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ABSTRACT

Because of the presence of small perturbing forces
on orbit, the position of an initially geostationary
satellite relative to the earth will be disturbed.
Therefore, the periodical station-keeping maneuvers
are required to maintain the satellite in its sta-
tion against various perturbing forces. In order

to determine an optimum station-keeping maneuver,

it is necessary to analyze the perturbed motion of

a geostationary satellite and the effect of an im-
pulsive velocity increment on it. MNASDA developed
an east-west station-keeping maneuver strategqgy which
is called "Sun-synchronized Method". Moreover, a
maneuver evaluation technique is also obtained from
the analysis of the effect of the impulsive wvelocity
increment on a geostationary satellite.

These techniques have given very satisfactory re-
sults in the operations of the station-keeping
maneuvers for the existing satellites.

Keywords: East-west Station-keeping, Geostationary
Satellite, Perturbation, Mean Element, Impulsive
velocity Increment, Maneuver Evaluation, Sun-synchro-
nized Method

1. INTRODUCTION

National Space Development Agency of Japan (NASDA)
has launched several geostationary satellites.

In order to keep the stations of these satellites,
NASDA analyzed the perturbations on the geostation-
ary orbit and the effects of an impulsive velocity
increment on it, and then developed the east-west
station-keeping maneuver strategy which is called
"sun-synchronized Method" and the maneuver evalua-
tion method.

At first, this paper describes the results of the
analyses of the perturbations on a geostationary
orbit, and the effect of an impulsive velocity
increment on it. Then the Sun-synchronized method
and the maneuver evaluation method are described.
The final part of this paper presents the results
of east-west station-keeping maneuvers, which have
been carried out based upon the Sun-synchronized
method, for CS(Medium-capacity Communications
Satellite for Experimental Purposes).
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2, PERTURBATIONS ON GEOSTATIONARY ORBIT

The principal perturbations on a geostationary
orbit are due to the triaxiality of the earth, luni-
solar gravitational effects, and solar radiation
pressure. The triaxiality of geogravitational
field and solar radiation pressure tend to induce
in-plane perturbations. The ellipticity of the
equator causes a long-period variation of the sub-
satellite longitude. Solar radiation pressure
causes an annual variation of the eccentricity.

On the other hand the earth's oblateness and the
luni-solar gravitational attractions generate main-
ly out-of-plane perturbations. These induce long-
period variations of inclination and ascending node.
The actual motion of geostationary satellite under
the influence of all perturbations is a sum of many
short-period perturbations with different frequen-
cies, amplitudes, and phases superimposed on the
long-period perturbations.

Analyzing the perturbed motion of a geostationary
satellite in detail, it becomes possible to attain
an exact maneuver strategy. In order to analyze
the effect of perturbations on a geostationary
orbit, the following orbital elements are used:

. semi-major axis a

. mean right ascension I = f(+w+M

. inclination vector BN e i [ COB Q)
2 = sin i X
(i-vector) q sin R

. eccentricity vector BN 3 cos ({(+w)
(e-vector) n sin (Q+Ho)

where (I is the right ascension of the ascending
node, W the argument of perigee, M the mean anomaly,
i the orbital inclination, and e the eccentricity.

2.1 Short-period perturbations

Obviously, it is impossible to correct periodical
perturbations unless their pericd is much longer
than the maneuver cycle. The short-period pertur-
bations must be separated from the osculating ele-
ments to determine an optimum maneuver. Given the
osculating elements, it is necessary to obtain the
corresponding mean elements which omit the effect
of the short-period, about 1 day or less, pertur-
bations. In order to obtain the mean elements, it
is necessary to know the daily variations of the
elements caused by short-period perturbations.

FRG, 18-22 May 1981 (ESA SP-160, Aug. 1381)



408 M. UTASHIMA ET AL

For a ceostationary orbit, the following three ele-
ments are significantly perturbed by the short-
period terms: 1)semi-major axis, 2)mean subsatellite
longitude defined as Am=f-08g=(+w+M-0g where Og is
the Greenwich sidereal time, and 3)eccentricity vec-
tor.

2.1.1 Semi-major axis. Lunar and solar gravitation-
al attractions, and solar radiation pressure cause
the changes in the osculating semi-major axis with
the amplitudes of about 1Km, 0.5Km, and 0.03Km (for
CS) respectively.

2.1.2 Mean subsatellite longitude. Lunar and solar
gravitational attractions cause the changes in Am
with the amplitudes of about 0.002° and 0.001° res-
pectively.

2.1.3 Eccentricity vector. The second zonal term
(J2o-term) of earth's potential, and luni-solar
gravity cause the changes in eccentricity vector
with amplitudes 0.4 x 107", 0.5 x 107", and 0.2 x
10”" respectively. The daily variations of e-vector
due to these perturbing forces are given by the fol-
lowing eguations.

For Jzp-term:

AEg 3 2 fcos I
=7J2(EE _ (1)

Ang a sin L
where ag is the mean equatorial radius and J; is
the coefficient for Jzo-term. This indicates that
the e-vector perturbed by Jzp-term traces a circle
with a radius (3/2)-J2-(ag/a)? in a (£,Z) plane
synchronizing with the satellite motion.
For lunar gravity:

AE\ _ {cos R -sin n)(ag;) @
(ﬁn ~ \sin @ cos 2 /\ An!

&E;!: =B e (_a‘__.)3

ﬂn; n-n, mg b Y

[[{1—% (a%+82) } (‘:“5 B "")

sin (W + M)

= A%-B%cos 3 (w + M) + 9cos (w + M)
4 sin 3 (w + M) + 9sin (w + M)
ABf sin3 (w + M) + 9 sin (w+1-l))
2\-cos 3 (W + M) + 9cos (w + M)

3 a B D 2
5 [{14(;\ + B°) }

a
Ty

A cos2 (w+ M +Bsin2(m+H))
Asin2 (w+ M) - Bcos2 (w+ M

5 3 cos2 (w+M) + —;‘- cosd (w+M)
+— A(a? - 3321( 5
-3 sinZ{m+M)+—§-sin4(w+M)

5 3 sinz(w+M)+-%~sin4(w+M)
+ B(3a% - B?) ( N
3 cosZ(w+M)-‘5-cos4tw+M)

(3)
where n is the mean motion of the satellite, n, the

mean motion of the moon, m, the mass of the earth,
r, the distance between earth and moon. A and B are:

A = cos 8. cos(f-oy)

]

-cos 84 cos i sin(fi-04)+ Sin 8¢ sin i

where (04 ,0a) are the right ascension and the decli-
nation of the moon.

Subscript & represents a value for the moon and®
represents a value for the earth.

Eq.(3) indicates that the e-vector perturbed by
lunar gravity nearly traces a diamond shape in (£,
n) plane. The variation of e-vector due to solar
gravity also be given by the expressions of the
same form as the equations (2) and (3).

2.2 Long-period and secular perturbations

In order to determine an optimum station-keeping
strategy, it is necessary to know the changes in
the mean elements caused by long-period and secular
perturbations. Perturbations of the semi-major
axis and the drift-rate, the inclination wvector,
and the eccentricity vector during the interval
between maneuvers must be taken into account.

2.2.1 Semi-major axis and drift-rate. The long-
period perturbations of the semi-major axis are
caused by mainly non-zonal terms of earth's tri-
axiality. This in turn causes a long-period accele-
ration of the mean subsatellite longitude. The ac-
celeration of the mean subsatellite longitude is
about 1.5 x 10~° deg-day_z westward at 135° east
longitude.

On the other hand, the oblateness of the earth and
the luni-solar gravity generate the secular pertur-
bations of {l, w, and n. The former causes the in-
crease of about 2Km in the geosynchronous radius
and the latter causes the decrease of about 0.5Km
in it.

2.2.2 Inclination vector. Jjzp-term and luni-solar
gravity cause the drift of the inclination vector.
The mean value of the drift motion of thec inclina-
tion is about 0.8° per year. By choosing the ini-
tial ascending node close to 270°, the inclination
decreases first to zero, and then increases. This
property is used for determining an optimum north-
south station-keeping strategy. The motion of the
i-vector due to these perturbations is given by:

[1+0. 00016t @ -0.00434 (@ +0.00419 @ ~'+0.00003 @ *-0.00002 @ ~*
| +0.00004 (- (5g)~"! 09+ E@fe™"-0.0000: @ ~* (0)°
< = 1B -o,mu@‘m.mu@-‘
+0.00002 (- (Gg) ! 0+ G0 1+0-00001t- @ () + ® E) 7
m_ancm{-@%@"l

©.01445-0.01020 @ - 0.00008 B ~'-0.00022 @ *

-0.00001 w.ooaq;ho.aom@" @‘
L -a.omn%w.m‘xs @’»u.om:@" o’

+0.132150~0.010662 () -0.000359 ® ~' +0. 000089 @ *+0.000001 @ ~*

+0.000013 (g~ (ig)-0-000014 %“oo.mos %

+(-0.000278-0.000010 @ ~*) @'m.mma ® ¢ @'— @“1

-0.000010 (Gg) ™ @’—muﬂml@@"

+10.000007+0.000002 @ ) ¢ @" @- @@"nw.mo»n.m; & %

-0.000016 @ = @‘—o.ooooal ® @"ol-u, 00004640, 000001 @ ) ®’

+(-0.000006-0.000002 ® =) () ~* (i) *-0. 000001 Gg) -2 (@N

where

@

[}

K =P + iq
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By + Bt

-3.19459 x 10~ " (rad/day)
Aoy = of + Wef *+ Mo 4
Dok = Qoft Woh

longitude of the ascending node of the moon
referred to the ecliptic plane.

o T
L] u

Subscript e represents a value for the sun. And, Y
and Bo are the constants determined from the initial

conditions.

2.2.3 Eccentricity vector. Solar radiation pressure
and lunar gravity generate variations of eccentri-
city vector with the period of 1 year and 1 month
respectively. The motion of e-vector due to these
long-period perturbing force is given by the follow-
ing equations.

For solar radiation pressure:

£ = Cgy + AL,
AEy = r(u.ooom@- o,owoos‘hu‘aouom " ®+(ig) ®H
+o.mlos®—u.mmcs®"+o.wml" ‘)

(5)

where Ec =&+ L

Eco = initial value of €,

O o s i

s e
where Cgr is the surface reflectivity of a satellite,
A the cross sectional area of a satellite, W satel-
lite weight, and P the solar constant.
Let (Xg,Ye) is the (x,y) component of the unit sun
vector in the equatorial coordinate system, then,
dE/dt and dn/dt are:

ag
dt
= 3CgrAP ¥ (6)
an 2Wna
dt

Eg.(6) indicates that the e-vector perturbed by
solar radiation pressure traces a circle in the (&,
n) plane synchronizing with the sun motion as shown

in Fig. 1. The radius of the circle is given by
3CRrAP
Rsp = _2_L {7)
nangw

For lunar gravity:

€e = x(@ (1+0.016¢ @ +0.005 @)-0.004 @ ")
+(@ ! [-0.069+0.001¢ @ -0.008 (1) m.aos"c.ooz@‘)
+(-0.000205+0,000068 @ + 0.000019 @ ~*+0.000006 ®*) (7))

+(0.000058+0. 000016 (§)-0.000006 & ~*+0.c00001 ) *) @"

-o.ooonm@" ’

-o.oonon+o.nonow"»n.onoonn ® +®" . ® "1
~0.000002 'l ’an.moom —:

+(=0.000003-0.000001 @ ™) ’—U.ODODOL" @“

(8)

where

a=oap + 0ot

3.1600 x 10™" (rad/day)

K and op are the constants determined from the ini-
tial conditions.

The motion of e-vector due to lunar gravity is near-
1y synchronizing with the moon motion as shown in
Fig: 2%

L P
A
P, AT
Initial - Initial
e-vector - Direction
@ of Sun

= 2CRAP
Rsp ZnangW

Motion of e-v+-tnr due to
Solar Radiation ressure

Figure 1.

| Epoch '80 FEB.2 0:0:0 UT

=

L1
3 4 5

Motion of e-vector due to Lunar Gravity

Figura 2.

3. ORBIT CHANGE BY IMPULSIVE VELOCITY CORRECTION

In order to consider the effect of an impulsive
velocity increment on the elements of near geo-
stationary orbit, the following matrix is used:
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a - _ﬁ. sin ¥ Eeon ¥ 0 3 3.2 Inclination vector
z The change in the inclination vector is given by:
-—cos [ =—gin & 0
p a
3 1 p
0 0 -
q aaces b ap) _ B(q) i Avy cos I s
3 0 0 2Lsin I Ad dz 4 sin I
na
A 1 1
=l [P £ This change is illustrated in Fig. 3.
2 2nas:.n22 2na(c0322 +3) 0 is chang g
3|y L(cctsz): -3) L ginasy 0
el \ 2na 2na J q
z
(9) £
where (%, ¥, z) is the velocity vector in the equa- ‘—f: = =
torial coordinate system. /
s AN
From the Egq.(9), it is possible to obtain the equa- Vo
tions for impulsive changes in the components of the
vector elements. The components of an impulsive
velocity increment AV (Ax, Ay, Az) are expressed as e Q1
follows: p
. ir
Ax = AV cos$ cosa = AVyy cosa
Ay = AV cos8 sina = AViy sina
Az = AV siné = Avy Figure 3. Change in i-vector due to

Impulsive Velocity Correction

where AV is the magnitude of AV, (a, §) the right

ascension and the declination of AV direction, AViy
the in-plane component of &V , and AVy is the compo-
nent normal to a orbital plane. Then, the changes

3.3 Eccentricity vector
of the elements due to AV is given by:

The change in the eccentricity vector is given by:

a
: ) s
da a3l P (’35)___11_(!.\ _Aviy [~ sin2l cos2i +3)(cosa
AL g A% An 3(:) AY 2Vo \cosy -3 sin2k sin a)
Ap n .
As B s | Y (10) _ Avin (cosI - sinZ) (2 sin (G—E))
2 ~
AL s Az Vo \sinZ cosf/\- cos (a-L)
¢ 1.’ _ AVIN in (a-2L) o 3AVIN sin O
B z = 3, (g Vo ( )
cos (a-2L) -cos o

(14)

3.1 Semi-major axis and mean right ascension

when a=% +90°, (AE, An) is illustrated in Fig. 4.

The changes in the semi-major axis and the mean
right ascension due to impulsive velocity increment
are given by:

n
a
= =a[?) A g) h
A% 3(:() Gl o S 0 My g A
2AV Ty (a sinl -a cosE) cos a) 20V1N
o SN .
Ve cosk sinl sin a
20Viy sa sin (T - a) /—
- Qr+wr | 4 £
8 cos (L - a) (11) =
where Vo is the initial orbital velocity. Sk Qr+wr
From Egq.(11), the drift-rate change A} is expressed
by:
x 3 Aa Figure 4. Change in e-vector due to
M= -5 Zn Impulsive Velocity Correction

= (a=1+90°)
_ 3AVINn
- e

sin (L - a) (12)



EAST-WEST STATION KEEPING 411

4, E-W STATION KEEPING STRATEGY

The objective of the east-west station-keeping is
to maintain a satellite within a tolerable range
around a target geostationary longitude. The vari-
ation of the sub-satellite longitude of a geosta-
tionary satellite is caused mainly by the following
two effects:

. A long-period perturbation of the semi-major
axis due to J;; tesseral term,

. A long-period perturbation of the eccentri-
city due to solar radiation pressure. The
satellite will have a daily oscillation in
Thelsubsatellite longitude with amplitude

2e|.

In NASDA, the east-west station-keeping maneuver

operation has been carried out based on "Sun-synchro-

nized Method" which is described in the sequel.

4.1 Sun-synchronized Method

The east-west station-keeping maneuver based on Sun-

synchronized method provides both the required drift-

rate and the eccentricity vector correction by one
tangential velocity impulse. The motion of the mean
subsatellite longitude and the drift-rate will trace
a parabola in the (A,}) plane such as shown in Fig.
5.

Assume that it is reguired to maintain a satellite
around 135°E. The maneuver cycle begins at point A
with the satellite positioned at the western edge
of the band. The satellite initially drifts east-
ward. At B, the drift stops and changes the direc-
tion westward. When point C is reached, the sta-
tion-keeping maneuver is made to aim at A by a
tangential velocity impulse. This tangential velo-
city impulse also can be used for the correction of
the e-vector.

The eccentricity wvector moves, as mentioned in 2.2.3,

on the circle synchronized with sun motion with a
radius Rsp. Using this property, this radius can
be reduced to an effective radius Rt by applying
the tangential velocity impulse at an appropriate
time. If O is assumed to be small, Rt is given by:

. |Aep = Aegy]
Rt & e/ (ol

where ﬁep is the change in eccentricity during the

Drift-rate

by
A

[§]

Longitude Band

Figure 5. Motion of Sub-satellite Longitude

and Drift-rate

Circle C

il

A (at Time Tr) a
- . X Direction of Sun
5 % 3 at T1

Figure 6. Motion of e-vector in
Correction Cycle: |Aep|>|tepw|
n
Circle C
B,
Rgp
//
& o E
AL,
i Btk LA --n:}'<_
| P!
I Direction of Sun
» R at Tr
at Time Ty) ;J' '
Figure 7. Motion of e-vector in

Correction Cycle: |Aegw|>|fep|

interval T between maneuvers, and Aegy is the
change caused by a maneuver, and £ is the change

in right ascension of sun's direction during T.

The correction sequence and its effect on eccen-
tricity vector according to the sun-synchronized
method are illustrated in Fig. 6 and Fig. 7.

The maneuver cycle begins at point A. The eccen-
tricity vector drifts on the circle with the radius
Rsp without corrections during the interval of
length T. At point B, a tangential velocity cor-
rection AVgy is applied at 18 o'clock of local time.
Then follows the next cycle.

As observed from Fig. 6 and 7, when this method is
applied to the eccentricity keeping, the initial
eccentricity vector must be located at an appro-
priate point on the circle C relative to sun's
direction. In the east-west station-keeping maneu-
ver operations based upon Sun-synchronized method,
every maneuver can be operated at almost same hour,
at about 18 o'clock of local time.

Unless the initial e-vector is located at a suit-
able point for Sun-synchronized method, several
maneuvers in the beginning of east-west station-
keeping operations have to be carried out in order
to acquire such a suitable point as point A in Fig.



412 M. UTASHIMA ET AL

6 and 7. In this interval, the time of the maneuver
operation varies from maneuver to maneuver.

4.2 Operational longitude band

In order to maintain a satellite within a dead band
in loncitude which is determined from satellite mis-
sion requirements, an operational band has to be
reduced from the dead band. The width of operation-
al band depends upon the accuracies in orbit deter-
mination/prediction and in the APS (auxiliary pro-
pulsion system) thrusting error, and the magnitude
of eccentricity. This is determined as shown in
Fig. 8. In Fig. 8:

AAD = width of a dead band
AXNOP= width of an operational band
AT = target stationary longitude

Aw = western edge of the dead band
(= Ap - AMp/2 )

AE = eastern edge of the dead band

(= Ap + AAp/2 )
Ade = daily oscillation in longitude due to
eccentricity ( = |2e])

Aly = drift-rate at western edge

AAg = error in longitude at eastern edge
resulting from orbit prediction and
APS thrusting.

We assume that daily oscillation in longitude due
to inclination can be neglected.

Thus, one cycle for the east-west station-keeping
maneuver strategy consists of:

i) sub-satellite longitude initially at
Rw + ISRE + &Rw

ii) drift phase from
Aw + Ade + Adw to Ag - Ale - AAg

iii) drift phase from
AE - Ake - QXE to J\w + Ale + ﬂkw

iv) correction maneuver at Ay + Ale + Ady
which reverses the drift-rate and cor-
rects e-vector simultaneously.

A A *e
! | Y I
|

1
] |
Mg 1= by —-I-— Operational Band Algp —se— Olp —w- Odg

Ap —

Operational Longitude Band

Figure 8. :
tor E/W Station Keeping

5. MANEUVER EVALUATION

When maneuver commands computed on the ground using
the thruster data tables are executed in the space
environment, the resulting satellite orbital para-
meters will usually differ from the expected values.
The objective of maneuver evaluation is to determine
correction coefficients to be applied on the thrust-

er data tables in order to simulate the actual flight

Performance of each thruster. The results of an
executed command is, of course, obtained by orbit
determination.

For the east-west station-keeping maneuver which is

operated using a thruster in the pulsed firing
mode, impulsive wvelocity increment (AVyy) and the
right ascension of AV vector (o) are evaluated.

on the other hand, for the north-south station-
keeping maneuver which is operated using a thruster
in the continuous firing nnde,AVN and the maneuver
centroid time (tm), at which AVy assumed to be ap-
plied instantanecusly, are evaluated. The method
of maneuver evaluation using semi-major axis, e-vec—
tor, and i-vector is described in the sequel.

5.1 Evaluation by semi-major axis

The subscript I represents an initial value prior
to the maneuver, the subscript R represents an ac-
tual value obtained by orbit determination perform-
ed after the maneuver, and the subscript E represents
an expected value computed by a command generation
program.

An estimated ratio of the actual value of AVIN to
the expected value is given by:

_ ar - a1
L (16)
La is used as an efficiency coefficient to be ap-
plied on the cumulative impulse data table for the
east-west station-keeping maneuver.

5.2 Evaluation by i-vector

An efficiency coefficient to be applied on the
thrust data table for the north-south station-keep-
ing maneuver is given by:

. _ |BR| _ |ig - il

ti |31Ei llE - 1I|

A =
The angle from Aig to ELR corresponds to the error
in the maneuver centroid time,

(17)

5.3 Evaluation by e-vector

Assume that the in-plane velocity increment

M1y = (AVg, AVp), where AVR is the radial compo-
nent in the orbital plane, positive outward, AvVp

is the tangential component, positive in the direc-
tion of motion. In Eq.(14), AVR and AVp correspond
toa =1L and @ = £ +90° respectively. Then the
change in e-vector may be expressed in terms of
AVt and AVR by:

Ag 2AVp f cos I AVRf sin L
(ﬂn)" Vo (sin Z)+V_u(~—cos Z) i

This is illustrated in Fig. 9.

Eg.(18) shows that an eccentricity vector can be
changed by either a tangential velocity impulse or
a radial velocity impulse. Using this property,

it is possible to evaluate both an impulsive velo-
city increment and it's directional error (i.e.,
the error in right ascension of AVyy) for the east-
west station-keeping maneuver.

From Eq.(14),

AE _ Aviy (2 sin (a-I)
E:)(An) Vo (— cos (a—Z)) (x9)

where

cosl - sinl
@ - ( sin}f cosk
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and
A = Y(AE'/2)*+ (An")?

Then, the efficiency coefficient for an in-plane
impulsive velocity increment maneuver is given by:
AR

Ce =TE' (20)

Le is also used to calibrate the cumulative impulse
data table for the east-west station-keeping maneu-
ver, as well as Zj;.

The right ascension of AVyy is given by:

oy tan“( ag: )+ b (21)

-2An’
Then the directional error in AVyy is given by:
Ao = aRp - Of (22)

Ax is used to calculate the efficiency coefficient

I
St LA
.| 24Vp
|ag* |, T
/ £
eF -““nl
[an*]
AVR
Vo
E'

Change in e-vector due to Impulsive
Velocity Correction

Figure 9.

to be applied on the thrust centroid data table for
the east-west station-keeping maneuver. The thrust
centroid is defined as the time measured from the
point at which the thruster valve is opened to the
central point of the pulse.

6. RESULTS ON CS

CS was launched from Eastern Test Range, Florida,
U. S. A. by a Delta 2914 on December 24, 1977. Ten
days after the launch, it was placed on-station at
135° east longitude. Since then, based upon Sun-
synchronized method, many east-west station-keeping
maneuvers have been carried out. During the re-
guired mission duration of CS, it is necessary to
maintain it's longitude within *0.1° from 135° east
longitude station.

Fig. 10 shows the operational band for CS E-W sta-
tion-keeping maneuver strategy.

Fig. 11 and 12 show CS E-W station-keeping maneuver
history. These maneuvers have been carried out
every 21 days. The wvelocity increment for each
maneuver was about 0.1 m/sec consuming about 0.002
Kg hydrazine.

Fig. 11 shows a history of subsatellite longitude
and drift-rate from April 1979 to March 1980. 1In
this figure, broken lines which correspond to the
maneuvers tend to lean towards the left.

It is supposed that these leanings are induced by
the error in semi-major axis resulting from orbit
determination. These correspond to about 50 meters
of the error in semi-mzjor axis.

Fig. 12 shows a history of the mean eccentricity
vector in about 1 year from April 1979 to March
1980.

Fig. 13 is a graph showing efficiency coefficients
for CS's radial thrusters vs. pulse number.

And, Fig. 14 is a graph showing the directional
errors of the maneuvers vs. pulse number.

e, Bw ] Me A
) ) | T T
134.9 134.93 135.0 135.06 135.1
134.91 135.09
deg. East

==—— Operational longitude Band ———>

(0.13)

Magnitude of Ale,AMg, and AAE correspond to:

maximum eccentricity

; 1x10™"

orbit determination error ; 50 m in semi-major axis

maneuver error

Figure 10.

7 5%

CS Operational Longitude

for E/W Station-Keeping
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Efficiency Coefficient

Directional Error (DEG.)

.99

.98

.97
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7. CONCLUSION

This method has been applied alsc to the Engineering
Test Satellite II (ETS-II), the Geostationary Mete-
orological Satellite (GMS) and the Medium-Scale
Broadcasting Satellite for Experimental Purposes
(BSE), and all the results have been wholly succes-
sful. These results confirm the validity of NASDA's

B ¥ east-west station-keeping maneuver strategy and
[ X § maneuver evaluation technigue.
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