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Executive Summary

NEBULOR Debris Removal Mission

The US Space Surveillance Rocket bodies
Network was tracking about GOALS
20,000 pieces of debris in

orbit in 2019, Today, there y;%iiign-related

are about 27,000 pieces of » Debris will make LEO  Demonstrate rendezvous

debris, most of which are
over 10 cm in diameter.

Spacecratt unusable [1] and orbit change

» Kessler’s Syndrome [2] < Autonomous from
commands

d;%giin;en ation Ope rations

1. Perform proximity operations in day or night
2. Deorbit Aerocube 6B (0.5U CubeSat)

3. Recover & Reset

s NEBULOR



2.4 Systems Engineering

Engineering Timeline

Milestones
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Milestone

Date or Timespan

Program Manager Selected

September 12, 2024

Debris Removal Capability Defined

September 29, 2024

System Requirements Defined

October 16, 2024

System Requirements Review

December 15, 2024

surdoog
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System Trade Studies

November-December 2024

Subsystem Trade Studies

January-February 2025

Conceptual Design Finalized

March 7, 2025

Concept Design Review

March 19, 2025
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Path to PDR Developed

March-April 2025
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Initial Concepts

3.1 Innovative Concepts

Net Capture

NEBULOR
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Concept Trade Study

3.1 Innovative Concepts

Net ] Claw] Jav_

— . — > [ 5
Proximity RISk Adaptabillty |Low ntermediate |High
Breakage Risk LowForce, Safe |Inconsistent
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Full Mission Architecture

2.2 Storyboard of Complete Operations

Manual Verification
before JAV deorbits

NEBULOR to
Parking or EOL..

Cubesat Debris

Proximity Operations-

A\
%

NEBULOR

5 km 250 m 150 m 50m
LiDAR Aquisition Camera Data IR, Night Tracking Stereo, Spin Check

- » » b

\
\

-V Deorbit

Parking Orbit
“ Debris
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JAV Payload Mission Architecture

2.2 Storyboard of Complete Operations

b Sprlng Compresses "~ JAV,Launches.

f,—. .

b e JAV Reels in and. Repeats"
JAV Impacts Debns gt " for Addmonal IS o~
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CAD Model

Payload Design

Stereoscopic
Cameras
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3-View
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Proximity Operations Design

Sensor Trade Studies

Designs Considered

Stereoscopic Imaging
& LiDAR

Thermal Imaging
& Radar

Optical & Hyperspectral

Imaging

Criteria Weight Stereo-Lidar ] Radar-Thermal | Hyperspectral-Optical

Cuboid Volume (cm*3) 25% MIN 2000 2000 1500
Normalized 0 0 1

Mass (kg) 25% MIN 6.5 15 15
Normalized 1 0 0

Peak Power (W) 25% MIN 17 35 30
Normalized 1 0 0.277777778

Range (km) 25% MAX 50 50
Normalized 1 0 1

0.569444444

ng range optical camera

Infrared optical camera for night

NEBULOR
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Sensor Ranges

Operational Usage

5 km 1 km 250 m
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Sensor

LIDAR Day | 00
Far Field Optical fDay |}

Stereoscopic

IR Optical

ULd%

Primary Day Secondary Day

Primary Night
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JAV Design

Sizing of the JAV for Aerocube 6B

Initial JAV Velocity vs Mass (Elastic Collision, Satellite Frame)

 Orbital analysis of Aerocube 6B
for necessary AV

e 300 km altitude for deorbit

* JAV mass determined by
launch velocity

 Multiple launches with spring
to achieve total debris AV
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« Launch velocity of 29.7 m/s

8 10 12

Mass of JAV (mj) [kg]
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Ti-6Al-4V
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Criteria Weight] Goal W-Ni-Fe AISI 316 Stainless Steel

CTE (um/m-K) 20%| MIN 8.6 6 16.2
Normalized 0.745098039 1 0

Density (g/cm”3) 20%] MIN 4.43 17 8.03
Normalized 1 0 0.713603819

Hardness (HRC) 15%]| MAX 36 32 35
Normalized 1 0 0.75

Yield Strength (ksi) 15%| MAX 128 75 30
Normalized 1 0.459183673 0

UTS (ksi) 15%| MAX 138 110 75
Normalized 1 0.555555556 0

Youngs Modulus (ksi) 15%] MAX 16534 29000 27992
Normalized 0 1 0.919140061

Score | 0.799019608| 0.502210884 0.393091773
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Criteria Weight] Goal | Polyurethane Rubber | Silicone Rubber | EPDM Rubber

CTE (um/m-K) 15%] MIN 200 250 275
Normalized 1 0.333333333 0

Coefficient of Restitution 20%| MAX 0.65 0.55 0.8
Normalized 0.4 0 1

Tear Strength (kN/m) 15%] MAX 40 10 30
Normalized 1 0 0.666666667

Ductility 15%]| MAX 4.5 5 3
Normalized 0.75 1 0

Glass Transition Temperature (°C) 20%| MIN -50 -110 -50
Normalized 0 1 0

UV Degradation (%) 15%] MIN 4 1 1
Normalized 0 1 1

Score 0.4925 0.55 0.45
JC aA(CC



2.1 Animation of Key Operating Sequence

Launching the JAV
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Mass Budget

1.4 Required Elements

Mass

ystem
Communications
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Payload Mass:
24.6 kg out of 70 kg
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Power Budget

1.4 Required Elements

%
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Power Profile

Power Analysis Through Multiple Eclipses

Available Power over Mission
400

350 .
Assuming:

« 200 W batteryi/o

300

250

——

z ! ‘ ‘ ‘ : .  Adaptive battery use
!H{W"ﬂ'ﬂ"iw / Sinu[:oizda;l :\/eeddvari:mce
Requi.re 1 in. ay for
50 HW‘ “ “ ‘w sustained operation

0

JNigio,
RS A1, .
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Jan 07, 23:00 Jan 08, 00:00
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Ground System

2.3 Data Handling and Comms

NEBULOR



Data Flow Chart

2.3 Data Handling and Comms

Ground Station

Command l

Communication
Subsystem
A

Y

Command &
Data Handling

(C&DH)
h '[ d?" ¥ h
Propulsion GNC Prox Ops Power JAV Thermal
‘Fuel levels ‘Guidance - Data Monitoring -Sensor Data : Telemetry
S . - . . S 3
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Comms System Requirements

2.3 Data Handling and Comms

- Data Rates:
o Uplink (Commands): 1 kbps .
o Downlink (Telemetry/ Sensor Data): 100 kbps.

720 ot 4 Gz (Cband)
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Launch Vehicle:
Rocket Lab Neutron

=Helelel («

PAYLOAD CAPACITY
TO LOW EARTH ORBIT

45 M

FAIRING DIAMETER

40 M

IN LENGTH

REUSABLE

FIRST STAGE

AUNCHING

FHOM VIRGINIA, USA

23




1.5 Risks

Overview and Mitigation

Mitigation

A. JAV Hit Misaligned

Pointing error budget and correction

B. LiDAR Failure

Inclusion of long-range camera

C. JAV Tether Breaking

Calibrate launch velocity low enough

D. Proximity Collision

Operate sensors below max range

SMIIC

THE POWER OF COLLABORATION
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Risk Matrix
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3.3 Biggest Challenges Encountered

Impacts on Mission

NEBULOR
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3.2 Technology Gap Assessment

Camera Observation JAV Alignment Thruster Efficiency

NEBULOR



4.1 Paper

For Journals
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Quantity

Abstract

186 words

Length

16 pages (+2 pages references)
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Recommended Next Steps

1.6 Path to PDR
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1. Finalize Component 2. Create simulation
Selection programs
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% 5. Bus Integration

3. Develop Prototypes

4. Reverify
requirements
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Payload Design

1.6 Path to PDR

Proximity Operations
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Subsystem Design

1.6 Path to PDR

* 444 W Dual Array
* 10.2 Ah Battery
« 28V DC

« 2 Standard NST « MLI Blanket
« 4 RWP 500 Reaction Wheels
* 3 NCTR-M016 Torque Rods

« 1 CODE Computer

2 Electrical Heaters

6 Thermoelectric Coolers
2 Radiators
Variable Conductance Heat Pipe

Jan 07,2200 Jan07,23:00  Jan08,00:00  Jan 08, 01:00 Flexcore aCh]eveS 0. 002 7 aCCu racy [1 8]

Time 2026
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Subsystem Design

1.6 Path to PDR

Structure Propulsion

NEBULOR
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Design Impact

Use and Uniqueness of NEBULOR and JAV

Technical Impact e
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Conclusion

NEBULOR Debris Removal Mission

.....

,,,,,

T

.....

Space debris is an issue.
NEBULOR can mitigate it currently and prevent it later. NEBULOR
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Aerocube 6B

Backup Slides

)

Target Area
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Over-Under Approach for LiDAR Failure

Backup Slides

~ Over Approach ' :

Safety Zone

r

Under Approach — | NEBULOR
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Uplink Budget

Backup Slides
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Downlink Budget

Backup Slides
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Enlarged Subsystem Diagrams

Backup Slides

Power Used over Mission

Power Needed (W)

Solar Power Used (W)

Battery Power Used (W)

Excess Solar Power for Battery Charging (W)

| |
M\M Uy

e e —

Z Jan 07, 22:00 Jan 07, 23:00 Jan 08, 00:00 Jan 08, 01:00
T F0ly, Time 2026
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Enlarged Subsystem Diagrams

Backup Slides

Qalbedo qplanetsh‘me
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Enlarged Subsystem Diagrams
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