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ABSTRACT

This paper details the interaction of a small satellite with a space network and estimates
the number of contacts and duration of contacts between the small, spin-stabilized satellite
and a TDRS satellite. The simulations were performed using Satellite Tool Kit (STK)
version 3.0, an orbital analysis software program. STK was configured for the four
vehicles representing the spin-stabilized satellite and three TDRS satellites, TDRS East,
West, and TDRS Zone of Exclusion. A set of simulations were run in which the spin-
stabilized satellite was given orbital elements corresponding to an orbital altitude between
600 km and 1200 km. The orbital inclination angle for the set of simulations was also
varied from 20o through 100o along with the antenna cone angle of 10o through 40o to
account for the effective beamwidths. In each of the simulations, the access to each TDRS
satellite in the SN constellation was examined as a function of orbital altitude, orbital
inclination angle, and antenna cone angle.
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INTRODUCTION

To overcome the limit on data transmission, the Space Network (SN) operated by the
National Aeronautics and Space Administration (NASA) has been used to transmit data to
and from orbit using the Tracking and Data Relay Satellites (TDRS) in space and
interfacing to the White Sands Complex (WSC) in New Mexico as the ground entry point.
The advantage of the SN over a fixed ground station is that most orbits will be within the
visibility area of at least one of the TDRS within the SN for a large part of the orbit. Small
satellite users have not often considered using the SN because of problems in scheduling



communications and the cost in weight and power to use gimbaled, directional antennas
for the communications support. The purpose of this paper is to show that the SN can be
accessed using non-gimbaled antennas to achieve the space-to-ground transmissions.

PRELIMINARY STUDY

An initial investigation was developed primarily using MATHCAD and Visual Basic
programming to perform hand-coded analysis and were reported in [1], [2], and [3]. This
paper extended the preliminary study in the following ways:

1.  The simulation period was extended from the previous maximum of 10 days to 30 days
2.  The number of TDRS satellites in the SN constellation was enlarged to three to allow

for the current TDRS positioned to close the Zone of Exclusion over the Indian Ocean
3.  The commercial orbital analysis program Satellite Tool Kit version 3.0 [4] was used in

order to improve the simulation methodology.

The STK program was an advantage over the hand-coded analysis because it included
perturbation models for propagating the orbital elements and the ability to choose the
attitude control system model for the satellites.

SIMULATION ENVIRONMENT

STK was configured for a constellation of three TDRS spacecraft with the orbital elements
given in Table 1 and taken from [5]. The TDRS constellation was configured for both the
nominal TDRS East (TDRS-E) and West (TDRS-W) spacecraft plus the third TDRS
positioned to close the Zone of Exclusion (TDRS-ZOE) over the Indian Ocean. The
spinning satellite was configured in STK with the elements shown in Table 2. The attitude
control model was that of a nadir-pointing, spinning satellite. An example plot showing the
TDRS locations and a sample of the spinning satellite orbits over a 24-hour period is given
in Figure 1.

A contact between a given TDRS and the spinning satellite occurs when the antenna model
on the TDRS is visible to the antenna model on the spinning satellite as illustrated in
Figure 2. At position #1 of Figure 2, the two antennas are not mutually visible, while at
position #2 of Figure 2, they are visible. The STK program tracks the time of these
contacts automatically and produces a report listing them over the simulated 30-day
duration. The antenna model used on the TDRS is emulating the Multiple Access antenna
system. In STK, antennas are modeled as sensor objects and associated with each sensor
object is its visibility. In STK, this is called the cone angle and it represents the half-angle
of the cone containing the full response of the sensor. For an antenna, this total cone angle



would correspond to the Half Power Beam Width (HPBW). The cone angle used in STK
was therefore one-half of the HPBW.

Table 1. Orbital Elements for the TDRS Spacecraft Used in the STK Simulations
element TDRS-E TDRS-W TDRS-ZOE
epoch 96309.07964 96309.52072 96310.80323

MM (rev/day) 1.00269234 1.00270108 1.00269
eccentricity 0.0008832 0.0004056 0.0005781

inclination (degrees) 0.169 0.0743 2.7767
wp (degrees) 119.7426 173.4374 153.3718

RAAN (degrees) 90.1551 80.9672 71.2162
MA (degrees) 181.4839 162.7795 195.285

Table 2. Orbital Elements Used for the Spinning Satellite in the STK Simulations
element value

MM (rev/day) 13.16 through 14.89
Altitude (km) 600 through 1200
eccentricity 0

inclination (degrees) 20
o
 through 100

o

wp (degrees) 0
RAAN (degrees) 0

MA (degrees) 0

Figure 1 - Example orbital ground tracks for the three TDRS satellites and the
spinning satellite over a 24-hour period using STK to perform the
simulation.
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Figure 2 - TDRS/LEO Satellite Access Geometry.

RESULTS

The access of the satellite was simulated over the following sets of conditions:

a.  orbital altitude covering 600 km through 1200 km
b.  orbital inclination angle covering 20o through 100o

c.  antenna cone angle of 10o through 40o corresponding to effective beamwidths of 20o

through 80o.

The simulation analysis recorded the start and stop time of each access period between the
spin-stabilized satellite and each TDRS, the pointing angles, and the slant range between
the satellites.

The following statistics were examined as a function of orbital altitude, orbital inclination
angle, and antenna cone angle:

a.  minimum, maximum, and average contact length in minutes
b.  total daily contact duration for each TDRS and the SN constellation
c.  average number of contacts per day for each TDRS
d.  average contact duration.



Figure 4 and 5 plot the results for TDRS West illustrating the average number of contacts
per day and the average contact duration. The TDRS East and ZOE satellites have very
similar results so only TDRS West is shown. Figure 6 illustrates the total SN constellation
average daily contact time.

CONCLUSION

The improved simulation methodology with orbital element propagation technique proved
to be similar in comparison with the basic simulation methodology. The non-gimbaled
antenna pointing showed that at least 3 contacts per day were possible with existing
technology and up to 15 contacts per day were possible with the correct choice of antenna
and orbital inclination. The non-gimbaled antenna pointing gives sufficient contact time
through the entire SN constellation to make this communication mode reasonable to
investigate for actual usage. The study also proved that by adding the third TDRS covering
the Zone of Exclusion, this enhanced the contact availability and total time per day for
contacts.

The orbital analysis shown here indicated that there was reasonable expectation that
accessing the SN for space-to-ground communications from a spin-stabilized satellite with
a fixed-antennas was possible. Naturally, the exact amount of time available to a user will
be a function of the current network loading and mission operation needs.
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Figure 3 - Average Number of Contacts per Day as a Function of Orbital Altitude, Orbital
Inclination Angle, and Antenna Cone Angle for TDRS West
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Figure 4 - Average Contact Duration as a Function of Orbital Altitude, Orbital Inclination
Angle, and Antenna Cone Angle for TDRS West
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Figure 5 - Total Constellation Average Contact Time as a Function of Orbital Altitude,
Orbital Inclination Angle, and Antenna Cone Angle
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