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PSLV CONTINUATION PROGRAMME

Polar Satellite Lounch Vehicle was developed to primorily
achieve the indigenous capability o launch remote sansing
satellites of 1000 kg closs in Sunsynchronous Polar Orbits.

Through three development and three aperational Hights, PSLY
has established itself as o reliable launch vehicle o meet the
abaove requirement. The basic vehice configuraion remains
unchanged from PSVDI 1o C3. n PSIVCT, maior changes
were introduced in the propulsion modules Jo enhance the
paylood capability. The main propulsion modules currently are
six numbers of PSOM metors, 5139 solid booster, PLAO liquid
second stoge, PS3/HPS3 solid third stoge ond PS4 liquid sage.

139 ond PLA0 suges were inroduced i PSIVC ission o
meet the minimum operdtional spacecrall mass requirament of
IRS-1D. The firing sequence of PSOMs was chonged from twa
motors ignited in ground to four fo enhance the paylood
capability. Lounch of PSIVC1 ook place in Seplember 1997,
which put IR$1D weighing 1200 kg ko obi

In PSLYV-C2, mulf-sotellte lounch copability was demonsirated
in SSPO mission, where fhree satellites viz., primary solelits
RSP [Ocaansof), Kitsak3 & DLR-Tubsat were injected. Changes
were made in the Equipment Bay EB} bo accommodate auliary
satielftes in PSLY o5 o permanent feaure. PSIVC2 was the firs
mission in which a foreign satelite wos lounched from Indian soil.

In PSIVC3, multi-satellite multi-orbit mission capobility wos
demansrabed. Thrae satelliles viz., primary satellite TES, PROBA
From Balgium ond BIRD from Germany were launched. Both
TES and BIRD were put info o sunsynchronaus polor orbit of
568 km and PROBA wos injecied o o higher ellipfical orbit of
568 1 638 km. The ortit raise was achieved by firing the yow
RCS thrusiers of P54 in cffmodulated mod.
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In both PSIYC2 & C3 new mission modes, interfaces ond
systems invobving auxiliory sofellites were developed and
proven. The separcfion and orientation saquence for multi
satellite deoloyment, algorithms for orbil raising, dota siorage
and delayed telemetry syslems, new separafion systems for
small satellites are few of them.

PSIV.CA4 is o Geosynchronous Transfer Orbit (GTO) mission o
inject Metsal weighing 1050 kg info o 200 x 36000 km orbit,
Further confinuafian programme of PSLY is approved fo meet
ISRC's sartellite lounch requirements as well as ko cater o the
commercial opporiunities, Acfion token for vehicle realizafion
up fo PSIV.CY and launch manifest up to C15 and comesponding
missions idenkified,

In the corfinuafian lounches it is proposed to enhance the P51V
capability further to 2 ton in SSPO. A new compact version of
P54 colled L1 stoge is being developed fo provide more usable
peyload volume inside the heat shield compartment. To mount
twio main safellites o Dual Launch Adaptor [DLA is also being
developed, Both these systams will be availoble from PSIVCE
onwards,

PSLY Launch Manifest
The lnunch profile beyond PSIV.C4 is given below:
Miszion & Schedule It ond poylocd

PSINCS [2003) 817 krn 550 i
Resrreesal, 135[?15 |
PSIVCA (2003 618 km 550 '
Cartosal=1 1450 l:u
PAINCT [2004) S0 km 530 |
Corfosai-243RE 1201 4g
PANLCE (004} Gho
B P Ty
PAACR [I005) GO0 km S50
Risal. 1400'kg
PALCTO [2005) #3678 bm 30 deg
I'Jﬂghn-lrmpu.r_': 1-|:|:|-|:|-r.|::-|'.r:gn1
1206 kg
PEBCTT [200&8) BN & LEC
Astrasat, 1500 kg
PAIVC 1 2 [2008) BI7 km 550
Resoorcesal-2, 1400 kg
PRlC T (2005 GIC
fessai-Jd
PR 4 (2007 550
1500 kg
PAIWCT 5 [J008) F20 ke 5500
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PSLY-C4 MISSION OVERVIEW
PSWV-C4 will inject Metsat spacecraft weighing 1050 kg in o
Geosynchronous Transfer Orbit {GTO] in direct ascent mode
from SHAR. Mission Specificafions are as follows.,

Orblt specification
Perigee allilude T
Apogee alfilade 36000 km
Inclinafion . 17.8deg
Argument of periges . 1#%9deg

The launch azimuth for PSIVACA is set ot 102 deg as compared
o 140 deg for C3. Since the launch pod azimuth is 135 dag,
it raquires a roll manoeuvre ko align the fight poth immediately
ofter fift off. In PS1regime, open loop steering programme is
designed for the mean wind biased condifion to relieve the
koads on vehicle. Guidance inificked cammand cubelf is planned
for P52 stoge lo meet spent stage impact consraints with reserve
propellonts as guidance margin. Command cutoff also ensures
benign dynamic environment for the scrtellite.

The heat shield separafion is delayed compared to PSIVC3.
Hawever the alfitde of seporafion is mainkined for nominal
performance as 115 km do meet the heat flux constraints for
spacecraft. The closed loop guidance is inifioled of 14.8 3
from P52 ignition. During P52 regime Flat Earth [FE) guidance
scheme is employed. The HPS3 bum duration is longer and it
also achieves near orbilal velocily conditions ot bum oul. A
VG guidance scheme with ferminal pitch rafe elgorithm to
conkain PS3 impoct in safe zone is implemented.

During the combined coast of PS3 & P54 stages, prediction of
coas! durafion is done and  the perigee is decided anboard
based on the vehick: performance. This scheme is implemented
ko ensure the aplimality of peylood with the consraint of impact
of spent P53. During PS4 regime, o FE guidance schema with
injection guidance to control argument and perigee s
implemented and spocecraft injected after P54 cutof,

Messof mounting orientafian in PSLY is designed o ensure that
VHRR cooler is not bacing sun during powered fight regime.



Tipheal Flight sequeance

This condifion is 1o be encured immediotely after separafion
belora the ground skrfions acquire the spocecraft. Hence, before
Metsat separation, P54 stage with Metsal is re-oriented in both
piich and roll directions to kesp the VHRR cooler away from
sun and akso orient the solar panel fo ensure minimum power
generalion in case cf non deplayment.

A dry loop command for Metsatis issued 15 s behore separaticn
by PSLY. Metsat is separoled in otitvde hold made bo confain
the separafion rates. The springs in the separation syslem are
uned 1o get the leas! seporafion disurbance considering the
|nteral CG offset of Meisat.

After Metsat separalion, the stoge is manoeuvred in yaw by
60 deg ond the passivation function is initioted by sequenfially
opening the fonk ulloge 1o the ambient by firing pyro valves.
PS4 will be otfitude stobilized with yaw confrol thrusters firing
in offmodulated mode during this phase.

The mission design of PSIV.C4 is aimed ot meeding two major
consirains of maximizing the paykead copabiliyy and managing

the impact of the spent skages, especiclly the P53 siage within
sale corridor. i :
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METSAT

METSAT is o meteorological spacecralt designed for lounch
by PSLV. The spacecraft configuration is basically derived from
INSAT heritage. Till now, the communication and meteorclogical
copability were provided by the INSATs, Metsat is conceived
considering the urgent need of ensuring continuity of
meteorological services in o cost effeciive manner. Metsat is
configured for seven years of mission life.

Mt doglapad viow

The payloads in Metsat are the following:

A VHRR package conlaining:

s A threebond Very High Resolution Rediometer (VHRR]
payload providing imageries in Visible, Water Vapor W]
and Therma! Infra Red [TIR] bands.

o An Eleciro Optics Module [EOM] housing the scan
mechanism, opfics and passive radiafive cooler assemblies,
comera electronics for signal processing and. scan
mechanisms drive electronics.

o The payload dlso includes data transmitier packages
housing the BPSK modulator, upconverter and fransmitfer.
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The VHRR has the hesitoge from INSAT, However ceriain
modifications are made for performance improvements &
reliability enhancement.

Weather Doto Relary Transponder [DRT) is the second payload
for collection daka from uncitended weather data collaction
platforms frough out India and fransmils o o cenral focility
DRT data along with VHRR dota is used for weather forecost,

The spacecraft structure is derived of the 12000711 500 bus.
The majority of the structure is made of aluminium honeycomb
with CFRP face skin except for elements that have elecirical
and thermal constraints.

For orbit raising operations the 440 N Liquid Apogee Mator
[LAM) is used, which is already flight proven. The propulsion
system is based on pressure fed bi-propellont system. Two
propellant banks of 390 filves capacity is used ond one Kevior
wound Tikonium lined gos betle is used for pressurisation,
Twalve numbers of 22 N control thrusters are used for aftitude
manoewvres, which are mounled on three foces.

Mt dwring lesing

The spacecraft has only ane solor ponel of 2,15 x 185 m size
with weight optimised siucural elemants. The solor cell is based
on Gas/Ge technology. Solor panelis deployed immediaely
ohter the deployment in the iransher orbit itself unlike INGATs.
The SADA slip rings and drive mechanizm are modified fo
meet the power transker and drive requirements and is mass
optimised. The LAM firing is carried out with panal deployed
configuration. The power bus is based on o single Nickel
Cadmium batery of 18AH capacily.

Metsat, unlike INSATs is not provided with solor soil and boom,
Two body mounted magnetic torquers carry out the slar
pressure forque compensation.
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Metsat is o momentum binsed, three oxis body stabilized
spacecraft with a poinfing accuracy of £ 0.2 deg i pitch and
roll axes and + 0.4 deg in yow axds. During VHRR imeging
periods, the control and house keeping functins are inhibited
I get befter line to line sconning oocuracy.

The Afiitude ond Orbitel Conlrol System (AOCS) hardware
consists of 68 Mm momentum wheel with 25 Nm fransfer
momantum wheel. Sensor devices used in the spacecrafi are
high accuracy Digital Sun Sensor (DSS), eight coarse anologue
sun sensors and earth sansor. The three axis inerfial reference
unit with fhe magnefic forquers and AOCS thrusters consilute
the total system.

The spacecraft separation occurs in theee auis stobilized mode
with sun at 45 deg to the south side of the spocecralt. A dry
locp command for propellant line venfing is issved by PSIV
155 prior fo separalion. Twenly two seconds from separafion
the solor panel gets deployed over a fime of 7s. The thrusters
commenca firing o put the spacecraftin east sun pointing mode
at 30s. The ground station of Loke Cowichan dt Canoda
ocquires Metsal afier about 43 minutes from separation and
MCF will receive the dota from them. The gyro calibrafian is
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carried out prior fo apogee crossing. As per the nominal mission
plan, the orbit raising and circulorization is carried out by
firing fhe LAM in the 2nd, 4th and 6ih apogee crossings. Metsat
is proposed ko be colocated with INSAT-3C ot 74 deg Eost
longitude.

NEW ELEMENTS & CHANGES
IN C4 VEHICLE

In PSLV.C4, the payload capability is enhanced by improving
the upper stoges performanca and by oplimizafion of the ined
masses of the upper stoge struchures,/elements.

The third sioge solid motor, P53 is replaced by the opimised
high performance sfoge (HPS3]. In P34, oddtional 500 kg
propellant s loaded by extending the propellant fank. The inert
mass reduction is achieved in the upper stages through
intraducfion of the following elements:

» Composis PS4 sioge suchure 153/4)

o Composite wound Titanium gas botfles in PS4,

o Resins Mk-3 package.

» Composite elements for P54 RCS cowlings.

o Mass reduciion in EB by deleting measurements and
associated packages.

o Introduction of mini version packages in EB.

s SRRT s reploced by mini SBT.

o Iniroduchion of minicture P34 confrel elackronics pockage.

o Auiliory satellite inferfoces removed,

MNew sysiems infroduced/ changes specifically required in PSLY-
C4 are the following;

« New poylood adaptor [PLAYZ] of Im length for
nocommodting Metsat.

o INumber of Helium gos botfes in P34 increased fo 4 from 3.

s Propellantlesd lines and circuits in P54 medified for weight
reducfion.

o Passivation system in PS4 for expelling the energetic
consfituents from soge fier the complation of mission.
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s Destruct system in PS4 shoge considering the range safety
requirement os an extension fo P53 desinuct system.

o RF tronsfer antenna for Metsal mounted in Heat Shiskl,
o FNC system elements modified bo suit HPS3.
‘Mizsion reloted chonges ore implemented fo meet the GTO
mission requirements,
o Lounch azimuth is set ot 102 deg ond o roll manoeuvre
affer lift off
o Hight sequence changes fo meet the mission profis hke:
s Delaying of Heat shield separafion.
u P52 cutolf based on guidance command.
u Reorientotion manoeuwre before spocacralt separation
in both Piich and Roll directions.

o Autopilct design huned towords changes such os HPS3,
12.5 stoges etc.

o Modifications in rote conkral clgerithm during satellite
separafion sequence,

» Guidonoe schemes in various flight regimes cliered fo meet
GTO mission.

« Changes in onboard softwares fo meet the mission
requirements. a

Al the changes implemented in PSIV.C4 have gone trough
rigorous reviews and testing. The siatic tesing of HPS3, long
duration firing of PS4 engine, structural testing and
characierisation of new composite struchures ond funclional
festing of other new elements are completed, All the changes

Compasite 153/4 druchite
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b1 the mission software side, exfensive verificaion and validafion
has been underioken, Siress tests, detailed walk through and
validosion hove established robusiness of software.
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HIGH PERFORMANCE PS3 MOTOR
High performance P53 [HPS3) moker is on opfimised vession
mator, which is comparable in performance and mass ratio ko
contemparary motors of its class. This is developed for
enhancing the payload capability of PSIV.
Construction features
o Opfimised composite mofor cose.
Optimised insulafion.
Reduced fhroat, increased area rafio, fighter nozzle.
Flax nozzle with 2 deg achuation.
mmpdhnr compesition with enhanced loading of

s 100 kg inert mass reduction,

Performance chorocteristics

o 5 sincrease in lsp (299).

s Improved mass ratio,

o Low born rate propellant and increased bun durafion

o Paylood goin through inert mass reduction, propellant
increase and higher lsp.

RLTE
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Corgortiat of FFED & PR3

Second siofic fel of HPED

Two development tests on HPS3 are completed successfully
and one more confirmatory testis planned,
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LAUNCH RANGE FACILITIES

The final vehicle integration and checkout, spacecraft
preparation and fuelling, count down and lounch are carried
outaf the lounch base ot Shriharikota Range [SHAR), Exclusive
hocilifies are created for the lounch support for PSLY and GSLY
by SHAR and are fully operational. The fociliies for inlegration
& checkout, propellont servicing, Mobile Service Tower, Mission
and Launch control center and Range instrumentation and
support focilities are revalidated for this mission ofter T&E. No
chonge in infegration procedures is mode from PSIVCY.

TTC NETWORK FOR PSLV-C4

TIC. nehwork provides the racking support for vehicle and coquire

dato fill 200 seconds ofer PS4 hrust cuboff. ISTRAC
Ground Staions o SHAR! [Miain), SHARN [Redundant] are
identified as kounch base siations and Port Blair, Brunei and Biak
are identified a5 dewn range ground safins,

These ground stations are equipped with recl fime dala
processing and ransmissions of siipped dada fo Mission Control
Center (MCC) for Range Safety and monitoring of vehicle
parameters. The transmission of dafa is linked with dedicated
saellite communication link and also redundant circuits fhrough
alkernate terresirial links.

Bick ground station providas near real fime Prelimi
Dedermination [POD). Also, this stafion supports Metsal mﬂ

data reception and ransmission o MCF-Hossan mﬂmcﬂdmm
o telecommand support. MCF at Hassan supports Metsat
telemetry and command dato. External ground stafion fike
Lake Cowachin is used for Metsal suppart after 45 minules of
injecfion into orbit,

Bangadore ground siofion rtsfor'i’Mduhnoqtﬁsiﬁmmd
logging. 'lmgiundrum growna siation is inferfaced with SHAR fe
receive speciolist disphay dofa and sequence of events in
mission.

As in earlier Rights, lelecommand rurn is used for sendin
Right terminafion command from Ronge Safely Officer [F'.Sﬂgi
cansob for mnﬂa and ﬂghr suful',r in case -uf deviafion of the
vehicle from sa

Hﬂﬂﬂungmppuﬂﬂ#{dfhhhﬁm three different
Raal Time for Range Safety Display R3], Speciolist
Display [SDS] and MCC displays.

For PSIVCA, SHAR based Radars viz., PCMC1, PCMC2 &
Rodar-2 WIH: rovide fracking dofa in conjunclion with two
mbmﬂf.hnnd transponders for Range Safety real fime system
in addition to skin mode racking dato by Rodor-3.
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LAUNCH CAMPAIGN PICTURES
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