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ABSTRACT

This article deals with the method of orbit
determination and orbit correction.

For determination of the orbit, one of the
method vhich we use is based on the initial
epremeris of the orbit and the Doppler-
freouency datz obtained from four ground
stations. Using differential correction
method, the more accurate orbit parameters
can be obtained.

To correct the initial ellipticel orbit, a EEF]
method using small thrust and short

perturbation, we take only the first
order short eriod parts and second
order seculezr of perturbing functions.

[
operation duration is discussed. The model Turbing € . p
of orbit trensfer and the control eguations |—- w:‘k“?.ﬁff"" datt preprocessing
are derived, and the numerical examples are C

presented.
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1. THTRCDUCTION

The SSTC space nrogram.e now comprises
a scientific satellite project and an earth

resources satel .ite project. During life establish conditional
time of the scientific satellite, the orbit equations
will be determined, using the differential i
correction mentioned here. solve tormal
Th orbit of the earth resources satellite Sypushions
planncd is circular and sun-synchronous. To |
eliminate the injection errors and estimation values
compensate the effects of perturbing forces, Rn
orbit correction is necessary and will be T
performed by a co-planar transfe: which correcting walues
corrects the size znd shape, and a non- ARy
coplanar transfer which corrects the
inclination of the initial orcit. |_nNo 6 E es
Z. Orbital differential correction Final walues ]

The purpose of differential coriection is

to estimate tiue orbital parameters more
accurately. Using the least square principle,
the sum of the square of the weignted
differences betveen measured and computed
values ie-minimized. By solving the normal
equations, we can obtain the fine estimation
of orbital elements. The block diagram is
shown in Fig. 1.

The orbit of the scientific satellite is
nearly circular. In order to eliminate

the possibility of divergence, instead of
e,w, we take §=ecosw and N=-esinw as
variables. 1In calculations of the

Fig. 1. The block dizgrsm ~f differenti:zl
correction progrem

4. Orbit Correction

The differences between the initial and
nominal orbit are shown in Fig. 2 and
3, whererpis the radius of nominal
circular orbit,
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According to the concept of Hohmann transfer
and Lagrange's planetary equations,
assuming the initial orbit eccentricity

is small (saye.<e.01 ) and the duration of
thrust operation is short, and assuming

the arc upon which Lhe thrust overates

is symmetriczl with respect to the perigee
(or apogee), we can derive the control
equations for co-planar transfer as follow:

[ ; 2 a
T [1-§ 3 4 ginleat _ 38 gonat
af = fﬁ [Lz+3e.)nt; i S o SN

where the upper sign is used for the

maneuver at perigee and the lower sign

for the maneuver at apogee,

A, — error in apogee altitude

A — error in perigee altitude

T—— thrust acceleration in transverse
direction

No— mean initial angular velocity of
the satellite

at—— duration of thrust operation
e,— eccentricity of initial orbit
and for non-coplanar transfer:

T . t
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(in the case of symmetrical operation with
respect to ascending or aescending mode).
where the "+" sign indicates the maneuver
at ascending node and "-" sign indicates
the mo~eunver at descending node, Nwand Gy

are the mean angul:r velocity and the
semi-major axis of the nominal orbit
respectively.

w——thrust acceleration in normal direction
4i —error in orbital inclination

ah——net change of argument of ascending
NoGUe

If the durstion of operation, at, is large,
the perigee altitude is effected by apogee
correction (or vise versa) for co=-planar
orbit correction znd & oscillates with
larger amplitude for non-coplanar
correction. Hence, long duration of
thrust operation is not prefered for this
orbit correction model., TIf the initial
orpit is corrected on a series of
successive orbits with small thrust and
short eperating time, the total
characteristic velocity requriea will

be much smaller. Table 1 and 2 show

their comparison and Fig. 4 and 5
illustrate an example of three—successive
—orbit correction, where assume Afp==i0%
e=0.01, H=723Km, i=98,22° and thrust-to-
weight ratio=o0.00133.
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Fig 4. co-planar transfer
on small arcs.

Tablel.
correction method [full correchien small qfcs- W“ﬁ-:
number of | & Perigee 2 3 ‘

af apagee 1 ! !
total charachristic
wiocity (m/mc)| 582 38.89 | 3730
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Fig 5. Non-coplanar transfer
Table 2. (totul correcting quentity iso.8)

correction mathod ﬂ:;:# o.1" each |005"each ﬁﬂzt:
rumber of menewvers| 3 5 1o f
tohal charachristic

welocity (™ /sec.) R, | e e e

From these results we see that, the totzl
characteristic velocity reguired for
successive maneuvers with small thrust

and short operating duration is comparable
with that of Hohmanncoplanar transfer and
non-coplanar single impulse transfer.
Attitude errors may exist during maneuvers,
among these the yaw angle is the most
effective in this correction. Let¥ andw
denote the thrust accelerations produced
by transversal and normal thruster
respectively. In the case of co-planar
transfer, the change of inclination caused
by yaw anglc errory can be derived as:

|ai] = o 4t
ngau
and in the case of non-coplanar transfer,

the change of orbital semi-major axis is
given as:
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Fig 6 and 7 illustrcte treir effects
under various values of ¥
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Fig 6. Change of inclination
due to various Y
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Fig 7. Change of semi-major
axis due to various W
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