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AAE 450: Spacecraft Design

Senior Capstone Project with objectives:

O¢
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Define and flow down requirements from the mission objectives to system- and
subsystem-levels

Understand and implement the design process for aerospace systems

Solve problems as part of a team

Conduct open-ended tasks associated with design, integration, testing and operation of
space flight missions

Demonstrate design viability through modeling, simulation and testing

Organize tasks and establish work schedules

Give oral presentations and write technical reports required of aerospace engineers
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Progress Overview - i

Improved work of previous semesters by:

O¢ O¢ O«

Selection of a scientific objective and site for survey

Advanced the design of the UAV to successfully achieve CDR phase.

Prepare for a test program to demonstrate key aspects of the UAV mission design and
flight system.

Challenges included:

Oc¢ O«

Performing Trade Studies of engineering problems
Setting design requirements for mission parameters
Coordinating multiple groups
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Class Structure

Class Structure: The class structure has been changed to suit the needs of the senior
capstone project

Project Mgr.

Mission System

Mission Modeling & . e ;
Design Simulation LAY Design 3 Instruments
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Mission Statement

The mission of the Specialized Terrestrial Rotorcraft Explorer (SPECTRE) will be to
enable mesoscale aerial survey within regions of interest (ROI) on the Martian
landscape. Visual survey will be conducted of a region, followed by targeted
hyperspectral imaging. This data will provide insight into Martian history by examining
the presence of hydrated minerals and identifying the presence of biosignatures on the
surface.

This mission will also serve as a technical demonstration of the utility of flight-based
vehicles on the surface of Mars and provide insight into their applications in future
missions.



Mission ConOps Summary

1. The drones collect images of Martian surface during flight, the Scouts
rover moves concurrently in the same direction to maintain LOS. - el

2. The drones land and begin transmitting the information to the
rover while charging.

3. The rover sends the information back to Earth.

4. The process repeats, the drones continue surveying the ROI,
with the Cavalry drones investigating areas predetermined areas
of interest.

6. A team of scientists reviews the information and chooses
areas to investigate further, which is sent back to the system.

5. The Scout drones continue surveying while the Cavalry drones
investigate the areas of interest selected by scientists, as well as
any predetermined areas of interest.



Mission Timeline
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July 2035: Earth Departure

February 2036: Mars Arrival

March 2036: Completed
Calibration and traveling to the
ROI

March 2037: Mission Completed

March 2037: Increased Risk for
Global Storms during any post-
mission operations

Hyperspectral Area:
2.5 km”"2

ROI: 50 km2
Mission Time: 375 sols

_ High Resolution Area:
Drone Flights: 103 sols g g5 km~2

2 Cavalry Drones Rover Asset

2 Scout Drones
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SCIENCE OBJECTIVES
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Science Objectives

Primary: Hi-res hyperspectral imaging of hydrated minerals

0 Characterize mineral content and geological history of Jezero Crater
0 Map potential hydrated mineral resources for future exploration missions
0 Gain knowledge of the sediments deposited by ancient river systems

Secondary: Identification of stromatolites (or other interesting structures)

O«

Stromatolite presence is a strong indicator of ancient microbial life
Recent erosion features may hide better sources for stromatolites/organic
matter

Aerial visible light imagery of Mars may be scientifically valuable for
unrelated reasons

O«

O«
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Nature of aqueous
environments

Valley networks
Outflow channels

Alteration phases

Amazonian

Siderikian

Open-system weathering,
surface waters (ephemeral)

Ground waters, diagenesis

——

Fe,Mg m I I D @D D Transient, locaized actvity

mobdizes salts,

Model age, time before present (Gyr)

[From Mars 2020 Site Selection]

., Delta Deposit

- Carbonate Fill
M- Volcanic Floor
—1- Surficial Debris
1- Impact Crater

- Jezero Rim/Wall

\
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Geographic Analysis
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Hyperspectral Imaging of Present Minerals

Two main hydrated minerals:

V4 -

6 |I’0n-|\/|agneSIum SmeCtIte S Spectra from.delta sediments
® Magnesium Carbonate i | Ll
Necessary bands: "

0 ~1900 nm (water absorption in hydrated ‘;" Magniomibey]
minerals) z

0 ~2300 nm (metal-OH absorption - Fe vs. Mg) O :

0 ~1400 nm (another absorption wavelength of B . it o PeEg
smectite and zeolite) $ . 10 14 18 22 24§

wavelength (um)

0 ~3400 nm (characteristic of carbonate) 3 "a;

"~ mMgcarb. [l Fe/Mg smectite

[EhImann et. al. 2009] 12




What Are Stromatolites?
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Biosignatures of prokaryotic bacteria

Formed by accretion of mats of bacteria

Mats are slowly calcified into sedimentary rock
Some of the most ancient evidence of life on Earth

O¢ O¢ O«
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Stromatolite Identification

Micro-digitate silica form

O«

Difficult to detect (relatively small)

Prospective example already identified by Spirit
Hard to verify without very high resolution
Lower probability of identification

Higher probability of formation

O« O¢ O« O«

[Ruff and Farmer 2016] 4 '.f' : )
Bar Scale: top - 10 c cm, middle - 5 cm, bottom 1cm 14



Stromatolite Identification
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Columnar/Mound form
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Much larger, discernable at reasonable resolution
Can be analyzed consistently at high resolution
Lower probability of formation

Higher probability of detection
[Current]

[Fossilized]

15
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Science Traceability Matrix (STM)

Program Objective | Science Objectives 3 Specific Observations Science Requirements Instrumenta Instrumen
Objectives Reqmrements

Conduct su
hydrate

Determine geological origin of hydr

Conduct mesoscale
minerals

aerial survey of the
Martian Landscape

on the
urface Verify prese
biosignatures
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SYSTEM REQUIREMENTS
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Basic Operations

Operate independently of Earth during flight:

Step 3:

Step 2:
Collect data

Step 1.
Instructions
from Earth

Report to

Earth
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Communications Requirements

Communications .’f:’.:.
| 4 N @{//.
“ &>
5 X-Band: 0.5 - 4 Mb/s ‘,:,.%::.
S
— o’

80 MB / sol




Data Requirements
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Flight Area: 50° N50° S
Drones: x4
Low Resolution Visual Data: 2.5 cm/pixel for 50 km?
High Resolution Hydrated Mineral Data: 1.0 cm/pixel
High Resolution Visual Data: 0.25 cm/pixel
Hyperspectral Data Collection: 5% ROI
High Resolution Visual Percentage: 0.1% ROI
High Resolution Survey Location: x6

High Resolution Survey Regional Area: 100 m?

20



Operational Cycle W e

. _ o Flight sol
0 Time of Mission

3 Min. 100 flights Setup Flight Maintenance

5 min. 8.5 min. 24 hrs.

3 375 sols

0 Operational Cycle
3 Consists of 3 phases
Yy Set-up - System Checks
Yy Flight - Flying + Locating
Yy Maintenance - Transmitting + Charging + Night
0 Sols per Operational Cycle

3 Maximum 3 sols per each operational cycle



Delivery Dimensions Requirements

Total System Mass: 1300 kg

Packed Dimensions: 9 m diameter circle, 1.5 m height

Note: Requirements based off SLS scale launch vehicle



Hub Requirements
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Maximum Mass:
Packed Dimensions:
Range:

Weather:

1000 kg
4dm x 4m x 0.75m
600 m / sol

Detect adverse conditions
within 1 km

*Disclaimer: This is purely a visual representation,
not the exact hub design.



