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Longitudinal East-West Station Keeping (EWSK)
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1 Purpose of the analysis

This short note analyses the East-West perturbations for a geostationary satellite [R 1].

1.1  Generalities

Without any perturbation, starting at a longitude of 96.26° in a circular orbit 3 km below GEO, the
orbital velocity is faster than at GEO, so the orbital period is smaller than an Earth sidereal day: it is

clear that the longitude A of the satcom with respect to the Earth rotating longitude, drifts
naturally, it increases toward the east.

2 Data
The Earth equator is not a perfect circle for what concerns the gravity, but it can be approximated
by an ellipse. The effect of this Earth equatorial ellipticity is a longitudinal drift acceleration A its

evolution versus the east longitude A follows the next equation and is plotted hereunder [R 1].
A= - —0.00168sin2(A — A,)  deg/day’ (2.91)

| = —2.251E-13-sin(2(A— 4,)) deg/s?
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Figure 2.17 Longitudinal drift acceleration due to earth’s ellipticity.
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2.1  Continuous thrust simulating the longitude drift acceleration due to Earth ellipticity
On a satellite mass 5000 kg, using a constant thrust "
of 0.2 mN oriented along the orbital velocity and
without any orbital perturbation, in 2.1 months one
gets a spiral with the semi-major axis increasing
linearly by 6 km (from GEO -3km up to GEO +3km,

see the computed plot using [R 2] at right with a 6kn:tar,inf_dmu“;'“mhmggg
zero altitude set 20 km below GEQ). i\ Final

The orbital period of such so called “perturbed
orbit” increases linearly with the time by 18 s.

X.

The corresponding evolution of the east longitude
of the satcom with respect to the Earth rotating longitude is shown in the next plots.

100.6 . . : i
A Longitude versus time __6.08-07 4 Phase space Longitude
100.5 q ;
— & +4o
& 100.4 S 4.0E-07 99.906; 4.
z 3
£ 1003 € 2,007
© Y—
W 100.2 = J
t E 0.0E+00 Longitude wrt Earth (deg) 3
2 100.1 A '
g 2 99.8 100 1002 1004/t 100.6
2 .7 0E-07 '
5 100 L° = -8.1462E-14t2+ 4.4574E-07t +99.906 § :
< 2 _
S 999 R#=1.0000E+00 -4.0E-07 100.515
99 8 time (s)
' Ao — A A AN
0.0E+00 2.0E+06 4.0E+06 6.0E+06 -6.0E-07 0 ot

Figure 1 Case constant thrust along velocity, evolutions a) Longitude versus time b) drift rate starting at +/io versus Longitude

The phase space for the longitude shows that the drift rate Ais starting at +ZO for a longitude of
Ao — AA is decreasing, hence the drift acceleration is negative. Note: this is not in contradiction
with the fact that the thrust oriented along the velocity vector produces a positive acceleration, as
it is well known that for orbital matters, acceleration means total energy increases but not for
v: u -
kinetic energy i.e. the orbital velocity decreases (cf. Vis viva equation 7 — ; = % )
The evolution of the Longitude A versus time provides by regression directly the second order
equation:

A=At Aot + (A9 — A) (deg)
Hence for this simulation, one finds:

1 = —1.6292E-13 deg/s> Ao = 4.4574E-7 deg/s and Ay — A1 =99.906 deg

The AV produced by the continuous thrust of 0.2 mN during the 2.1 months of the spiral simulating
the perturbationis: AVy,ertyrp =0.22 m/s.

s Note: the continuous positive acceleration of the satcom during the perturbation is i 4E-8

m/s? which is also given by% = _?a/l with Ainrd/s? and a the semi major axis 42 164 000 m.
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3 Relation for the AV of the manoeuvre needed to correct the drift in longitude

3.1 Orbital variations

The effect of a constant drift acceleration . . .
constant drift acceleration 1,<0

Ao<0 at the location of the satellite wrt
rotating Earth, is shown at right, the semi-
major axis a increases by Aa, here Aa =
+6km.

Perturbed orbit
GEO +3km

According to Edelbaum relationship [R 3],
the orbital velocity decreases by:

AVperturb = Vego-3km — Vero+3km-

3.2 Orbital correction AV per year

. N D~~~ /. >
The AV caﬁn be. glven- aga.ln by the N~~~ T —
Edelbaum relationship, so identical to the AVperturp-

one given by a continuous thrust of 0.2
mN during 2.1 months: that is, for A = —1.6292E-13 deg/s> AV =0.22 m/s for one full cycle back to
the starting orbit. For one full year, AV = 1.26 m/s per year.

For other longitude A , with Ay = 75°, A = —2.251E-13 sin(2(A — A;)) deg/s?, the AV in
absolute value because AV to be produced is always a positive quantity whatever the direction is:

AV = |-1.74 sin(2(A — 4,)) | m/s per year
4 Other relationship for the AV of the manoeuvre

V: ou -

The vis viva equation 7 —_— == 2— is used to set the AV of the manoeuvre needed for a
T a

correction of the drift in longitude, so with a semi-major axis variation Aa opposite to the previous
one of §3.1.

This can be performed by two similar <---2-------------— ==
impulses  (via an intermediate  gp1
Hohman transfer orbit) to reduce the
altitude of the final orbit (from
GEO+3km to GEO-3km, here da =
—6km). The impulsive thrusts dV;

shall be in this case oriented against

the orbital velocity.

Perturbed orbit
GEO +3km

Hohmann transfer

orbit
Each of the dV; are colinear to V, so

no need to rely on any vector,
analyses in mono-dimension are
relevant. The dV; effect is the

variation of semi-major axis by da; =d7a. The radius  at the location of the satellite does not
V+av)? u -

change during the impulsive manoeuvre so: = —
& & P T 2(a+da;)
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vz  2vdv; B —u _ —u(1-da;/a)

2 2 r 2a(1+da;/a) - 2a

v: oo2vdV;  op —p o, pdag

= hence, it remains: vav; = da;
2 2 T 2a 2a? 2a
Because of small variations, this is valid as well as for dV =dV1 + dV2 still colinear to V

U
VdvV = —da
2a?

4.1 Mean angular velocity and AV

ae
The mean angular velocity of the orbitis n = P where @ is the true anomaly or angle from the

. . . . de .
center for circular orbits. Note: the mean orbital velocity is V = ao; e V=na

For a GEO satcom, the mean angular velocity follows the Earth angular velocity. Hence, the
longitude of a GEO satcom wrt the rotating Earth is a constant longitude. And a variation dn on the

mean angular velocity is equal to the longitude drift rate variation dA.

With T the orbital period, T = 2n /ﬁ n= n n = £
u T a3
dn —-3da —
By log derivatives, one gets: —_—=— and using V=V=na
n 2 a
=t = ML= T _ He
vdyv = mda nadV = 2 3n dn dv = 322 dn dV = 3002 dn
v =—d
=—dn
3

4.2  Synthesis
Because the satcom dn is equal to the longitude drift rate dA, it is easy to see that a full cycle

correction requires an amplitude in longitude drift rate dA =2/10 (from —/10 to +/io).

_2a .
dV = — A, m/s per manoeuvres
3 0

With Y, the number of seconds per year,Y; = 365 x 86400 (s/year) , the number of manoeuvres per

year is Tevers where TCycle is the time spent for describing the full cycle.

Forthecase A < Qi.e. A = —|/1| the variation in longitude drift rate is from +)10 to —/10 .
By i =4 e (—|Af)de = [} ai AT eyete=—Ao — (+40)
TCycle = % So, the number of manoeuvres per year is zy—/{o |/1|

Eventually, dV = —TZa /10 . 2};{0 /1| dv = _?a Ysl/.l.l m/s per year.

sk This quantity does not depend on the number of manoeuvres per year, neither on the drift rate,
neither the longitude drift AA and is proportional to the longitude drift acceleration.

With A, = 0.00168 deg/day? A4, = 2.251E-13 deg/s? Anay = 3.92789E — 15 rd/s?,
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one gets again, the AV in absolute value because AV to be produced is always a positive quantity
whatever the direction is: AV = |=1.74 sin(2(4 — 4;))| m/s per year

5 Phase space characteristics

The starting point is a positive drift rate +io at longitude 49 — AA. A constant drift acceleration
= . . dA . .
A<0 acts on the satcom. The drift rate A = = decreases down to zero due to the negative drift

acceleration and this will occur at longitude said 4 + A4 (Note: the middle point 4y is deduced
after).

s _ dA = _ dl_dA - dl; e n s
A= A=Trw i=22 idA = AdA
s 2
[ dda=fy, ddd o so (A +A2) = (Ao — AD) = <°2_2 _ %)
. 2 £

200 = —% Because 1<0 on can write ZA/1|}{| =+ )

Hence the drift in longitude:
A3
44|

the drift rate: /10 = ./ 4|./1.|A/1

AL

The middle point Ay is thus deduced from the starting point Ao — A4 :

/-12
0
0= (4o ) H
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La mécanique orbitale est une discipline étrange... La premieére fois que vous la découvrez, vous ne comprenez rien..
La deuxiéme fois, vous pensez que vous comprenez, sauf un ou deux points.. La troisiéme fois, vous savez que vous ne
comprenez plus rien, mais a ce niveau vous étes tellement habitué que qa ne vous dérange plus. attribué a Arnold
Sommerfeld pour la thermodynamique, vers 1940




