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SATELLITE LIFETIME PREDICTION

Gerald Wittenstein, NASA/Marshall Space Flight Center

Satellite lifetime predictions are critically dependent on
the ability to forecast future solar and geomagnetic activity.
These quantities are inputs to the atmospheric model with which
values of atmospheric density are computed along a projected
orbital path. Density values are combined with the predicted
ballistic coefficient timeline to compute drag and predict decay
histories. The major uncertainty in making predictions that
pertain to time periods that are years in the future is in the
solar and geomagnetic activity projections, although the
ballistic coefficient is also frequently in doubt.

Reliable lifetime predictions are of great importance.
Lifetime in terms of years of on-station operation and reboost
requirements are major drivers of system costs. For the space
station a major issue is to predict when reboost is necessary.
For low solar activity (sunspot number 50) it is estimated that
1000 1b of propellant are required for reboost each year, while
for high activity (sunspot number 200) 10,000 lb are required.

Comparisons between actual and predicted orbit lifetimes
show large differences that are due mostly to the uncertainties
in predicting solar/geomagnetic activity. When the actual
solar/geomagnetic indices that were observed during the orbital
lifetime are put into the models during post-flight orbital
analyses, the models work quite well, within about 10 - 15
percent in lifetime. High inclination orbits may be expected to
exhibit the greatest variability (Roble).

Given present knowledge, solar cycle uncertainties are
unavoidable. A reasonable procedure is to go with the best
forecasts available, and try to allow for variations by
estimating lifetimes for both nominal and plus two-sigma solar
activity levels. Short term variations are essentially
unpredictable.

USER SUMMARY Satellite lifetime

In summary, while present density models are adequate for
planning, the inputs to themn, particularly solar/geomagnetic
activity indices, are unreliable.
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SOLAR FLUX, Fyq 5
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SOLAR FLUX, Fyq 5
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SKYLAB LIFETIME (IMPACT) PREDICTIONS
DURING THE PASSIVE PERIOD

Memo Date Ballistic Predicted Impact
Coefficient (Mo/Yr or Mo/Dav/Yr)
(kg/m?)
Nominal +20 -20

Aug. 1, 1973 170 7/81 9/78 10/85
Mar. 11, 1974 207 3/83 11/79 6/92
Sep. 3, 1974 140 5/81 10/78 10/84
Nov. 27, 1974 140 4/81 10/78 6/84
Dec. 12, 1974 140 4/81 10/78 6/84
Feb. 20, 1975 120 1/81 9/78 1/83
May 20, 1975 120 12/80 9/78 11/82
Jul. 27, 1977 144 12/2/80 8/21/79

Aug. 16, 1977 144 12/7/80 8/23/79

Oct. 15, 1977 144 4/16/80 5/31/79

Nov. 18, 1977 144 3/23/80 5/14/79

Dec. 18, 1977 144 3/14/80 5/22/79

Feb. 9, 1978 144 12/21/79 5/3/79

Apr. 10, 1978 144 8/29/79 4/13/79
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——  TYPICAL 27 DAY PREDICTION OF DAILY F,,  (FROM NOAA)
O—O ACTUALDAILY Fyq 5 )
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