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Fig. 1. DCS attitude re1ative to suo.

Unfortunately, the attitude control

~an not be uti1ized to adjust thelisatellite attitude re1ative to sun, \f the
,sun initial1y faces the thermal radiator

·I'side.The attitude manouvers are very 10ng I(1 to 4 days) because of the we~ki

linteraction of the spacecraft coil with!

lthe Earth's magnetic fie1d ar.à so thel
temperature cou1d be out of range before
the satellite is in a safe at~itude. The

llaunch window must then guarant~~ that thelispacecraft be injected in an attitude suco,
!that the radiator pane1 does not face the!

l~un ~ur.ingthe 6 months lifetime. as shown I
i"n Flgure 2. I
I ATTITUDE PROPAGATION I'II The spacecraft attitude does not,

Iremain fixed along the time, as severall!perturbations accumulate their effects and,
ideviate the inertial direction of the spini
!axis. Oue to tne sy~netrical geometry of'
Itoe satellite, perturbations like thel
latmospheric torque anã solar radiationl
ipressur~ have 1ess inf1uence on thel

I'attitude changes. Magnetic torques becomell.then the loajorperturbat1.ons as they do
!not depend 00 the satellice_geometry:_?_h_isJ

INTRODUCTION

Valdemir Carrara *
Instituto de Pesquisas Espaciais-1NPE/MCT

C.P. 515 - são José dos Campos - SP
Brazil - CEP 12201

The launch'window studies estáblish ai '!separationpoint, the spacecraft will be Irelative1y significant phase in mission' :.rotating with 180 l' t1 . f ' rpm a ong 1 s i
ana YS1S o a glven space programo The ,symmetrical axis. The spin axis direction:
final result of such analysis is the time, :iscontrolled by means of a magnetic.coill
interval of the day during some particular' 'actuator. I
days of the year in which the spacecraf.t: Ilaunch could be achieved. The main task of, The main constraint to the launch.
the study is to identify and to formulate wl'ndowfor' th Br '1' ft' I, e aZl lan spacecra comes i
mathematically the several constraintsfrom thermal impositions, due to the lower'
concerning the launch that restrain ar: base thermalradiator. 1n fact, so as to;
modify the launch window. This worki !guarantee the correct temperature:

presents an overview of the launch window~ ,operation oi the on-board equipment, thellstuóies made for the Data COllecting: :lower base shou1d not be lllu~inated by
Satellite (OCS)· oi the Brazilian Spacei ;sun. As can be seen in Figure 1, the sun!
Program (MECB). ,must be kept on the upper spacecraft's'

Ihemisphere during the satellite 1ifetime!
1of 6 months. '
IOnce the constraints have been

identified the next step is to combine:
them according to the mission failure
cr~teria, classifying ~he restrictions in

I~sse.ntials and desirables. The constraintsthat.cause loss of mission if not obeied,
are esseqtials. Among such restricticns,'
it is, very common' to find limitation to
the spacecraft attitude relat.ive to sun:
just after orbit injection (when normally:
the satell.ite attitude.ls different fromi

thenomina1 one)" due to thermal or powerj'
~onstraints. Eclipse duration is also an
important source of launch window

deiinition despite the fact that thelreduction oi eclipse duration is a
nonessential restriction. 1nl

geosynchronous mission it is frequent tOI

utilize _ constraint that, limits the
launch days to the epoch of the year when

the sun is far from the equinoxes (near,March and September, 21st) to avoid that
the spacecraft pass through the Earth!
shadow just after injection in its nominall

orbit. 1n general, desirab1e constraintsl'are only considered if there are no,

essential constraints o~ if the latterl
were already carried,out. '.

The Data Collecting Satellite will hei
launched in the middle of 1989, with thel
sim of receiving data coming from remote'
meteorological p1atforms (PCDs). It has ai
prism shape, with an octogonal base. With!
exception of the thermal ,radiator on thel
lower base, alI the spacecraft faces are:
covered with solar cell arrays. The!
satellite orbit is near circular at 750 kmi
altitude and 25° inclination. It will bel
launched from Alcantara Launch Base (CLA),I
north of Brazil, whith launch azimuthi
equal to 650, approximate1y. Launch:

azimuths greater than 900 (with orbitl'injection at descending node) are not

~~;;;~;~~-;~i:~;~-~~~~-_:~::;~~~:_-~:--:~:I:* Mech. Eng. - Guidance and Control Dept.
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Itorques were. considered: màgnetic torque
Icaused by the residual spaçecraft magnetic
'moment interaction with the Earth's

Imagnetic field and Eddy current torque due
to the rotation of the satellite in the
presence of the geomagnetic field. Thej
Igravity gradient torque has shown to bei

Inegligible comparedto the preceedingl
.torques• . I

! The spacecraft attitude wasl
'numerically integrated for. 6 months by!
'Moro2 using . the residual torquei

:formulation extracted from Wertz3 Ii + + +
Nr = m CAl )( B (2) I

I'where m is the~ spacecraft's residualj
magnetic moment, CAl is the unit vector\,along the spin axis and B the Earth's
magnetic field. The residual moment arisesi
from uncompensated electric currents Ohl
the .cn-board equipments. It is quite~

\difficult to calculate the moment a prioril
because of the obvious complexity of the!
equipment distribution over the spacecraft\
Istructure. In order to guarantee that thei

Iresidual. magnetic moment remainsl
Irestricted to certain limits, the magneticifield produced by the satellite must bei

Imeasured during integration and tests. To!
lêssure themeasured values lie inside thej

Idesign limits, it is-a common procedure to;

I fix some yermanent magnets.. on the Isatellite body. For the DCS, ·the\

establi3hed values~ of the residual moment'l'in the spin axis direction are:

assertion is totally confirmed through th~
attitude analysis of the TELSTAR.satellite
(Yul), whose geometry and mass' is similar
to that of DCS. .

(3 )

(4)

that the
angular

indicate
to the

.+ .•. + +
NE = P B )( (B )(. ~)

minus sign
opposite

-1. 5 Aro2 < m < -0.5 Aro2

where.the
moment is
velocity.

Eddy current torque for~ulation is
given by Smith"

where p is a constant that depends on thel
spacecraft geometry. Note that thei
residual magnetic torque is alwaysl
perpendicular to the satellite angular!
momentum and then it causes a precessional!

motion on the spin a.xis. On the otherl
hand, Eddycurrent torque .causes a
rotationalenergy dissipation, decreasing!
the spacecraft angular rate. For the Datal

Collecting Satellite, the parameter pl,assumes the value (KugaS):

I •• \I p = 1916 m.IOhm
The attitude integration ~esults arei

shown in Figures 4 and 5: the rightl
ascension and declination motion of thel

.pin axis, and the angular rate decay:
along 6 months of attitude propagation,i
respectively. A .residual magnetic moment:
equal to -0.6 Aro2w.asused • The effects ofl
the magnetic torque (spin axis.precession:

I in right ascension) and the Eddy currentl
torque (exponential spin decay) arei
,clearly identified in the figU:I'es. _ .__._J

I
I

and
the'
the.
its'
the'
and

~~
t~~

Fig~ 3. Spacecraft's right ascension
and declination angles.

As the rotation aiis is a principal
moment of inertia axis, one çan neglec~

the transverse angular velocities an1.

then
+ •
CAl = CAl (cos6 cos a i + cos 6 sin a j +

+ s in 6 k) (l)1
'" . I

where CAl is the spacecraft angular rate and
{, j and K d~note the inertial X, Y and ~
unit vectors, respectively. The followtn~

Fig. 2. Launch attitude.

The angle between the spin axis
the sun will alter due to both
perturbing torques and the motion of
sun relative to Earth. To define
orientation, two angles are adopted:
spin axis right ascension a
declination 6, as seen in Figure 3,
inertial coordinates (X and Y lie
equatorial plane, X pointing towards
vernal equinox).
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b - 0.00716 Iday.

(9)
a.omin .< o.< :o.omax

spin axis right ascension can be givenl ,

i
lJ - ao + m K (ebt - 1) (6) I

ascensionl
K is a:

iIi

where

cos(o.-o.s) ~ -tan6tan6s' (8)

By substituting the expression for the
spin axis right ascension as function of
time, it has:

I

where ao is the apin axis right
,at the orbit injection and
proportiona1ity constant:

!
,The

:by
I

i

i
I

I The motion of the spin axisl
ideclination was neglected anã the!
!declination value adopted was equal to'
1270. Thi~ procedure was ~ec~ssary toi

lobtain ·an analytical solution to thej

iproblem. However, the error introducedl

lfrom this simplification is small, as!

\later studies based on numerical SOlutiqnsl,

have shown (INPE 6 )•

The sun-spin angle is then given by:

cos I'l •• cos 6 cos 65 cos (a':'o. ) +. I
+sin6s1.n6s 5 (711

Iwhere as and 6s are the sun right I
lascension and declination" respectively, I
lat the date: To calculate the suo I
;position,' an analytiéal Earth orbit·l
Ipropagation was used. The therrnal.. h " •
constra 1.nt. prevents, , t e ang le· II froml"
exceeding 90 degrees and, therefore, .

:fltting the function to the rotation rate
decay
I

. i
I
I

I

Fig. 5. Angular velocity decay.

Fig. 4. Precession of the spacecraft
spin axis over 6 montRs.

."

andI I

I 00max as - m K (ebt - 1) + I
I + cos-1 (-tan 6 t.an6sl. (lO.b)1

'I As the sun right a~cension anãl

jdeclination are also functions of the:
Itime, the condiction (9) must be· satisfied!

Iduring the whole satellite ltfetirne, andll
Ithen

I

I °omin" max (o.omin) for O<t<lB0 days I
I o.omax" min(o.omaxl. for O<.t<lBO days. i
'I .' IThe equat1.ons for o.omin and o.Ol11'3X arei

Inonlinear and 50 a numerical pro~edure wasideveloped to obtain the minimum and;
.maximum values, by varying the time ini

! intervals of one day . Neve~t~ele3s'~orninl

11I - '" e-bto

LAUNCH WINDOW FORMULATION

Launch windows are normally
calculated by verifying if the constraints:
are satisfied at several hours of the da~
and for several ãays of the year. Such a

process presents as advantâge a relatively,
easy implementation of new restrictions to
the launch time that often appear during:
the satellite development designo As ~
disadvantage, one has a reduced precisio~
on the window margins or a grea~
consUI:lption of computational effort, duej
to necessary verification of a1~
constraints to evaluate a single 1aunch
window point. To avoid this disadvantage,í
the solution of the prob1em was guided to
an analytical approach, by fitting

simplified functions to the attitud~
propagated values (Figures 4 and 51, that
define the spacecraft state: I

(51'
I

where "'o is the initial rotation rate o~ .180 rpm and b is a constant adjusted b~ .

0.5- m K (ebt - 1) +

- cos-1 (-tan 6 tan6s1 (10.a)
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Am2 residual magnetic moment is larger
than the first one. The reason to that is

~he precession rate of the spin axis which
,lS almost equal to the sun mean motion on
the equatoria~ plane. The spin axis then
,follow the sun along the 6 months

l'l~f~time, increasing the r~ght ascensionllm1ts, where the launch lS possible, to
,almost 10 hours. To assure that the launch
;Willdowis vaIid whatever be the spacecraft
;residual magnetic moment, between the
Ilimits imposed by Condition (3), Figures 7
and B must to be combined to produce a
ifina1 window. Figure 9 presents the
iresulting launch window for the DCS.
I

11.

• ::::::::: .:: ::: .:::::.: :::. :::::.: ::::. ::: :.::: _: •• :.: ••••••••• '1' •••• '. .:~:..:.:.-:.:.:.:.:.:.:.:..:-:..:.:.:.:.:.:..:.:.:.:.:..:..:.:-:.:..:.:..:~
....•...•..•..•...•....•'"'" ..'" '" '" '" - ..•.••....••.............•..•.....,. .•

'I ::.:.:.:.: .:.:.:.: .:.: .:.:.:.: ..:.: .:. :.:.:.:.:.: ..:.: ..:.:.: ..:..:-: .

::::::-:.:.:.' -:-:<:: ::::::::: ~:~:~:~:~:~:~:~:~~

~ .

~ ::::':':';'.' .:.:.:.:.::::: :::::::: :::::::::::::: ::::::[:::::: ::~

a: :.:.::::::::.:.:.: ..:.: ..:.:.::: :::::.:.:.:.:.: ..:.:::::::: ::.:.:.:
:.:.: :.:.:.:.: ..:.:.:.:.: ..:.:.:.:.:.:.:.:.: ..:..:.:.:.:.:.: ..:.

.....'.:.: '".' :........• -" :..'" " ..
·::::..:.:.:.: :::.;::::.::.;...:::..::::',:::::i' :.: :.:.:.:::

c •.'IJ~ FEiJ H"ft IoPR I<A," ,1I)"l ·iUl. r,VIi SEP ccr ~;).••o::c

I Fi;;. 7. La~nch ::::: f~:9~."-O., Am'. '1
••

(13)

ection
"point

ti=

Consider now the injection point"
longitude "ip ("ip= 326°.>,the Greenwich
sidereal time agO at 0:00 hs GMT of th~l
l~unch day and the Earth rotation rate 81
(e = 360.9B6 o/day). From Figure 6,one gets

0i+tan-1(cosi tanu)- "ip-agO

The ll01valueswilldefinethetwolimits

to

therightascensionoftheascending

node,

intheform:

0m1n < O

< 12 max . (12)

with 12min

andQmaxobtainedbysubstituing

llomin

and llomaxin(11)•

Flg. 6. Angles relating ~he inertial to
terrestrial coordinates.

and 00max are still functions of the epoch'
year, as they depend on the launch date. !

The spin axis right ascension is'
related to the orbital right ascension of'
the ascending node through thel'
relationship (Figure 6)

-s1noo i sinu-coso l'cosi cosu \.tan O. = . o (11) I
~. -cos 00i sinu+sinlloi cosi cosu . II

as a function of the orbit"inclination i,1
and the angle from the asceding node to~
the orbit injection point u (u = 9.2°). lti
was assumed that the spin axis directioni
is perpendicular to the radius vector at!
the injection point and tangent to thel
satellite trajectory.

which furnishes the time interval of the
launch day when the spacecraft could be'
injected in orbit in a way to satisfy the!
thermal constraint. The launch windows are!
shown in Figures 7 and B, as functions ofl

the launch date, considering the residuall:
magnetic moment values of -0.5 Am2 and
-1.5 Am2, respectively. The windows
present a small oscilation during the,
year, basically due to the declinatioJ. I
motion of the sun. It can be noted thatj
there are launch windows in the whole yea~
for both residual moment values and· itj
lasts at least 2 hours ~round 12:00 h~
GMT. The window c_o~J;~spondingto"~h.e"·:-1.5j

CONCLUSIONS

I The results showed that the b~stvalue for the residual magnetic moment
should be -1.5 Am2 approximately. For this
value, the resulting launch window is of
almost 10 hours around 9:00 GMT, whatever
be the launch date. The equatorial plane;
component of the spacecraft's angular!
velocity precesses by an angle of 1800i
during the 6 months lifetime.~
Nevertheless, whichever be the residuali

Ima~netic moment between -1.5 Am2 and -0.5.

IAm , there ,wi11 be a large launch wi.ndow.,Ias"shown in.~igure "9. .. _...". .J
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Fig. 9. Launch window for -1.5 < m <-0.5. I
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