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Goddard Space Flight Center Mechanical Engineering

On-Board Orbit Propagation Model Embedding Biomimetic Silk Fibers and
Verification of Dellingr CubSat Mission Thin Films with Carbon Nanotubes (CN'T)
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Attitude Control Systems
Engineering Branch (591)

On-Board Propagator
* Mimicking TRMM Orbit Determination

* Atmospheric Drag

e Gravity Model

APPLIED EHGINEERING AND TECHNOLOGY DIRECTORATE



Perturbing Forces to Spacecraft Orbit

» Attitude Control Systems (ACS) main routine

42 and GMAT * Testing and debugging
Simulations * Two-week duration simulations

e Four main perturbing forces

Independent Run _ _
Routine * Quicker run-time

* Debug and validation testing

* On-board ephemeris to GMAT

Validation and * Success, divergence < 200 Km A. Geopotential Modeling (J21 vs J4)
Enhancement . Enhanceglentnof gravity model B. Atmospheric Drag (J21 )
U@r) = 5{1 4 Z@ ZO P (sind)[CMcos(me) + STsi n(m(p)]} C. Solar Radiation Pressure (J21)
n= m— D

. Presence of Sun/Moon (J21)



Results - GMAT

Orbit Affects of Geopotential Model, km Orbit Affects of Atmospheric Drag, km
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Results - Propagation

Position Magnitude (m)

Position Magnitude (m)
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©10° Propagated J4 Gravity Model Magnitude Difference
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A. Magnitude difference of On-Board Propagator to GMAT (472.7 Km)
On-Board => J4 Gravity Model
GMAT = ]J21 Gravity Model

B. Enhanced gravity model repeated test A (346 Km)
On-Board => J7 Gravity Model
GMAT = ]J21 Gravity Model

Comparison of Semi-Major Axis Orbital Element
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J4 Drag On J4 Drag Off J7 Drag On J7 Drag Off
B On-Board Sim B GMAT Sim

Delta Semi-Major Axis (Km)
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C. Delta Semi-Major Axis
*  On-Board J4 and J7 tests with and without Drag (Blue)
*  GMATJ4 and J7 tests with and without Drag (Orange)



Discussion of Internship

* Spacecraft propagation mtegrated
mto Dellingr ACS main routine.

* On-Board J4 gravity Magnitude
divergence of 472.7 Km after two
weeks.

* Enhancement of gravity model
decreased divergence to 346 Km.

U(r) = %{1 + i( ) Z B (sinA")[C"cos(m¢) + STsin(me)]

n=1



Fall Fellowship Fxxperience : Mechanical Engineering

Golden Orb Weaving Spider Silkworm
(Nephila clavipes) (Bombyx mori)
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Fiber Structure

Material Strength (GPa) | Strain (%) | Toughness (MJ/m?)
Major Ampullate Silk 1.9 21-27 136-194

Silkworm Silk 0.61-0.74 18 20

Minor Ampullate Silk 0.92-1.4 22-33 157

Flagelliform 1 >200 75-283

Aciiform Silk 1.1 40 230
Kevlar 3.0 2.5 50
High-Tensile Steel 1.8-3.0 1.5-5 70
Nylon 0.75 18 70

2], [3]



Background

NATURAL SILK
PRODUCTION

lon Exchange, Acidification, Water
Removal, Shear and Elongational

PO;Cl” K H HO HO N HO

[4], [3]




Response Characteristic

Fiber Structure Fiber Structure

Super-contraction: Ability for the
golden orb weaver’s natural spider silk

to contract up to 2/3 original length.
[6], [7]

* Nanoparticles:

Fiber Structure Fiber Structure

* Increase Conductivity

e Increase Mechanical
Performance




Methods
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Formic Acid (FA) /
Calcium Chloride (CaCl,)




Methods

Sonication
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Mechanical Testing:
» Rate of Extension: 12.5 mm/min
« Gauge Length: 50 mm

Functionalized (COOH)
- Carboxylic Acid
Non-Functionalized




Results

Stress (MPa)

Stress (MPa)
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Results

Stress (MPa)
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Discussion of Fellowship

Proteins are dependent on four main stimul:
* pH change
* jonic change
* mechanical shear
* hydration

Dispersions of CN'T’s were investigated with sonication

CNTNF was compared to CNTC
A new dispersion technique needed to be investigated.

Optimization of CN'T percentage needs to be conducted
for conductivity




Current Works

Neat Fiber

Carbon Nanotubes
Non-Functionalized
(CNTNF)

Peak Breaking Young’s
Stress (MPa) Strain (%) Modulus (MPa)
Hog;cr’gglne'szecj 5000 RPM | 10000 RPM | 5000 RPM | 10000 RPM | 5000 RPM | 10000 RPM
Neat Films | 2.04+0.07 | 2.17+0.084 | 9540+ 5.64 | 74.44+8.39 | 14.06 +0.19 | 12.68 + 0.44
CNTNF 1.38+0.12 | 1.84+0.17 |23.14+3.41|56.51+10.78 | 16.71+1.47 | 17.46 +3.70
CNTC 228+011 | 2.38+0.20 |93.13+7.27 | 68.08+6.42 | 12.15+0.66 | 32.25 + 10.57
Carbon Nanotubes
Functionalized
COOH (CNTCQC)
Peak Breaking Young’s
Stress Strain Modulus
(MPa) (%0) (MPa)
Neat 1.5 97.46.18]0.004+0.001 | 3801.9 = 366.9
Fibers
CNTNF 11.46 + 3.26 | 0.009 + 0.002 | 1634.7 + 464.4
Fibers
C.NTC 20.24 +3.61| 0.01+0.002 | 2562.6 +506.1
Fibers
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