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Orbit knowledge errors 
Maneuver execution errors 
rss 

0.001 second 
0.0024 second 
0.0026 second 

Assuming a post maneuver nodal period error of 
0.0026 second and a change of 0.5 meter per day in semi
major axis due to drag, the equation for the change in 
time of arrival of GEOSA T at its nodal crossing after 
k days is given by 

b./ J; = 2.2 x 10 (l4.3k)2 + 0.0026 x 14.3k. 
(9) 

Using Eq. 9, it can be shown that if we target for an 
exact repeat, if drag effects are no greater than 0.5 me
ter per day, and if maneuver execution errors are in the 
least favorable direction, we should still have at least 18 
days between maneuvers. However, by targeting the nod
al period to be slightly greater than that for an exact 
repeat, the time between maneuvers can be significantly 
extended by allowing the effects of drag to compensate 
for the overage in period. Ignoring the effects of orbit 
determination and execution errors, it is possible to ex
tend the time between maneuvers to about 50 days for 
a 0.5-meter-per-day drag effect. Considering orbit de
termination and execution errors as well as a 10 percent 
error in drag prediction, maneuvers should not be re
quired more than once per month. 

As of mid-January 1987, £\.\'o drag makeup maneu
vers had been performed 30 days apart by the GEOSAT 
spacecraft. However, cross-track deviations between re
peat tracks were less than 1 kilometer during this time. 
Thus, larger burns at less frequent intervals could be used 
without exceeding the ± I-kilometer track spacing re
quirement. 

MANEUVER PLANS FOR THE 
EXACT REPEAT MISSION 

Maneu vering GEOSA T to the desired Exact Repeat 
Mission orbit consisted of adjusting perigee and eccen
tricit y to the frozen orbit values, adjusting the semimajor 
axi s to achieve the exact 17-day repeat, and phasing the 
ground track to within 10.8 kilometers of that of Seas at. 
Phasing was accomplished in coordination with the semi
major axis trim. These maneuvers took place between 
October 1 and November 7, 1986, and resulted in GEO
SAT being placed almost exactly into the desired orbit. 

The frozen orbit values given earlier as 0.001 and 90 
degrees for e and w, respectively, are based on analysis 
of J2 and effects. More accurately, higher order 
zonals also contribute a diminished yet non-negligible 
effect. To investigate these, an Orbit Determination Pro
gram at APL was used to integrate analytically initial 
conditions for one year using a gravity model with zon
al harmonics through J29 , drag, radiation pressure, and 
lunar and solar gravitational perturbations. Initial con
ditions were adjusted until the "best" long-term frozen 
orbit was found. Figure 6 shows the one-year trajectory 
using the initial values for e and w of 0.000805 and 90 
degrees, respectively. Perigee excursions are less than 3 
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Figure 6-The variation of G EO SA T's mean eccentricity and 
mean argument of perigee under the influence of zonal harmon
ics through degree 29. 

degrees. The simulation did not incorporate drag make
up burns; however, they will be relatively small and can 
be designed to neutralize the excursions. The target or
bit values were chosen to be 0.0008 and 90 degrees for 
mean eccentricity and argument of perigee, respectively. 

Because of the small thrusters (0.01 pound-force), a 
great number of burns were needed. Maneuver simula
tions showed that approximately 200,000 seconds of 
thrust time using 55 of the available 84 pounds of fuel 
would be needed to drive eccentricity and perigee to their 
frozen values . Actually, 45 pounds of fuel were expended 
in 239 burns, averaging about 100 seconds each. Drag 
makeup burns are expected to use only 1 pound of fuel 
per year; thus fuel is quite abundant. 

The maneuvers were planned in two steps. The first 
step was the adjustment of eccentricity and perigee to 
near the target values while keeping the period as fixed 
as possible. A constant period during that time is desir
able for two reasons. First, precise antenna pointings are 
required for S-band communication; maintaining a con
stant period will simplify antenna alerts and pointing 
predictions. Second, ground-track drift velocity with re
spect to the desired fixed ground track should be main
tained as high as possible to minimize the time needed 
for alignment. A single burn will disturb the period; how
ever, a pair of closely timed burns with equal magni
tude but opposite sense can essentially keep it constant. 
Given a thrust in either the plus or minus X direction, 
there is exactly one true anomaly on the orbit where the 
desired change to eccentricity and perigee can be real
ized. For a thrust with the opposite sense, the point of 
true anomaly is shifted 180 degrees. Thus, the first step 
of the orbit maneuver consisted of 90 to 95 burn pairs 
of nearly equal magnitude but opposite sense, separat
ed by 180 degrees. Given a positive thrust and assum
ing target perigee to be 90 degrees, the position of the 
burn in the orbit to achieve desired changes to eccen
tricity and perigee is given by Cutting I as 

[ 
el - eo sin Wo ] e tan I 

-eo cos Wo 
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where e is the argument of latitude (the angle from the 
ascending node), el is the target eccentricity, eo is the 
current eccentricit y, and Wo is the current argument of 
perigee. 

The point of true anomaly in the orbit is just e minus 
the current argument of perigee. That point is defined 
to be the center of the burn. 

The second step of the Exact Repeat Mission maneu
ver consisted of trimming the period to the 17-day re
peat value and simultaneously phasing the ground track 
with that of Seas at. The actual maneuver sequence de
viated slightly from those planned and will be detailed 
in a future article. 

The altimeter was turned off during the orbit adjust 
period but was turned back on during the last week of 
maneuvers, which were small period adjustments. The 
GEOSAT Exact Repeat Mission officially began on 
November 7, 1986, and the altimeter performance has 
been nominal to date. 

CONCLUSION 

The GEOSAT spacecraft has been success fully placed 
into a 17-day exact repeat frozen orbit. During the GEO
SAT Exact Repeat Mission it will be possible to main
tain the GEOSA T spacecraft in an orbit that repeats it s 
ground track to within ± 1 kilometer with a small orbit
adjust maneuver no more than once a month . Once the 
thrusters are calibrated and additional experience in per
forming the maneuvers and predicting drag has been ob-
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tained , the maneuver frequency should decrease to well 
below once per month. 

The collection of sea-level data from the 17-day ex
act repeat orbit maintained during the Exact Repeat Mis
sion \vill represent an extremely valuable and unique data 
set fo r the tudy of global oceanic mesoscale variabili
ty. Experience with the GEOSAT Exact Repeat Mission 
data will allow us to better use the wealth of oceano
graphic data from future altimeter missions such as TO
PEX/ POSEI DON. 
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