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Lunar Trailblazer was pleased to provide this requirements enumeration to our
stakeholders to support consideration of a launch more immediately following our end of
calendar year 2022 delivery. Programmatic information was removed from the original
version of this document and additional text added in blue – B. Ehlmann (30 June 2021)
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1. Orbital Asset Interface Accommodation Information
Lunar Trailblazer is able to reach the Moon from delivery to several lunar orbits or translunar injection. This appendix provides specific accommodation requirements for Lunar
Trailblazer, under an assumption of an orbital payload delivery. The Contractor shall
accommodate the LTB orbital payload in accordance with the accommodation
requirements documented herein <reference to a programmatic document removed>.
LTB is a solar-powered small satellite with a hydrazine chemical propulsion system. LTB
will orbit the Moon from a 100+/-30km polar orbit with a primary science goal to
understand the form, abundance, and distribution of water on the Moon and the lunar
water cycle. LTB will carry two science instruments: an infrared imaging spectrometer
(High-resolution Volatiles and Minerals Mapper – HVM3) and a multispectral imager
(Lunar Thermal Mapper – LTM). The LTB spacecraft includes a hydrazine propulsion
system and two deployable solar arrays. The LTB payload will be delivered as an
integrated flight system (spacecraft + instruments) with a coordinate system as defined
in Figure 1.
1.1. Orbital Payload Manifest Requirements
1.1.1. The Contractor’s proposed integration approach shall assume delivery of
the LTB payload, and all associated ground support equipment.
1.1.2. The current best estimate for the LTB payload mass is 210 kg, but the
Contractor shall be able to accommodate an LTB payload mass of 250 kg.
1.1.3. The current best estimate for the LTB launch configuration (stowed)
dimensions, as shown in Figure 2, are 92 cm (x-axis) x 122 cm (y-axis) x 76
cm (z-axis), but the Contractor shall be able to accommodate a 10% growth
in any dimension.

Figure 1. LTB coordinate system definition as shown in the deployed configuration.
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Figure 2. LTB interface definition and dimensions as shown in the stowed/accommodated configuration.

1.1.4. The Contractor shall procure, and provide, a 19.8” motorized Lightband.
The Lightband shall be manufactured by Planetary Systems Corporation and
shall include two 15-pin electrical connectors. The location and configuration
for the Lightband is shown in Figure 2.
1.1.4.1. The Contractor shall deliver the payload portion of the 19.8”
motorized Lightband to the LTB payload team no later than <specific date
removed>.
1.1.5. LTB will be delivered to the Contractor with up to 15 Remove Before Flight
(RBF) covers.
1.1.5.1. The Contractor shall not remove, or adjust, the RBF covers without
written permission from NASA.
1.1.6. The Contractor shall provide one, dedicated power channel to the LTB
payload. This power channel will be used by the payload to provide predeployment thermal control to the flight system.
1.1.6.1. The Contractor shall provide 250 Watts from Launch Vehicle
separation through LTB deployment.
1.1.6.2. The Contractor shall provide 33.6 +0/-1 Vdc to the LTB payload
power channel.
1.1.7. The Contractor shall mount the LTB payload to ensure that the instrument
apertures and radiators located on the +z side are occluded from direct view
of the sun.
1.1.8. The Contractor shall mount the LTB payload to ensure that the +y side does
not receive direct, or reflected, solar illumination for more than 50 continuous
minutes in a twelve (12) hour period.
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1.1.9. The Contractor shall provide temperature telemetry from two PRT
temperature sensors that will be mounted internal to the LTB payload. The
PRTs will be installed by the LTB team and the payload will be delivered to
the Contractor with the open leads.
1.1.9.1. The temperature shall be provided to NASA at least once every hour
through the transit portion of the mission.
1.1.10.
The Contractor shall provide a Grade C GN2 per MIL-PRF-27401G
nitrogen gas purge for the HVM3 instrument after LTB delivery and until
launch.
1.1.11.
The Contractor shall insert the LTB payload into the required lunar
orbit as soon as possible, but no later than 14 days after launch.
1.1.12.
The Contractor shall insert the LTB payload into a lunar orbit with the
following orbital characteristics:
1.1.12.1. Perilune Altitude: Between 75 km to 300 km
1.1.12.2. Apolune Altitude: Between 300 km and 15,730 km
1.1.12.3. Orbital Period: Less than 24 hours
1.1.12.4. Inclination: The allowed inclination range is a function of the orbit
apoapsis altitude and its associated argument of periapsis. The specific
details are explained below and in Figure 3.
1.1.12.5. Longitude of the Ascending Node: Free
1.1.12.6. True Anomaly: Free
1.1.13.
Given the criticality of the LTB being successfully deployed to the
correct lunar orbit, the following information is also being provided:
1.1.13.1. The orbital period, perilune altitude, and apolune altitude elements
are specified in Section 1.1.12 and subsequent bullets. These are all
independent of the coordinate system, and the other orbital elements are
specified in an inertial frame with the +z axis approximately aligned with
the lunar north pole (defined by the IAU Working Group on Cartographic
Coordinates and Rotational Elements)1.
1.1.13.2. The allowable range of the delivered orbit inclination (see Figure 3)
is a function of the delivered orbit apoapsis altitude as well as the
delivered argument of periapsis (ω0) as measured from the lunar
equatorial plane. The curves provided in Figure 3 correspond to the
upper and lower bounds on the inclination for a given argument of
periapsis value shown on the right (due to symmetries, each curve
applies to four different ω0 values) and bounding curves are provided in
ω0 increments of ten degrees. The argument of periapsis can have any
value as long as the inclination is within the corresponding bounds. For
example, a delivery orbit with an argument of periapsis of 10 (or -10,
+170, or -170) and apoapsis altitude of 11,000 km must have an
inclination range between 50 and 130. This example is labeled “x” in
Figure 3. Finally, the delivery orbit’s longitude of node and true anomaly
can have any value. Note that the allowable range of delivered orbit
inclination given in Figure 3 comes from a preliminary mission design
analysis, and this range could change slightly when the transfer is
designed in high-fidelity.
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Figure 3 – Allowable inclination and apoapsis altitude regions parameterized by initial argument of
periapsis (10° steps)

For clarity, “corner cases” are labeled “A”, “B”, “C” in Figure 3 along with the example “x”
as described above. The corresponding data points are given in Table 1. Note that an
inclination between 80.2° and 99.8° (case “C”) would satisfy the requirements no matter
what the argument of periapsis and apoapsis altitude are (as long as periapsis altitude
is between 75 km and 300 km, and apoapsis altitude is between 300 km and 15,730
km). Overall, it is preferred to deliver the Lunar Trailblazer spacecraft into a lunar orbit
as close as possible to the [80.2°, 99.8°] inclination range.
Table 1 – Corner cases of allowable inclination range

Corner case

Apoapsis altitude

Argument of
periapsis

Inclination range

A

300 km

(any)

[64.3°, 115.7°]
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B

15,730 km

0° or 180°

[42.0°, 138.0°]

C

15,730 km

−90° or 90°

[80.2°, 99.8°]

x

11,000 km

10° or -10° or 170°
or -170°

[50°, 130°]
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