An Overview on CubeSats and
Space Mission Concept Design

NASA Ames Visitor Center
6 March 2020
David Mauro, KBR / NASA Ames Research Center



Agenda
* Introduction
 What is Space Mission Concept

 What is the Ames Mission Design Center

* Overview of Cubesats: From Sputnik to BioSentinel

* Space Mission Concept Design at NASA Ames
* Aeolus: an example of a mission concept study for Mars

David Mauro, KBR / NASA Ames Researc h Center David.mauro@nasa.gov 2



-
-
-

t
AT T T T T



Mission Design Center - What is it?

About the Mission Design Center
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CubeSat Launch Initiative
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Related Links
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State of the Art of Small Spacecraft Technology

Welcome to the new online home of the 2018 NASA State of
the Art Report of Small Spacecraft Technology.

This online version of the NASA State of the Art (SoA) Report provides an overview of the current state of
the art of small spacecraft technology. It was first commissioned by NASA’s Small Spacecraft Technology
Program (SSTP) in mid-2013 in response to the rapid growth in interest in using small spacecraft for many
types of missions in Earth orbit and beyond, and further revised in mid-2015. In 2016 the decision was
taken to migrate from a written to an online report.

For the sake of this assessment, small spacecraft are defined to be spacecraft with a mass less than 180 kg.
This report provides a summary of the state of the art for each of the following small spacecraft
technology domains: Complete Spacecraft, Power, Propulsion, Guidance Navigation and Control,
Structures, Materials and Mechanisms, Thermal Control, Command and Data Handling, Communications,
Integration, Launch and Deployment, Ground Data Systems and Operations, and Passive Deorbit Devices.

TABLE OF CONTENTS

= (01 Introduction

« Executive Summaries

» 01 Introduction

« 02.Integrated Spacecraft Platforms

« (3. Power

* (4. Propulsion

« 05. Guidance, Navigation and Control

s (6. Structures, Materials and Mechanisms

» 07.Thermal Control

» 08.Command and Data Handling

« 09.Communications

« 10. Integration, Launch and Deployment

« 11. Ground Data Systems and Mission
Operations

« 12, Passive Deorbit Systems
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STMD: Small Spacecraft Technology

Overview ‘ Images ‘ Videos ’ Media Resources
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STMD
About STMD

STMD Programs

Announcements and

STMD Solicitations Solicitations

NAC TI&E Committee

STMD Resources

Small Spacecraft Technology

About Us

Projects and Missions

NASA Establishes the Small Spacecraft Systems Virtual
Institute

Announcements and Solicitations
Presentations/Media

State of the Art Report

Related Links $

Technology Drives Exploration
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To demonstrate that a swarm of satellites is capable of collecting multi-point
science data and transferring the data to the ground

UHF Crosslink
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7 At the end of this sequence,
Newton Theee (N3)
LauncherOne will deploy the 11,500 04 ) 137 A% vecizsen Svewe
MIM*
on-board satellite into its orbit.

8 Both stages of Laun-
cherOne will be
safely deorbited,
and the jet will
return to the airport.

5 After stage separation, the single upper
stage engine, called the "NewtonFour' will
carry the on-board satellite into orbit.
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@; Aeolus: an example of a mission concept study for
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A framework for space mission ideas
The Concept Maturity Levels

Preliminary

Trade Space Implementation
& o Baseline Concept Baseline

&

Cocktail Napkin
‘ e 2
'y by 28
/;,j;'__‘\j< N
e —

‘,';
'y

~ Lk

ﬂ 1
P - /
i/
¥ A 1 3
4
”
X ‘

B )

F=ma

Initial Feasibility
. _ Integrated

Baseline

From: Space Mission Concept Development Using Concept Maturity Levels, Wessen et al., 2013
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et Mars

CML 1
“Cocktail Napkin”
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example of a mission concept study for
Mars

iﬁu

CML 1
“Cocktail Napkin”
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- Aeolus: an example of a mission concept study for guex”
Mars e

A’C

June 10, 2001 July 31, 2001

CML 1
“Cocktail Napkin”
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CML 1
“Cocktail Napkin”
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- CML 1: Initial Cartoon
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Atmospheric wind speeds have never been
measured at Mars.

Meaningfulness & Uniqueness
|ldentify Knowledge Gaps

State Broad Science Objective

Telescope FOVs can sweep
through multiple altitudes in

One-sentence description of measurement(s)
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=) Aeolus: an example of a mission concept study for gLex’
e Mars !

CML 1 CML 2
“Cocktail Napkin” Feasibility
Does any
solution
exist?
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€2 CML 2: Feasibility Study

Draft of Science Traceability Matrix
Mission Architecture — main elements

Environmental driving parameters

ldentify required tech development

Launch opportunities
Delta-V calculations

Orbital solutions
Mission ops

Spacecraft CAD model

Rough cost estimate
Rough schedule

Resource
Volume

Total Launch Mass
Total Power
Spacecraft Delta-V

Solid State Data Storage

(Vol)

Data Throughput (UHF
Downlink)

Initial risks & mitigation identified

Future trades identified

David Mauro, KBR / NASA Ames Research Cen

ter

45 x35x 52
cm

37.6 kg
53 W
237.5m/s

8GB

1Mbps

David.mauro@nasa.gov

Circular Altitude (km

SHS
Telescope (x2)
Mini-TES

SuRSeP




CAD Visualization Propellant budget

Power Budget

Orbital Mechanic

Data Budget

Concept of Operations

Cost

David Mauro, KBR / NASA Ames Research Center

Mass Budget

David.mauro@nasa.gov

3 Develop Feasible Mission Architecture

ADCS

Risks & Tech Dev

Science

47

Link Budget




Mission Concept

David Mauro, KBR / NASA Ames Research Center David.mauro@nasa.gov 48
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Mission Concept

NeMO LTT
10 months
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Mission Concept
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Mission Concept
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Mission Concept
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Mission Concept
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Mission Concept
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Mission Concept
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-.,,"_',.\..»EDeveIop Feasible Mission Architecture

Propellant budget

T Mfinal
CAD Visualization AV = g-Isp-In fina

Minitial
Power Budget ADCS
Orbital Mechanic Concept of Operations Risks & Tech Dev
Data Budget /4

Cost Link Budget
b G
mdB = EIRP + Losses(Space, pointing, cables) + T datarateyg + 228.6

Mass Budget
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Propellant budget

T Mfinal
CAD Visualization AV = g-Isp-In fina

Minitial
Power Budget ADCS
Orbital Mechanic Concepmions Risks & Tech Dev
Data Budget /4

Cost Link Budget
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Propellant budget

T Mfinal
CAD Visualization AV = g-Isp-In fina

Minitial
Power Budget ADCS
Orbital I\/lechanic Concepmions Risks & Tech Dev
Data Budget |« /4

Cost Link Budget
b G
mdB = EIRP + Losses(Space, pointing, cables) + T datarateyg + 228.6

Mass Budget
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.....cv\éDeveIop Feasible Mission Architecture

CAD Visualization

Power Budget

Data Budget |

%

Cost

David Mauro, KBR / NASA Ames Research Center

Mass Budget

Propellant budget

AV = g-Isp -1 Mfinal
= 9P N nitial

ADCS

e .| Risks & Tech Dev
Ul »
v Science
Link get

Eb G
mdB = EIRP + Losses(Space, pointing, cables) + T datarateyg + 228.6
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Develop Feasible Mission Architecture

Propellant budget

CAD Visualization

Power Budget

<

Orbital Mechanic

<3

AV =g-Isp-Iln

Mfinal
Minitial

ADCS

/ »| Risks & Tech Dev

Data Budget

/’

" Science

Cost

David Mauro, KBR / NASA Ames Research Center

Mass Budget

David.mauro@nasa.gov
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¥ Develop Feasible Mission Architecture

Propellant budget

CAD Visualization Mfinal
AV = .1 . 1
V'=g-Isp-Ingra

Power Budget ‘\ ADCS
N
\\‘ <X /
Orbital Mechanic \A‘ %ﬁﬁé@w’/ ) » Risks & Tech Dev

P _~

= /Science

Data Budget

Cost _ Ok et C
mdB = EIRP + Losses(Space, pointing, cables) + T datarateyg + 228.6
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"_',.\..-EDeveIop Feasible Mission Architecture

Propellant budget

CAD Visualization Mfinal
Minitial

AV =g-Isp-Iln

Power Budget

Orbital Mechanic

: Risks & Tech Dev
. \ —" O{' SHS
AL 21a- o . _— Telescope (x2) /

Mini-TES

/|

~~ SuRSeP

Data Budget ce

ink Befget
G
No dB = EIRP + Losses(Space, pointing, cables) + T datarategg + 228.6
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=) Aeolus: an example of a mission concept study for gex’

CML 1 CML 2 CML 3
“Cocktail Napkin® Feasibility =~ Expanded Trade
Space
Does any
solution What other
exist? so!utlons
exist?

David Mauro, KBR / NASA Ames Researc h Center David.mauro@nasa.gov 64



Divergent Phase:
Explore different mission architectures
primary vs. secondary
launch options
number of spacecrafts
et cetera

Convergent Phase:
|dentify rejection criteria & pick
architectures to pursue.

lteration:
Repeat CML 2 as needed on
selected architectures

David Mauro, KBR / NASA Ames Research Center

|Mission Type
Approach Type
:Measurement

Surface

|_On-orbit_

Primary Power

Drop-off

|Prop System

Orbit Characteristics

Periapsis/Altitude
Inclination

Instruments

|Mass/Size

Science Pointing

Ops and Data

|Return Technology

Launch
Vehicles/Options

iScience Duration

| Pimary | Secondary |

Atmospheric Entry

Nuclear

Solar sail
Circular

Low Mars Orbit
200-600 km

SHS SURSeP

6U 12U

rotating optics

Direct to Earth

Rotating SC

Relay

3 Earth Months
Full Surface Coverage
(<1 Martian Season)

6 Earth Months
1 Martian Season

David.mauro@nasa.gov

12 Earth Months
2 Martian Season | 3 Martian Season

Landing on
Phobos

long probe
__Constellation

| Intermediate
Mars drop-off
Nuclear EP

Direct to final orbit

60-89 deg

’ 90 deg

{Radio

Mini-TES
|{occuitation)

Lidar

ESPA
__(<180kg)
gimbaled
instrument
platform

24U

Imaging Array
(fixed)

EM-2 Dedicated

2EarthYrs
1 Martian Year
{4 Martian Seasons)

4 Earth Yrs
2 Martian Yrs

1.5 Earth ¥rs

65

LEGEND
| Elements selected in at
least one architecture

| Technical rejection
| 1

| Science rejection

| Programmatic rejection
Allowable but not
selected (white), e.g. out
of scope




CML 1
“Cocktail Napkin”

David Mauro,

KBR / NASA Ames Researc h Center

CML 2
Feasibility

Does any
solution
exist?

Mars

=L
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g

CML 3
Expanded Trade
Space
What other
solutions

exist?

David.mauro@nasa.gov

. Aeolus: an example ot a mission concept study for gey

CML 4
Point Design

What is a good

approach, given our
circumstances?

66



CML 4: Point Design

Thermal analysis

Science Traceability Matrix
Mission Architecture
Driving environmental parameters
Launch vehicle
Delta-V calculations
Orbital solution
Radiation Analysis
Mission ops
|dentify required tech development
Spacecraft CAD model
Power Analysis
Thermal Analysis
Better Cost Estimate
Refined Schedule
Risks Matrix & Mitigation

David Mauro, KBR / NASA Ames Research Center David.mauro@nasa.gov



CML 4: Point Design

Science Traceability Matrix

Mission Architecture 2 weeks operational cycle
Driving environmental parameters
Launch vehicle NN NN NN NN NN A RN RNNANNRRRNRRNAN
Delta-V calculations
Orbital solution
Radiation Analysis
Mission ops
|dentify required tech development
Spacecraft CAD model
Power Analysis
Thermal Analysis

Better Cost Estimate

Refined Schedule

Risks Matrix & Mitigation
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Science Traceability Matrix
Mission Architecture

Better Cost Estimate
Refined Schedule
Risks Matrix & Mitigation

CML 4: Point Design

Refined Flight system capabilities

Driving environmental parameters | S .

i +Z (Zenith) d overail local
LaunCh VehICIe ‘. y times within 2
Delta-V calculations

Orbital solution sHs e
Radiation Analysis - P covogecvey
Mission ops

|dentify required tech development
Spacecraft CAD model

Power Analysis

Thermal Analysis

+X (along track)

Refined Orbit

-Y (cross-track)

David Mauro, KBR / NASA Ames Research Center David.mauro@nasa.gov 69



@ Maturation of a Concept from CML 1 to CML 4

CML1

Telescope FOVs can sweep
through multiple sltitudes in
a single orbiz, by rotating

T <

David Mauro, KBR / NASA Ames Researc h Center David.mauro@nasa.gov 70




Summary & Conclusion
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Summary & Conclusion
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CML 1 CML 2 CML 3
“Cocktail Napkin” Feasibility Expanded Trade
Space
Does any
solution What other
exist? so!utlons
exist?

David Mauro, KBR / NASA Ames Research Center

CML 4
Point Design

What is a good
approach, given our
circumstances?

David.mauro@nasa.gov
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