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Abstract.
Over the past four years, NASA's Goddard Space Flight Center has built and tested the Triana observatory,
which will be the first Earth observing science satellite to take advantage of the unique perspective offered by a Lissajous
orbit about the first Earth-Sun Lagrange Point (L1). Triana was originally meant to fly on the U.S. Space Transportation
System (a.k.a. the Space Shuttle), but complications with the shuttle manifest have forced Triana into a "wait and see"
attitude. The observatory is currently being stored at NASA's Goddard Space Flight Center, where it waits for an appropriate
launch opportunity to materialize. To that end, several possible alternatives have been considered, including variations on the
nominal shuttle deployment scenario, a high inclination Delta-type launch from Vandenberg Air Force Base, a Tsyklon class
vehicle launched from Baikonur, Kazaldastan, and a fide on a French Ariane vehicle out of French Guiana into a somewhat
arbitrary geostationary transfer orbit (GTO). This paper chronicles and outlines the pros and cons of how each of these
opportunities could be used to send Tdana on its way to L1.
Introduction
The Triana observatory,
built by NASA's
C_¢tktatd
Space Flight Center and shown in Figure 1, will be the
first Earth science mission to take advantage of the unique
perspective offered by a Lissajous _rbit about the first
Earth-Sun Lagrange Point (L1). From this vantage point,
Triana will, for the first time ever, send back images of a
nearly fully lit Earth disk (see Figure 2), in 10 different
wavelengths (UV, visible, and near IIQ, 24 hours a day.
In addition to its Earth viewing instruments,
Triana
has a suite of solar wind (i.e. space weather) instruments.
Collectively, the data from Triana witl be used to drive investigations in various research areas and to set the foundation for various education and outreach programs [1].
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Figure 2: Image representative of those to be taken by Triana at L1
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Figure 1: "Artist's rendering" of fully deployedTriana observatory
Baseline

Trajectory

& Orbit

Triana was originally meant to fy on the U.S. Space
Shuttle. Its baseline trajectory is a direct transfer to a
15 x 4 deg (sun-earth-observatory
angle) Lissajous orbit
about L1. This trajectory flows dbectly from a circular
low Earth orbit (nominally a Space :_huttle orbit) and has
an outgoing asymptote that is essertially right along the
Earth-sun line (Figure 3). It was chosen to simplify the

mission design and to minimize manifesting constraints
(i.e. no lunar timing issues) with the Space Shuttle.
Triana's baseline mission orbit at LI (a Lissajous) was
designed so that the sun-earth-observatory
angle never ex_ds
15°, or goes below 4 °. This was done to maximize
the value of the science data and to avoid any communications issues, respectively. It was designed to accommodate
a 2 year minimum mission with a 5 year goal (Figure 4).
Triana

as a Shuttle

Payload

Triana was originally meant to be flown on the U.S.
Space Shuttle. As such, NASA's Godd,'ud Space Flight
Center built and tested the Gyroscopic Upper Stage (GUS)
to deliver the final thrust needed to get Triana from the
Shuttle's low earth orbit (LEO) to an L1 transfer trajectory and to interface Triana with the Italian Research
Interim Stage (IRIS) airborne support equipment [2]. The
arrangement is illustrated in Figures 5 & 6.
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Figure 5:

Triana atop its upper stage in proximity to its IRIS "cradle"
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Triana's originally manifested STS-107 accommodations
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Triana's release window from Shuttle mission perspective

Sample manifold used in Triana':. trajectory design process
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Scenarios

Several alternate Shuttle mission scenarios have been
considered in an attempt to make Triana as compatible as
possible with the Shuttle manifest. Triana was originally
meant to fly on STS-107, at 150 nautical miles with an
inclination of 39 °, but that opportunity evaporated due to
circumstances outside the control ol Goddard, or anyone
involved in the Triana project. Triana has re-baselined for
a generic research flight at 150 nataical miles with an
inclination of 28.5 °. This ts considered to be the most
likely (Shuttle) scenario. The inclination change causes no
real problems. Generator is able to t ind solutions over a
very wide range of inclinations, as ex idenced below, without changing the shape of the final L,ssajous.
The feasibility of taking Triana along on a retrieval
(e.g. UARS) or a rendezvous (e.g. Space Station) mission
has been explored. These scenarios p, _se a problem only in
that the right ascension of the ascending node (RAAN) of
an object in low earth orbit regresses at a rate of several
degrees per day (5 for Space Station, for example), due to
the Earth's oblateness, and the RA ,_f Triana's TI'I point
precesses at roughly l°/day, due to the Earth's motion
about the sun. This creates a situati_m in which the two
coincide (a requirement, if the Shutth is going to do both
on the same flight) only 6 times p(_r year. This number
can be doubled by recognizing the fa_:t that their exists one
set of _
points for use near a LEO ascending node and
one set for use near a LEO descending node. Combining
these sets gives 12 opportunities per year (Figure 10).
A "random release" joint Space Station mission has
also been considered. "Random relea_e" refers to the right
ascension (RA) constraint on Triana's release point. In
this scenario, the Shuttle is free to release Triana on any
orbit, of any mission, as long as _he Triana Project is
allowed to still specify where in the orbit the observatory
is released. This way, the Triana Project can constrain
Triana's RA at release to lie within a given hemisphere,
and, consequently, its apogee (post (;US burn) to lie within a given hemisphere.
The GUS ballast, in this case, is
set such that Triana is injected into a highly elliptical
orbit (HEO) with a period of 14 da:'/s, twice the moon's
orbital period, so as to minimize tL,e moon's impact on

14 day IIEO
7 months

Triana
Figure

I1:

loiters

Illustration

in HEO for up to 7 months
of "random

release"

Shuttle

mission

scenario

the orbit. This way, Triana can loiter while the Earth-sun
line precesses around (at roughly 1° per day) to line up
with Triana's
apogee (Figure
11). Triana's
hydrazine
system is then used to send Triana the rest of the way to
L1. Since the release and GUS AV corrections, as well as
the final TYI maneuver, can all be done at perigees, this
scenario does not differ, considerably,
from the baseline
scenario, in terms of total AV costs.
L00kine

for an ELV

In light of the lack of success in finding a spot on any
near-term Shuttle flight, the Triana Project has explored
various expendable launch vehicle (ELV) options, as well,
in hopes that an opportunity might ultimately present
itself. To that end, Triana's energy requirement can be
summarized in one of two ways. Either the observatory,
itself, needs to be boosted to a C3 of -0.7 km2/s 2, or the
Triana/GUS stack needs to be placed in a sufficiently
high-energy LEO such that the AV provided by the GUS
is enough to put Triana on the proper trajectory. These
relationships are shown in Figures 12 and 13, with the
difference being the weight and the required velocities.
Domestically,
Delta II ELVs have the capability to
boost Triana directly onto its transfer trajectory [4]. The
Triana Project considered them at length. Even a flight out
of Vandenberg Air Force Base, on the U.S. West Coast,
where the resulting inclination would have been in excess
of 60 °, was considered. Generator was able to find solutions at inclinations as high as 80 °. A Delta II appears to
be a very viable option, but has never come to fruition,
primarily due to a lack of such funding on the Triana
Project. Triana's Shuttle launch was meant to be "free".
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Conclusion
There are several ways of getting,, a satellite, such as
Triana, to L1, and they're not all eqaal. Clearly the most
sensible solution is to have a dedicaled launch vehicle for
any satellite that is going to LI, or any Lagrange point
for that matter. From the standpomt of targeting, Lagrange point missions are essentially
no different than
interplanetary
missions.
They're relatively hard to hit.
Anything that makes that task re)re difficult than it
already is should be avoided.
The sensible approach not withstanding, Goddard Space
Flight Center has shown that there are several options for
getting Triana to L1, apart from the baseline Shuttle
deployment scenario. It was shown that there are feasible
ways of flying Triana on a rendezvous/retrieval
type
Shuttle mission and that the TTI point RA constraint can,
if necessary, be lifted, through the _se of phasing loops,
allowing for even greater flexibilitx.
The inclination
of
the LEO orbit from which Triana departs was also shown
to be relatively unimportant.
This was evident in the
Delta II study, which looked at inclinations
as high as
80 °. Other considered options include a version of the
Ukrainian Tsyklon vehicle and a co-manifested flight on
an Ariane 5 launch vehicle. The lalter option would involve the use of phasing loops and a "triangular" transfer
trajectory.
Such flexibilities
in mission
planning
approaches make a plethora of options ultimately available.
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