is 530 seconds.
During the orbit injection phase all the constant operation system are switched on and also CAC, CYC,
KCC, and «Kvant» system are ready for operation (standby mode)in case of emergency flight abort.

Apart from that in the injection phase the crew status and the spacecraft status are constantly monitored
using the crew reports and telemetry data coming from the PTC system (direct transmission mode) and
«Knect-M» system (TV transmission mode from the CA).

The Launch Vehicle status is monitored by means of:

— visual status estimation within the visibility limits from the Launch Control shelter;

— telemetry data from the Launch Vehicle;

— crew flight procedure reports using the MK CA display data and the Launch Vehicle control system
indicators.

In the injection phase the crew must:

— conduct TV transmission (Transfer to the CA TV-camera 2 at 110-130 s after Launch);

— listen to the Launch Vehicle flight procedure data transmission;

— monitor the FO Aerodynamic Cap jettison;

— monitor the KO command passing by the MHK Indicator switching on and the indicator light status
change;

— at the acceleration termination and transfer to weightlessness switch on the wrist watch Stop-Watch.

6.4. Orbital Flight (Maneuver)

The spacecraft orbital flight phase starts with the spacecraft separation from the Launch Vehicle Stage lll
(«Separation Contact» command) and ends with the initiation of the autonomous approach mode (to the
orbital complex) in the «Chaika-3» CY[] System.

The following operations are executed in the orbital flight phase:

— post injection spacecraft structure and system operability and crew status monitoring;
— spacecraft system transfer to the initial position for approach and docking;
— phasing orbit shaping.

After the spacecraft is separated from the Launch Vehicle on the marks of program Ne 4 AMBY the radar
system antennae and Solar battery panels are deployed, constant operation systems are switched on and
program Ne1 AlBY is started for the communication equipment control. During communication sessions
the spacecraft structure and system status and operability is monitored, crew medical status monitoring is
conducted, spacecraft orbit radio tracking is accomplished, flight settings are entered into the BL|BK,
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system operation is controlled and voice communication is conducted. The monitors the
spacecraft/Launch Vehicle separation, onboard system status and operation by means of the K CA data
and in 15 - 20 seconds after the separation switches off the CT[ (Thermal Sensor System) isolating it
from the actuation circuit.

During intervals between the dynamic operations the spacecraft is in passive rotation about «+Y» axis
pointing to the Sun in order to charge up the C3IN System buffer batteries.

In the first revolution as a part of docking preparation the «BUINLW» mode is executed (the docking
mechanism rod is extended into the initial position). In the second revolution for the purpose of testing the
operability of the CY[1 System automatic and manual control circuits as well as of the K[JY Propulsion
System CY[ System test Ne 1 is conducted, i. e. the CY[ digital circuit test and PYO Attitude Hand
Controller in PO AK mode. Tests are conducted on the second KLY section. In the digital; circuit test
procedure the two sets of the «Kurs» equipment, the two KB Sensors and a selected set of the BOYC-I
Sensor Unit.

In the second revolution on the results of the module pressurization test (the oxygen supply being
terminated for the test period) the crew opens the CA/BO hatch door, checks the CA+BO volume
pressurization using the Vacuum Pressure Gauge, doffs the space suits, switches on the BOA unit in the
BO and switches off the BOA unit in the CA, periodically pumps out condensate.

On the results of the BUIMLU mode execution, the CY[ and KOY test the decision is made about further
flight program.

Phasing orbit shaping maneuvers are executed on the BLIBK double «flexible» cycles:

— first maneuver (first and second impulses) - in revolutions 3 and 4;

— second maneuver (third impulse) -in revolution 17.

In the first maneuver the second KOY section propellant is used and in the second maneuver - the first
KOY section propellant is utilized.

Nominally revolutions 6 - 11 (22 - 27) are scheduled for the crew resting.

In revolution 31 the crew dons the space suits, transfers to the CA, closes the CA/BO hatch door, leaves
the atmosphere purification units in the BO in on position, connects hoses and connectors X3, W9 of the
space suits, switches on the space suit ventilation (the space suit pressurization is not tested), fastens
themselves in the seats and conducts preparation for the approach to the orbital complex.

In revolution 33 on the BLIBK setting data command the autonomous approach mode is switched on.

6.5. Approach and Docking

The autonomous approach phase starts in revolution 33 and ends with the spacecraft station keeping at
the range of 150 m from the orbital complex.

While executing the autonomous approach mode the crew is in the CA, in space suit donned and
fastened to seats. The CA/BO hatch door is closed, the KCC is in standby mode.

At the range of 400 km the «Kurs» radar rendezvous system is switched on and the system performance
test is conducted.

The approach and station keeping procedure is monitored by the FOI'Y Control Group (MCC) and by the
crew:

— [OrY - by means of telemetry, TV and display data;

— Crew - by means of TV and display data, BCK-4 image and the KCI1 and TC3 indicator light data.

In the radio communication zone of revolution 34 basing on the results of the approach procedure
monitoring the FOT'Y gives GO to the crew for transfer to the berthing mode.

Nominally the spacecraft berthing is executed in automatic mode. While berthing the crew monitors
visually the berthing parameters by means of TV and display data on the BKY device, MK CA indications
and the orbital complex image in the BCK-4.

The crew uses the target on the orbital complex outer surface for monitoring visually the angular errors
between the spacecraft and the orbital complex looking through the BCK-4 visor.

The docking procedure starts with the contact of the rod head and the receiving cone and ends with the
rod retraction up to the final position. The docking procedure is aimed at establishing rigid hermetically
sealed interface and forming electrical and hydraulic communications between the spacecraft and the
orbital complex.

The crew in space suits donned is in the CA and monitors the system status and the mode schedule
execution.
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6.6. Operations in Docked Configuration

The joint flight phase starts with the moment of the docking procedure termination and ends with the
undocking command issue.

The following operations are accomplished in the joint flight phase:

— spacecraft and docking interface integrity check;

— transfer hatch opening;

— spacecraft preservation;

— spacecraft system monitoring in cluster (docked configuration);

— spacecraft depreservation;

— transfer hatch closing;

— preparation for undocking.

6.6.1. Spacecraft and Docking Interface Integrity Check

This operation is executed after the spacecraft/orbital complex docking or after the spacecraft redocking
from one docking node to another.

The crew monitors pressure in minor and greater volumes by means of the Vacuum Pressure Gauge and
pressure in the CA and BO by means of the KOW indicator and using the KKT, KKC and KB BO/CY
valves on the CKI'C panel. On the monitoring time interval (45 - 60 minutes) expiration the crew equalizes
pressure between the spacecraft and station volumes using the KKT, KB[ BO/CY and KB[] CY/OB valves.

6.6.2. Transfer Hatch Opening

The hatches are opened after the integrity (pressurization) check of the docking interface between the
spacecraft and station.

The hatches in the spacecraft and in the station are opened manually. For opening the BO/CY and CY/Ob
hatch doors a special handle with a stopper. The stopper is controlled by means of the lever which has
two positions: operational and emergency. Prior to transfer to the station the crew sets a special plug onto
the KC[ CY valve.

After the transfer hatches are opened the crew transfers to the station.

6.6.3. Spacecraft Preservation

The spacecraft preservation is executed in 1 - 2 revolutions after the hatch opening and the crew transfer

to the station. The purpose of this operation is the service life saving of the spacecraft systems which are

not planned to be used in the joint flight phase.

The crew executes the following main preservation operations:

— opens or closes appropriate valves of the CKI'C, CII'C, and COI'C system;

— switches off the purification units in the BO and CA Modules;

— organizes air circulation in the spacecraft volume by means of the BBEO and BCA fans and the XCA
CA and XCA BO fans;

— lays supplementary air hoses through the open hatches for the air flow circulation from the station to
the spacecraft;

— pumps out the condensate and executes the COTP System preservation;

— executes the C3I1 System transfer to the combined power supply mode (on the MCC instruction).

To conclude the preservation procedure the crew checks the status of indicator lights on the TC3 and
KCI and switches off the panel and the CA illumination.

6.6.4. Spacecraft System Monitoring in Docked Configuration

While flying in the spacecraft/station docked cluster the crew acting on the MCC instruction executes
operations for the autonomous or combined power supply mode transfer, for charging the buffer and the
back up battery.

The spacecraft system monitoring is accomplished either independently or on the MCC instruction.

When the spacecraft system monitoring is accomplished in the cluster flight configuration the crew
executes the following operations:

— switches on the CA illumination and the panel;

— checks up the light integrity on the TC3 and KCIT;

— fills in the ®.03TK form comparing actual parameters with their nominal values;

— checks up the light status on the TC3 and KCT1.
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If any parameter deviates from its nominal value or if the light configuration differs from the FDF-indicated
status the crew reports to the MCC.

6.6.5. Spacecraft Depreservation

The spacecraft depreservation is necessary to prepare it for undocking and descent or for redocking.

When preparing for undocking prior to nominal descent the depreservation is executed by the crew in the

revolution 12 of the flight day.

The following depreservation operations are accomplished by the crew:

— switching on illumination and the panel in the CA;

— switching on the purification units in the BO and CA Modules;

— opening/closing appropriate valves of the CKI'C, CII'C, and COI'C system;

— organizing nominal air circulation in the spacecraft volume by means of the BBO and BCA fans and
the XCA CA and XCA BO fans;

— taking away supplementary air hoses and transferring them from the spacecraft to the the station;

— executing the COTP System preservation and pumping out the condensate;

— executing the C3I1 System transfer to the autonomous power supply mode (on the MCC instruction);

— checking the light status on the TC3 and KCTT;

— executing the BYK Clock and the MHK Indicator correction.

If any parameter deviates from its nominal value or if the light configuration differs from the FDF-indicated
status the crew reports to the MCC.

6.6.6. Transfer Hatch Closing

When preparing for undocking the crew executes the transfer hatch closing in revolution 13 of the flight
day. As a rule this operation is accomplished in the MCC-indicated time during communication session.

In preparing for the OB/CY and CY/BO hatch door closing the crew switches on communication aids for
MCC and intermodule communication and takes off the special plug from the KC[1 CVY valve.

There are two methods for the transfer hatch closing:

1) Automatic closing of the OB/CY hatch door and manual closing of the 5EO/CY hatch door (when there is
no crew onboard the station).

2) Manual closing of the OB/CY and the CY/BO hatch doors (when there is a crew onboard the station).

To close the CY/BO hatch door the crew checks up the rubber sealing and manually closes the OB/CY
hatch door until the stopper actuates. After that the crew executes manual closing of the OB/CY hatch
door and then closing of the BO/CY hatch door using a special handle which is a part of the CCBI1 System
instrument set.

When the two hatch doors are closed the crew checks up actuation of the hatch closing sensors.

After the spacecraft/station hatches are closed and prior to undocking in revolution 13 the pre-undocking
transfer hatch pressurization test is conducted. The crew using the MK CA opens the KC[1 CVY valve and
monitors pressure in the CA, BO and OB Modules by means of the KOW Indicator. When the monitor time
period (30 minutes) expires the crew starts preparation for undocking.

6.6.7. Preparation for Undocking

This operation is executed in revolution 14 of the flight day after the transfer hatch closing and their
pressurization test.

Before the preparation for undocking the crew completes packing of the returnable equipment and dons
the medical belts and the space suits.

When preparing for undocking the crew:
switches off the ventilator and purification units in the 5O Module;
— closes or opens appropriate valves of the CKI'C, CINI'C, COI'C Systems;
— manually pumps out the condensate;
— closes the BO protective grid;
— switchis on the air purification unit in the CA Module;
— closes the CA/BO hatch door;
— connects hoses and connectors of the space suits, switches on their ventilation.
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The conclusive operations of the preparation for docking procedure are the space suit and the CA/BO
hatch pressurization tests.

When testing the CA/BO hatch pressurization the crew closes the PIB-1 cock and issues command for
opening the KC[ BO valve, then relives the BO pressure by 150 mm Hg. After that the crew monitors
pressure in the CA and BEO Modules for the time period of 25 minutes. If the CA pressure change is not
more than for 25 mm Hg the crew opens the PI1B-1 and PINB-2 cocks.

6.7. Undocking

The pre-descent undocking is scheduled for revolution 15 of the flight day. As a rule it is executed by the
crew on the MCC instruction and under the MCC control during a communication session.

Prior to undocking the crew prepares for operation the PYO Controller, theBCK-4 Visual System switches
on the tape recorder and the floodlight (when undocking in shadow) and switches on the CCBI1 System
power. At the preset T.PACCTbIK (T. Undock.) the crew issues command for undocking. In 3 - 4 minutes
the crew monitors actual spacecraft/station undocking and moving from each other at the velocity of 0.12 -
0.15 m/s.

When concluding the post-undocking operations the crew switches off the CCBI1 System power.

6.8. Descent
6.8.1. Preparation for Descent

When preparing for the nominal descent the crew monitors (or enters when necessary) the control setting
data for the descent execution. Nominally these data are entered into the BLIBK and into the CYC System
via the KPJ1 Uplink. Both the MCC and the crew monitor the correctness of the data entering procedure.
The crew is authorized to change the setting data only on the MCC instruction.

6.8.2. Nominal Descent from Orbit

The nominal descent version is the descent with the use of the single flexible cycle - descent Ne 1
(ry+CKOo+60).

The nominal descent procedure can be subdivided into two parts:
— descent before the module separation;
— descent after the module separation.

6.8.2.1. Descent Before Module Separation

From the undocking moment the spacecraft autonomous flight phase is started.
In the autonomous flight phase the crew must:

— monitor correctness of the descent setting data entering (BLIBK, CYC);

— maintain radio communication with the FOI'Y Group;

— Monitor the onboard system performance.

When executing the nominal descent the descent program starts with the OCK attitude establishment and
ends with the CA landing in preset site within the nominal landing area.

When descending before the module separation the crew:

— executes pre-descent system performance and status monitoring;

— monitors automatic initiation of the descent program and automatic orbital attitude establishment;

— checks the KOY Propulsion System main parameters prior to the CK[] Engine retrofire for the descent;
— monitors the CK[] burn and its fulfilling the retrofire impulse;

— monitors the spacecraft main parameters after the CK[] shut off;

— monitors pressure relief from the BO by means of the KU Indicator;

— monitors preparation of the CYC System units;

— monitors spacecraft module separation in preset time.

6.8.2.2. Descent After Module Separation
When executing descent after the spacecraft module separation the crew:

— gives the "T.c." command at the CA preset atmosphere entry time;
— monitors the AYC automatic descent control circuit performance using «TB PYC» format of the BKY;
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— monitors deployment of the OCI1 primary parachute system at the altitude of 10 km;

— monitors the bottom shield jettison, oxygen relief from the CA stowage tank and the CA
Module/environment pressure equalization;

— monitors the OCI1 parachute rope rearrangement and arming of the seat shock absorbers;

— monitors the CA parachuting until the landing contact;

The descent trajectory after the module separation can be subdivided in three parts:

— Extra-atmosphere part which starts at the moment of separation T.pa3a. (H=145 km) and ends with
formation of the «lost» velocity value V.s=25.6 m/s (H=80 km) in the CYC System automatics.
Formation of this value is considered the «atmosphere reentry» moment which is accompanied by the
«[MEPEIPY3KA» (overload, acceleration) light illumination on the TC3-2.

— Atmosphere part which starts at the atmosphere reentry moment (V.s=25.6 m/s, H=80 km) and ends
with the Primary parachute system deployment (H=10 km) which is accompanied by the «<BBO[]
OCI» ("Input Deploy Prime Parashute") light illumination on the TC3-5.

— Parachuting part starting with the Primary parachute system deployment (H=10 km) and ending with
the landing contact when the «[TOCAKA» (Landing) light illuminates on the TC3-4.

6.9. Post Landing Operations

After landing onto solid ground the crew will first of all make sure the landing has taken place and only
after that jettison the parachute. Then the crew checks the position of the breathing ventilation shutters -
they must be open to ensure air passage into the CA Module.

After that the crew switches on the radio and light beacons to facilitate the operations of the
Search/Rescue Service teams.

Besides, after the landing the crew must switch off the CA fan, the XCA CA fan and the tape recorder.
When splashing down onto water surface the crew closes the air breathing shutters and switches on the
KBO Water cooling loop pump.

The crew must constantly try to establish radio contact with the NCC Search/Rescue Service.
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# Soyuz Spacecraft Flight Program Main Elements

1 K Lift Off Contact

2 AY CAC Launch Escape System Propulsion System Jettison (H=46 km; T=115 s)
3 LV Stage | Separation (H=49 km; T=118 s)
4

5

6

'O Aerodynamic Cap Jettison (H=84 km; T=165 s)

LV Stage Il Separation (H=167 km; T=288 s)

Main Command for LV Stage Il Shut Off, Weightlessness (H=202 km, T=526 s);KO
Separation Contact (T=530 s)

7 Autonomous Flight (until Docking with Mir Orbital Complex) — up to 1,9 days

8 Joint Flight with Mir Orbital Complex (up to 180 days)

9 Undocking from Orbital Complex and autonomous Flight (up to 1,3 days)

10 | Spacecraft Module Separation

11 OCI1 Primary Parachute System Cover Jettison

12 | T Brake Parachute Deployment

13 | Brake Parachute Jettison, OCI1 Main Parachute Deployment

14 Bottom Shield Jettison; Window Exterior Glass Jettison; BAP[] Automatic Pressure Control
Unit Opening (H=5,5 km)

15 | OCI1 Parachute Rope Readjustment; SW-transmission Primary Parachute System
Displacement Cavity Pressurization; 3CIN Back Up Parachute System Displacement Cavity
Pressure Relief in the CA

16 | AMI Soft Landing Thruster Firing; Landing; B Breathing Ventilation System Valve
Opening

Fig. 1. Soyuz Spacecraft General Flight Program
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7. OFF-NOMINAL SITUATIONS
7.1. Off-Nominal Situation Major Terms

The off nominal (emergency) situation is a spacecraft equipment failure or an operative (non-operative)
system parameter value deviation of its nominal status that could result in the nominal flight plan
reconfiguration or in resorting to back up modes.

Envisaged off nominal situation is a situation which results from the equipment failure described in the
FDF.

Non-envisaged off nominal situation is a situation which results from the equipment failure not described
in the FDF.

7.2. Emergency and Caution/Warning Indication

For presenting emergency and caution/warning indication to the crew the TCO Electroluminescent

Indicator Displays located on the K CA Panel are used:

— The TC3-4 contains yellow lights and is designed for the caution/warning indication display to the
crew. Any TC3-4 light illumination is accompanied by a continuous audio signal;

— The TC3-3 contains red lights and is designed for the emergency indication display to the crew. When
any of these red lights goes on an intermittent audio signal sounds and a special red color
«LUIEHTPANBHbIV OFOHb» (Central Light) (LIO) blinks.

The TCO lights give information to the crew on the modes currently executed and on onboard system
parameter deviations beyond threshold limits, the indication signals being generated by system
automatics.

When a caution/warning or emergency indication appears the audio signal is switched off by pressing the
«OTKI 3BYKA » (IMK-21) key. When the audio signal is switched off the LIO Central Light goes off. The
lights go off after the cause of their illumination is eliminated, except the lights: «BbI3OB HA CBA3b»
(Communication Call), «kABAPUA BLUBK» (BLUBK Failure) (TC3-4) and «ABAPUA OK» (Digital Circuit
Failure) (TC3-3) which are put off by pressing the «CBPOC ABAP. CUTHAJIA» (Emergency Indication
Reset) (MK-9) key. When an emergency or a caution/warning signal is generated again the appropriate
indication actuates again.

If when the audio signal is continuous an emergency signal appears the audio signals transfers to
intermittent mode.

For checking up the TC3 lights one of the «kKOHTP.TC3» (TC3 Check) keys on the MK CA (MK-11 or IMK-
23) should be pressed. For the time of this key is pressed all the TC3 lights are constantly illuminated The
check mode is accompanied by an intermittent audio signal and the LIO blinking.

The TC3 Check mode duration must not exceed 30 seconds.

When the «<KOHTP. TC3» (MK -11 or MK-23) key is released the LJO goes off, the audio signal stops
sounding and the TCQ3 lights resume their previous status.

7.3. Depressurization

In this section off nominal situations associated with the CA, BO and NO module depressurization as well
as the crew activities in these situations are treated conformably to the follow ing flight phases:

— orbit injection and the initial part of the autonomous flight;

— autonomous flight.

The «Available Time» term is used to denote the actual time at the crew’s disposal for the survival
operation execution in case of depressurization.

The lowest rated pressure level in habitable modules is assumed to be 400 mm Hg (i. e. the actuation
pressure of the KCC System’s «Argus» Sensor).
The following aids for depressurization detection and for the pressure fall rate measurement are used:
the pressure sensors in the CA, BO and MO Modules which send their information to the BKY Display;
— the MB Vacuum Pressure Gauge for measuring pressure in the BO or in the CA+BO Volume (when
the CA/BO hatch is open);
— the OCH Pressure Caution/Warning Sensor;
— the KCC System’s «Argus» pressure sensor.

In the orbit injection phase and in the initial part of the autonomous flight the crew is in the CA, the CA/BEO

hatch is closed, the KCC System is in the ready-to-operation mode (the space suits are donned, the
helmet glasses are lowered, the gloves donned, the KCC Automatic Equipment is armed), the PIB-1, -2
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cocks are open, hoses connected to the space suits, the space suits fans are on, the INBK toggle switch is
in OFF position.

In case of the CA depressurization the crew estimates the available time judging by the pressure fall rate,
switches the MNBK toggle switch into the ON position and executes descent in the second revolution.

In case of the BO depressurization the crew executes the descent ahead of time in revolution 3 or 17-19
with the BO separation.

In case of the MO depressurization the descent ahead of time is executed in revolution 2 or 3.

In the autonomous flight the CA/BO hatch is open, the crew may be in any of the habitable modules (CA

or BO), the KCC System is in the standby mode, the KCC automatic equipment is not armed, the MNBK

toggle switch is in OFF position. The crew periodically checks the module pressurization using the BKY

display and the MB Vacuum Pressure Gauge.

In case of the united module volume (CA+BO) depressurization the crew dons the space suits, transfers

to the CA, closes the CA/BO hatch, connects the space suit hoses and connectors, dons the gloves,

closes the helmets, switches on the space suit ventilation, arms the AKCC automatic equipment (by

issuing the «KABTOMAT KCC» (Automat Survival Aid Complex) command from the KCI-IT (P-3), opens

the PI1B-1, -2 cocks and determines which of the two modules is not integer:

— if the CA is depressurized the crew switches the INMBK toggle switch to ON and executes the descent
ahead of time;

— if the BO is depressurized the crew executes the descent ahead of time;

— if the MO is depressurized the crew executes either the descent ahead of time or the urgent descent.

In the autonomous approach, berthing and docking phase the CA/BO hatch is closed. The crew is seated
in the CA with the suits donned, the KCC System is in the stand by mode (The helmet glasses are lifted,
the gloves are donned).

In case of the CA or the NO depressurization the crew terminates the approach mode, transfers the KCC
System to the ready-for-operation mode, determines the available time and executes either the descent
ahead of time or the urgent descent.

In case of the BO depressurization the crew terminates the approach mode and executes the descent
ahead of time.

7.4. Fire

The following are the fire indications:
— burning odour;

—  smoke;

— flame.

Fire on Launch Pad

If the crew detects a fire indication in the CA after the ingress into the spacecraft at the launch pad the
crew immediately reports to the Launch Control and closes the space suit helmets. The launch is
canceled. The ground personnel switches off the spacecraft power, the BO pressure is relieved (after the
BO is oxygen-pressurized), the crew transfers to the BO, opens the BO ingress hatch jointly with the
ground personnel and leaves the spacecraft.

In case of fire in the BO the spacecraft power is switched off. The launch is canceled. The crew stays in
the CA and is stanby for the Launch Control instructions (The CAC Launch Escape System actuation is
possible).

In case of fire indication detection in the CA in the injection active part the crew reports to the ground
immediately. Using the KPJ1 System the «CnaceHne» (Rescue) command is issued and the CAC System
is actuated.

In case of fire in the BO the crew after the injection switches off the equipment operating in the BO, on the
ground instruction relieves the 5O pressure and executes the descent ahead of time.

Fire in Autonomous Flight

If the fire indications are detected during the autonomous flight the crew switches off the onboard
equipment in order to localize the fire source and finds out the fire module and spot.

If the detected fire source is in the BO Module and the crew fails to extinguish it by switching off the
equipment, then the crew transfers to the CA, switches on the CA atmosphere purification units, dons the
space suits, transfers the KCC System to the Ready-for-operation mode (by issuing the «<ABTOMAT

172



NAS15-10110 0004AE4b (ROP-19)

KCC» command from the KCI1-IN ®-3), closes the CA/BO hatch door, depressurizes and separates the
BO Module.

In case of the CA overfilling with smoke the crew after the space suit pressurization test depending on
how it feels is authorized to make a decision on the urgent descent with the CA compulsory
depressurization.

If the fire source is detected in the CA and the crew fails to extinguish it by switching off the equipment,
then the crew dons the space suits in the BO, transfers to the CA, checks the space suit pressurization
and transfers the KCC System to the Ready-for-operation mode (by issuing the «<ABTOMAT KCC»
command from the KCI1-IT ®-3). To kill the fire the crew depressurizes the CA. Then depending on the
time available the descent ahead of time or the urgent descent is executed.

7.5. Emergency Descent from Orbit
In the Soyuz spacecraft 4 urgent descent types are described:

1. «K+Mp.5+AYC» Descent

The «QK+Mp.5+AYC» Descent is described in the «<Nominal Modes» book (page 47).

This descent is executed after the spacecraft injection into orbit in case of the CA or the MO
depressurization. In this case the urgent descent cyclogram is initiated either in revolution 1 with landing in
revolution 2 or in revolution 2 with landing in revolution 3.

The descent is executed in the reduced descent program - Ip. Ne5 and:

— the crew initiates the reduced program by issuing the PYC-2 «IMP.5» command using the PYC Handle
at the T.Mp.5 moment (Form 14);

— the OCK orbital attitude is established using the digital circuit (6LIBK) and the KB Sensor;

— the crew uses the MK CA for the BO separation;

— the CK[ Engine is configured for ignition by the Mp. Ne5 program marks;

— the CK[ Engine is ignited automatically in 33 minutes after the Np.Ne5 program initiation;

— the CK[ Engine is shut off automatically when the retrofire impulse value of 89,6 m/s is reached;

— the module separation is executed by command of the lNp. Ne11 separation program;

— the atmosphere descent is the automatically controlled descent (AYC).

2. «[1K+Mp.5+6C(T.CKM/P14/>:33)» Descent

The «OK+Mp.5+BC(T.CKL/®14/>:33)» Descent is described in the «Off Nominal Situations» book (page
75).

This descent is executed using data in Form 14 when the time available before the CK[ Engine fire is
more than 33 minutes.

The descent is executed in the reduced descent program - Ip. Ne5 and:

— the OCK orbital attitude is established using the digital circuit (BLIBK) and the KB Sensor;

— the crew uses the MK CA for the BO separation;

— the CK[ Engine is configured for ignition by the Mp. Ne5 program marks;

— the CK[ Engine is ignited automatically in 33 minutes after the Np.Ne5 program initiation;

— the CKO Engine is shut off automatically when the retrofire impulse value of 89,6 m/s (before
revolution 3) or 115,2 m/s (after revolution 3 and for the rest of the flight time);

— the module separation is executed by command of the lNp. Ne11 separation program;

— the atmosphere descent is the ballistic descent (EC).

3. «<POAK+BC» Descent

The «POAK+BC» Descent is described in the Off Nominal Situations» book (page 79).
This descent is executed using data in Form 14 when the time available before the CK[] Engine fire is not
less than 18 minutes.

This descent features the following:

— the orbital attitude establishment is executed by the crew manually using analog circuit (PO AK);

— the crew uses the MK CA Panel for the BO separation;

— the CK[ Engine is prepared for ignition and ignited manually using the MK CA Panel;

— the CK[ Engine is shut off automatically when the retrofire impulse value reaches 89,6 m/s (before
revolution 3) or 115,2 m/s (after revolution 3 and for the rest of the flight time);
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the spacecraft module separation is executed on the CT[l thermal sensor command;
the atmosphere descent is the ballistic descent (BEC).

4. «K+BKJN.CK[1 C MK+BC»(T.CK[/P14/<:33) Descent

The «OK+BKIN.CKO C MK+BC »(T.CKO/$14/<:33) Descent is described in the «Off Nominal Situations»
book (page 83).

This descent is executed if the necessity of the urgent descent arises after the time scheduled in this
revolution for the Mp.Ne5 program initiation and the crew cannot wait for the lMp.Ne5 initiation time
scheduled for the next revolution.

This descent is executed using data in Form 14 when the time available before the CK[] Engine fire is less
than 33 minutes.

This descent features the following:

the crew executes the initiation of the reduced program by the PYC-2 «I'1P.5» command from the PYC
Handle at any moment after the urgent descent decision is made;

the MNp.Ne5 program is used for recording the urgent descent setting data from the 3Y Memory into
the BLUBK and also for selecting the thruster types and the instruments to be used for the attitude
establishment. Having completed these operation the crew initiates the Mp.Ne3 program thus inhibiting
the Mp.Ne5 program;

the OCK orbital attitude is established using the digital circuit (BLIBK) and the KB Sensor;

the crew uses the MK CA Panel for the BO separation;

the CK[ Engine is prepared for ignition manually;

the CK[ Engine is ignited manually in the time moment prescribed by Form 14;

the CKI Engine is shut off automatically when the retrofire impulse value reaches 89,6 m/s (before
revolution 3) or 115,2 m/s (after revolution 3 and for the rest of the flight time);

the spacecraft module separation is executed on the CT[l thermal sensor command;

the atmosphere descent is the ballistic descent (BEC).
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8. BALLISTICS, TRAJECTORY CONTROL AND FLIGHT CHARACTERISTICS
8.1. Orbit Injection
8.1.1. Launch Date and Daytime Selection for «Soyuz» Launch Vehicle

Launch date and daytime for the «Soyuz» Launch Vehicle with the Soyuz spacecraft are determined by
the mission objectives. The illumination conditions are of major importance when selecting the spacecraft
launch date. Therefore the spacecraft launch date is usually selected so as to ensure that the spacecraft
orbit be in the Sunlight in revolution 34 in the communication zone with Schelkovo tracking station.

The launch daytime is selected so as to ensure coincidence of the spacecraft and station orbit planes in
the rendezvous point. When the launch date is shifted the launch daytime is also shifted to earlier hours,
one day shift in the launch date corresponding to 24 minute shift in the daytime.

8.1.2. Soyuz Spacecraft Injection to Orbit Scheme

The «Soyuz» Launch Vehicle, which launches the Soyuz spacecraft and injects it into orbit consists of
three stages. The launch/injection active phase duration is 529.14 s. In 20 seconds after the «Launch»
command the KI1 - Lift Off Contact actuates. Stage | burn duration is 118 s. The Y CAC Launch Escape
Propulsion System is jettisoned at the 115" second. The MO Aerodynamic Cap sections are jettisoned at
the 157" second. Stages | and Il are separated at the 285" second (K Il) and the tail flare (XO) is
jettisoned at the 300" second. The injection trajectory scheme is shown in fig. 8-1.
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Fig. 8-1. Soyuz Spacecraft Injection to Orbit Trajectory Scheme.

1. Alienated area for Stage | fall down. 2. Alienated area for stage Il fall down.

The burn procedure of the «Soyuz» Launch Vehicle Stages I, Il and Ill ensures energetically optimal
injection of the Soyuz spacecraft into approximately circular orbit with the mean altitude of 220 km.
Besides, the Launch Vehicle motion program meets the following limitations:

1. Maximal acceleration in the spacecraft injection phase is 3.5 g which is «comfortable» enough for the
crew.

2. Stage | operation program provides for the nominal dynamic ram Q.max<3700 kgf/m which limits the
overloads effecting the Launch Vehicle structural body.

3. Stages | and Il motion programs are selected so as to meet the requirement of the side and central
rocket unit fall down within specified (alienated) areas.
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Stage Il pitch control program is aimed at the spacecraft injection into the nominal orbit perigee. The
perigee injection target point minimizes the injection phase active part duration and consequently the
gravitation losses.

The Soyuz spacecraft injection orbit parameters are shown in Table 8 -1.

Table 8-1
# Parameter Values
1 Period of revolution (T) 88,62 min (+22 s)
2 Inclination (i) 51,62 degr. (3,5 min.)
3 Apogee altitude (H.max) 240 km (+43/-42 km)
4 Perigee altitude (H.min) 202 km (+7/-23 km)
5 Orbit existence time (t.cyw.) 301 revolutions

During the dynamic injection phase the Launch Vehicle is constantly in the radio «visibility» (coverage)
zone of ground tracking stations (HWIs) which makes it possible to constantly receive telemetry and
tracking data and estimate the injection orbit parameters.

The injection phase parameters are presented in Table 8-2.

Table 8-2
# Parameter Time Velocity Altitude Range Acceleration
t, s V, m/s H, km L, km N.x1, g
1 Lift Off Contact 0 0 0 0 0
2 Lift 8 29 0,1 0 1,4
3 Pitch Mnvr 20 81 0,8 0 1,5
4 Ram (Q)max 65 455 11,1 16 2,2
5 St Cut Off ('K 1) 118,03 1560 41,5 39 3,5
6 Y CAC Jettison 121,23 1670 45,4 41 3,5
7 Cap (I'O) Jettison 156,31 1900 85 109 1,25
8 St Il Cut Off (TK 1) 285,05 3680 168 418 2,46
9 Tail Flare (XO) jettison 305,78 3809 176 500 1,0
10 St Il Cut OFF ('K 111) 526,13 7492 208 1600 3,25
11 Sepacecraft/LV 529,43 208 1640 0
Separation

In case of an off nominal situation onboard the spacecraft after the injection into orbit (depressurization,
fire etc.) data for the descent ahead of time in revolutions 2 and 3 can be calculated using the BLIBK state
vector (the radius vector R and velocity vector V projections on the axes of the selected coordinate system
(inertial or Greenwich) at the given time moment t) at the moment of the spacecraft separation from the
Launch Vehicle Stage lll. Data for the descent ahead of time in revolution 3 can be updated on the results
of the orbit radio tracking in revolution 1. The minimal required updates consist in a correction of the
propulsion system retrofire ignition time and of the CYC System setting data. When there is a lack of
available time for the setting data uplink by means of the KPJ1 System they are communicated to the crew
for manual entering using the MK CA Panel.

8.2. Approach
8.2.1. Soyuz Spacecraft/Mir Station (ISS) Nominal Approach Scheme

The Soyuz spacecraft to Mir station (ISS) approach is executed for the crew and payload delivery onboard

the station.

There are some requirements to the approach procedure:

— spacecraft to station berthing and docking must be carried out mainly in Sunlight;

— the approach conclusive operations must be conducted within the radio communication zone,
maximal integral coverage of the spacecraft and station being desirable. This requirement is satisfied
in the radio coverage zone of revolution 2 of the flight day;

— relative velocity (range rate) at the moment of contact must be low to provide for the «soft» spacecraft
and station rendezvous.

These requirements to the approach procedure determine the rendezvous (target) point and safe
rendezvous velocity (which should be practically decreased up to zero).
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To ensure the spacecraft/station rendezvous in the preset point at the preset time it is necessary to
choose the appropriate spacecraft waiting (phasing) orbit so as to completely eliminate the initial phase
mismatch.

The phase (®) is defined as the angle between the spacecraft radius-vector and the station radius-vector
and the initial phase (®.0) is the angle between the two radii-vectors at the momeny of the spacecraft
separation from the Launch Vehicle (Separation Contact).

At present the Mir orbit is not corrected for a special rendezvous orbit shaping because of a large station
weight which requires great characteristic velocity (energy) losses.

The initial phase ®o at the moment of the spacecraft injection may be of any value yet to minimize the
spacecraft propellant consumption the initial phase is selected within 240 - 30 degrees.

This condition in turn imposes limitations to the launch date selection. And higher values of the initial
phase require longer time for the spacecraft/station orbit phasing.

This requirement is satisfied by setting the rendezvous point in revolution 34 of the spacecraft flight
(revolution 2 of the spacecraft and station flight day). The two-day scheme makes it possible to eliminate
any initial phase mismatch.

In flight revolution 2 - 3 the spacecraft executes two orbit maneuver impulses AV.1 and AV.2 (~20 - 30
m/s) for optimal transfer to the phasing orbit (Fig. 8-2).

In revolution 17 - 18 a two impulse phasing orbit correction is scheduled, however as a rule one impulse
maneuver is sufficient. This impulse corrects the phasing orbit mean altitude compensating the orbit
fading due to the atmospheric drag. The AV.3 can be of-1 - 3 m/s value depending on state of the
atmosphere. The phasing orbit parameters are selected so as to make this impulse always posigrade
rather than retrograde. To optimize the approach procedure propellant consumption it is advantageous to
raise the orbit altitude in correction maneuvers.

In revolutions 32 - 33 the spacecraft executes the three-impulse orbital transfer scheme (bi-elliptical
transfer). The first impulse of this final maneuver is fired either in the end of revolution 32 or in the
beginning of revolution 33. The second impulse is fired in 180 degrees in revolution 33 so as to ensure the
rendezvous moment (arrival to the target point) with rated target vector AV.np=15 m/s should taking place
in a half-revolution - in the end of revolution 33 or in the beginning of revolution 34.

The target vector AV.np is the difference between the station circular velocity in the target point and the
spacecraft apogee velocity in the same point.

To ensure the «soft» spacecraft/station rendezvous the difference of the station and spacecraft orbital
velocities AV.np must be compensated for by the third spacecraft posigrade impulse. Actually the third
impulse in this orbital transfer is executed by a number of small posigrade impulses which gradually
diminish the spacecraft relative velocity in the station vicinity. So the actual spacecraft and station
rendezvous takes place later than the preset rendezvous time T.np. In reality the rendezvous time T.BcT is
12 - 15 minutes later then the preset time T.np. in the Schelkovo tracking station radio coverage zone.

It should be noted that as a rule all the remote guidance maneuver impulses are executed in the
spacecraft orbital plane which is ensured by closed tolerances for the launch time.

Impulses correcting the orbital plane (i or Q) are most disadvantageous. For instance to turn the plane of
the spacecraft circular orbit with the Hkp=300 km just for 1 degree the maneuver impulse of AV=130 m/s
is required which would result in absolutely intolerable propellant expenditure for the Soyuz spacecraft.

Note: For the purpose of ensuring safety the spacecraft approach with ISS is directed to the extended
target point which is on the stattion OCK Coordinate System Z axis at the range of 1 km. The CY/[] System
provides for the spacecraft motion along the target point trajectory by generating corrective lateral impulse
to the spacecraft center of mass approximately 80 minutes prior to the moment of transfer to Proximity
Approach portion.

8.2.2. Soyuz Autonomous Approach Flight Phase

The autonomous approach phase is actually the second interval of maneuvers , i. e. impulses AV.4, AV.5
and a series of conclusive corrections (replacing the AV.6 impulse in the target point) which equalize the
spacecraft and the station velocities in the T.BcT point (Fig. 8-3).

In the autonomous approach flight phase the «Argon-16» BLIBK (Computer) using the setting data and the
uplinked spacecraft and station state vectors and on the minimal characteristic velocity consumption
criterion computes the three-impulse approach scheme, i. e. the AV.4, AV.5 and AV.6 (AV.k1, AV.k2,
AV.k3) impulses. At the preset time (approximately 360 degrees prior to the T.np) the spacecraft executes
the AV.4 posigrade maneuver. When the relative range decreases down to p=180 km the «Kurs» radar
rendezvous system starts measuring the p range and the p’ range rate.

On the results of the relative motion parameter measurements the current spacecraft state vector is
updated. A more accurate knowledge of the spacecraft motion parameters enables the BLIBK to do a new
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computation of the maneuvers to be executed, this new computation as a rule resulting in a reduction of
the characteristic velocity consumption and of the final spacecraft to station miss error.

When the spacecraft to station range is less than 37 km the «Kurs» System starts measuring the full
scope of the relative motion parameters i. e. p, p’ and Q.nB. These measurements makes it possible to
update the spacecraft motion parameters on the base of which the time, the value and the direction of the
corrective impulse are determined for the two vehicle velocity equalization and elimination of the miss
which might take place due to errors in the AV.5 maneuver execution.
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Fig. 8-3. Autonomous Approach after AV.5 Maneuver.

1. AV.k1, AV .k2, AV.k3 (AV.B) are corrective impulses which eliminate the spacecraft miss
and diminish the approach range rate. 2. Light. 3. Fly around the station.

The first corrective maneuver for the spacecraft and station velocity equalization can be executed at the
p<13 km. Usually the relative range in this case is p=3-5 km. After tht correction the relative miss error is
practically eliminated, however the range rate is still great enough and it should be decreased in
forthcoming corrections. The first corrective impulse is usually 5-8 m/s and for diminishing the range rate 2
or 3 more such maneuvers can be executed. At the range of p=400 m and the range rate p’=2-2.5 m/s the
spacecraft starts the station fly around to the docking node and simultaneously lowers the approach range
rate. At the range of p=150 m and range rate p’=0 m/s the fly around is terminated (Fig. 8-4).

The approach ends with the automatic spacecraft berthing to the station at the p’=0.25 m/s. The target of
the selected docking node must be illuminated by the Sun from below at the angle of 30 - 60 degrees.
This requirement should be fulfilled in case of the automatic mode failure and transfer to the spacecraft
manual control mode so as the cosmonaut be able to view the appropriate docking target in optimal
light/shadow combination conditions. The light/shadow conditions do not change usually because as a rule
(nominally) the Mir station (ISS) is in the inertial attitude hold mode so the sun illumination angle does not
change. Prior to the range of p=400 m all the spacecraft maneuver impulses are calculated using the free
trajectory technique and starting with the p=400 m the spacecraft parallel guidance algorithm is effective.
The spacecraft autonomous guidance system makes it possible to update the spacecraft state vector
using the «Kurs» System measurements at p<180 km and while executing the AV.5 maneuver to partially
compensate for the guidance errors (those are mainly the AV.4 maneuver execution errors). This resulted
in a decrease of the ellipsoid of dispersion for the spacecraft/station nominal approach. After the AV.5
maneuver the ellipsoid of dispersion has the following dimensions:
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AX=+1.5 km, AY=+0.3 km, AZ=+0.3 km

At the p<37 km the «Kurs» System takes measurements of the p, p’, Q.nB relative parameters thus
determining the current spacecraft miss.

In the rendezvous target the ellipsoid of dispersion has no sense because after the first correction the
spacecraft/station miss error is commensurable with the station size and is easily eliminated by
subsequent control.

8.2.3. Autonomous Flight Phase Approach Techniques
8.2.3.1. Free Trajectory Technique

The free trajectory technique is the most known and simple. There are single- and multi-impulse versions
of the free trajectory technique.

In the two-impulse version of the technique the first impulse provides for the trajectory passage through
the target point in the preset time and the second impulse is executed at the end of approach for
equalizing velocities of the spacecraft and the station. The two-impulse free trajectory technique is
illustrated in Fig. 8-5. The first impulse is applied in the beginning of the maneuver at the T.o moment and
must be of such value and direction as to make the two object coordinates coincide in preset interval of
their subsequent free drift. The second impulse is applied in the end of the approach at the T.k moment to
equalize the two object velocities for their soft contact.
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Fig. 8-5. Free Trajectory Approach Technique.

When using the free trajectory technique one of the main characteristics influencing the technique
efficiency is the energy consumption which can be estimated by the full characteristic velocity Vxap value.
When approaching Mir station (ISS) in coplanar orbits minimal V.xap value is achieved if the approach
trajectories correspond to Hohmann transfer ellipse (Fig. 8-5). The first impulse in Hohmann transfer is
executed at the o angle value of 0=23 degrees, the transfer orbit perigee lying in the spacecraft initial orbit
and corresponding to the moment of the first impulse fire. As for the transfer orbit apogee it belongs to the
Mir station orbit and corresponds to the moment of the second impulse fire. The two impulses are
transversal and are directed posigrade to orbital motion.

In case the spacecraft is at a higher altitude orbit its angular velocity is lower than that of the Mir station.
To ensure the rendezvous after the Hohmann transfer the spacecraft must be ahead of the station in
phase and at the moment of the first impulse execution the 0=23 degrees.

When the two-impulse technique is realized in practice the value and direction errors in the first impulse
execution result in a miss. Therefore to ensure the required approach accuracy the multi-impulse
technique is used to compensate for the miss errors by means of intermediate corrections.

In the autonomous spacecraft/station approach phase the correction times are determined on the basis of
the relative motion parameters computed in the time interval preceding the correction, i. e. parameters of
each successive corrective impulse are selected so as to compensate for the errors of the preceding
impulse execution. The basis of the free trajectory technique control algorithms is computation of thjrust
impulse parameters to change the velocity vector for the maneuver initial conditions and the preset time of
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approach. The thrust impulse direction and value computation is based on solving the spacecraft and the
station motion differential equations.

Before the relative range p=400 m all the spacecraft maneuver impulses are computed by the free
trajectory technique and from p=400 m on the parallel guidance technique algorithm is effective.

8.2.3.2. Parallel Guidance Technique

While executing the spacecraft/station approach when the range is as small as p=400 m the parallel
guidance technique in the NCK inertial coordinate system begins to be used. The parallel guidance in the
inertial coordinate system consists in keeping the spacecraft/station line of sight motion parallel to itself in
the inertial space while the active vehicle controls the approach radial range rate (Fig. 8-6).
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Fig. 8-6. Inertial Parallel Guidance.
1. Line of sight.

The inertial parallel guidance technique in practice is preferable because the modern space vehicles are
equipped with gyro-stabilized platforms determining the vehicle’s inertial basis with high accuracy. In
practice it is a much more complicated task to determine the orbital attitude basis (to establish the local
vertical). As for the propellant consumption the inertial technique proves to be more advantageous
because for the line of sight attitude hold (keeping its angular rates at zero) no propellant is consumed but
for compensating for the gravitation differential accelerations. However in case of the orbital parallel
guidance extra propellant consumption is required for the compensation of Coriolis acceleration which
arises in rotating coordinate systems.

The parallel guidance technique is used both in the conclusive part of the automatic approach procedure
(from p=400 m on) and in the back up manual spacecraft/station approach.

8.2.4. Soyuz Spacecraft/Mir Station (ISS) Back Up Approach Schemes
8.2.4.1. Soyuz Spacecraft Manual Control Approach

In the manual control approach procedure the parallel guidance technique is used. The manual control
consists in keeping the Q.nB=0 with the preset accuracy and keeping the radial range rate within the
preset interval, that interval for the current range rate being function of the current range.

The parallel guidance technique is suitable exactly for the final part of approach as the differential
gravitation accelerations is small in this part and consequently the spacecraft relative trajectory in the
inertial space approximates the straight line. For the inertial parallel guidance technique realization in the
final part of the approach phase minimal expenditure of the spacecraft characteristic velocity is required.
To approach to Mir station (ISS) at a low speed in order to prevent a hard impact the spacecraft control
must follow a certain steering law. The steering law used in the spacecraft control is shown graphically in
Fig. 8-7 by the shadowed area to denote the zone for transfer from the greater to the smaller target vector.
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The lower steering law p’(p) area border defines the minimal range rate and consequently maximal time to
the rendezvous moment. For the higher steering law area border the braking parabola can be used
theoretically, however to meet the safety and control reliability requirements lower values for maximal
range rates in manual approach are usually used.
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Fig. 8-7. Function p’ of p for nominal hitting trajectories at:
AVnp=5, AVnp=10, AVnp=15, AVnp=20, AVnp=25 m/s.

1.Braking parabolas. 2. Braking law higher border. 3. Braking law lower border.

In Fig 8-8 two shadowed areas are shown for the p’(p) and Q.nB(p). The approach trajectory control task
is to drive the p and Q.nB parameters into these areas and to keep them within the areas.
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Fig. 8-8. Steering Law in Manual Approach.

1. ANO thruster fire for compensating the Q.nB. 2. Transfer to manual approach. 3. Visual measure-
ments available. 4. JINP-1 measurements available. 5. CK[] Engine last fire. 6. Miss.

In actual flight there are conditions for transfer from the automatic approach control mode to the manual
approach. At present these conditions are defined by the Soyuz spacecraft performance characteristics,
its instrument equipment, orbit illumination and the relative motion parameters ( p, p’, Q.1B).

The quantitative expressions of the transfer conditions are called the transfer criteria (Fig. 8-9).
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Fig. 8-9. Criteria of Transfer to Manual Control Mode and Time Required
for Manual Approach until Station Keeping.

Values of criteria are determined only for the manual approach with the use of only AMNO thrusters and
with the relative motion parameter measurements by means of the JIMP-1 laser range finder at the
illuminated side of the orbit at the relative range of less than 5 km.

In Fig 8-9 equal time lines are depicted (they are called «isochrones») for 15, 20 and 25 minutes. The time
values correspond to the times required for manual approach from the isochrone position moment to the
station keeping moment.

The value limit lines of p'.max, p’.min, Q.n8 max were determined experimentally taking in account the
OMNO performance characteristics (thrust, continuous burn time, propellant stowage capability).

The criteria for transfer to the manual approach mode are prepared by the MCC in advance in the remote
guidance phase and in the autonomous approach phase. In the remote guidance phase as a rule two-
impulse maneuvers are executed according to the nominal scheme. In the autonomous phase the transfer
criteria are developed by means of the CY[l System using the uncorrectable estimation data. In this case
a special «Phase Correction» program is entered into the «Argon-16» BLIBK.

Crew order of operation when executing the spacecraft/station manual approach:

While executing the manual approach procedure the Commander and the Cosmonaut Researcher are in
the CA Module. The Flight Engineer is in the O Module and using the JINP-1 laser range finder through
the cupola/window measures the current range to the orbital station. To do so the FE should aim the J1MP-
1 to the target via the right ocular, press and hold the «<MSMEPEHWE-1» (Measurement-1) button. In 5
seconds the green indicator light will illuminate in the left ocular which will indicate the JIMP-1 readiness for
measurements. When the green light is ON the FE releases the «M3BMEPEHWE-1» button. If the laser ray
hits the target red range indicator lights will illuminate in the left ocular (range is displayed in meters). If the
laser misses the target zeros will appear in all the indicator digits.

For the second range measurement the FE must repeat the above mentioned operation steps. Using two
measurement data the FE calculates the range rate by means of the EBK-1 special calculator and reports
the current range and range rate data to the Cdr. The spacecraft Commander being aware of the current
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range and range rate values and using special technique manually controls the approach procedure
starting with the 7 km range until the station keeping range of 50-150 m. After the station keeping is
achieved the FE transfers to the CA Module. Then the Commander executes manual berthing and
spacecraft/station docking. The steering law for the manual berthing control is shown in Fig. 8-8.

8.2.4.2. Soyuz Spacecraft Phase Correction Approach.

The phase correction approach is arranged with the target vector value AVnp=10 m/s. The Soyuz
spacecraft crew participation in this mode execution consists in:

— detecting the Mir station against the Space or Earth background;
— pointing the spacecraft «-X» axis to the Mir station;
— setting the flag for the actual Mir station position into the «Argon» BLIBK.

In Fig. 8-10 the scheme is shown to explain the phase correction. By the moment of the estimated phase

correction, i. e. the moment of fly-pass under the station the spacecraft is in the «OCK+rotation
maneuver» attitude control mode. The rotation is executed in pitch for 90 degree angle so as to make the
spacecraft «-X» body axis coincide with the «OY» axis of the OCK orbital coordinate system. After the
station detection within the time interval preset for the phase correction the spacecraft Commander
manually controlling the spacecraft rotation matches the BCK-4 cross-hair with the viewed station and the
FE enters the phase correction execution flag into the BLIBK, the CY[] System «reading» the spacecraft
pitch rotation angle. The estimated spacecraft coordinates and the actual spacecraft direction to the
station define the error of the estimated spacecraft trajectory to the station only along the OX orbital axis
of the Mir station, i.e. the phase difference A®.k of the actual and calculated spacecraft positions is
determined. The «lateral» (along the OZ orbital axis) and the elevation (along the OY OCK station axis)
errors are not corrected.

The miss value AX is found from the equation:

AX=Y.Tk opbetgAc. - X. TK Op6

where: Y.tk op6, X. Tkopb6 - spacecraft coordinates in the station’s orbital coordinate system as
estimated by the BLIBK,
Ao - is the spacecraft pitch angle from the orbital attitude to the actual station pointing attitude.

8.2.4.3. Soyuz Spacecraft Ballistic Precision Approach

In case the capability of executing approach using the CY[] System estimations in the autonomous phase
is lost the manual control transfer criteria can be realized by the Bannuctnuyeckoe npeumsnoHHoe
cbnunxenune (BMNC) (Ballistic Precision Approach) scheme.

The BINC mode consists in the following. By means of the remote quidance maneuvers the spacecraft is
positioned into the point 8 km ahead of the station. In this point the target velocity is reduced to zero and
the spacecraft is transferred into station keeping, i. e. it moves along the same orbit as the station but with
a phase mismatch. Then the spacecraft is transferred to a co-elliptic orbit by a two-impulse maneuver and
after that is slowly phased into the p<1.5 km area ( co-elliptic orbits are those having constant orbit altitude
difference throughout the revolution). The BINC mode execution scheme will require more PKO orbit radio
tracking sessions to enhance the orbit measurement accuracy. This scheme makes it possible to realize
the criteria for the manual approach control transfer with a probability P>0.6. The nature of the relative
motion parameter evolution is illustrated in Fig. 8-11

Fig. 8-11. Ballistic Precision Approach (BINC) Scheme.

1. Calculated trajectory for the preset target point.
2. Shot over trajectory.

3. Short round trajectory.

4. Up-shift trajectory.

5. Down-shift trajectory.
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8.3. Descent
8.3.1. Soyuz Spacecraft Landing Time and Site Selection

In nominal descent the spacecraft lands in the preselected landing area. The nominal landing area will be
reached when descending from the first three (sometimes four) revolutions of the day. The principal
descent revolution is usually the first revolution of the day, i. e. the revolution of which the ascending node
longitude A.By meats the requirement: crosses the equator closest west of longitude 20E (or 20 degrees-
AM.By<A.By<20 degrees, where AL.By is the interrevolution distance in longitude for the spacecraft orbit).
When preparing for the descent the landing point is selected for each ascending node longitude value
envisaged, one of the landing point coordinates (usually the longitude) being the target parameter for the
descent trajectory computation. The second landing point parameter (the latitude) is free and depends on
the descent revolution ground trace and the CA Module lateral shift from the orbital plane. The totality of
landing points of the preset longitude defined as a function of the descent revolution ascending node
longitude is called the target line. So the target line is actually the preset longitude meridian. Nominally
target lines are within the longitude range of 63-74 degrees.

The principal requirement to the landing area is the safety landing provision. This area must not include
large settlements, mountains or rocks, large water reservoirs etc. The initial CA roll can shift the landing
point approximately 75 km in that roll direction (Fig. 8-12). This capability of the CA landing point lateral
shift makes it possible to optimize the landing area selection.

Fig. 8-12. The CA initial roll defines the landing point position relative
to the initial flight trajectory.

1. Roll to the left. 2. Roll to the right. 3. Roll direction reverse.
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8.3.2. Automatically Controlled Descent (AYC)

In order to execute the nominal descent in the AYC mode meeting the requirement of hitting the preset
landing point it is necessary to determine the appropriate time moment for the CK[ Engine retrofire
ignition - T.cka. The retrofire impulse value is strictly determined for the known spacecraft orbit. The
retrofire impulse value depends on the spacecraft orbit altitude:

for H=200-300 km - AV= 89,6 m/s
for H=300-330 km - AV=102,4 m/s
for H>330 km - AV=1152 m/s

The spacecraft/station undocking occurs 1.5 revolutions prior to the engine fire. The spacecraft undocks
and the spring pushers accelerating the spacecraft up to the velocity of 0,12-0,15 m/s. When the
separation range reaches the value of p=20-25 m the [AINO-b thrusters are fired for 8 s accelerating the
separation range rate up to 0.5 m/s. In 1.5 revolutions the spacecraft is above and behind the Mir station
(ISS). The spacecraft trajectory in the station’s orbital coordinate system is shown in Fig. 8-13. The
spacecraft/station relative position by the T.ckg moment excludes an impact of the two vehicles after the
retrofire impulse is executed by the spacecraft.

teen oo o

s

Yook ok

AV pazg

Pl B
W oph

Puc 8-13:
OTHOCUTENEHEA TRaekTopud TK nocne
pasgeneHud o Ok "Mup” 8 OCK ok

Fig. 8-13. The spacecraft relative trajectory in OCKok (Station’s orbital coordinate system)
after the spacecraft separation from Mir Station (ISS).
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Note: For ISS the full version of the nominal undocking cyclogram includes the following operations:

the BLUBK test immediately after the CY/[] System initiation;

translational IO thruster test at the start of the BYC gyro spinning;

BAYC Unit test;

CY/[] System operation in indicator mode up to 10 seconds after actual undocking;

the preset coordinate system acquisition from the orbiter at the actual undocking;

fire and 15 second burn of MO +X thrusters at 180 seconds after actual undocking;

ArNO +X test;

spacecraft rotational maneuver to the attitude defined by uplinked settings at the moment of 420

seconds after actual undocking (the target attitude presumably features spacecraft «+X» axis pointed

to «nadir» and «-Y» / «+Z» bisector directed opposite to the orbital velocity vector);

e evasive maneuver second impulse at 550 seconds after actual undocking by means of 10 «-Y»
and «+Z» thruster burn for 30 seconds;

e CY/[ System switching off at the end of cyclogram.

When undocking from the «tail» node of the ISS RS the second impulse is prohibited.

By the T.ckg moment the spacecraft is in the OCK+X attitude, i. e. the engine nozzle is directed along the
spacecraft heading (Fig. 8-14). At the moment of the CK[ ignition the UCKT (Current inertial attitude hold)
is initiated. The impulse value (burn duration) depends on the spacecraft weight, nowadays the spacecraft
retrofire impulse is executed before the BO jettison and the CK[ is fired for approximately 260 s (for the
impulse value of 115.2 m/s).

In a quarter of revolution (about 22.5 minutes) after the retrofire impulse execution the spacecraft is
separated into the CA, MNAO and BEO Modules. As the spacecraft was in the NCKT attitude prior to
separation the NAO Module after separation moves upwards and positions itself behind the CA. The BO
Module moves downwards, but having small weight (the BO Module’s ballistic factor is very high) is
effectively braked by the atmosphere drag and falls behind the CA. So right after the spacecraft
separation the impact of the separated modules is excluded (Fig. 8-15). The separation occurs at the
altitude of H=140 km.
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Fig. 8-14. Nominal Descent Diagram

1. Descent angular range. 2. Beginning of the descent atmosphere part. 3. Ballistic descent.
4. Controlled descent. 5. Conventional atmosphere border. 6. Horizont.

At the separation moment the extra-atmosphere part of the descent begins. The rated duration of this
descent part does not exceed 1020 s. Actual duration time can differ from the rated value by no more than
130 s.
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Fig. 8-15. MAO, CA and BO trajectories after the spacecraft separation.

1. Module separation. 2. Conventional atmosphere border.

After the spacecraft separation the CA motion control principle is as follows. The roll and yaw are hold
equal to zero, the control system damping attitude rates arising in these channels. In pitch channel the CA
attitude rate is limited by 2 deg./s. The CA attitude hold in roll and yaw channels is accomplished on the
base of a free three-degree-of freedom gyro (CI') which is oriented prior to separation in such a way that
its kinetic moment vector (rotation axis) is directed perpendicular to the spacecraft orbital plane. In the
nominal descent scheme the CI" gyro is uncaged 1 min 14 s prior to separation, and simultaneously the
BOYC-2 attitude rate sensors are energized which can measure the CA pitch rate. After the spacecraft
separation the crew viewing through the window can monitor the CA slow rotation in pitch. Before
positioning to the balancing angle of attack the CA can make 1-2 full turns. Then 1-1.5 min, prior to the
atmosphere reentry the CA rotation transfers to the CA oscillation about the balance position. The
oscillation amplitude gradually decreases and the oscillation frequency increases. It is expected that at the
altitude of approximately 95 km, 1 minute prior to the atmosphere reentry the CA attitude is driven by the
aerodynamic forces to a stable position corresponding to the CA balancing angle of attack.
After separation the accelerometer measures apparent accelerations induced by external forces acting
upon the CA along the OX body axis. In this case it is the atmosphere drag. The measured apparent
acceleration is integrated to get the apparent velocity value, which is imparted to the CA by the
aerodynamic force. When the apparent velocity amounts to V.s=25,6 m/s it is assumed that the CA has
reentered the atmosphere. The atmosphere reentry occurs at the altitude of approximately 80 km and at
that moment the atmosphere part of the descent begins. This descent parts lasts not longer than 450 -
500 s.
In the descent atmosphere part the CYC Descent Control System function are:
— roll programmed rotation control for the descent trajectory control;
— CA three axis stabilization (the CA longitudinal velocity axis is held pointed in the direction of the
incoming air flow).

In case the CA has entered atmosphere in preset time T.Bx.pac4. which is counted from the separation
moment. T.Bx.pacy. the CA roll angle is equal to the basic roll angle value y.0=60 degrees, the initial roll
angle being set into the descent control system prior to the descent. If the apparent velocity value of 25.6
m/s is achieved in less than the preset time it means that the actual trajectory is «steeper» than the
nominal trajectory and that it is necessary to increase the CA lift in the descent atmosphere part by
decreasing the roll angle. If the actual reentry time, T.Bx.cbakT. is greater than the preset time T.Bx.pacu. it
means that the actual descent trajectory is a shot over path and that the CA roll angle should be increased
with respect to the basic roll angle value. The roll angle correction value is always proportional to the
reentry time error.

When executing the CA programmed attitude maneuvers for roll control the maximal attitude rate is 15
degr./s. The roll control procedure is terminated approximately 1 min, prior to the parachute system
deployment at the apparent velocity value of V.s=7332 m/s. From the roll control termination up to the
parachute system deployment the CA descends with the current roll angle. The main parachute is
deployed at the altitude of H=9 km after which the CA is in parachuting descent for 15 minutes. The CA
landing is accompanied by the [IMI1 soft landing thruster firing (Fig. 8-16).
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One of the descent important characteristics is the landing point dispersion. In nominal descent the
random dispersion errors make all of the CA possible landing points to concentrate within the dispersion
ellipse around the preset landing point. The landing error is governed by the normal law of errors and is
defined as the root mean square value ¢.L.=10 km along the trajectory path and c.I=7 km in the direction
normal to the path.

For the automatically controlled descent the descent settings are entered into the CYC System. The
settings are computed by the MCC when preparing for descent:

1. At.pa3p - time interval from the CK[] Engine fire up to the separation,

2. At.Bx - time interval between the separation and the atmosphere reentry (reaching the V.s=25.6
m/s),

3. AT.o, AK - settings for adjusting the T.np.(V.s) function,

4. S=0 or 1 - setting defining the initial sign of the basic roll angle. 0 is for the right-hand roll, 1 is for
left-hand roll when viewing along the positive direction of Ov axis (the CA velocity axis or the CA
heading).

8.3.3. Manually Controlled Descent (PYC)

Transfer from the AYC to the PYC mode can be executed at any moment of the autonomous CA flight
either automatically or on the crew decision. Transfer to the PYC mode is irreversible. In manually
controlled descent the cosmonaut using the PYC Handle buttons issues commands for the basic roll angle
decrements of 15 degrees each, the maximal possible decrement being 45 degrees. In case of the
attitude control equipment sensor failure the PYC mode is impossible.

For descent in the PYC mode the MCC defines the preset trajectory by the following settings:

N - number of the curve (mask) displayed on the BKY screen. The curve represent the selected
T.np.(V.s) function in the CA descent atmosphere part,

K - current time conversion factor which defines the marker horizontal velocity on the BKY screen,

t.c - the preset time moment for the crew to issue the «BkntoveHwue t.c.» command from the PYC
Handle to initiate the marker motion on the BKY screen along the time coordinate.

The t.c. setting value is close to the nominal atmosphere reentry time and differs by the value
corresponding to the preset range difference of the AYC and PYC trajectories.

In the PYC mode the BKY marker in the vertical coordinate displays the V.s current value, and in the
horizontal coordinate - atmosphere part programmed time starting at the t.c. moment. The marker
deflected position from the programmed T.np.(V.s) curve shows the difference between the actual and the
programmed times for the current V.s value (Fig. 8-17). The cosmonaut by adjusting the roll angle value
changes the apparent velocity accumulation rate. Thus there is a capability using roll control to «track» the
mask displayed on the BKY so as to minimize the final landing point error (the integrated marker deflection
from the programmed curve and the final time error with respect to the mask must compensate each
other). The PYC mode control must also minimize maximal acceleration load acting upon the crew.
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It should be noted that the landing accuracy in the PYC mode is worse than in the AYC mode, the range
error being AL=36.L=60 km (c.L=20 km). Still the PYC mode provides for an enhancement of the descent
control capability.
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Fig. 8-17. PYC Format.

1.Basic roll angle decrements. 2. Time. 3. Roll angle marker. 4. Integral value. 5. Marker displaying
T.cpakT (V.s) function. 6. T.np.(V.s) curve. 7. V.s accumulation stages. 8. Final error.
9. Apparent velocity.

8.3.4. Ballistic Descent (BC)

The BC ballistic descent is the descent with the average-integral zero lift. The BC is a back up descent
mode used in case of the PYC mode failure or "nominally" is most emergency descent modes. However
this mode, just like the AYC mode, can be selected in advance or can be transferred to from the controlled
descent procedure in case off nominal deviation occurs in the CA or its system operation. The latter case
is called the «fall into BC». The ballistic descent can be executed in case of the descent control system
failures resulting in loss of the spacecraft or the CA attitude control, failures in the descent reaction control
system (the CA attitude control thrusters) etc. In all such cases the CA is driven into rotation about its
velocity axis Oxv with the rate of ®w.x=12.5 degr./s. The BC trajectory mainly features the atmosphere part
rang decrease by approximately 400 km with respect to the controlled descent and also the axial
acceleration increase up to n.x=8.5 g (Fig. 8-16).

In case of a failure in the primary equipment set used in the ballistic descent transfer to the back up
ballistic mode (BCP) is executed.

Unconditional compulsory selection of the ballistic descent is provided for the urgent descent from orbit in
case of off-nominal situations jeopardizing the crew safety (depressurization, fire etc.). The ballistic
(trajectory) support for such situations is envisaged: once a day (if no dynamic operations are
accomplished) form Ne23-14 is uplinked to the crew onboard the Mir station (ISS), that form containing
data on the engine ignition and the retrofire impulse value for each revolution.
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Example:

Form Ne 23
Date:
NB/NBc:

Equator passing time:

Equator longitude:

Orbit shadow enter/exit:

Radio communication session:

Form Ne 14
Date:

Propulsion System burn time:

Impulse value:

02.04.96

01014/08 (total # of revolution/revolution of the day)

02.04.96
TAY=217
MMIM=115.2

00.23.17
-144.3397
00.43-01-19
00.25-00.32

1013/07 = 00.13.36 = 144

where: - 1013/07 - current (flight elapsed) revolution/revolution of the day for engine fire,
- 00.13.35 - engine ignition time,
- 144 - descent angular range.

The ignition time is selected so as to ensure landing in areas which are called back up landing areas and
which are selected in advance taking into account the arbitrary position of the orbital path with respect to
the Earth surface (Table 8-3). The BC landing point error root mean square value is 6.L.=25 km along the
trajectory path and 6.L=10 km in the direction normal to the path.

Soyuz Spacecraft Landing Areas

Table 8-3
Revolution | Target Point Longitude | Range of Ascending Node | Geographical Region

# ¢ (degrees) Longitudes A.By (degrees)

1 69 17 3,5 Nominal landing area

1 63 3,5 -3,0 Nominal landing area
2,3 67,33 -3 -28 Nominal landing area

3 64 -28 -34 Nominal lansing area

3 67,33 -34 -40 Nominal landing area
3,4 63 -40 -55 Nominal landing area
4.5 44 -55 -77 Lower Volga

5.6 50+0,233e).8y -77 -98 Varna, Odessa

6 18 -98 -101 Hungary

6 3 -101 -105 France

6 19+0,1679A.BY -105 -110,8 France

6.7 0,5 -110,8 -123 France

7 -89 -123 -128 USA

7 -134,2-0,28e).By -128 -133 USA

7.8 -74,4+0,17e).BY -133 -160 USA
8,9,10 -103 -160 150 USA

10,11 -65,8-0,24e)\..8y 150 130 USA

11,12 123+0,20)..8y 130 115 USA

12 -214+e).By 115 109 USA

12 -171,8+0,559A.By 109 104 USA

12,13 100,4+0,3579\.By 104 90 Sea of Japan

13,14,15,16 138 90 30 Khabarovsk Territory

16.1 64 30 17 Kazakhstan, Uzbekistan
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Fig. 8-2: Soyuz Spacecraft/Mir Station (ISS) two-day Approach Scheme

1. Mir Station (ISS) Orbit. 2. Spacecraft Waiting Orbit. 3.Injection Orbit. 4. Target Point.
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Fig. 8-4: Mir Station (ISS) Fly Around by Soyuz Spacecraft

1.Berthing Cone. 2 Docking Node Axis.
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Fig. 8-10: Phase Correction

1. Phase correction. 2. Phase difference. 3. Direction to the orbiter as estimated by the BLIBK. 4.

Actual spacecraft trajectory. 5. Direction to actual obiter. 6. Trajectory after correction. 7. Miss in

elevation. 8. Actual Mir station (ISS). 9. Estimated Mir station (ISS). 10. Spacecraft -X axis initial
direction in the OCK orbital coordinate system. 11. Rotation maneuver.
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Fig. 8-16: Soyuz Spacecraft Descent

1.Soyuz spacecraft descent (extra atmosphere part). 2. Velocity increment (V=125 m/s),
angle and time (all 1c). 3. Orbit. 4. Retrofire impulse. 5. Module separation. 6.
Atmosphere reentry (t=2100 s). 7. Reentry angle. 8. Model atmosphere border (H=100
km). 9. Atmosphere reentry and landing. 10. Atmosphere reentry (t=2100 s). 11.
Controlled descent: acceleration - 4-5 g, accuracy - +30 km. 12. [MTAO and BO destruction
(H=70-75 km). 13. Ballistic descent: acceleration - 8-9 g, accuracy - +130 km. 14.
Parachute deployment (=2650 s). 15. Landing. 16. [TAO and BO fragment fall down (3 o).
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9. COMPLEX OPERATIONS
9.1. In Flight Crew Member Duties and Cooperation

The Soyuz spacecraft is a transport vehicle used for:

— two-man or three-man crew and payload delivery onboard the orbital station;
— crew and payload return to the Earth;

— execution of fly around, redocking.

Apart from its main purpose the spacecraft can be used as unmanned or piloted solely by the Commander
rescue vehicle or as unmanned payload returning vehicle for delivering to the Earth 250 kg load.

Generally when developing training programs it is assumed that the Soyuz spacecraft can be used in two
basic versions: for the crew rotation (replacement) and for the crew rescue.

When the Soyuz spacecraft is used for the crew rotation the crew is delivered onboard the station by
Soyuz spacecraft and the crew return can be accomplished either by the Space Shuttle or by the Soyuz
spacecraft.

When the Soyuz spacecraft is used for the crew rescue the crew is delivered onboard the station by the
Space Shuttle and the crew return can be accomplished either by the Space Shuttle or by the Soyuz
spacecraft. The Soyuz spacecraft can also be used for the descent ahead of time or for the urgent
descent.

The Soyuz spacecraft crew consists of two or three crew members:

komaHaup kopabns (KK) (spacecraft commander), occupying the central seat;
— bopturxeHep (BU) (flight engineer), left seat;
— kocmoHaBT-uccnegosatens 1 (K1) (cosmonaut researcher 1), left seat (in three man version);
— kocMoHaBT-uccnegosatens 2 (KN2) (cosmonaut-researcher 2), right seat (in three man version);
— naccaxup (IMC) (passenger), right seat (in three man version).

Only a cosmonaut, representative of the Russian Space Agency can be appointed the Soyuz spacecraft
commander. Representatives of both the Russian Space Agency and other space agencies (NASA, ESA
etc.) can be appointed the flight engineer, the cosmonautresearcher and the passenger. In case there are
two non-Russian crew members in the crew the left-seated crew member can fulfill functions of either the
BW and the K1 and the right-seated crew member can perform functions of either the KIN2 or the INMC.

Spacecraft Commander (KK)’s Functions

— supervision of the crew procedures in all flight phases as the onboard principal executive person
responsible for the overall flight plan accomplishment and the crew safety;

— making decisions in off-nominal situations including the urgent descent decision in case of
communication loss with the MCC and shortage of available time;

— monitoring the system automatic operation mode execution and the spacecraft system and structure
status;

— execution of manual or semiautomatic system operation modes;

— spacecraft motion control in manual control modes while approaching, berthing, docking and
redocking, in descent and in attitude establishment;

— maintaining communication with the MCC;

— ensuring personal life support;

— spacecraft egress after landing onto solid ground or splashing down onto water surface.

Flight Engineer (6U1)’s Functions:

— ensuring the spacecraft system appropriate usage by the crew as the person responsible for the
onboard system performance;

— monitoring the system automatic operation mode execution and the spacecraft system and structure
status;

— preparing data for the decision making on the onboard system usage in off-nominal situations;

— execution of manual or semiautomatic system operation modes;

— maintaining communication with the MCC;

— ensuring personal life support;

— spacecraft egress after landing onto solid ground or splashing down onto water surface.
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Cosmonaut-Researcher (K1)’s Functions:

— ensuring personal life support;

— maintaining communication with the MCC;

— issuing necessary control commands on the KK (BW) or MCC instruction;

— spacecraft egress after landing onto solid ground or splashing down onto water surface.

Those were the functions of the K12 occupying the right seat.

The cosmonaut-researcher K1, occupying the left seat is additionally charged with the following

functions:

— execution in proper way and proper time of the spacecraft system control operations (data exchange
with the BLBK, automatic approach procedure monitoring, manually controlled descent in the
atmosphere part etc.) on the KK instruction and under his supervision;

— measuring and computing the relative motion parameters in the manual approach procedure without
the «Kurs» radar rendezvous system.

Passenger (1C)’s Functions:

— ensuring personal life support;
— issuing necessary control commands on the KK (BW) or MCC instruction;
— spacecraft egress after landing onto solid ground or splashing down onto water surface.

Each crew member is responsible during the flight for:
— performing his functions as indicated above;
— fulfilling the FDF requirements and instructions of the spacecraft commander and the MCC;

Besides:

The KK is responsible for:

— responsible for the overall flight plan accomplishment and the crew safety;

— crew procedure supervision;

— making decisions in off-nominal situations including the urgent descent decision in case of
communication loss with the MCC and shortage of available time.

The BW is responsible for:
— the appropriate usage of the spacecraft systems including in of-nominal situations.

The KW is responsible for:
— independent operations with the onboard radio and TV systems in nominal and off-nominal situations;
— correctness of issuing necessary control commands on the KK(BW) and the MCC instruction.

The MNC is responsible for:
— independent operations for insuring personal life support;
— correctness of issuing necessary control commands on the KK(BW) and the MCC instruction.

When executing the nominal flight plan the crew must:

— perform operations in accordance with the FDF and the MCC instructions taking into account the
functional duty distribution and onboard actual situation;

— monitor and report the onboard system status;

— register command issue or passage actual times as well as operation execution time;

— inform the MCC on the operations fulfilled and on the results of onboard system monitoring and the
spacecraft usage.

In case of an off nominal situation occurrence in flight the crew must:

— take necessary measures according to the FDF;

— register (on the tape-recorder and in the FDF) the off-nominal situation occurrence and the measures
taken;

— Immediately report to the MCC on the off-nominal situation and the measures taken.

The crew can make a decision independently in the following cases:

— on elimination of an off nominal situation not envisaged in the FDF to proceed the flight plan execution
if the cause of it and its elimination method are determined undoubtedly;
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— on the urgent descent (taking into account the spacecraft system status and light/shadow
circumstances) when an off nominal situation not envisaged in the FDF occurs which is considered
hazardous for the crew lives.

9.2. Crew/MCC(LLYN) Joint Activities in Various Flight Phases
9.2.1. Main Operative Control Group (FOI'Y) Structure and Tasks

When conducting the space flight tests the TmaBHas onepatusHas rpynna ynpasnexHusa (FOMY) (Main

Operative Control Group) of the LieHTp ynpaeneHuns nonetom (LIYT-M) (Mission Control Center) (MCC-M)

is responsible for the Soyuz spacecraft flight plan execution and for the crew safety. The TOl'Y group

performs the following tasks:

— real time centralized control of the Soyuz spacecraft flight from the moment of the KO separation
contact;

— organization and coordination of operations of the Ground Control Complex elements, MCC branches,
other Services involved and cooperation with them;

— development and issue of the Flight Data File and other document used in the flight procedures;

— development and issue of the reports on the flight plan execution;

— training of the flight control personnel for the specific spacecraft mission.

The following principles are laid in the basis of the TOl'Y structure:

— centralized one-man management in all the control levels;

— using the automated flight control system for the control of the ground segment and space segment
facilities;

— provision of the crew participation in the spacecraft control ad monitoring.

The integrated task of the Soyuz spacecraft flight control is subdivided into separate functional tasks
entrusted to various OI'Y groups.

The FOI'Y group types are:

— general functional groups which ensure the flight plan task execution by the FOl'Y personnel and the
control circuit performance;

— specialized functional groups which ensure the flight control of specific space vehicles such as Mir
orbital complex, Soyuz spacecraft, Progress-M cargo vehicle etc.

The MOl'Y consists of:

— [Ory Management;

— Soyuz spacecraft operative control group;

— general functional groups with attached services and facilities.

FOry shift consists of:
— Soyuz spacecraft control shifts;
— general functional group shifts which ensure the F'OI'Y operation and the control circuit performance.

The FOTI'Y shift operation is supervised by the Soyuz spacecraft CmeHHbI pykoBogmTene noneta (CPI1)

(Shift Flight Director).

The CPI1 is assisted by the Shift Flight Director deputies (3CPTIT):

— Deputy Shift Flight Director for the ground control complex (3PCTI1 no HKY);

— Deputy Shift Flight Director for the LIYT (3CPI1 no LIYTT);

— Deputy Shift Flight Director for the crew training (3CPINnoNM3) , being also the chief crew
communication operator (I'O).

The FOTY flight control personnel is grouped in shifts and works on a shift basis. Shifts of the functional
groups are headed by group shift managers.
The specialized Soyuz spacecraft functional group shift managers are subordinates to the CPI1.

The ground control personnel is functionally subdivided into two categories:

— Soyuz spacecraft flight control personnel;
— flight control facility service personnel.
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The Soyuz spacecraft flight control personnel which executes the spacecraft control operations throughout
its flight in accordance with the flight plan and ensures the control circuit performance constitutes the
rory Group.

Personnel of all the groups included into the F'OI'Y is the flight control personnel and is subordinate to the
FOry Management irrespective of the organization it may belong to.

The flight control facility service personnel does not participate in the operative flight control circuit and
remains administratively within the structure of the organizations to which the flight control facilities belong.

9.2.2. FOI'Y Operation Modes in Various Soyuz Spacecraft Flight Phases

In various Soyuz spacecraft flight phases when performing flight operations in accordance with the flight
plan the TOI'Y Groups works in various modes characterized by specific tasks, personnel operation
conditions, control facilities used, composition of the groups and the order of their cooperation.

The IMOI'Y structure and specialists participating in its operation modes depend on the task set and the
mode execution peculiarities (subordination in the shift, necessity of urgent decisions, cooperation with
other organizations, need of enlisting supplementary facilities and personnel, their location in the MCC
rooms etc.).

The Chief crew communication operators in all the Soyuz spacecraft flight phases are the Soyuz
spacecraft crew training instructors - representatives of the LleHTp no arotoBku kocmoHaBToB (LK)
(Cosmonaut Training Center).

The FOI'Y Group main operational modes are:
— launch/injection;

— approach/docking;

— orbit correction;

— descent.

Launch/Injection

The injection mode is the real time spacecraft flight control in revolutions 1 to 6 of the first flight day.
When injecting the manned spacecraft version the NMCK Search and Rescue team is included into the
Group. The team personnel should include the highest class specialists.

In this TOI'Y mode apart from the nominal shift personnel the following specialists participate:

— Deputy Flight Director (3PIM) for the control functional tasks;

— Leading Designer;

— Leading specialists;

— System designers as required by the 3PIT for the control functional tasks and by group managers;
— Crew training instructor.

The IOl'Y analysis group shift personnel obtains telemetry data on the spacecraft system initial status at
the launch pad at the T-40 minutes countdown time. The

telemetry data is processed using the LJYIT computer complex aids and analyzed by the analysis group
personnel for detection of deviations and off nominal situations. The CmeHHbIN pykoBogUTENbL rPYNMbI
aHanmsa (CPI'A) (Analysis Group Shift Manager) immediately reports about deviations in the telemetry
data to the CPTI1 and the latter includes the deviation data into the circular report for the Launch Control
Manager. The list of parameters to be included into the ;paging report is determined by the CPTI'A.

Approach/Docking

The approach mode is the real time spacecraft flight control starting from the last remote approach
maneuver and up to docking procedure completion, pressurization test and the transfer hatch opening.
The «Approach» subgroup and the «CCBI» (Docking and Internal Transfer System) subgroup are
subordinates directly to the CPI1 of the group executing the active approach procedure.

In the subgroups specialists on the «Kurs» system active and passive equipment and on the CY[] (Motion
Control System) and the CCBI1 systems are included.

The list of the telemetry parameters is determined by the analysis group shift manager and by the
«Approach» and the «CCBI» subgroup managers.

The specialists participating in the approach mode should be of highest qualification.

In this TOI'Y mode apart from the nominal shift personnel the following specialists participate:
— Deputy Flight Director (3PM) for the control functional tasks;
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— Leading Designer;

— Leading specialists;

— System designers as required by the 3PIT for the control functional tasks and by group managers;
— Crew training instructor.

When executing docking of the Progress-M cargo transport vehicle with the Mir orbital complex the chief
crew communication operator - the LI[K representative is included into the control group and is located in
the cargo transport vehicle flight control room.

Orbit Correction (Test and Dynamic Operation)

The orbit correction mode (test and dynamic operation) is the real time spacecraft flight control in the
correction maneuver day (test and dynamic operation) from the beginning of the preparatory operations
(configuring the onboard systems into the initial state, entering setting data etc.) up to the conclusive
operations.

The OT'Y shift structure and personnel and their operation order are nominal.

When conducting tests in the analysis groups test mode subgroups are formed with the participation of
the system designers.

Descent

The descent mode is the real time Soyuz spacecraft flight control starting from the spacecraft
depreservation and crew transfer into it up to the moment of the CK[ retrofire burn cut off.
The shift personnel should be of the highest qualification.

In this TOI'Y mode apart from the nominal shift personnel the following specialists participate:

— Deputy Flight Director (3PM) for the control functional tasks;

— Customer representative;

— Leading Designer;

— Leading specialists;

— System designers as required by the 3PIT for the control functional tasks and by group managers;
— Crew training instructor.

To enhance the flight control reliability in the descent phase the CY[] system operation control is executed
by two subgroups:

— CYy[O system complex analysis subgroup (subordinate to the CPI'A);

— CVY[ system designer subgroup ( subordinate to the CPIM).

All the CY[ system analysis specialists are provided with all necessary telemetry data and communication
links.

9.2.3. IOry Decision Making Procedure in Off-Nominal Situations

The M'Ol'Y makes decisions and takes measures for the off-nominal situation elimination in the real time of

the crew communication session only if the situation:

— jeopardizes crew safety;

— results in the spacecraft operability failure;

— results in intolerable propellant or electric energy consumption;

— results in failure to achieve mission objectives;

— results in failure to accomplish the main flight plan task of the current day, provided that the off-
nominal situation is envisaged by the FDF and is undoubtedly identified.

In all other cases the decision is made after a detailed off-nominal situation analysis and recommendation
development with the participation of the designers.

If the recommendations for the off-nominal situation elimination are not described in the FDF or the
situation is not undoubtedly identified the FOl'Y shift in the communication session should be aimed at
preventing the situation inadvertent development.

In case the decision is not to be realized in the current communication session the FOl'Y appropriate
operation is performed taking into account time available for the decision making in accordance with the
expert recommendations and the FDF requirements.
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The available time is determined by the CPI1 taking in account the requirements of the crew safety and
the spacecraft operability.

In case of an off nominal situation occurrence hazard which requires real time intervention into the
spacecraft control via the KPJ1 uplink it is admissible to issue separate unplanned commands on the
CPIT’s instruction if sufficient time is available for the spacecraft flying to a HWIM ground control/tracking
site and for the command uplinking.

All the data exchange between various FOl'Y groups in case of an off-nominal situation detection is
accomplished in circular communication mode.
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9.2.4. Crew/LIYI Cooperation in Various Flight Phases

Rev.# | Spacecraft Crew Downlink Uplink
Operations Activities Reports Data
CT20. INJECTION. TESTS. FIRST MANEUVER.
1 -Injection -System monitoring -Injection reporting -Radio/message on
-Antenna/Solar -CA/BO pressuri zation | -Report on: KO, (R/M): orbit injection
Battery deployment | check pressurization, AO- & appendage depl.
-BAMNw (Rod -®.03 Form BKA antenna deploy- | -R/M: T[ inhibit
extension to initial -TA (Thermal ment, CA/BO -Data verifica-tion on
position) Sensors) inhibit integrity, KOY/CUOC | CY[ test #1
-BUIMLW exec. parameters. -preliminary orbit
-Health status report | parameters
2 -CYy[ test #1 -System monitor in -Report on CA, BO, -BYK time sync, R/M:
(«Kurs» test, OCK tests, MO integrity, Mnvr 1,
(MKB1+ NKB2) with | -PYO AK test, -Report on BUIMLW -GO for transf. to BO
Ono-M1, Acce- -Transfer to BO, -BOA | compl., & suit doffing,
lerometer test, PYO | sw. Onin BO, -Reporting on -R/M: solar barbecue
AK test) -Space suit doff., test passage, in POAK
-Solar barbecue and drying, -R/M:®.03 Form
in POAK -Purif. Cartr. Sw. On in
BEO
3 -Mnvr 1 (two -Attitude & system -Report: CY[ test 1 -R/M: Setting uplink
impulse, without monitor in Mnvr 1 over, by KPJ1
pre-orientation) -BOA-BO is On - -Mnvr Ne 1 data,
P.TK(MB),P.N2 -Mnvr Ne 1 Cycl.,
-Mnvr 1 start -R/M: ®.14,
-BYK time sync
4 -Cont. Of Mnvr 1 -Solar barbecue in -Report on Mnvr -R/M: ©.23-14
-Solar barbecue in POAK exec. & barbeque exec. -R/M: .02
POAK -Communication, & system status,
-TV test -TV nest exec. -R/M: ©.03
-Meal taking
5 -Communication, -Health status report, | -Operation schedule
-«Globe» correction, -Reporton TV for the next day
-suit foxing, test results
-condens. pump.
6-11 Sleep period
CT21. SECOND MANEUVER.
12 -reveille,
-morning toilet
13 -Condens. pump. -Health status report | -R/M: ©.23-14
-Communication
-System monitor.,
-Meal taking
14 -Communication, -R/M: .03 -Prompting on
-BO work station BO work station
configure configure, on
PY[O2 test
15 - PY[2 test -Communication, -Report on BO -R/M: purif. Cartridge
-PY[2 test, work station, replacement in
-purif. Cartridge -Report on PY[12 BO,CA
replace in BO,CA test results
16 -Condens. pump -Report on purif. -R/M: pre-orient

-Communication,
-Prepare for Mnvr 2

Cartridge
replacement

setting enter by
KPP,

-data for Mnvr 2
(T.nyck, T.PPI)
-BYK time sync
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Rev.# | Spacecraft Crew Downlink Uplink
Operations Activities Reports Data
17(1) -PYO 2 test, -PYO 2 test, -Report on PYO2 -Data for Mnvr2
-Mnvr2, (1-imp., -Orient and syst. test results, (T.eBOAA)
with pre-orient), monitor in Mn 2, -Report on Mnvr2 -R/M: settings enter
-barbecue in POAK | -exec b.b.q in initiation by KPJ1
POAK -Mnvr.2 Cycl.
18(2) -System monitor, -Report on Mnvr -R/M:®.23-14
-Communication, passage /system -R/M:®.02
-$.03 Form, performance
-personal/resting time | -Report on b.b.q
in POAK exec
19(3)- -Communication,
20(4) -personal time
21(8) -Condens. pump -R/M: purific.
-Purif cartr repl. Cartridge
In CA & BO replacement
22(6)- Sleep period
27(11)
CT22. THREE IMPULSE AUTONOMOUS APPROACH.
28(12) -reveille,
-morning toilet
-condens. pump
29(13) -Communication, -Health status -R/M: ©.23-14
-system monitor, report
-®.03 monitor -R/M:9.03
30(14) -Communication, -R/M: settings
-«Globe» correct. via KPJT,
-personal time -Approach vers.,
R/M: ©.02
31(15) -Communication, -BYK time sync,
-Belt/suit don, -R/M: PB sw.On by
-Trans to CA, KPIT,
-CA/BO hatch cl, -Promp: MKO, BKY
-BOA CA sw On oper mode
32(16) | -Approach -Attitude monitor -Reporting on -Data for approach,
-System monitor approach initiation -Approach
in autonomous and execution Cyclogram
approach
33(1) -Approach -Communication, -Report on approach | -R/M: ©.23-14,
(«Kurs» sw. On -System monitor exec and on system -Prompt on
and test) in autonomous performance communication via
approach exec. CP
34(2) -Fly around, -Approach, berth, -Report on approach, | -R/M: GO for
-Station keep, docking monitor, berth., docking exec. | berthing,
-Berthing, -Module/interf. Integrity -R/M: ©.23-14
-Docking check,
-Transfer to BO,
-Suit doff/dry
35(3) -Hook closing, -TK, OB press equaliz | -Report on module, -R/M: transfer
-Transfer hatch reduced procedure, interface integr test to combined power
opening -transf hatch opening, | results, supply,
-BOA in BO off, -R/M:9.03, -R/M: settings
-Transf. to OB, -Report on via KPJ1,
-System monitor transfer hatch -GO for transfer
(©.03), opening exec hatch opening
-Condens pump,
-Meal taking
36(4) -TK preservation -TK preserv. -R/M: Purificat.
-suit packing, Cartridge repl
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Rev.# | Spacecraft Crew Downlink Uplink
Operations Activities Reports Data
-purification cartridge in CA, BO
replace in CA, BO
37(5) -Communication, -Report on TK
-Operation accor preservation,
to O6 FDF -on cartr repl
CT23. REDOCKING.
(14) -TK depreserv -Operation accor -R/M: Transf. to
to OB FDF, auton power,
-TK depreserv -redock data,
-Auton pwr On -R/M: TK depr,
-R/M: ©.03 Form
(15) -Transfer hatch -sw 5O BOA On -Report on TK -GO for transf
closing -Transf hatch closing, depres exec, hatch closing,
-pressure relief from -Report on auton pwr | -R/M: ©.02
CY assy trans exec,
-transfer hatch integrity | -Reporting on transf
test, hatch closing,
-prep undock, -R/M:®.03
-condens pump
(16) -suit donning, -Report on transfer -R/M: settings
-CA/BO hatch closing, | hatch integrity via KPJ1
-sw CA BOA On
(1) -Redocking -Redocking exec, -Report on redocking | -R/M: transfer to
-Transf hatch integrity | exec procedure combined pwr,
check, -R/M: TK battery
-BOA CA Off, charge
-Trans to BO,
-Suit don, dry
(2) -Transfer to combined | -Report on dock
power, execution,
-TK charge On, -Report on module
-Syst monitor, integrity
-Interf pressuriz test test results
(3) -Transfer hatch -TK, OB press equaliz | -Report on Interface | -GO for trans
opening reduced procedure, pressur test results, hatch opening
-Trans hatch opening, | -Report on trans
-bO BOA Off hatch open exec
-R/M: ©.03
-Trans to OB,
-Meal taking
(4) -TK preserv -TK preserv, -Report on TK
-Cond pump, preservation
-Oper accor to Ob execution
FDF
(5) Oper accor to O6 FDF
CT24. Cy[l #2 IN SPACECRAFT/ORBITER DOCKED CLUSTER.
(14) Oper accor to O6 FDF
(15) -TK depreserv -Transfer to TK -R/M: ©.03 -Data for CY[
-TK syst monitor test 2,
-Prep for CY[ test 2 -GO for CY[ test 2
(1) -Cy[ test 2 -CYy[ test 2 execution, | -Reporting on CY[} -R/M: ©.03 Form
-TK syst monitor test 2 and system
-Trans to Ob performance
(2) -Communication, -R/M:0.03
- Oper accor to Ob
FDF
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Rev.# | Spacecraft Crew Downlink Uplink
Operations Activities Reports Data
CT25. UNDOCKING. DESCENT FROM REVOLUTION 1 IN 'L} BLIBK.
(11) -Oper accor to Ob
FDF
(12) -TK depreservation | -TK depreserv, -R/M: Transfer to
-Concl payload autonom pwr,
packing, -Data for descent
-Auton pwr On -R/M: 2
-«Globe» corr., -Prompt: bring to
-Cond pump, TK ©.23-14, food
-®.03 Form rations,
-R/M: ©.03 Form
(13) -Transfer hatch -BO BOA On’ -Report on TK -GO for trans
closing -Transfer hatch closing | depreser exec, hatch closing,
exec, -Report on trans -R/M: settings
-Press relief from CY to autonom pwr via KPJ1,
node, execution, -Prompt: on belt, suit
-Transfer hatch -Reporting on hatch donning and
integrity check closing, water/salt additive
-R/M:®.03 taking
(14) -Suit pressuriz test, | -Belt, suit donning, -Report on trans -Data for undocking,
-CA.BO hatch -BO BOA Off, hatch integrity -BYK time sync,
integrity test -Trans to CA, test results -Descent cyclogram,
-CA BOA On, -Prompt: on reporting
-CA/BO hatch closing, until landing
-suit integr test,
-150 mm relief from
BO,
-CA/BO hatch
integr test
(15) -Undocking -Undock exec, -Report on suit, -GO for undock,
-Syst monitor, CA/BO hatch in- -Prompt:BLIBK
-BLIBK setting tegrity test results setting monitor,
monitoring, -Reporting on -BYK time sync.
-Meal taking, undocking
-Cond pumping
(16) -Descentin 'L, -Attitude control -Report on readi- -R/M: settings

BLIBK (OCK
(MKB1)+4M0-M1),
-CK[ burn (impulse
Vckn=115,2 m/s)

monitoring,
-System monitor,
-Prep for descent.

ness for descent,
-Syst status report,
-Report on Attitude
control procedure,
-Report on BLIBK,
AYC, PYC setting

via KPJ1,

-data for descent,
-R/M: landing area
weather conditions,
reference altitude

monitoring
(1) -Module separation, | -System monitoring in | -Reporting on
-Controlled descent descent procedure,
descent, on system
-Parachuting, performance
-Landing
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3.3 Thermal Condition Control System (COTP) V. Prokhorov 25/06/99

3.4 Onboard Complex Control System (CYBEK) A. Pavlov 20/04/98

3.5  Power Supply System (C3I) A. Pavlov 20/04/98

3.6  Docking and Internal Transfer System (CCBIT) A. Minayev 20/04/98

3.7 Interface Pressurization Control Aids (CKI'C) A. Minayev 20/04/98

3.8 «Rassvet» Radio Communication System (CPC) A. Rogozhov 20/04/98

3.9 «Klest» Television System (TBC) V. Popov 20/04/98

3.10 Onboard Measurement System (CBW) V. Gussev 20/04/98

3.11 «Kurs» Radar Rendezvous System (PTCC) V. Isayev 20/04/98

3.12 Optical-Visual Aids (OBC) I. Myassov 20/04/98

3.13 Complex of Life Support Articles (KCOX) A.Lepko 20/04/98

3.14 «Sokol-KB-2» Space Suit (CKD) A.Lepko 20/04/98

3.15 Motion Control System (CY[L) Ye.Chernov 25/06/99

3.15.1  CY[ System - Orbital Flight (CY-OIN) Ye.Chernov 25/06/99

3.15.2  CY[ System - Rendezvous (CY[-CBb) A. Kinzhalov 20/04/98

3.16 Descent Control System (CYC) Ye.Chernov 20/04/98

3.17 Combined Propulsion System (KOY) K. Vorobyov 25/06/99

3.18 Descent Reaction Control System (C/O-C) K. Vorobyov 25/06/99

3.19 Landing Aid Complex (KCIT) S. Marchikhin 20/04/98

3.20 Launch Escape System (CAC) N. Savchenko 20/04/98

3.21 Post Landing Survival Kit (HA3) I. Ognyannikov ~ 20/04/98

4. SYSTEMS’ OPERATIONAL LIMITS AND CHARACTERISTICS  A. Malikov 20/04/98

5. FLIGHT DATA FILE REVIEW D. Churkin 25/06/99
A. Malikov

5.1  Soyuz Flight Data File General Concept

5.2 «Nominal Modes» Book

5.3 «Backup Modes» Book

5.4  «Off-Nominal Situations» Book

5.5 «Reference Materials» Book

5.6  «Flight Plan» Book

5.7 Notations & Symbols Used in Soyuz FDF

5.8 FDF In-Flight Operational Use

6. NOMINAL PROCEDURES D. Churkin 25/06/99
A. Malikov

6.1  General Flight Program
6.2  Preparation for Launch
6.3  Orbit Injection

6.4  Orbital Flight (Maneuver)
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6.5 Approach and Docking

6.6  Operations in Docked Configuration
6.7 Undocking

6.8 Descent

6.9 Post Landing Operations

7. OFF-NOMINAL SITUATIONS

7.1 Off-Nominal Situation Major Terms

7.2  Emergency and Caution/Warning Indication
7.3  Depressurization

7.4  Fire

7.5 Emergency Descent from Orbit

8. BALLISTICS, TRAJECTORY CONTROL AND FLIGHT
CHARACTERISTICS

8.1  Orbit Injection

8.2 Approach

8.3 Descent

9. COMPLEX OPERATIONS

9.1  In-Flight Crew Member Duties and Cooperation

9.2  Crew/MCC(LYN) Joint Activities in Various Flight Phases
9.2.1 Main Operative Control Group (FOl'Y) Structure and Tasks
9.2.2 TOl'Y Operation Modes in Various Soyuz Spacecraft Flight

Phases

9.2.3 TOI'Y Decision Making Procedure in OftNominal Situations

9.2.4 Crew/LLYT1 Cooperation in Various Flight Phases
APPENDIXES
A. EXTERNAL VIEW OF CONTROL PANELS

B. EXTERNAL VIEW OF DISPLAYS

C. GLOSSARY OF SOYUZ ABBREVIATIONS AND ACRONYMS
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Fig.14. Voltage & Current Indicator (UHT)
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$4% BJALAMME PEXWNOB TN«9B.17.31C
unP CROBA Te=14,.8%5.088C

42B1-D. 21313 UCTABKM
47E6~1. 890080
S0B19+0. 02248
112AZ0-0. 00000
f111A21=0. 90580
112R22+=0. 00000

41vi=118,28n/C
4211=2221C
13L0=R.TTTTV
44L1=0. 00009
45L2+0.0080042
246AS0=D. 80809 46L3+0. 00808
188R1=0D,. 33204 101VZ=016,96n/C
187RE6=1. 89880 182t2=0681C
BPERA CEAMXEH 183LB=0. 854947
15375 -08.008.00C 1@4Li~2. 00002
114T2-80, 14.08C 1@sLZ=1.20174
115TE=-00. 14. 88C 186L3=0. 22280
A HET @@ MH HET

Form 41
MODE SETTING

Form 41 is used for the BLIBK setting data monitoring.

TM=00.17.31C - BLIBK start time is 17 min 31 sec
T0=14.05.08C - integration start time

YIMP CJIOBA - BLBK control words
B1, B6, B10, A20, A21, A30, R1, R6

BPEMA CBNWXXEH - times defining approach mode cyclogram
113T1=00.00.00C - "Kurs" Equipment energizing time

114T2=00.14.00C - "Kurs" Equipment "3axsat" (Lock-on) monitoring time
115T3=00.14.00C - approach mode automatic termination time

YCTABKMW - settings for corrective maneuver impulses by CK Engine or AMO-B61 Thurster burns
41V1=115,20 M/C first corrective impulse value

42t1=2221C first flexible time value

43L0=0.77777 attitude maneuver quaternion component 0 - A0
441.1=0.00000 attitude maneuver quaternion component 1 - A1
4512=0.00000 attitude maneuver quaternion component 2 - A2
46L.3=0.00000 attitude maneuver quaternion component 3 - A3
101V2=016,96 M/C second corrective impulse value

102t1=0681C second flexible time value

103L0=0.05447 attitude maneuver quaternion component 0 - A0
104L1=0.00000 attitude maneuver quaternion component 1 - A1
105L2=1.00174 attitude maneuver quaternion component 2 - A2
106L.3=0.00000 attitude maneuver quaternion component 3 - A3
A HET 00 No failure

WH HET No checklist
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42 DPREHTALME
FEZWN: QOCK
CNEPRUNM:
I~ 3,BBT
&= 3,885
urn CKOPCOLCTE
wK==8, TE4r /C
-‘I’- H-EITI'J'I:
ale=@, T34 7C
2 KOPPEK
EX==-3, TIIF-C
EY=. @8, Ba@r-cC
gZm=-8, 7817 7C
CORRs, SKr GNas?
ER=» Kl
P=] HET a8

TN=30,.18.a88¢C
rco' 1

AATHMKH: BAYC 1,2

HKB

» KT

MH

1

(]
[
nlrll-i-l-l-i-itl!r-l—!-

HET

Form 42
ATTITUDE CONTROL

Form 42 is used for monitoring the spacecraft attitude establishment and attitude hold.
TM=00.18.09C - BLIBK start time is 18 min 09 sec

PEXXWM: OCK - current attitude control mode is OCK mode

OTNEPALNMW: - operations currently being performed (if any)

['CO 1 - Attitude Control System 1 Configured

OATUUMKN: BAYC1, 2 UKB1 - sensors included into the control circuit

v=3,00 I - IKB signal error in roll y between the strap-down and basic OCK coordinate systems is 3
g:gt‘ggsr - WIKB signal error in pitch 6 between the strap-down and basic OCK coordinate systems is 3

degrees

YN CKOPOCTb - attitude rates as measured by the BAYC sensor unit (actually absolute attitude rate
vector projections onto the strap-down axes)

wX=-0.751I/C roll rate
oY= 0.000l/C yaw rate
wZ=-0.751I'/C pitch rate

QKOPPEK - instrument basis correction attitude rate (in BLIBK)

QX=-0.751T/C correction roll rate
QY= 0.000rC correction yaw rate
QZ7=-0.751T/C correction pitch rate
GO006.5 KIr current propellant consumption for spacecraft attitude control
GIl1067.9 KI current propellant consumption for spacecraft translation
BR e e KI' propellant quantity allowed for spacecraft attitude control and translation
MHOWKATOP local vertical bias indicator relative to the spacecraft strap-down coordinate system:
upper horizontal axis - bias in yaw
lower horizontal axis - bias in roll
vertical axis - bias in pitch
A HET 00 No failure
WH HET No checklist
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943 CENWIEHME TN=28.18.27

SANP CB OCK rco t

ABT T 20,08 e«X-8,743
.I EB;EE ["h | E-EHE

P s g 29,08 wZ-9,761

(o - WC-1-TTT]

o

SET ACK =y s p= e s—

aWX 2

28, 28

avy

B0 00 el v ns
- 3 & " ’"qz -z
«+71 118 28, aa
# 22,888 R 8, 288
P PBP.28 2Y 9,pP2R
A HET 2o HH - HET
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Form 43
APPROACH

Form 43 is used for approach mode monitoring

TM = 00.18.27C - BLIBK start time is 18 min 27 sec
3ATIP CB - Approach mode inhibited

ABT - automatic mode

P oo propellant amount available for approach mode (in m/s)
C0.00000 "Kurs" Equipment reliable measurement data display

OCK - current attitude control mode is OCK mode
'CO 1 - Attitude Control System 1 Configured
F'PA®UK range rate/relative range relationship chart:
horizontal axis - relative range in logarithm scale

vertical axis - radial range rate

p 00,000 relative range (BLIBK) in km
p' 000.00 radial range rate (BLBK) in m/s

QY 0,000 line of sight yaw rate (BLIBK) in degrees/s
QZ 0,000line of sight pitch rate (BLIBK) in degrees/s

YCT ICKprojections of the corrective impulse applied to the spacecraft center of mass onto the JICK
coordinate system axes

AVX, AVY, AVZ

Y 00,00 roll angle ("Kurs" System data) in degrees

n 00,00yaw angle ("Kurs") in degrees

0 00,00 pitch angle ("Kurs") in degrees

X -0,743 roll rate as measured by BAYC sensor unit in degrees
oY -0,003 yaw rate as measured by BYC sensor unit in degrees

»Z —0,761 pitch rate as measured by B1YC sensor unit in degrees

MHOWKATORP line of sight attitude relative to the spacecraft strap-down coordinate system:
upper horizontal axis - mutual roll angle
lower horizontal axis - line of sight bias in yaw
vertical axis - line of sight bias in pitch

"®" - BLIBK parameter display ("K" - "Kurs" System parameter display)

A HET 00 No failure
WMH HET No checklist
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Form 44
BERTHING

Form 44 is used for data display in the berthing mode and for the filter algorithm operation monitoring
TIM = 00.18.45C - BLBK start time is 18 min 45 sec

3ATIMP CB - Approach mode inhibited

ABT - automatic mode

449 DOPUYAN TN=208.18. 49 P oo propellant amount available for approach mode (in m/s)
SanP C 5 OCK rco 1 C0.00000 "Kurs" Equipment reliable measurement data display

uX-8, T34 OCK - current attitude control mode is OCK mode

gY=3, 089 CO 1 - Attitude Control System 1 Confi d
eZ2-0. 781 - Attitude Control System 1 Configure

FPA®UIK range rate/relative range relationship chart:
horizontal axis - relative range in logarithm scale
KYypC vertical axis - radial range rate

I 80,08 p 00,000 relative range (BLIBK) in km
:: :g "' :: p' 000.00 radial range rate (BLIBK) in m/s
=z P BB, 288 QY 0,000 line of sight yaw rate (BLIBK) in degrees/s
1 P EED. B8 QZ 0,000line of sight pitch rate (BLIBK) in degrees/s
#:.88,008 =518 888 4Z 0,083 X -0,734 roll rate as measured by BAYC sensor unit in degrees
# 280,02 8Y 2. X -0,
a HE"I' 2 E"l' 9 :ﬁﬂ HET ey @,a20 oY -0,009 yaw rate as measured by BAYC sensor unit in degrees
»Z —0,761 pitch rate as measured by BYC sensor unit in degrees

KYPC - "Kurs" Equipment measurement data

Y 00,00 roll angle ("Kurs") in degrees

nn 00,00 direction angle in yaw channel ("Kurs") in degrees
6n 00,00 direction angle in pitch channel("Kurs") in degrees
p 00,000 relative range ("Kurs") in km

p' 000.00 radial range rate ("Kurs") in m/s

QZ 0,000line of sight pitch rate ("Kurs") in degrees/s

QY 0,000 line of sight correction yaw rate ("Kurs") in degrees/s
A HET 00 No failure
WMH HET No checklist
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945 HAHEBP TN=22. 19, 28¢
FEZHNR: DCK rco 1
ONREPRUHHN:

ONEPAUHN KOHUS Tu:

HCTAEKMH:

vVi=115,28n/C VTEX=819,9an-C
L@=8.FTTTT ted=@a. 33. 58C
Li-2.808080

L2=0. 200082

L3I-2.00888 GOees. 7Kl GNAET. 9Kl

BRe== Kr
A HET ea WH - HET

Form 45
Maneuver

Form 45 is used for maneuver execution monitoring.

TM=00.19.25C - BLIBK start time is 19 min 25 sec

PE>XWM: OCK - current attitude control mode is OCK mode
OMEPALWMW: - operations currently being performed (if any)

['CO 1 - Attitude Control System 1 Configured

OMEPALUK KOHLUA T'L - BLIBK flexible cycle end operations (if any)

YCTABKMW - settings for corrective maneuver impulses by CK] Engine or AMO-B61 Thurster burns
V1=115,20 M/C impulse value

L0=0.77777 attitude maneuver quaternion component 0 - A0

L1=0.00000 attitude maneuver quaternion component 1 - A1

L2=0.00000 attitude maneuver quaternion component 2 - A2

L3=0.00000 attitude maneuver quaternion component 3 - A3
VTEK=019,40 M/C accumulated impulse current value

tBLI=00.33.58C flexible cycle time (decreasing value)

GO006.7 KI' current propellant consumption for spacecraft attitude control
GMo67.9 Kr current propellant consumption for spacecraft translation

BR e ¢ KI propellant quantity allowed for spacecraft attitude control and translation
A HET 00 No failure

WMH HET No checklist
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*46 KOWTPOAL COCT  TNep@.19.38C
ABAPHR: HET 20 e@

HHCTPUEKUNRL HEY

GOeas. TEr
GNEsT, Kl TEC25.29. 38C
BERew Kr

Form 46
STATUS MONITOR

Form 46 is used for Motion Control System status monitoring
TM=00.19.25C - BLIBK start time is 19 min 25 sec
ABAPUA: HET - no failure

NHCTPYKUWMA: HET - no checklist

GO006.7 KI current propellant consumption for spacecraft attitude control
GIl067.9 KI current propellant consumption for spacecraft translation
BR e ¢ KI' propellant quantity allowed for spacecraft attitude control and translation

TBC09.29.30 C time moment of the spacecraft reaching the orbiter proximity area (dispersion
ellipsoid)
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K3U-3
KOHTPOI1b UMM

(Current en Route Position Indicator Monitor)
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K3un-4
COCTAB ATMOC®EPbDI Ty

(Atmosphere Composition, Tx)

Po, — Oxigen Partial Pressure (0-300 mm Hg)

Pco, — Carbon Dioxide Partial Pressure (0-25 mm HQ)
PH.0 — Water Vapor Partial Pressure (5-15 mm Hg)
Tx— COTP System Agent Temperature (0-20°C)
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K3U-5 K3U-6
CTP CNilrc nxo P, T CABO
(CTP System and NMxO Module CINIC System Parameter (CA/BO Module Pressure and Temperature Monitor)
Monitor)

P o — Habitable Module Loop Pressure (100-2300 mm Hg) Pca — CA Module Pressure (1-1000 mm Hg)
Pso — BO Module Pressure (1-1000 mm Hg)

Pwp — Attached Radiator Loop Pressure (100-2300 mm Hg) o
PO.-1 — MxO Module Section 1 Oxygen Bottle Pressure (0-250 kgf/cm?2) Tca — CA Module Temperature (0-40 C)
P0.-2 — MxO Module Section 2 Oxygen Bottle Pressure (0-250 kgf/cm2) Teo — BO Module Temperature (0-40°C)
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K9WN-7 K9U-8
P, T OB IO CKrc
(OB/NO Module Pressure and Temperature Monitor) (CKIrc System Monitor)
Pos— OB Module Pressure (1-1000 mm Hg) Pc, — CY Assembly Pressure (1-1000 mm Hg)

Pro — MO Module Pressure (1-1500 mm Hg)
Tno — MO Module Temperature (0-40°C)
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(Current en Route Position Indicator)
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ALY

K3un-10
KAY-2

(KAQY System Section 2 Parameter Monitor)

P, — Section 2 Fuel Tank Pressure (0-30 kgf/cm2)
Po«w — Section 2 Oxidizer Tank Pressure (0-30 kgf/cm2)
Pues2 — Section 2 Spherical Bottle Pressure (0-400 kgf/cm2)
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K9n-11 K9n-12
cunoc KOy-1 CNrc CA
(CUOC System Monitor) (KAY System Section 1 and CA Module CINIC System
Parameter Monitor)
Puaz1— CMOC Section 1 Pressurization Pressure (0-350 kgf/cm2)
Puan2— CI/IOQ Section 2 Pressurization Pressure (0-350 kgf/cm2) Po« — Section 1 Oxidizer Tank Pressure (0-30 kgf/cm2)
Prept — Peroxide Tank 1 Pressure (0-25 kgf/cm2) P.1— Section 1 Fuel Tank Pressure (0-30 kgf/cm2)
Prep2— Peroxide Tank 2 Pressure (0-25 kgf/cm2) Pu.s1— Section 1 Spherical Bottle Pressure (0-400 kgf/cm2)

P0,-3— CA Module Oxygen Bottle Pressure(0-250 kgf/cm2)
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(Precise Angles)

(BAYC 1-3 Sensor Unit data)
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APPENDIX C

NPUJIOXXEHUE B

GLOSSARY
OF SOYUZ ABBREVIATIONS AND ACRONYMS
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A

ABJI
ABT.
AJIPEC 8
AJIPEC 2
A3

A3C
ANM

AK

AK
AKCC

AJI
AM
AMn
AO
AO
AIIAC

AIICC

AC
AC
ACII

ACY
aTa
AYC

ADY

BA
bana.
BAII

BAPJ{

bb

bb
BEP
bB
BBC
BB CA
bBB
BBK

B
B/
BIYC

be3on.
B/K

A

Anoren

AsapuiiHoe BbikntoyeHune [suratens
ABTOMaTU4ECKMI

Appec BocbmMepuyHbIn

Anpec [1Bon4HbIN

As3nmyT 3anycka

AsTomat 3awutbl Cetn
AmnnuTtygHo-UmnynbcHaa Mogynsums
AHanorosbin KoHTyp
AspoanHamudeckoe Kadectso
AstomaTuka Komnnekca Cpeacrte
CnaceHusi

Anroputm

AmnnutygHas Moaynauus

Amnepsbl

ArperaTHbin OTcek

AHTeHHa Kpyrosoro O63opa
AHOPOrnHHbIN MepndepuiiHbii
ArperaT CTbIKOBKM

AHpgporuHHas MNMepudepuiiHas
Cuctema CTbIKOBKU

AmepukaHckun CermeHT

AHTeHHa ABTOCOMNPOBOXAEHUS
AsTomatuka Cuctemsl [NpnsemneHns

AcceHunsaunoHHo-CaHnTapHas YcTaHoBKa
ATmocdepa

ABTOMaTUYECKMIA YNpaBnsiembln

Cnyck

AHTEHHO-DPMaepHoe YCTPOMCTBO

but

Brnok AkcenepomeTpoB
BannucTtuyecknin

Briok ABTOMaTnyeckunx
MepekntoyaTtenen

Brok ABTOMaTU4eCKOro
PerynupoBaHua [asneHus
Basoebii Briok (17KC)
BydepHasn batapes

Brnok bapopene

Bnok BeHTunatopos

Bnok BeHTunsaumm Ckadangpos
Bnok Bentunatopos CA

Brnok BkntoueHna BeHtunatopa
Bnok Beligaun KomaHg

Brnok daTtunkos

BokoBas [lanbHOCTb

BopToBas [lokymeHTaums

Bnok JatunkoB YrnoBbix CkopocTen

BesonacHocTb
BopToBoi XKypHan

C-2

Apogee

Emergency Engine Cut-off
Automatic

Octal Address

Binary Address

Launch Azimuth

Circuit Breaker

Pulse Amplitude Modulation
Analog Circuit

Lift/Drag Ratio

Survival Aid Complex Automatic
Equipment

Algorithm

Amplitude Modulation

Amperes

Instrument Module

All-Around Antenna
Androgynous Peripheral Docking
Assembly

Androgynous Peripheral Docking System

American Segment
Autofollow(ing) Antenna
Landing System Automatic
Equipment

Waste Management System
Atmosphere

Automatically Controlled
Descent

Antenna Feeder System

Bit

Accelerometer Assembly
Ballistic

Automatic Switching Unit

Automatic Pressure Control Unit

Mir Core Module (17KS)
Buffer Battery

Barometric Relay Unit
Fan Unit

Spacesuit Ventilation Unit
Descent Module Fan Unit
Fan Control Unit
Command Issue Unit
Sensors Unit

Cross Range

Flight Data File,

Onboard Documentation
Attitude Rate Sensor Unit
Safety

Flight Log Book
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BU
b/A
BKC
BKII
BK
BKC
BKC
BKTA
ba.
BJIII
BHO

BO
BOA
BII
bII
b/
BIIII
BP-1
BPBU

BPC
BPTK

BPYB
BPYC
BC
BC
BCA
BCA
BCP
BY
BOU
BLBK

1N1(/|
BYK

BA
BBO
BB
BB
BB/
BB®
BB
BEHT
Bepr.
BKB
BUIIHI

BK
BK
BKJI
BKJI
BKY
BM

BopTuHxeHep

BopToBast MHCTpyKUnA

Bnok KabenbHon CeTun

Brok KommyTtaumm MNutaHus
BopTtoBown KoHTenHep

Bnok KommyTauum CurHanos
BopToBas KabenbHasa CeTb

Briok KoHTpons MasoaHanusatopa
BnokupoBka

Brok Jlorvku MNyneTta
Bannuctuyeckoe HasuraumoHHoe
Ob6ecneveHne

BeiToBon OTcek

Bnok Ouunctkn ATmocdepbl

Brnok MutaHna

Bonbwas MonocTb

BecnnnoTtHbIN

Brok MNMnaskux MNMpenoxpaHuTtenen
Bnok PacnpegenutenbHbin-1
Brnok PyyHoro Beoga-BeiBoga
NHdopmauun

BeicTpopasbemHoe CoeguHeHne
BopToBon PagnoTtexHmyeckun
Komnnekc

Bnok Py4yHoro YnpasneHus 6O
Bnok PyyHoro Ynpasnenusa CA
BokoBasi CkopocTb
Bannuctnyeckun Cnyck

Batapesa CA

Bnok Cunosor ABTOMAaTuKn
Bannuctuyeckuin Cnyck PesepBHbin
Brnok YnpaBsneHusa

Bnok ®opmuposaHua VHdopmauum
BopToson Lindposoin
BbluncnurensHbin Komnnekc
Brok Undposon NHamkaLmm
BopToBblie Yackl Kocmuyeckne

Butok

BonbT

BceHanpaBneHHast AHTEHHA
BeHntunatop O

BeHTtunstop Bosgyxosoga
BosgyxoBsopa

Bpemsa BkntoveHus [uratens
BHelwwHue Bo3myuwatoiime dakropsl
BocTto4yHoe [JHeBHOEe Bpewms
BeHnTtunarop

Beptonert

BbikuBaHue

BbigsmkeHue LUTaHrn B icxogHoe
MonoxeHne

Buaeokamepa

Buikntovatens KoHueson
BHekopabenbHas [esaTensHoCcTb
Bknountb

Buaeo-KoHTponbHoOe YCTpOMUCTBO
BbluncnutenbHas MawimvHa

C-3

Flight Engineer

Onboard Checklist

Cable Network Unit

Power Switching Unit
Onboard Container

Signals Switching Unit
Onboard Cable Network
Gas Analyser Monitoring Unit
Interlock

Console Logic Unit

Ballistic Navigation Support

Habitable Module, Resting Module
Atmosphere Purification Unit
Power Unit

Greater Volume

Unmanned, Pilotless

Fuse (Protection) Unit

Distribution Unit-1

Manual Data Load Unit

Quick Disconnect
Onboard Communication Complex

OM Manual Control Unit
DM Manual Control Unit
Side Velosity

Ballistic Descent

DM Battery

Actuation Automatic Unit
Backup Ballistic Descent
Control Unit

Data Generation Unit
Onboard Digital Computing
Complex

Digital Display Unit
Onboard Clock

Revolution (Orbit)

Volt

Omnidirectional Antenna
Orbital Module Fan

Air Duct Fan

Air Pipe, Air Tube
Ignition Time

Externally Acting Factors
Eastern Daylight Time
Ventilation Fan
Helicopter

Survival

Rod Extension to Initial
Position

Camcorder

Switch

Extravehicular Activity
Turn ON

Video Monitoring Device
Computer or Calculator
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BHYK
BO
BOC
BII
BII
BII
BII-1
BIIY
BPJ1
Bp.
BC
BCA
BCB
BCK
Bt
BxT
BY
BBIKJI
BoixT
B3H
H

r

rA
I'EPMET
I'KA
I'3B

rup

I'K

I'K

I'K III

IJ
I'JIB
I'M
ro
ro
ro
rory

rm
re
I'pan.
I'cB
I'CH
rco
I'u
I
i
He

HEXHMN

Buanp HouHoro YnpasneHus no Kypcy
BHyTpeHHee OcaelleHune

BHewHne OrHm ConmkeHus
BekTop MonoxeHus

BbicoTomep MapalutoTHbIN
BbiTskHOM [MNapalutot

Buawnp MNunota

BHyTpeHHee NeperoBopHoe YCTpONCTBO
Bpemsa Pabotel [Buratens
BpaweHue

BekTtop CkopocTn

Bentunarop CA

BoctoyHoe CtaHgapTHoe Bpewms
Buanp CneumanbHbii Kocmuyeckumi
BatT

Bxopg B TeHb

Bbicokas YacTtoTa

Bblkntountb

Bbixon n3 Tenu

Bo3zgyLHbIn OnekTpoHarpeBaTtenb
Bogopoa

optovee

asoaHanusaTtop

repmMeTuyHOCTb

MazoxungkocTHbIN Arperat
MpuHBMUCckoe 3Be3gHoe Bpems
Mpockon

Mpy3oBown Kopabnb

MmaBHas KomaHaa Ha BbikntoueHue CKL
maBHasa KomaHaa Ha Boeikntouenne
CTyneHu

Mmpponabopartopus
Mamma-JlyyeBon BuicoTomep
MpuHBMYCKUn MepuamaH

MaeHbI Onepatop (Ces3n)
repmeTnyuHbin OTCek

"onosHon OGTekaTenb

MmaBHaga OnepaTuBHasa pynna
YnpaeneHus

'Mbkas Mporpamma

"epmopasbem

Npaoyc

MpuHBMYckoe CpepHee Bpems
"onoska CamoHaBeaeHus
oTtoBHOCTE Cuctembl OpmeHTauum
Mepy,

Mok Linkn

epmowunem

enun

[JanbHoCTb
HaTunk
OuameTp
[onroTa

c-4

Night Vision Instrument
Internal Lighting

External Rendezvous Lights
State Vector

Parachute Altimeter
Auxiliary Parachute

Pilot's Sight

Internal Communication System
Engine Burn Time

Rotation, Spin

Velocity Vector

Descent Module Fan
Eastern Standart Time
Orientation Sight

Watt

Sunset, Entrance into Shadow
High Frequency

Turn OFF

Sunrise, Exit from Shadow
Electric Air Heater
Hydrogen

Fuel

Gas Analyser

Pressure Integrity

Gas-Liquid Unit

Greenwich Siderial Time

Gyroscope

Cargo Vehicle

Main Command for OME Shutdown
Main Command for3-rd Stage Shutdown

Neutral Buoyancy LAB
Gamma Ray Altimeter
Greenwich Meridian

Capcom

Pressurized Compartment
Cap

Main Operative Control Group

Flexible Program

Pressure Vessel Connector
Degree

Greenwich Mean Time
Homing Head

Orientation System Readiness
Hertz

Flexible Timeline

Pressure Helmet

Helium

Range

Sensor or Tracker
Diameter
Longitude
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Hasu.

1YV
JAJIBH
AB
JBwur.
pIvI
JKT
JA3K
JA3C
A3I°
JAK
AK1(2)
JAKP
AKC
AKY
AMB
JAMII
JAMII

hi (o)
Jor
JOTK
0V
T
hit1 (o)
JIIO-B

JIO-M

Tnoy3
JIP
ACA
JICK
AT
ITB
ITI
Iy
INAIN|
JIIB

EJIB
EKA
Emk.

HOKT
KO
KY
KL
K3H

[asneHune

HaTtynk AbcontoTHoro [laBnenus
HanbHomep

[bixaTtenbHas BeHtunaumna

[euratenb

[Datuuk JaBneHus

Oatuuk Temnepatypbl XKnugkoctu

Hatumk 3akpbiTnsa KpbiLwku

Hatumk 3akpbiTna CTbika

HaTtynk 3axeaTa lonoBku

OuckpeTHbin KoHTYp

Hatumk KacaHus 1(2)

Hatumk KoHTponsa PaccTbikoBku
HaeneHne B Kamepe CropaHus

HaTtunk KoHTakTa YnnoTtHeHus

[expeTHoe MockoBckoe Bpemsi
[Oeuratens Msarkon MNocanku

Hatumk ManorabaputHbii LLInemModoHHbIN
(MukpodoH)

Oeuratenb OpueHTauum

HaTtunk O6ecneyeHus FepmMeTUYHOCTM
Hatumk OTcTpena lMaccuBHbIX KprokoB
[Natumk O6xaTus YnnoTHeHus
[OuctaHumoHHbIn MNepekntoyaTens
Oeuratenu MpuyanusaHusa n OpueHTauum
Oeuratenu Mpuyanueanusa n OpueHTauum
— bonblwne

Oeuratenu Mpuyanueanusa n OpueHTauum
— Manbie

HericTBoBaTb N0 YKasaHuwo 3emnu
Hatuunk PaccornacosaHus
Hatunk-CurHanmsaTop [daBneHus

HaTtunk CoemelleHus Koney

HaTtunk Temnepatypbl

Oatunk Temnepatypbl Bo3gyxa

Honrota Touku MNpuuennsaHms
[BuratensHasa YcTaHoBKa

Lynnekc, OynnekcHbIn

[Natuymk daeneHuns Masa B LLUB

Emkoctb [ns Bogpl
EBponeiickoe Kocmuyeckoe AreHTCTBO
EmkocTb

X

YKNOKOCTHO-XMOKOCTHbIN TennoobMeHHuK
YKnsHeobecneueHune

»Kectkuin Ynop

YKectkmn Lnkn

XKupkocTHom dnekTpoHarpeBaTenb

3

C-5

Pressure

Absolute Pressure Sensor
Range Finder

Respiratory Fan

Engine, Jet

Pressure Cover Sensor
Liquid Temperature Sensor
Closure Sensor

Interface Closure Sensor
Rod Head Capture Sensor
Discrete Circuit

Contact Sensor 1(2)
Undocking Sensor
Chamber Pressure

Seal Contact Sensor
Moscow Standard Time
Soft Landing Thruster
Microphone

Attitude Control Thruster
Pressurization Sensor

Passive Hooks Jettison Sensor

Seal Preload Sensor

Remote Switch

Berthing and Attitude Control Thrusters
Primary Berthing and Attitude Control
Thrusters

Secondary Berthing and Attitude Control
Thrusters

Operate on Ground Cue

Misalignment Sensor

Pressure Caution&Warning Sensor
Guide Rings Sensor

Temperature Sensor

Air Temperature Sensor

Landing Site Longitude

Engine Unit

Duplex

Spherical Bottle Gas Pressure Sensor

Water (Storage) Tank
European Space Agency
Volume, Capacity

Liquid/Liquid Heat Exchanger
Life Support

Stiff Stop

Hard Timeline (Circle)

Liquid Electric Heater
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3A3EM
3AKP
3au.
3unaC

3111
3PI1

3PI1
3CII
3C11
3y

na
17201}
UIAT
H3oa.
n3cC
Hn3cC
HKA
HUKB
NI
10\
HUMII
HUHT
HII
HI1
HUIIK
HIIIT

np
NPBU
HUCA
HUCK
HNCKT

ncx
UTB
ndo

A
AY

ARRARRA

KB/
KBO
KBY
KBD
KBT
KBT.4
KT
KI'

3emns, 3eMHoOM
3aszemneHve
3akpbITbh

3aveTt

BakpyTka Ha ConHue

3akpbiTne NepexogHoro Jloka
3amecTtutenb PykoBoautens MNMonetom

3anpet PaboTbl no MNMpuaHakam
3amok CTbikoBoYHOro LLinaHroyra
3anacHas Cucrema lMapaluotoB
3anomMmuHaioLee YCTponcTeo

WHuaomeuayansHein Jo3nmeTtp
UHankaTop daBneHns

WHaukatop daenenuns n TemnepaTypbl
N3onaumsa

WHuaomeugyansHoe 3awmtHoe CHapsbkeHue
WHaukatop 3BykoBor CurHanmsauum
UtanbsiHckoe KocMmnyeckoe AreHTCcTBO
MHdbpakpacHas BepTukanb
UnnioMmmnHaTop

Uccneposatenbckuin Moaynb
Nmnynec

MHuaunkatop HanpspkeHns n Toka
N3mepenue MapameTpos

NcTouHuk MNMutanus

WN3onupytowmn MpoTmeoras

MHuaunkaTop MNMpocTpaHCTBEHHOIO
MonoxeHus

MHankaTopHbii Pexunm

Wuaukatop PyyHoro Beoga MHdopmaumm
WHTerpmpytowmn Cuetumk Amnepyacos
WuepuunansHasa Cuctema KoopavHat
MuepuunanbHasa Cuctema KoopavHat
TekyLiasn

McxogHbin

Wuoukatop Tekywero Bpemeru
MHcTpykuus no Qkcnnyartaumm

Kanan

KomaHaup

Kuno

Kocmuudeckuin Annapat

KauecTtBo (AYC)

KopoTkne BonHebl

KnanaH BeipaBHuBaHus [aBneHuns
KoHTyp BopsiHoro OxnaxaeHus
KomaHabl BaanmHoro YnpasneHus
Kopabnb Bo3BpalyeHus Skmnaxa
KunosatT

KunosaTtT B 4ac

Koppekuus mobyca

Kunorpamm

C-6

Ground, Earth, Land

Ground (Electrical)

Close

Test

Sun Orientation and Spin

(Sun Turn, Barbecue Rotation)
Transfer Hatch Closing
Deputy Flight Controller
(Director)

Onboard Computer Command Inhibit
Docking Ring Latch

Backup Parachute System
Data Storage Unit

Crew Radiation Dosimeter
Pressure Gauge

Pressure and Temperature Indicator
Insulation, Isolation

Personal Protective Equipment
Audio Caution & Warning Indicator
Italian Space Agency

Infrared Vertical Sensor

Window, Viewport

Research Module

Impulse

Voltage & Current Indicator
Parametres Measurement

Power Supply

Oxygen Breatring Gas Mask
Attitude Direction Indicator

Indicator Mode, Free Drift

Indicator of Manual Input-Output of Data
Integrating Amper-Hours Counter
Inertial Coordinate System

Current (Epoch) Inertial Coordinates

Initial
Current Time Indicator
Operational Instruction

Channel, Duct

Commander

Kilo

Space Vehicle

Efficiency

Short Waves

Pressure Equalization Valve
Water Coolant Loop
Interactive Multisystem Control Commands
Assured Crew Return Vehicle
Kilowatt

Kilowatt Hour

Tracking Globe Correction
Kilogram
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k'
KAY

KXKO

K3
KA
KHK
KK
KKA
KKC

KKT

KJIACC
KM
KMK
KHP
KO

KO
KOBb
KOK
Konceps.
Komnc.
KOHT
KOPP
KOT
KOX
KII

KII

K1
KITIA
KIJQ
KIIII
Kp.
KPJI
KPYJ
KPYO
KC

KC
K-C
KCI
KCII
KCIl
KCII-JI
KCII-1T
KCC
KCY
KT
KTO
KTC
KY

KIY
KL
KL
KIK
KIIM
KD
KDH

Kunorepu

KombuHupoBaHHas [lBuratensHas
YcTtaHoBka

KoHTyp XKunbix OTcekoB

KopoTkoe 3ambikaHue
KocmoHaBT-MccnenosaTenb
KoHcTpykumst 1 KomnoHoBka
Kocmuueckuin Kopabnb

Kanagckoe Kocmnyeckoe AreHTCTBO
KnanaH KoHTtpons CTbika

(Mano# lNonoctn)

KnanaH KoHTpons ToHHens
(Bonbuwoi MNonocTu)

Knacc (y4ebHbin)

KunomeTp

Konogka MegkoHTpons (knemmHas)
KoHTyp HaBecHbIx PagnaTtopos
KoHTtakt OTaeneHus

O6paTHbI KnanaH

KoHTyp OborpeBa

KoHTyp OTkaukn KoHgeHcaTta
KoHcepBauus

KoHcynbTauus

KoHTponupoBaTtb

Koppekuusi (MaHeBp)

KonTenHep gna OTtxomos

KoHTyp OxnaxgeHus

KHonka NMepegayn

KomnnekcHas NMoarotoBka

KoHTtakT MNogbema

MupoknanaH lNycka AsoTta
MpenoxpaHuTenbHbIn KnanaH JpeHaxHbIn
Myckosow MNupoknanaH

KpeH

KomangHas PagnonuHumsa
KommyTtatop PY[

KommyTtatop PYO

KomnnekcHeih CteHa

Koney CBsaun

Kopabnb-CnacaTtenb

KnanaH CTtpaBnuBaHus [aBnenus
Komnnekc Cpegcts MNpusemneHus
MupoknanaH Cnuea lNepekucu
KomaHngHo-CurHanbsHoe lNone Jlesoe
KomangHo-CurHanbHoe [MNone Mpaeoe
Komnnekc Cpeacte CnaceHus
KomaHngHo-CurHanbHoe YCTpONCTBO
KomnnekcHbin TpeHaxep
KoHTeliHep Teepabix OTxon0B
Kocmuueckast TpaHcnoptHaa Cuctema
Kypcoson Yron

Kypc

Kocmuuecknin LieHTp

Kocmuueckni Llentp um. Nogoapaa
Kocmuuecknin LieHTp nm. [hkoHCOoHa
Kocmuueckuin LieHTp nm. KeHHegm
Kocmuueckuin LieHTp nm. Mapwanna
Komangup Jkunaxa
KomMOGUHUPOBaHHLI OneKTpo-
NIOMUHUCLEHTHbIN MHaOnkaTop

C-7

Kilohertz
Combined Engine Propulsion

Habitation Module Thermal Regulation
Loop

Short Circuit
Cosmonaut-Researcher
Construct & Configuration
Spacecraft

Canadian Space Agency
Interface Check Valve

(Small Volume)

Tunnel Pressurization Check Valve (Large
Volume)

Classroom

Kilometer

Medical Monitoring Terminal Block
Hinged Radiators Loop
Separation Contact

Check Valve

Heating Loop

Condensate Evacuation Loop
Conservation, Pickling
Cosultation

Periodic Monitoring
Maneuver

Waste Container

Coolant Loop

Push-To-Talk Button
Complex Training

Lifting Contact

Nitrogen Purge Squib Valve
Drainage/Pressure Releif Valve
Squib-Operated Start Valve
Roll

Command Radio-Line

THC Commutator

RHC Commutator

Systems Stand

Loss of Signal

Rescue Vehicle

Pressure Relief Valve
Landing Aids Complex
Peroxide Drain Squib Valve
Command-Signal Panel-Left
Command-Signal Panel-Right
Rescue Aids Complex
Command-Signal Device
Complex Simulator

Solid Waste Container

Space Transportation System
Azimuth Angle

Yaw, Course, Azimuth

Space Centre

Goddard Space Flight Centre
Johnson Space Centre
Kennedy Space Centre
Marshall Space Flight Centre
Crew Commander

Combined Electro-luminescent Indicator
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JIao.
JIB
JleB.
JI3I1
JU
JIJI
J-J
JIIT
JIIP
JCK

M/ceKk
MAT
MBEC
MB
MB
MB
Mmr
MI'K
MI'C
MI'u
MHUH
MK
MKC
MK®
MK34
MM
MM
MM.pPT.CT.
MHM
MH26
MO
MII
MII
MC
MCK
MCII
MCIID
MY

HA
HA3
Haxu1.
HACA

HACJIA

HB

JTaBopaTopus

JInHna Busnposaxus

JleBbii, JleBOCTOPOHHUN
Jlamenb 3akpbiToro MNMonoxeHus
JleTHble UcnbiTaHua

Jletatowas JlabopaTtopus
JTiok-nas

JIntnesbin Mornotutens CO2
JlazepHbii JansHomep
JlyueBas Cuctema KoopanHat

MeTtp

MeTtpos B CekyHay

MarHuTodoH

MexbopToBas CeA3b

MaHoBakyymMmmeTp

MockoBckoe Bpems

MecTtHas BepTukanb

MecTHas NopusoHTanb

MexaHusm NepmeTumsaumm Kpbliiku
Mexannam N'epmeTtusayum CTbika
Meralepy,

MunyTa

MeguumHcknin KoHTpornb
MexpgyHapoaHas Kocmuuyeckasa CtaHums
MwukpodoH

MakcumansHoe HanpsikeHue(gaTyumk)
MaTtemaTtnyeckaa Mogenb

MunnumeTp

MunnumeTp PtyTHOro Ctonta
MaHomeTp

MwuHumanbHoe HanpsixeHne (gatumk)26
MatemaTtnyeckoe ObecneveHne

Manas Nonoctb

Msrkoe lNMpuyannesaHue

Msirkas CTblkoBKa

MockoBsckoe Bpemsa (JekpeTHoe)
MHorocermeHTHas NoaroToBka
MHorocermeHTHas NogrotoBka Jkunaxa
Msrknin Ynop

H

Hay4Has AnnapaTtypa

Hocumbin ABapuiiHbiin 3anac
HaknoHeHne

HaunoHnanbHoe YnpasneHne no
aspOoHaBTMKE N NCCIeL0BaHNI0
KOCMMYECKOro NpoCcTpaHcTea
HaunoHanbHoe AreHTcTBO Mo
a3pOoHaBTMKE W UCCIeAOoBaHMIO
KOCMUWYECKOro NpocTpaHcTBa AnoHun
Hayano Butka

C-8

Laboratory

Line of Sight

Left Hand

Closed Position Wafer Switch
Flight Test

Airborne Laboratory

Hatch Manhole

Lithium CO2 Absorber

Laser Range Finder

Radial Coordinate System

Meter

Meters per Second

Tape Recorder
Space-to-Space Communications
Vacuum Pressure Gauge
Moscow Time

Local Vertical

Local Horizontal

Door Sealing Mechanism
Interface Pressurization Mechanism
Megahertz

Minute

Medical Monitoring
International Space Station
Microphone

Maximum Voltage (Sensor)34
Math Model

Millimeter

Millimeters of Mercury
Pressure Gauge, Manometer
Minimum Voltage (Sensor)26
Software

Minor Volume

Soft Berthing

Soft Docking

Moscow (Standart) Time
Multi-Segment Training

Crew Multi-Segment Training
Soft Stop

Scientific Hardware
Post-Landing Survival Kit
Inclination

National Aeronautics and Space
Administration

National Aeronautics/Space Development
Agency of Japan

Ascending Node, Beginning of the Orbit
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HJ
HAMI
Herepm.
HK
HKO
HM

HO
HOK
HITO

HP
HPOK
HC
HC
H/C
HXP
HXP
HITY
HILC

H2II

OB
06.

OBJI
OB

OB

OBK
OBI
Oorb
oJIP
o3y

OK
OK
OK
OK
OKII

OoMCII

00

o1

OILJI
OPHUEHT
ocC

ocC

oc oy
OCK
ocn
OTa.
OTKJI
OTKP
OTp.
OTCTBIK

HapyxHbin QuameTtp
HecummeTpuyHbin JumeTunrugpasvH
HerepmeTuyHocTb

Hauyano KoopguHaTt

HazemHasa KomnnekcHas OTtnagka
HapyxHasa Maructpanb

HasemHbin OpneHTup

Hacoc OTtkadkmn KoHgeHcaTta
HayuHo-lponsBoacteeHHOe
O6beanHeHne

Hacoc Py4yHon

Hacoc Py4yHon OTkaukmn KoHageHcaTa
Hauano Cessn

HepacueTHas Cutyaums
HewTatHble Cutyauuu (6/4)
HaeecHon XonoauneHeln Pagnatop
HapyxHbin XonoauneHbin Pagnatop
HazemHbin LieHTp YnpaBneHue
HewTatHasa Cutyaums

HayuHo-OHepreTuyeckas Nnatdopma

O

Okucnurens

Opb6wutanbHein bnok (Mogynb)
O6opoTt

O6bnacTtb

OnTuyeckun Busnp

Ocb BpauleHus

Oco60 BaxHble KomaHabl
OnTuko-BusyanbHbie Mpubopsb!
Otaensiembin MonosHow Brnok
OT1601 OuHamunyecknx Pexnmos
OnepaTtneBHoe 3anomuHatoLlee
YcTponcteo

OtceuHon KnanaH
O606LeHHas KomaHnaa
Opb6utanbHein Komnnekc "Mup"
OpbuTanbHbii Kopabnb
O6wwekocmuyeckas Moarotoska

O6beamHeHHass MHorocermeHTHas
NoaroToBKa

OnTuyeckaa Ocb

OnoBeLyaTenb

OtkpbiTHe MNepexoagHoro Jlioka
OpueHTauus

ObpaTHasa CBsa3b

Ocb CummeTpun

Onepatop Cesaau LIYT]
Opb6utanbHas Cuctema KoopguHat
OcHoBHasa Cuctema lNapalutotoB
OTpeneHve

OTKMNOYNTb

OTkpbITb, OTKPLITO
OTpuuatenbHbiv

OTcTbikOBaTHL

C-9

Outside Diameter

Unsymmetrical Dimethylhudrazine
Leakage

Origin of Coordinates

Ground Complex Adjustment
External Manifold

Landmark

Condensate Evacuation Pump
Scientific Production Association

Manual Pump

Manual Condensate Evacuation Pump
Acquisition of Signal
Off-Design Situation
Off-Normal Situations Checklist
Attached Cooling Radiator
External Cooling Radiator
Ground Control Center
Off-Normal Situation,
Off-Nominal Situation

Scientific Power Platform

Oxidizer

Orbital Unit (Module)
Revolution (Orbit)

Region

Optical Sight

Axis of Rotation

Critical Commands
Optical-Visual Devices
Main Separable Unit
Dinamic Modes Termination
Operative RAM

(Random Access Memory)
Shutoff Valve

Generalized Command

Mir Station

Orbiter

General Space Training,
Basic Training

Joint Multi-segment Training

Optic Axis

Informer

Transfer Hatch Opening
Orientation, Attitude

Feedback

Centre Line, Axis of Summetry
Mission Control Communicator
Orbital Coordinate System
Primary Parachute System
Separation

Disconnect

Open

Negative

Undock
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I1 CO2
HAO
IHAY
I1b
I16B

IIBK
1B
IIBKB
IIBK
IIBM
IIBY
nr

nr
nr
nra
nr3
nrc
i
Iy
Iepekr.
Ilep.T
3
113
3
I13BC

3y

K

K

K

K

K
KT
IIKH
IIKII
M
IIMO
ITH
ITHK
IO

10

IO

mo

mo
nmoarorT
MOAKJI
MMOJACTBIK
Mo
IMocr. T
IMo4cC
1111

111

Iv/II
IIIK

Mepnog

lNoaroToBKa

Mornotutens CO2
MpunbopHo-ArperaTHbii OTcek
lMonyaBTOMaTU4eckoe YnpasneHme
MoaroTtoBka Ha bopTy

MupoknanaH Be3onacHocTy npu
MpuBoaHEHMN

MynbT Briokmposku Knanaxa
MoneTtHoe Bpems

MoaroToBka nNo BepkmBaHMio

MynbT Belgaum KomaHg,
MporpammHo-BpemeHHon MexaHunam
MporpammHo-BpemeHHoe YCTponCTBO
Mogrotoeka B Coctase [pynnbl

MonesHbini [py3

MpuBoa Ynopos NHe3na
MHeBMorngpoarperat

MpotmBoras

MpuBog NepmeTtunsauyum CTbika
MpunbopHas [ocka

MocagoyHas OBuratenbHas YcTtaHoBKa
MepekntoyaTenb

MepemeHHbI Tok

MpuBog 3awienok

MonetHoe 3agaHune

MpakTuyeckne 3aHATus

MynbT 3awmTtbl BeHTnnsatopos
CkadangpoB

MocTosaHHOe 3anomuHatoee YCTpoCcTBO

MupoknanaH

MpenBaputenbHbli KnanaH
MpenoxpaHuTenbHbIn KnanaH

MynbT Komang

MynbT KocmoHaBTa

MupoknanaH MepmeTnsauun
MpeobpasosaTtenb Kog-HanpsikeHne
MpomexyTouHbIn KoHTyp MNogorpesa
Mpy>XUHHBLIN MexaHn3m

MynbT MeguunHckmnx ObecnenosaHui
MuponaTtpoH

MpeobpasoBaTtenb HanpshkeHne-Koa
MatpoH OuncTkn

Mognexut OnpegenexHnto
MoneTHble Onepavmm

MpunbopHbI OTCEK

MpogonbHasa Ocb

MNoparotoBuUTH

MopknounTb

lMNoacTbikoBaTh

MonoXxuTenbHbIN

MocTosiHHBIN TOK

Mo Yacoeon Ctpenke

Mpaktnyeckasn MogrotoBka
MpocTpaHcTBEeHHOe [NonoxeHne
Mporpamma lNoneta (6/n)
MocnenoneTHbIn NpodmnakTnyeckuin

C-10

Period

Training, Preparation

Carbon Dioxide Absorber
Instrument Module
Semi-Automated Control
On-Board Training
Splashdown Safety Pyrovalve

Valve Inhibit Switch

Mission Elapsed Time
Survival Training

Command Panel

Program Timing Mechanism
Program Timing Device
Group Training Phase,
Advanced Training

Payload

Drogue Stops Drive
Pneumatic/Hydraulic Unit
Breatring Gas Mask
Interface Sealing Drive
Instrument Panel

Soft Landing Rocket Motors System
Switch, Selector

Alternating Current

Latch Drive

Mission Task

Practical Studies

Spacesuit Fan Circuit Braker Panel

Non-Volitale ROM
(Read-Only Memory)
Pyrovalve

Prevalve

Safety Valve, Pyrovalve
Command Panel

Crew Display, Control Panel
Pressurization Pyrovalve
Code-Voltage Transducer
Intermediate Heating Loop
Spring Mechanism
Medical Examinations Panel
Pyro Cartridge
Voltage-Code Transducer
Purification Cartridge

To Be Determined

Flight Operations
Instrument Module
Centreline

Prepare

Connect, Hook Up, Plug In
Connect

Positive

Direct Current

Clockwise

Practical Training

Attitude

Flight Program Checklist
Postflight Adaptation Suit
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HIK
IITH
IIC
T
s
1P
Ipas.
IIp.
Ip4
P
PM
ITPOB
mpII
Inc
Inc
Ic
IICK
IICK
Incm
IICII

ICcC
TP
my
my
my
my
my
nx0
[116)

Pazapp.
PA3TEPM
PA3STEPM
Pasr.

PAIl

PACCT
PACOUKCHUP
Pb

PBC

PBC-Y

PB

PI’
P/T
PI
Pa
PJACI
PEI'
Per.
PET'YJINP
PEX
P3

PK
PKA
PKK

KocTiom

MpoTmBoneperpy3oyHbii KocTiom
MoaroTtoBka no MNopaepkaHnio HaBbikoB
MynbT MutaHusa Cuctem
MoteHunomeTp MNonoxeHna LtaHr
Mporpamma Moneta Bkcneanunm
Moanexut PeweHunto

MpaBbii, NpaBoCTOPOHHMI
Mporpamma (MBY)

MpoTtue Yacoson CTtpernku
MepenaTumk

MprnemHuk

MpoBepuTb

MoteHumnomeTp Paccornacosanus LUtaHr
Maccaxwup

MogrotoBka no Cnuctemam

Mynbt CBA3K
MounckoBo-CnacatenbHbii Komnnekc
MpunbopHasa Cuctema KoopauHat
MpuBog CTbikoBOYHOrO MexaHnama
MoaroTtoBka LIYT-Okunax no CermeHTy
MapTHepa

MounckoBo-CnacatenbHas Cnyxba
MoaroTtoBka k PaboTe Ha TpeHaxepe
MaHenb YnpaBneHus

MprnemHoe YCcTponcTBo
MporpammHoe YCTponcTeo

MynbT YnpasneHus

MyckoBasa YcTaHoBKa

MepexoaHon OTcek

MoaroToBka B CocTaBe Jkumnaxa

PaszappeTtupoBaHune
PasrepmeTtnsauus
PasrepmeTtunanpoBatb

PaaroH

Py4yHol AHTeHHbIN MNepekntovaTtens
PaccTbikoBka, PaccTbikoBaTb
Pacdumkenposatb

PesepsHasa batapes

PoseTtka bBopToBon CeTn

Posetka bopTtoBon CeTtun
YHucbumumposaHHasi

Pene Bpemenu

Pexwum MoToBHOCTH

Pagnorpamma

Perynatop [daBneHus

PenykTop Huskoro [laBneHus
Perynatop [JasneHus c Nogcocom
Perynuposka

Perynstop

Perynuposatb

Pexum

Pexum 3axeaTa

PyyHon KnanaH

Poccuickoe Kocmuueckoe AreHTcTBO
PakeTHo-Kocmuyeckas Kopnopaums

Anti-Gravity Suit

Proficiency Training

Systems Power Supply Panel
Rods Position Potentiometer
Flight Mission Plan

To Be Resolved

Right Hand

Program Timing Device

Counter Clockwise

Transmitter

Receiver

Verify, Check

Rods Misalignment Potentiometer
Passenger

Systems Training

Communication Panel
Search-Rescue Complex
Instrument Coordinate System
Docking Mechanism Actuator
MCC-Crew Partner Segment Training

Search-Rescue Service
Presimulator Training
Control Panel

Drinking Dispenser
Sequencer

Control Panel

Launcher

Transfer Module

Crew Training,

Increment Specific Training

Uncage, Free

Depressurization

Depressurize

Acceleration

Manual Antenna Switch
Undocking, Undock

Unfasten, Unlock

Backup Battery

Onboard NetWork Outlet
Universal Onboard NetWork Outlet

Time Relay, Timer

Stand By Mode

Radiogram, Radio Message
Pressure Regulator

Pressure Reducing Valve
Inleakage Pressure Regulator
Adjustment

Regulator

Adjust, Regulate

Mode

Capture Mode, Lock-On Mode
Manual Valve

Russian Space Agency
Rocket Space Corporation
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PKK-3

PKO
PM
PH
PHOK
PO
PO
PII
PII
PII
PII
PIIB
PIIB
PP
P/P
PPB
PPK
PPII
PPCT
PC
PC
PCB
PCT
PTMC
PTC
PTCC
PYAC
Py
Py
PYI
PYO
PYC
Pyun.
Poick.

CA
CAC
Cb
CBbHU
CBK
CBJINXK
CB
Cs.
CBO
CBO
CBY
cr
cr
cr
Ca
CJIB
Ccar

Can
CIK

PakeTHo-Kocmunyeckasi
Kopnopauus"3Heprus"
PaguokoHTpons OpbuThl

Pabo4yee Mecto

PakeTta-Hocutenb

PyuHon Hacoc Otkaykn KoHgeHcaTta
Pabouwnin OTtcek

PyyHast OpueHTaums

ParioH MNpusemneHns

PauwnoH Mutanusa

Pykosoautens NMoneta

Py4Hoe lNpuyanueaHne

Perynatop Notoka Bo3ayxa

PyyHas MNogayva Bosayxa

Pexum PeTtpaHcnsauum

PesepBHble Pexunmbl (6/4)
Perynatop Pacxopa Bosgyxa
Perynatop Pacxoga >Kngkoctu
Paspewenne Pabothl Mo MNMpusHakam
PaspelueHne PaccTbIKOBKK
Paguocuctema

Poccuiickmuin CermeHT

PyyHoe ConuxeHne

PyyHas CTbikoBKa
Pagnotenemetpuyeckas Cucrtema
PaguoTexHnyeckaa Cuctema
PagnotexHudeckasa Cuctema CTbIKOBKU
PacueT YctaBok ABTomaTtmyeckoro Cnycka
PereHepaunoHHas YcTaHoBKa
Py4yHoe YnpaBneHue

Py4yka YnpasneHus [BuxeHnem
Pyuka YnpaeneHuss OpueHtaumen
Py4yHoe YnpasneHune Cnyckom
Py4Hom

PbickaHne

CeBep

Cnyckaembli Annapart

Cuctema AeapunHoro CnaceHus
ConHeyHasa batapes

Cuctema bopTtoBbix M3amepeHun
C6opHuk KoHgeHcaTa

ConmxkeHune

Ceepka BpemeHru

Cessb

Cuctema BHyTpeHHero OcBelueHus
Cuctema BogoobecneueHus
CeepxBbicokasa YactoTa
CeoboaHbIn MNpockon

Cwunosoi 'mpockon

CTblkoBOYHOE [He30

ConHeyHbI JaTumk

Cuctema [bixaTensHon BeHTunsumm
Cwvrnanusatop JaBneHusi B MMHum
optovero CK

Cwvrnanunsatop JaBnenusi [uratens
Cwurnanusatop JasneHus B Kamepe
CropaHus

Rocket Space Corporation Energia

Orbit Radio Tracking

Work Station (Place)

Launch Vehicle

Manual Condensate Evacuation Pump
Work Module

Manual Orientation

Landing Site

Food Ration

Flight Director

Manual Berthing

Air Flow Regulator

Manual Air Supply

Retransmission Mode, Relay Mode
Backup Modes Checklist

Air Flow Regulator

Liquid Flow Regulator

Onboard Computer Command Clearance
Undocking Permission

Radio System

Russian Segment

Manual Approach

Manual Docking

Radio Telemetry System

Radio Engineering System

Radio Engineering System Approach
Automatic Descent Dataset Calculation
Regeneration Unit

Manual Control

Translation Hand Controller

Rotation Hand Controller

Manual Controlled Descent

Manual

Yaw

North

Descent Module

Launch Escape System

Solar Array

Onboard Measurement System
Condensate Accumulator
Rendezvous, Approach

Time Synchronization
Communication

Internal Lighting System

Water Supply System

Ultra High Frequency

Free Gyroscope

Powered Gyroscope

Docking Drouge

Solar Sensor

Ventilation Valve System
Propellant Line Pressure Warning Indicator

Engine Pressure Warning Indicator
Combustion Chamber Pressure Warning
Indicator
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CIH
CJl0

Cap
CeK.
Cem.
CXKO
CHO
CHOC

CHPT

CK
CK
CKT'C

CKJ[
CKK

CK®
CJr
CM
CM
CM
CM
C/M
CMH
CO
COwu3
COA
corc
COXK

(6{0) 1
con
conu

COTP
cov]

CIlI
Ccna
Cla
Ccna
Cn.
CIIAC
CHrc
CIa
CII’K
CIIC
Ccp
CPH
CPO
CPC
CC
CCB3
CCBII

CT
C/T
C/T
CTA

CurHanusaTop [daeneHua Hapayea
CurHanmsaTop [JaBneHus B MHUK
Okucnutens CKa

CurHanmsaTop [daBneHus 3a Pegyktopom
CekyHoa

CemuHap

Co6opHuk XKugkmx OTxogos

Cuctema VcnonHutenbHbix OpraHoB
Cuctema VicnonHuteneHbix OpraHoB
Cnycka

Cuctema M3amepeHusa Pacxoga Tonnmea

CrapTtoBbli Komnnekc
CTbIkoBOYHBIN KoHyC

Cuctema KoHTpons NepmeTnyHocTU
CTblka
ConwxatoLie-Koppektupytowmii [lsuratens
Cuctema KoopauHat, CBsizaHHasi €
Kopabnem

Ckagpangp

CandeTku JlndyHom MrmneHsi
CnyxebHbih Mogynb

CTbIKOBOYHbIN MexaHnam
CTblkoBOYHasA MulleHb
CTbIkoBOYHBIN Mogyrb
CnpaBoyHble Matepuansl (6/4)
CeeTtoBow Masik IMnynbCHbIN
ConHeyHast OpueHTaums
ConHeuHasa OpueHTauua n 3akpyTka
Cuctema Ounctkm ATmocdepsbl
Cuctema ObecneyveHns Mazosoro Coctasa
Cuctema ObecneyeHus
YKnsHegearenbHoCcTU

Cuctema OTobpaxeHnss MIHdpopmaumm
Cuctema ObecnedveHus MNuwen
Cuctema OnoBelleHus n
MpenynpexaeHns

Cuctema ObecnedeHuns TennoBoro
Pexnma

Cuctema OpueHTaumm 1 YnpasneHus
[BmxeHnem

CamonoarotoBka

Cuctema NMpunsemneHus

Cnyck

CTblkOoBOYHas NMnockocTb

CnaceHne

Cnacarenb

Cuctema lNopaum Mazosor Cmecun
Cwurnanusatop lNepenaga [asneHus
Cuctema MNMoxapoTyLeHus

CpouHoe lMNMoknaaHne CtaHumm
Cuctema Pasgeneruns

Cuctema PagnoHaBeneHus
CeTunbHukn Paboyvero OcelleHus
Cuctema Pagnocesasun

Cucrtema Ctabunusauum

Cuctema Casasu "bopT-3emnsa”
Cuctema CTbIKOBKM U BHyTpeHero
Mepexona

CTaHuus

CeeT1/TeHb

CeeT/TeHb

CTbIKOBOYHbIN ArperaT

Pressurization Warning Indicator
Oxidizer Line Pressure Warning Indicator

Pressure Reduction Warning Indicator
Second

Seminar

Liquid Waste Receptacle

Actuator System

Descent Reaction Control System

Propellant Consumption Measuring
System

Launching Complex

Docking Cone

Interface Pressurization Control System

Orbital Maneuver Engine
Body-Axis Coordinate System

Spacesuit

Personal Hygiene Napkins
Service Module

Docking Mechanism

Docking Target

Docking Module

Reference Materials Checklist
Flashing Light Beacon

Sun Orientation (Attitude, Pointing)
Sun Orientation and Spin (Rotation)
Atmospheric Purification System
Atmosphere Revitilization System
Life-Support System

Data Display System
Food Supply System
Caution & Warning System

Thermal Mode Control System
Attitude and Motion Control System

Self-Training, Tutorial

Landing System

Descent

Docking Ring Interface

Rescue

Rescuer

Gas Mixture Supply System
Differential Pressure Warning Indicator
Fire Supression System,

Emergency Escape Station

Separation System

Radio Guidance System

Work Lights

Radio Communication System
Stabilization System

Space-to-Ground Communication System
Docking and Internal Transfer System

Station

Day/Night
Light/Shadow
Docking Assembly
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CTH
CT3
CTP
C/®
cy
cy
CYBK

CcyJl
CYC
CY-A
cy-ln
cuI
CIlI
[6e)1|

Tao..
Tamnr.
TAC
Tb

Tb

TB
TBC
A

A
TAK
Temm.
Teoper.
T3
T3K
TK

TK

TK
TKI'
TK-BO
TK-CA
TJAr
TJID
™
THI'
TO
TOKC

TOPC

TOPY
TII
T
TII
T
TII
TP
TPC
TCO
TCI

T/C
T/C

Cuctema TepmogaTynkoB
Cwucrema TepmosawuThl
Cuctema TepmoperynmpoBaHus
CeeTodunbTp

CTbIKOBOYHbIV Y3en
CTbIKOBOYHOE YCTPOMCTBO
Cuctema YnpasneHusi bopToBbim
Komnnekcom

Cuctema YnpasneHus [BuxeHnem
Cuctema YnpaeneHust Cnyckom
CTbIKOBOYHbIN Y3en AKTUBHbIN
CTbIKOBOYHbIV ¥Y3en MNaccuBHbIN
Cunosas LWnHa

CTblkoBoYHas LWTaHra

Cuctema dnektponutaHus

Tabnuua

TaHrax

TpeHaxep AmepukaHckoro CermeHTa
TonnueHbIn Bak

TonnusHas batapes

TeneBunagenne, TeneBU3NOHHbIN
TenesnsmoHHasa Cuctema
TemnepatypHbii JaTtumk
TepmogaTumkm

TpeHaxep AnHammyecknn KomMnnekcHbIn
Temnepatypa

TeopeTnyeckun

TennosawuTa

TepmosalwmnTHbii KocTiom
TennoobmeHHUK-KoHaeHcaTop
TenesunanoHHasa Kamepa
TpaHcnopTHbI Kopabnb
TpaHcnopTHbI Kopabnb Mpy3oBon
TeneBunsnoHHas Kamepa bO
TeneBnsnoHHas Kamepa CA
Tenerpad

TenedoH

Tenemetpusa

TaHreHTa

TexHuveckoe ObecneyeHne
TpeHaxHoe ObopynoBaHue Kocmumueckon
CtaHumm

TpeHaxHoe Ob6opyaoBaHue Poccumnckoro
CermeHTta

TeneonepatopHoe Py4yHoe YnpaBneHue
TeopeTtuyeckas MNogrotoeka
Topmo3sHon MapawutoT

Touka Mocagku

Touka NMpusemneHus

Touka Mpruenueanus

TpeHaxep

TpeHaxep Poccuinckoro CermeHTa
TpeHaxHo-CteHgoBoe O6opyaoBaHue
Tabno CurHanbHoe
OneKTpOoNtoMUHECLIEHTHOE

TeHb/CBeT

TeHb/CBeT

Thermal Sensor System

Thermal Protection System
Thermal Control System

Light Filter

Docking Assembly

Docking Device

On-Board Complex Control System

Motion Control System
Descent Control System
Active Docking Node
Passive Docking Node
Power Bus

Cross Bar

Power Supply System

Table, Chart

Pitch

American Segment Trainer
Propellant Tank

Fuel Cell

Television

Television System
Temperature Sensor
Thermal Sensors

Complex Dynamic Simulator
Temperature

Theoretical

Thermal Protection

Thermal Protective Suit
Heat Exchanger/Condenser
Television Camera(TV Camera)
Transport Vehicle

Cargo Transport Vehicle
Orbital Module TV Camera
Descent Module TV Camera
Telegraph

Telephone

Telemetry

Push-to-Talk Button
Engineering

Space Station Training Facilities

Russian Segment Training Facilities

Teleoperator's Manual Control
Theoretical Training

Drogue, Braking Parachute
Landing Point

Landing Point

Aiming Point

Simulator, Trainer

Russian Segment Trainer

Training Facilities
Electroluminiscent Indicator Display

Night/Day
Shadow/Light
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T-C
T-C
T43

YA
YA
¥Y3M
YK
YKB
yon
p4 1
yi
AL
Yup.
YPJ
YPM/

YCM
YCO3
yy
YY BT

Yo
YIrK

D

()]

D

D/A
dI'b
orc
OUKCHUP
dOM
OT
Pr.
dD1/cek
()7
D/

XCA

AT

BM
B

LK

TeHb-CBet
TeHb-CBeT
TpeHaxep no YacTHbiM 3agadam

Yron ATtaku

YaapHbin JaTumk

YmeHuna, 3Hanusa, Motneauus

YuebHbinn Kypc (Mporpamma)
YnbTpakopoTkne BonHebl

YcTtporncteo OTobpaxeHus MHdopmauum
Yron Nocagkn

YyebHoe Nocobure

Yeunnutens MNMpomexyToyHom HacToThbl
YnpaeneHue

Ynpaensawowun PeaktueHbl [Buratens
Ynpaenstowmi PeakTuBHbIN
Mwukpogsurartens

YHuBepcarnbHbIi CTbIKOBOYHbI Mogynb
Yron ConHue-O6bekT-3emns
Y3koyronbHbii O6bekTnB
Y3koyronbHbii O6bekTnB BHelwHen
Tenekamepsbl

YnbTpadroneToBbIi

Ynpasnsiiowmin AnekTpoasuratenb

(0>

da3sa

dunbTp

dopma

doToannapar

DyHKUMOHanNbHbIN [py3oBon briok
®dunbTp MNasoxugkocTHo Cmecun
dukenpoBaTtb

dasoBas Moagynauus
DyHKUMOHanNbHbIM TpeHaxep
oyt

®dyTOB B cekyHaOy

®a3zoBbIn Yron

doToanemeHT

X

XonoannbHo-CywnnbHbI Arperat

L

Lindpposoi-AHanorosblii
MpeobpasoBartenb

LUndposas BeluncnmrensHas MawnHa
LleHTpanbHoe [JHeBHOE Bpems
Lndpposoin NHgmkaTop

Lindposon KoHTyp

Sunset-Sunrise
Shadow-Light
Part Task Trainer

Angle of Attack

Shock Sensor

Skills, Knowledges, Attitude
Curriculum

Very High Frequency

Data Display Device

Landing Angle

Training Manual, Workbook
Intermediate Frequency Amplifier
Control

Reaction Control System Jet
Reaction Control Microthruster

Universal Docking Module
Sun/Spacecraft/Earth Angle

Narrow-Angle Objective

Narrow-Angle Lens of External TV Camera

Ultraviolet
Electro-Hydrautic Control Valve

Phase

Filter

Form, Shape
Photographic Camera
Functional Cargo Block
Gas-Liquid Mixture Filter
Fix, Clamp, Stop
Phase Modulation
Functional Simulator
Foot (Feet)

Feet Per Second
Phase Angle

Photo Cell

Cooling-Drying Unit

Digital to Analog Converter

Digital Computer
Central Daylight Time
Digital Indicator
Digital Circuit
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oM Lleneson Moaynb Specialized Module
OM-]1 Lienesoin Moaynb [loocHalleHus Specialized Supplemental Module
IM-3 Lleneson Moaynb 3kcnepMMeHTanbHbIn Specialized Experiment Module
.M. LleHtp Macc Centre of Mass
IL.T. LleHTp TspkecTu Centre of Gravity
no LleHTpanbHbin OroHb Central Light
an LleHTpanbHbIv NMpoueccop Central Processing Unit
OInK LleHTp MNMoarotoBkn KocmoHaBTOB Cosmonauts Training Center
LK LleHTp MNoarotoBkn KocMoHaBTOB nM. Gagarin Cosmonauts Training Center
KO.A.larapvHa
ocCB LleHTpanbHoe CtaHgapTHoe Bpems Central Standard Time
oy LleHTp YnpasneHus Nonetom Mission Control Centre
ayin-m LleHTp YnpaBsneHus Nonetom- Mocksa Mission Control Centre-Moscow
oyi-x LleHTp YnpaBneHus Nonetom- XblOCTOH Mission Control Centre-Houston
IIYHII LleHTp YnpaBnenus HewTtaTtHbiM MNonetom Emergency Mission Control Centre
OyIIH LleHTp YnpaBneHus NonesHbiMu Payload Operation Control Centre
Harpyskamu
ne LleHTpudpyra Centrifuge
Yy
/b YepHo-benbin Black & White
M YactotHaa Mogynsums Frequency Modulation
YTB Yachbl TekyLlero BpemeHu Clock of Current Time
"c" YacTtoTHbin uana3soH "C" (3000- C-Band
7000 Mlu)
"L" YacTtoTHbin nanasoH "L" L-Band
(1100-2100 M)
"Ku" YacTtoTHbIi nanasoH "Ku" (11-14 Ku-Band
Mu)
"s" YacTtoTHbin mnanasoH "S" S-Band
(2100-2300 M)
1]
11} LWvpoTa Latitude
111 Wap-bannoH Spherical Tank
B LUtencenbHas Burnka Plug
110 LWLinemodoH Headset
1103 LUtencenbHbIn Pasbem Connector
/P LWtaTHble Pexumebl (6/4) Normal Modes Checklist
11(8 Wryuep Cnuea Drain Outlet
IITII LLnpoTa To4kn Nocagkm Landing Site Latitude
my LLinpokoyronbHein O6beKkTUB Wide-Angle Objective
my BT LLinpokoyronbHbin O6bekTuB BHelwHen Wide Angle Lens of External
Tenekamepsbl TV Camera
L,
mPII Lntok Pacnpegenerus MNutaHusa Power Distribution Box
3
) OkBatop Equator
9 Okcneanums Expedition
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)1\
UM
I9KI'
I9KI'
9KO0
k3.
1.
2JIT
IMT
9H
9HA
9BM
20

€)1}

IIK
SIIK-H
SHK-IT

SMK-P]I

MK-CJ

AN
A0
Al
AP
SApk.

OnekTpoasuraTenb

OneKTpoHHbIN [ucnnen

O pexTnBHaga N3nyyaemas MowwHOCTb
OnekTpokapamorpamma
OnekTpoknanaH [loptouero
OnekTpoknanaH OkucnuTens

Ok3ameH

OneKTpuyecknn

OnekTpoHHonyyeBasa Tpybka
OneKTpoMarHuTHbI Topmo3s
OnekTpoHarpeBaTenb
OneKTpoHacocHbIn ArperaT
OnekTpoHHas BbluncnutensHas MawwnHa
Akenegmumna OcHoBHasdA

Akcneaunumsa MocelleHus

OneKTponHeBMOKanaH
OnekTponHeBmoknanaH Hapgaysa
OnekTponHeBmoknanaH Mogaum
Kucnopoga

OnekTponHeBMoKanaH PerynmpoBku
[asneHus

OnekTponHeBMoknanaH Copoca [aBneHusi

n3 bannona CA

L0

Avenka

Auenka QuogHas
Asbik Onepauuni
Asblk MNogroToBkm
Ayenika Penennas
ApkocTb

Electric Motor

Electronic Display

Effective Radiated Power
Electrocardiogram

Fuel Electric Valve

Oxidizer Electric Valve
Examination

Electrical

Cathode-Ray Tube
Electromagnetic Brake

Electric Heater

Electric Pump Unit

Computer

Main Expedition

(Long Duration Crew)

Visiting Expedition

(Short Duration Crew)
Electropneumatic Valve
Pressurization Electropneumatic Valve
02 Supply Electropneumatic Valve

Pressure Regulation Electropneumatic
Valve

Pressure Relief Electropneumatic Valve
(from Descent Module Tank)

South

Cell

Diode Cell

Language of Operations
Language of Training
Relay Cell

Brightness
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