EVOLUTION OF THE SIRIO IN-ORBIT STRATEGY

Cardillo
Celandroni
. Foni
Trumpy

0n @ =z >

Nota interna C80-3




FAGE 1

EVOLUTION OF THE SIRIO IN-ORBIT CONTROL STRATEGTY.

A. Cardillc, N, Celandromi, A, Foni, S, Truampy
CHOCE - National Research Council Imstitute (CHE)-F15h

ABSTRACT

This paper deals with the SIRIO im-orbit contzol and
describes the experience gained in maneuvering the satellite
during the nominal operational phase and during 1its
extension.

Some consideratioms on the actumal station-keeping
strategy are made and an up-to-date teport of the crbital
Baneuvers executed from December 1978 is presented. The
on-board fuel budget is then given and commented.

Finally, the results achieved after gcre tham two
years of SIRIO maheuver systen performance analyjses are
outlined,

1. Actual station-keeping strategy,

In ref, (1), the &mabeuvers perforsmed to control the
SIRIO flight during dits first year of operaticns tave Leen
presented; it can be seen that maneuvers sere pertcrmed to
correct the S/C orbit shen certaim otbital elesents moved
close to the imposed 1limits, and no atteapt swas made to
optimize the staticn-keeping maneuvers, tc ccuple the
North-South and West-East corrections, or to maxiEize the
time spent by the satellite in 1itse box, owing to the
following reasons :

- at handover, the orbit inclipatiosm and ncde Yere

such as to remain at least eiglt months within the

imposed limits;

- the drift rate at that moment vas such as to Bove

the S/C out of the fkox in three gcoths;

- improved acquaintance with APS rerfermagces was

necessary.

In addition, longer experimentation of the attitude
and orbit determination systeas was desirable in crder to
be able to refine the methods used and to set up standard
operative procedures +tc¢ gunarantee the full reliakility and
repeatability of the obtained results.

At the end of 1978 it was decided to perfors, for the
first time, the Horth/Souath-East/Hest combined Banegver;: the
mechanism o¢f this maneuver is based on the fcllowing
considerations.

To change the orbital plane inclination, wher the S,/C
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Fig, 4

It should be remembered that the above fcrsula is
applicable when AV and vV vectors 1lie on the plane shich is
orthogonal to the reference plane. In Appendizx B, & gemeral
case is investigated.

For geosynchroncus crbits, to maximize the time during
which the orbit inclination can be kept below a given valuge,
the North/Scuth maneuver is performed by rotatipng the node
line by approximately a 180 degrees angle. The S/C srin axis
alignment, to fperfors the combined North-Scuthsfast-Rest
maneuver, is thus <close to the target orbit normal. A
method for the guick determination of this attitude is sheown
in Fig. 5, which represents the projection of the Nerth Pole
.area of the celestial sphere in a linear polar diacram. Tle
use of such a projection does not imply relevant errors in
this case because of the very small S/C spin-axis cclatitude
angle, The 1line which «connects the two points P1 and F2
(the imitial and final orbit anorsmal vectors), gives
immediately the necessary S/C spin axis right ascecsion.
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2. Haneuvers repcrt

In this section, the
the mapeuvers performed to corr
1979 are presented.

In Tab. 1,

sore significant
the SIRIQ

ect

the attitude trim maneuver
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faragseters of
orkit during

paraaeeters are

shovn, It must be noted that the imposed limite c¢& the S/C
attitude for the SIRIOC mission and the tecaigue used to
manpeuver the satellite {see section 1.} have meant that no
specific attitude corrections wvere necessary during this
period.
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Tab. 1
In the follcuing table the JNorth-South/last-Hest
maneuver results are listed, while in Fig. 6 the §/C
longitude and orbit inclination history are presented.
0 o o T T - - EQACONVFQGQN CEHQ PBERMETER Sm-“ o o
e nr Fon AvD NODE [d PRIFT RATE
4 spw jate seiy (EMTIMCIE LD I () fqegria, g OO i
MONEUVER SATE  iemiT DURATIN (rpr CAXIS IMITIRL PREDICTED COBSERVED i;:)(;s?c‘”[”b
SO ? L
TIiME ' PRE CESSH CEnBiL FIvel
T ooy RS seq) fprcduTchgobserved (deg) INCL NODE INCL NODE;INCL NEDE wmnt}mgw opser PR, (ﬁ*
. T T ] i l
: : : . |
- WORTRIsoUTH - ERST s T ! _ | i ‘ ! ‘ '
| / 4 G osama i 152 Loar leoar | a0 |oaor 9132j019 26891 )0.1P5 2R20F 07 00i7i0 080 8.95 2 312
STOTICN - KEEPT W | s H
o " -t -
NGRS - 85T JuEs T ST : ' ;
3009791063810 | 150 (.09 '-607 | 0.0% 1045 [ §63910.079 1213910079 26897 ~o.o/rogo.wi7‘so.o/3;§ 0.4 !,_7 044
STATION -KEEPING ; } | I | 5 !
~ % [N S 1 ; S R S
Tab, 2




PAGE 9

Bor geosyanchronous «circcular orbits, the velocity
magnitude can be considered constant. Then

dD = - 351.3 (V¥ - {v])

where dD is measured in deg/day East and V and V' in
Kg/sec.
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Appendix B

Let us consider +two vectors V and Av as skcyn in
Fig.7. If V! is the resultant vector, it is clear that|ve -
{vl depends on the Y angle.

Fig. 7

If-0( s and 65, r and -i are the right ascension and the
declination of theAvV and V vectors respectively, then:

cos { = sini-sinbs + cosi-cosés-cos{ds-r) (1

If vV and Av lie on the plane orthogonal tc the
reference plane, then

Ae =

Because of the magnitude of the considered angles the {(1)
can be written as follows:

cos B’= c cos(&x_s-r')-!-«;

vere c is the codeclination of the S/C spin axis,

Let 6 be tne codeclination of the spin axis causing
the desired difference V¢ - ¥V, in the case of Ag=r o
It must be noted that this difference remains constant fer
all the couples ¢ and Ols such that:

§

o e
CGS(O(s‘r)
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