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INDIA DECIDES TO GO INTO SPACE

1 Background — Ground / Balloon Based Studies,

Atmospheric Sciences, Cosmic Rays, Astrophysics

e Thumba Equatorial Rocket Launching Station (TERLS) in 1962
Cooperation with NASA, USSR, CNES AND UK
Rocket Experiments to Study Equatorial Aeronomy
Meteorology and Astrophysics

e Population (1.06 Billion), Per capita GDP (550$), Illiteracy (39%),
Population Below PL (30%)
India with 16% Population, 2% Land, 1.5% Forest,

Consumes 2% Energy, has 1.5% Global GDP.

India Opts Space Technology for Rapid Socio-Economic Development
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INDIAN SPACE ENDEAVOUR

me who question the relevance of space activities in a developing nation. To us, there is no
ity of purpose. We do not have the fantasy of competing with the economically advanced nations
e exploration of the Moon or the planets or manned space-flight. But we are convinced that if we are

play a meaningful role nationally, and in the comity of nations, we must be second to none in
the applications of advanced technologies to the real problems of man and society
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~ HUMBLE BEGINNING i

10te Sensing Aerial Expts.
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TECHNOLOGY BUILD-UP

Slide - 5



~ START OF OPERATIONAL ER/

8) and INSAT-1D (1990) to meet rapidly growing demands

| IRS-1A (1988) and TRS-1B (1991)
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RAPID GROWTH

. Launch of INSAT-2 Series

2A (1992), 2B (1993), 2C (1995), 2D (1997), 2E (1999)
. INSAT-3 Series 3B (2000), 3C (2002), 3A (2003), 3E (2003)
. GSAT-1 (2001), GSAT-2 (2003) on GSLV
. INSAT-4 Series 4A (2005), 4C (2006)
. Launch of State-of-the-art IRS-1C (1995) and 1D (1997)

. Launch of IRS-P2 (1994), IRS-P3 (1996), IRS-P4 (1999), TES (2001)
(2005), on PSLYV.

. Launch of GSAT (2001, 2003), EDUSAT (2004), INSAT-4C (2006)
on GSLV
Four Decades of Indian Space Program — 21 Launch Vehicle

Missions — 42 Satellite Missions

Kalpana (2002), Resourcesat (2003), Cartosat
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LLITE EVOLUTION

Remote Sensing Satellites
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ISRO

Launchers

No. of stages

Propulsion

Prop weights (t)

Control system

Lift-off weight (t)
Vehicle Height (m)

P/l Capability (kg)

No of flights

(core vehicle)
All Solid

S1-9, S2- 3.2,
S3-1.1, S4- 0.26

SITVC& FTC,
RCS, RCS,
SPINUP

17
22

40 (LEO)

4 (79- 83)

(with 2 Solid strap-on)
All Solid
Strap-on: 2x9

S1-9, S2 - 4.4,
S3-1, S4-0.23

SITVC/ RCS (Strap-on),
SITVC/RCS, RCS, RCS,

SPINUP

40
23.5

150 (LEO)

4 (87- 94)

4
(with 6 Solid strap-on)

Solid & Liquid
Strap-on: 6x9

PS1- 139, PS2- 40,
PS3-7, PS4-25

SITVC(Strap-on),

SITVC/RCS, Gimbal, FNC,

Gimbal

295
44

1500 (SSO)

9 (93- 06)

(With 4 liquid strap-on)
Solid, Liquid, Cryogenic
Strap-on: 4x40

GS1- 139, GS2- 40,
CS-125

Gimbal, SITVC, Gimbal,
Gimbal/ RCS

415
49

2200 (GTO)

4 (01- 06)



AUNCH VEHICLE EVOLUTION
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AT APPLICATIONS E
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EARTH OBSERVATION - APPLICATIONS
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~ INDIA’S SPACE LAUNCHES
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SHAR, India
SHAR, India

183/426 km SHAR, India

GSO 102°E Kourou, F. Guyana
550/590 km Kapustin Yar, USSR
GSO 74°E Cape Canaveral
SLV3-D2 388/852 km SHAR, India
Space Shuttle GSO 74°E Cape Canaveral
ASLV-D1 — SHAR, India
Vostok 904 km, Polar Baikonur, USSR
ASLV-D2 — SHAR, India
Ariane-4 GSO 93.5°E Kourou, F. Guyana

*Satellites procur d Aerospace Communication Corporation (FACC), USA

Mission Completed
Mission Completed
Launch Failure
Mission Completed
Mission Completed
Mission Completed
Mission Completed
Failed after 5 Months
Mission Completed
Mission Completed
Launch Failure
Mission Completed
Launch Failure

Operated for 15 months
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GSO 93.5°E

438/938 km

802/874 km, Polar

Ariane-4 GSO 93.5°E
Molniya 817 km, Polar
PSLV-D3 817 km, Polar
Ariane-4 GSO 74°E
PSLV-C1 727/821 km, Polar
Ariane-4 GSO 83°E

d Aerospace Communication Corporation (FACC), USA

SHAR, India
Kourou, F. Guyana
Kourou, F. Guyana
SHAR, India
SHAR, India
SHAR, India
Kourou, F. Guyana
Baikonur, USSR
SHAR, India
Kourou, F. Guyana
SHAR, India

Kourou, F. Guyana

Mission Completed
Mission Completed
Mission Completed
Now in inclined orbit
In Operation

Launch Failure
Mission Completed
Mission Completed
Mission Completed
In Operation

In Operation

Failed after 4 Months
In Operation

In Operation
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I INDIA’S SPACE LAUNCHES
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erospace Communication Corporation (FACC), USA

GSO 74°E

GSO

GSO

GSLV-D2 GSO

Ariane-5 GSO

PSLV-C5 Polar

GSLV-F1 GSO
PSLV-Cé6 618 km, Polar

Ariane-5 GSO

GSLV GSO

SHAR, India
SHAR, India
Kourou, F. Guyana
SHAR, India
Kourou, F. Guyana
SHAR, India
Kourou, F. Guyana
SHAR, India
SHAR, India
SHAR, India
Kourou, F. Guyana

SHAR, India

In Operation

In Operation

Inclined Orbit

In Operation
In Operation
In Operation
In Operation
In Operation
In Operation
In Operation
In Operation
In Operation

In Operation

Launch Failure

Slide — 14B



LAUNCH VEHICLE

SATELLITE

Four Decades of Indian Space Programme @4

TODAY, 2005 %

20 Launch Vehicle Missionsa

November 21, 1963 launched 25 satellites F |
: - O]\\|=
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INSAT-3E . . N . >
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21.03.96 .. . & - RESOURCESAT-1 05.05.05
22.10.01 17.10.03

29.09.97 26.05.99
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SPACE CENTRES AND UNITS IN INDIA

AHMEDABAD

+ Development and Educational

BHOPAL

+ Master Control Facility - B

NEW DELHI

+ DOS Branch secretariat
* ISRO Branch Office

+ Delhi Earth station

CHANDIGARH

+ Semi-Conductor Laboratory

UDAIPUR DEHRADUN
+ Solar Observatory E }\Td;tahn InSIgt#te of Remote sensing
+ Northern
+ Centre for Space Science and Technology - SI;\Il"r?rI\-EONG S
JODHPUR Education in Asia-Pacific Agplicatéilgnesmc-enpt?ge
+ Westen RRSSC ~——LUCKNOW

* ISTRAC Ground Station

Sﬁaqe Application Centre
Physical Research Laboratory

Communication Unit

Mt. ABU

+ Infrared Observatory

KHARGPUR

+ Eastern RRSSC

MUMBAI
+ ISRO Liaison office

BANGALORE N %ﬁ@%ﬁssc
+ Space Commission
+ Department of Space and HYDERABAD

ISRO Headquarters

INSAT Programme Office

NNRMS Secretariat

Civil engineering Division

Antrix Corporation

ISRO Satellite Centre

Laboratory for Electro-Optic Systems
ISRO Radar Development Unit

+ National Remote Sensing Agency

ISRO Telemetry Tracking and Command Network
Southern Re i_gynal Remgte sensing service Centre SRlHARlKOTA
Liquid Propulsion Systems Centre + Satish Dhawan

HASSAN = Space Centre, SHAR PORT BLAIR

5 il ' + Down Range Station

Mai[tirﬁc\)yt&ol Facility v TIRU PATI . O. 9
- (;Fﬁum Perchlorate ** & * + National Atmospheric 2
Experimental Plant = 4 MAHENDRAG'Eereamh g ooy
ey <
THIRUVANANTHAPURAM . * Liquid Propulsion Facilities ‘;o

+ Vikram Sarabhai Space Centre
+ Liquid Propulsion Systems Centre
+ ISRO Inertial Systems Unit
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- GLIMPSES OF THE FUTURE
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UV IMAGING TELESCOPES

- LARGE AREA XENON ASTROSAT:
PROP. COUNTERS Ultra Violet Imaging Telescope
(UVIT)

Telescope: Twin telescope of 40cm dia
[ e NN avelength bands:
s || Channel I: 120-240 nm
Channel 11:240-360 nm & 500-600 nm
F-ratio: 12.5
Detector: Photon counting detectors
FOV: 0.5 degree
Absolute pointing: < 30 arcsec
Pointing Accuracy: ~1 arcsec

STAR SENSOR

ASTROSAT: SSM PAYLOAD ASTROSAT: LAXPC AND SXT PAYLOADS

Schematic veiw of o_Lorge Area Xenon—filled (LAX) counter

Scanning X-Ray Sky Monitor %:}(lj'ge Area Xenon-filled : Soft X

(SSM) (L:

(“Ray Telescope
R(A)rtional Coynger "\ Al ﬂ o (SXT)

/i TT)-‘pe: Conical

| Foil Mirror
; ] i|Detector: CCD
Energy Range: 2-10 keV - Range:0.3-8 keV
Focal Length: 2m

XPC)

Coded Mask Cameras: 3 Nos.
Position Sens. Prop. Counters: 3 Nos.
Effective area (each detector): 60 cm?
Anode cells (each detector): 8 Nos.
FOV: 90x90 deg in steps of 90x6 deg "
Weight: ~50 kg o. of Counters: 3
Effective area: 6000 m?

FOV: 1x1 deg SOFT_X-RAY TELESCOPE
PROPOSED SCAN DETECTOR MOUNTING Range: 2-100 keV

Schematic overview of a LAX PC A schermatic view of the soft X-ray teleacope assembly

Progosed schurme for meunting e detectors of S5M.
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Final Orbit

Lunar Insertion 100 km Polar

Manoeuvre

..To achieve 100 x 100 km Lunar Polar Orbit.
PSLVto inject 1050 kg in GTO of 240 x 36000 km.
Lunar Orbital mass of 523 kg with 2 year life time.
: ‘Scientific payload 55 kg.

Lunar Transfer
Trajectory

Initial Orbit
~ 1000 km

= Mid Course Correction Moon at Launch
Trans Lunar
Injection

Expanding the scientific knowledge about the moon, upgrading India’s technological capability
and providing challenging opportunities for planetary research for the younger generation
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