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Manned Space Flight Program in
Soviet Union & Russia

> Theoretical Developments for Space
Research by Rocket Vehicles

> Rocketry: Science & Engineering
> Solar Planetary System Probes
> Manned Space Flight

> Health Care Programs

> Long-Term Life Support in Space



Origins of Manned Space Flights
IN Russia

1. Nikolai Kibalchich
(1853-81), a Russian
revolutionary and inventor.
He was the first to propose
a project of a manned flying
machine with an engine
powered by compressed-
powder candles.




Origins of Manned Space Vehicles
In Soviet Russia




The Rocket Equation

2. In 1903 Konstantin Tsiolkovsky expounded the theory of rocket flight

and proposed the use of rockets for interplanetary travel. Advancing

the hypothesis of the constant velocity of ejected reaction particles, he worked out
and thoroughly investigated the equation for rocket propulsion. With it

he established what we now call the Tsiolkovsky formula: the mathematical
relationships between rocket mass and fuel mass. I'rom this formula

a highly important deduction was drawn: that rocket velocity depends on

the relative weight of the rocket.




Origins of Manned Space Vehicles

In Soviet Russia: GIRD
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First Manned System

First Soviet plans to send a
man to space started in 1948.

Plans were to launch a
cosmonaut on board a
modified R-5 (SS-3).

M.K. Tikhonravov was In
charge of the design.




1955 Concepts

> FIve concepts for
suborbital flight
designed in 1955.

Sowjetischer Raketen by P. Stache
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— ‘Semyorka’ Rockets
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Vostok and Konstantir

He #
7 //eu-J. . st ritls
Craf dnans n/.o‘—‘.(
Lt Bt -

i

] {?OCM

FAR Enn. ne g,

‘“‘/"‘“‘- ’7‘3
e 2 1

(lll4 0/ . R

@
r -~ & r. ©.
f Mo AT ¥a R,y — VA [fable

7 Le xy.‘lﬁof,../&oyf, 1 Hend 4«./;,4’
Nod't"/ neschs beew, TDY |w“/\ 4./%(~?
?_&r.u.?,.’/—al Q@ caL§: M' 7.'27

WO a3 pagar. € N0, | 22 0ucg, DY, &

3. Huaer an LY. ~na :mmq; 3. FPany., rossa. eScid,

4}/: tasy seasane ~a7(o<,-.,4’{ 1 Sowrou wa @ ;t‘,.;,‘wl—.-
AM/.}C s go ‘reas .w"/'
wocae pod. T2Y 7 = 'M’
|« caly wtkoyem PLOBA,
2 AC{'Q)_ o & Ro w27
i r-n‘«]—k/‘“‘(' Sy e f’l‘-é.
Aty '”’ 7-’ 2, Kol caeer 2 %Sov,‘

Cem “,_‘,/-,..5. il ek w 'ﬂ
Loth. "ty o
s 73

k ir X .’Ju..,. D s 2

2. fer. Larweayadbr.
Q. 9,

RS

e

A Ao

f. A&

Al afltbt g

o« Clocor, 7‘
£ ne.

L enna

Feoktistov

Courtesy: Smithsonian Air and
Space Museum



Vostok First Design (1958)

OD-2 Spacecratft

From: Materialy po istorii

kosmischeskogo korablyam
“\Vostok”.

B. Raushenbaj, Moscow,1991.




\ostok (East)

COMMUNICATION ANTENNA RADIO SET, TELEGRAPH KEY,
ATTITUDE CONTROL HANDGRIP

INSTRUMENT
PANEL FILM CAMERA UMBILICAL
CONNECTOR

TV CAMERA HOUSING

VZOR 7 FOOD STORAGE
ORIENTATION 5
VIEWPORT

\_ COSMONAUT'S EJECTION SEAT
CARRYING EMERGENCY FOOD,
WATER, RADIO, DINGY AND
SURVIVAL KIT

RE-ENTRY MODULE —»|

* COSMONAUT'S
RETRO VIEW OF THE

B COMPRESSED SEQUENCE CABIN INTERIOR CONTROL
GAS TANKS

'4—— INSTRUMENT MODULE

TDU-1 RETRO ENGINE
* AMINE/NITROUS OXIDE
® 1,614 KGF THRUST
® SPECIFIC IMPULSE 266 SEC
SANITARY SYSTEM,
WATER ELECTRICAL POWER
SUPPLY SUPPLY SYSTEM

Drawing courtesy. of Dave \Woods




Vostok Flight Profile

© BEGIN ORIENTATION
FOR RETRO BURN AT ¢ RETRO BURN AND e FINAL STAGE SHUT DOWN
8000 KM FROM INSTRUMENT MODULE ORBIT INSERTION AT 678 SEC
LANDING SITE SEPARATION AT 10:25 MT
AT 9:51 MT BEGIN RE-ENTRY AT 10:35 MT

§ ® JETTISON HATCH AT 7000 M
® JETTISON CORE STAGE COSMONAUT EJECTS 2 SEC
FINAL STAGE IGNITION LATER AT 10:56 MT
300 SEC

® JETTISON / ‘
SHROUD
AT 156 SEC ® JETTISON HATCH AT
4000 M AND DEPLOY
BRAKING CHUTE

® SEPARATE STRAP-ON
STAGES AT 119 SEC

e COSMONAUT
SEPARATES

‘ FROM SEAT
N i AT 4000 M
'

e DEPLOY MAIN  \{
CHUTE AT
2500 M

P

¢ COSMONAUT LANDS
IN SARATOV REGION
® LAUNCH FROM BAIKONUR AT 11:05 MT (EST)
COSMODROME AT LENINSK
AT 9:07 MT

Drawing courtesy. of Ralph Gibbons



Vostok Spacecrait

COSMONAUT COSMONAUT'S
; PARACHUTE

MULTI-PIN
UMBILICAL  HAND CONTROLS

CONNECTOR

PISTON TO EJECT
SEAT FROM CABIN

SOLID ROCKET
ENGINES TO SEPARATE
SEAT FROM CABIN

%/ X OBLATIVE MATERIAL
COVERING
RE-ENTRY MODULE

PARACHUTE HATCH
(PARACHUTE INSIDE
NOT SHOWN)

b AV N { gy
Drawing courtesy of Dave Woods Vi BE. ) =

Courtesy. of Tsiolkovski Museum in
Kaluga
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lvan lvanovich as a prelude to
Gagarin
Korabl Sputnik 4 March 9, 1961

Courtesy Videocosmos

The Perot Foundation



1st Manned Flight April 12, 1961.

Images courtesy Videocosmos



Life Support in Space

> Gagarin: Vostok-1,04/12/61, 1 h 48 min
o Primary Life Support System (PLSS)

> Titov: Vostok-2, 08/06/61, 1 d 1h 18 min
o First report of SMS...

> Tereshkova: Vostok-6, 06/16/63, 2 d 22 h 50
min

e Severe SMS

> Humans are most vulnerable part of space
flight...



Physiological Side Effects in Space

> Medical Emergencies
o« SMS, toothaches, appendicitis

> Muscular Atrophy & Ol
o Strict exercise regime
> Bone Demineralization
o Countermeasures are not found yet

> Radiation
o Health deterioration & risk of cataract/cancer

> Soclo-Psychological Stress
o LOoneliness... Personality conflicts...



Ute of Bio-Medical Problems: IBMP




Vostok Disguised

ME BRMMEBEN MA TFACCY HAFOA - RECnDONEN,
cCOSAATENS SBECUEMNMNMX COMPODB NN,
M BOTYANK, HAK BHUNTAIN HOBLIX EnINNN,

FATAPHH, THTOB, HHHONAEB, NONOBMY

Images from Noyvosti' Kesmonautika and
Pravda



Voskhod (Sunrise)




Voskhod ||

RESERVE SOLID RETRO EVA FILM CAMERA
— THRUST 12000 KGF (RETRIEVED)

~ BURN TIME 2 SEC
- SPECIFIC IMPULSE 225 SEC COSMONAUT ON
~MASS 243 KG A 5.35-M TETHER
\\\
. EVA TV CAMERA _

f
a3

SN\
9\

EXPANDIBLE AIRLOCK
— DIAMETER 120 MM

~ LENGTH 2500 MM

-~ EXIT HATCH 70 MM

REENTRY 7

MODULE

/

V4
INSTRUMENT

- MODULE

Courtesy David Woods



Voskhod ||

The Voskhod 2 EVA systems. 1) The cosmonaut’s self-contained life support system

The Voskhod 2 EVA sequence. 1) Airlock extension; 2) Leonov prepares to enter
airlock, and dons the back-pack while Belyayev checks the integrity of the airlock lights: 4) airlock structure; 5) handrails; 6) cine-camera; 7) cine-camera: 8) airlock

L) : o . s . ressure reliel valve: 9) airlock exit hatch: 10) duplicate exit system back-up control
pressurisation; 3) Leonov opens the inner hatch and floats into the airlock: 4) the main PIESIIE (Sb S0 ah d) s e J dupiicate exit SyStem back upicontio.
panel; 11) airlock pressure valve: 12) cine-cam 13) lamp: 14) mechanism for
equalising pressure in the airlock chamber and cabin: 15) interior airlock hatch (main

(suit and back-pack): 2) the safety tether, with communications and telemetry wires: 3)

hatch is closed, and airlock pressure is released; 5) Leonov opens the outer hatch, and
floats outside to begin EVA: 6) Leonov during the EVA: 7) Leonov re-enters the spacecraft hatch): 16) exit system primary control panel; 17) spacecraft life support units
E £ I ) I ) p I PI

airlock; 8) the outer hatch is closed., and the airlock repressurised: 9) the main hatch is for cosmonauts in spacesuits; 18) independent airlock pressurisation system; 19)
A . : : . . clectronically controlled valves; 20) gas pressure reducers: 21) cosmonaut couches: 22)

opened, and Leonov returns to the cabin; 10) the inner hatch is closed, and the airlock is e e e e S

i ; spacesuit and cabin pressurisation system: 23) electrical cable connections: 24) umbilical

depressurised and released. connects between spacecraft life support system and cosmonaut pressure garment: 25)

gas transfer line.

From: The Rocket Men from Rex Hall and David
Shayler. Praxis Springer. Publ.



Voshod Il: first EVA

- March 18, 1965: Voskhod-2
* Crew: Belyayev & Leonov
* Mission: 1d 2h 2 min
* Alexel Leonov —the first
man to walk in space
« Suit was nominally
pressurized at
5.87PSI = 40.45 kPa =
~ 0.4 atm
*To get back to the vehicle:
*Pressure had been
decreased to ~ 0.2 atm
sLeonov lost more than
10 Lbs of weight

From: David J. Shayler “Disasters and Accidents in Manned Space Flight”, 2000



Alexser Leonov picture courtesy of RSC Energia.
\OosKknod pictures from Pablo de Leon



RE-ENTRY SOLAR
VEHICLE COLLECTOR\

MISSION \
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The General Electric proposal for the US Apollo lunar spacecraft, ¢.1960-61 and
landing sequence. This design featured a three-module spacecraft design — an option
which was also adopted for Soyuz. (Courtesy NASA.)

> Uses same booster as VVostok
> Incorporates novel escape system

> Bell shaped return vehicle instead of
sphere

> “Mission” or Orbital Module
> Propulsion Module

Figure 41

Soyuz 4 spacecraft with active (probe) docking apparatus.
(Drawing by R.F. Gibbons)

P 7/“‘[,




Soyuz Configuration

ORBITAL MODULE ISS DOCKING PROBE

MASS: 1.300 KG
HATCH TO ISS

CAMERA
TV ANTENNA

HATCH TO LANDING
MODULE

LANDING MODULE CATCHTO ORBITAL
MASS: 3.000 KG MODULE
From Handbook of Soviet

PARACHUTES COVER'S Manned Space Flight
HATCH by Nicholas Johnson

PORTHOLE

HEATSHIELD T :
¥ 5

SERVICE MODULE REENTRY MODULE

INTERFACE
MAIN ANTENNA

AVIONIC SECTION THRUSTERS
(PRESSURIZED)

MASS: 2.950 KG

RADIATOR

MAIN ENGINE

G. DE CHIARA - MARS CENTER/2003 ~ Courtesy NASA



JETTISON ORBITAL AND INSTRUMENT
MODULES 10 MIN AFTER RETRO BURN

JETTISON CORE STAGE
FINAL IGNITION AT 300 SEC

JETTISON SHROUD
AT 160 SEC

JETTISON STRAP-ON
STAGES AT 120 SEC

LAUNCH FROM BAIKONUR
COSMODROME AT LENINSK

FINAL STAGE SHUT DOWN
ORBITAL INSERTION AT 530 SEC

= I =

18-25 MIN RE-ENTRY BLACK-OUT
SLOW TO 240 M/SEC BY 12 KM

DEPLOY SMALL AND LARGE
PILOT CHUTE TO PULL OUT
14-SQ M BRAKING CHUTE

MAIN 1,000-SQ M
CHUTE DEPLOYED
UNREEFED AT 35 MISEC

SLOWED TO 6 MISEC
JETTISON HEAT-SHIELD

IGNITE SOFT-LANDING
RETROSAT1.5M

LAND AND
JETTISON CHUTES

I'he launch and re-entry profile of a “typical” Soyuz mission, which has changed very

little since 1967. (Courtesy Ralph Gibbons.)

Mission Profile

Soyuz Spacecrait

oo ~NoOowvi W N —

Docking mechanism
Orbital module
Command module
Propulsion module
Solar panels

VHF radio antennae (121.75 MHz)
VHG radio antennae (259.7 MHz

and 296.8 MHz)

Radio/TV communications antennae
Command radio link antenna

Telemetry antennae
Communications antenna
Docking target

13. Orientation lights

14. Flashing light beacons

15. Sun sensor

16. lon orientation sensor

17. Infrared orientation sensor

18. Periscope (optical orientation)
19. Approach and orientation engines
20. Orientation engines

21. Main propulsion engine

22. Orbital module side hatch

23, External television camera

24, Window

Courtesy Ralph Gibbons




Soyuz Descent Module

coummp s Access watow Portable lamp with

TROL

S independent power supply
VIEW PORT INSTRUMENT \

Cahin dynamic loudspeaker
Seal leg

Working illumination lamp

VHF equipment control panel —

o
Hatch cap Conch

”
JEN SOURCE)

A cutaway of the Soyuz Descent Module. (Courtesy D.R. Woods.)

Window
RECOVERY

ACCESS HATCH TO — BEACON /— PARACHUTE
ORBITAL MODULE ANTENNA COMPARTMENT

C Special illumination lamp
BEACON
HATCH
Control

boigts \ 3 Command-siqnal device handle
PERISCOPE
JETTISONED BEFORE
REENTRY,
o - Television camera

S0LID FUEL

SOFT LANDING

“

Instrument panel

BEACON — i} ~ LANDING RADAR
Descent propilsion system jet housing Sighting device
BASE HEAT SHIELD

(JETTISONED AFTER
RE.ENTRY HEAT PHASE)

Details of the Soyuz Descent Module, showing the separated heat shield and soft-
landing rocket system underneath. (Courtesy D.R. Woods.)

sam | SRC Energia



Soyuz Descent Module

Photos NASA



Soyuz Descent Module

imformation: 8, range and approach sy

Photos SRC Energia

From: Soyuz, by Rex Hall
and David Shayler




Soyuz Descent Module

INSIDE SOYUZ TMA: THE NEPTUNE CONTROL PANEL INSIDE SOYUZ TMA: REENTRY MODULE

PARACHUTE
HOUSING
STATUS MASTER ALARM STATUS
INDICATORS ' INDICATORS

PARACHUTE

VOLTAGE METER COVER HATCH

“INPU" COMMAND ~ 4
UNIT EQUIPPED
WITH 8 COLORS
DISPLAY

LEFT SEATAUDIO -
CONTROLS

CRITICAL COMMANDS

“INPU" COMMAND
UNIT EQUIPPED

WITH A MONOCHROME
DISPLAY

SRC Energia
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=+ CIRCUIT BREAKERS

= = CABIN TEMPERATURE
SELECTOR

b= = SUIT FANS

b= == =RIGHT SEAT

AUDIO CONTROLS

CENTER SEAT
AUDIO CONTROLS

G DE CHIARA -MARS CENTER/2002

Erom: Seyuz, by,

Rex Hal

and David Shayler

SERGEI ZALEITIN
YUR| LONCHAKOV:

ORBITAL MODULE
ACCESS HATCH
(BROKE LINES)

“NEPTUNE"
CONTROL PANEL
(BROKEN LINES)

PERISCOPE

ORBITAL MODULE
ACCESS HATCH

PRESSURIZED HATCH
HATCH'S CLOSING
WHEEL

“NEPTUNE"
CONTROL PANEL

PORTHOLE

FRANK DE WINNE

SERGEI ZALETIN

COUCH SHOCK
ABSORBER

- == FRANK DE WINNE

= === PORTHOLE

PERISCOPE VISOR EQUIPPED

WITH THE ELECTRO-OPTICAL

“VZOR" SYSTEM FOR THE RE-

ENTRY ALIGNAMENT PATH

FRONT VIEW (LOOKING TO SERVICE MODULE)

G DE CHIARA - MARS CENTER/2002

INSIDE SOYUZ TMA: REENTRY MODULE

UPPER VIEW

“INPU
ONBOARD COMPUTER

PERISCOPE VISOR EQUIPPED
WITH THE ELECTRO-CPTICAL
“VZOR" SYSTEM FOR THE RE-
ENTRY ALIGNAMENT PATH

- ATTITUDE CONTROL JOYSTICK

+ YURI LONCHAKOV

= THERMAL SHIELD

G DE CHIARA - MARS CENTER/2002

Courtesy Mars Center-Italy.




oyuz Landing and Recovery

-

el

Parachute deployment sequence: 1. deployment of pilot chutes: 2, deployment of drag

chute: 3. deployment of main chute: 4. complete deployment of main chute; 3.

repositioning of main chute: 6. landing. chute jettisoned

From: Soyuz, by Rex Hall SRC Energia

and David Shayler

/
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Soyuz Recovery

SRC Energia



Soyuz Orbital Module

Gas analyzer

X—— Nindow
h\

Fire extinguishers (2)

Space suit
hose container

Space suit
container

Television camera
Motion picture camera b
Circulation fan
Systems control
panel

Medicine chest
Integrity check
system pneumatic
panel

Food storage
Science equipment
container

Hygiene items
container

Folding tabie

Concensate
heat exchanger
Jrate

Astronautix.com
From Handbook of Soviet
Manned Space Flight
by Nicholas Jehnson



Soyuz Propulsion Module

L— oRrBITAL
MODULE
1,224 KG

DESCENT
MODULE
2,802 KG

INSTRUMENT
MODULE
2,654 KG

D.R. Woods 1983

Soyuz as used during EPAS (ASTP) in 1974-75. (Courtesy D.R. Woods.)

WITH TORUS
SOYuz 1-9

HYDROGEN
PEROXIDE
TANKS (3)

PRESSURISATION
TANKS (3)

10 KGF
THRUSTER
(20)

f:’_ 1.083m _.1 WITHOUT TORUS

SOYUZ 10 TO PRESENT

OMNI-ANTENNA
RING /
=

PRESSURISED

BEACON \

INFRARED
SENSOR w

PROPELLANT
TANK (4)

INSTRUMENT
SECTION

SOLAR CELL
PANEL MOUNT

1KGF
THRUSTER

3Lk

0480 m
0272m
0.132m

RENDEZVOUS /

RADAR BEACON

8)

\ TORUS

DOUBLE NOZZLE
411 KGF ENGINE

SINGLE NOZZLE

I
417 KGF ENGINE o

< ORIENTATION
&E\nson @)

DR Woods 1963

The Soyuz Propulsion Module. (Courtesy D.R. Woods.)
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Long-Term Isola







{ Lunar-Program
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Courtesy, Mark Wade
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Buran (Snow-Storm)

Courtesy Mark Wade
Astronautix.com
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Kliper: Russia's Future in Space

Modutar design of U wehick
alows quick modicalicrs
of syslemns and easy

seevicing betmeen \ b . frontand back views
4 e - Ve Cover

fights.
cabiint iovdude g 2% Jawnch vehicle

wdaprer

sensor fairing \q}\,‘.{,

top, bottom and
side views “

neselage
Juuselag

Copyright ©2008 Anatoly Zak £ Auss(anspaceWeb.com

Courtesy: Anatoly Zak



Commercialization of Space

> Space Tourism
> Rocket Boosters

> 500/700 Days Test to simulate
International Expedition to Mars



Questions?



