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Antennas,and:
Flexible Structures




P. V. Anderson and H. Schaub, “Methodology for Characterizing High—Riék
Orbital Debris in the Geosynchronous Orbit Regime,” AAS/AIAA Space
Flight Mechanics Meeting, Williamsburg, VA, January 11-15, 2015.
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Conventional Grapple
Current docking techniques or
arm capture can only achieve

Slow rotation rates.
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Tethered Capture
Subject to tether dynamics and
deployment challenges.

11 H
Harpoon’’ could remove space junk
British developers are working on a system to remove space junk
using a harpoon fired from a satellite to pull it out of its orbit
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““Harpoon” could remove space junk

British developers are working on a system to remove space junk
using a harpoon fired from a satellite to pull it out of its orbit
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Opportunities exist for space-based
applications of electrostatic actuation. Concepts
have been explored as early as
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C. R. Seubert and H. Schaub, “Tethered Coulomb Structures:
Prospects and Challenges,” Journal of Astronautical Sciences,
Vol. 57, Nos. 1-2, Jan.-dune 2009. doi:10.1007/BF03321508

Opportunities exist for space-based

applications of electrostatic actuation. Concepts
have been explored as early as .

Tethered and
Inflatable
Structures

J. H. Cover, W. Knauer, and H. A. Maurer, “Lightweight Reflecting
Structures Utilizing Electrostatic Inflation”, US Patent 3,546,706,
October 1966
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C. R. Seubert and H. Schaub, “Tethered Coulomb Structures:
Opportunities exist for space-based Prospects and Challenges,” Journal of Astronautical Sciences,

_ i i i Vol. 57, Nos. 1-2, Jan.-dune 2009. doi:10.1007/BF03321508
applications of electrostatic actuation. Concepts
have been explored as early as .

Tethered and

Debris Re/De-Orbitin Lo e Inflatable

e Structures
Electrostatic force results -
from craft charges

Electron beam emission
onto deputy

J. H. Cover, W. Knauer, and H. A. Maurer, “Lightweight Reflecting
o Structures Utilizing Electrostatic Inflation”, US Patent 3,546,706,

E. A. Hogan and H. Schaub, “Space Debris Reorbiting Using Electrostatic October 1966

Actuation,” AAS Guidance, Navigation and Control Conference, Breckenridge,

February 3-8, 2012.
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Touchlessly actuate objects separated by
dozens of meters. Proposed:

Electrostatic Detumble of GEO Debris




Charge Distribution,and.the
Multi-Sphere Method (MS
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Courtesy of Tech-X Corporation
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FEM vs. MSM
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MSM is a lumped charge representation

D. Stevenson, and H. Schaub, Optimization of Sphere Population for Electrostatic Multi Sphere
Model, 12th Spacecraft Charging Technology Conference, Kitakyushu, Japan, May 14-18, 2012
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FEM vs. MSM
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Maxwell FEM

D. Stevenson, and H. Schaub, Optimization of Sphere Population for Electrostatic Multi Sphere
Model, 12th Spacecraft Charging Technology Conference, Kitakyushu, Japan, May 14-18, 2012
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FEM vs. MSM

Va Va

Z (m)

Maxwell FEM

D. Stevenson, and H. Schaub, Optimization of Sphere Population for Electrostatic Multi Sphere
Model, 12th Spacecraft Charging Technology Conference, Kitakyushu, Japan, May 14-18, 2012
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FEM vs. MSM
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Computation Time

Finite element methods require

to solve the charge for a
particular configuration.

D. Stevenson, and H. Schaub, Optimization of Sphere Population for Electrostatic Multi Sphere
Model, 12th Spacecraft Charging Technology Conference, Kitakyushu, Japan, May 14-18, 2012
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Equations of Motion Laboratory

by
Electrostatic force PI'OIeCtlon AI‘ICIle

between 2 spheres R ]
® = arccos (bl - (—r))

Torque Axis

éL:blx—f‘
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Electrostatic force

Projection Angle
® = arccos (f)l : (—f'))

between 2 spheres

Torque Axis

éL:blx—f'

lw+wxIw=L

New Basis Equations of Motion

I, w1 =0 UE—WQ(IA“IA)Q)—CUg(IA"lA)g)
1,77 — L, ®sin @ = 0 $sin® = —ws (i - by) + w3 (F - be)
. 9 cos @ B B N - A
I (@ sin® — 1’ ) + Lwin =L L= L6, ==f(6) 3 1mom ()
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Clohessy-Wiltshire (CW) Equations

x(t) = Aj cos(nt) — Agsin(nt) + xog

y(t) = —2A; sin(nt) — 2A5 cos(nt) — gntiﬂoﬁ + Yoff
2(t) = By cos(nt) — By sin(nt)
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Clohessy-Wiltshire (CW) Equations

x(t) = Aj cos(nt) — Agsin(nt) + xog
y(t) = —2A; sin(nt) — 2A5 cos(nt) — gntﬂcoﬁ + Yoff
2(t) = By cos(nt) — By sin(nt)

XNS — (A17 A27 Loff, Yoff, Bl; BQ)

The collection of
become the for relative
motion. This new state vector

becomes the Linearized Relative
Orbit Element state.
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Clohessy-Wiltshire (CW) Equations

x(t) = Aj cos(nt) — Agsin(nt) + xog

(t) = —2A; sin(nt) — 2As cos(nt) — §ntx +
Y ' ’ g ot T o Lagrange Brackets provides evolution of the

z(t) = By cos(nt) — By sin(nt) invariants given a perturbation acceleration.

[ —sin(nt) —2cos(nt) 0 |
— cos(nt 2sin(nt 0
XNS — (A17A2axoff7 Yoff, BlaBQ) . O< ) 2( ) 0 Ay
] Ans = —2 3nt 0 @y
The collection of 0 0 sin(nt) a
become the for relative 0 0 — cos(nt)
motion. This new state vector — ~ -
becomes the Linearized Relative B(X,t)

Orbit Element

state.
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Clohessy-Wiltshire (CW) Equations

x(t) = Aj cos(nt) — Agsin(nt) + xog
y(t) = —2A; sin(nt) — 2A5 cos(nt) — gntl'of—f + Yoff
2(t) = By cos(nt) — By sin(nt)

XNS — (A17 A27 Loff, Yoff, Bl; BQ)

The collection of
become the for relative
motion. This new state vector

becomes the Linearized Relative

Orbit Element state.

LROEs can be propagated with

acceleration

rotated into the relative orbit frame.

Lagrange Brackets provides evolution of the
invariants given a perturbation acceleration.

—sin(nt) —2cos(nt) 0

—cos(nt)  2sin(nt) 0
Qs

<o L] 0 2 0 ’
NS = —2 3nt 0 Y
0 0 — sin(nt) 4z
0 0 — cos(nt)
B(X 1)
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Optimization Approach™ ..

N
- H;
J = Z( 1000 In[|r;| — r* + 1] — 1Oln[\H:”HH H]—l—l])

1=0

90 0
Cone [deg] Phase [deg]

Servicer

Relative Orbit

iy

Cone Angle

HE - T -

Momentum Cone =~--_§__--—-~ Pair Location
_lh#

6th International Conference on Astrodynamics Tools and Techniques, Darmstadt, Germany, March 14-17, 2016. 9



& A

Optimization Desigh"Outpuites. R oo

A movie will be included here.
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Numerical Simulations™ B Zhoratony
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« parameters, conditions, time, etc.

6th International Conference on Astrodynamics Tools and Techniques, Darmstadt, Germany, March 14-17, 2016. 11



Optimized State Proyvides.a /S
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Performance Increase

A movie will be included here.
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Conclusions:

» The choice of relative orbit provides substantial increase/decrease in detumble
performance.

- The Linearized Relative Orbit Element (LROE) approach provides insightful approaches
to optimizing the servicer relative orbit.

« Without significant loss in performance, the relative orbit may be selected for operational
simplicity using a leader-follower or for operational safety where a safety ellipse orbit is
available.

Future Work:

« Expand the relative motion detumble analysis to include objects that are not axi-
symmetric.
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Conclusions:

» The choice of relative orbit provides substantial increase/decrease in detumble
performance.

- The Linearized Relative Orbit Element (LROE) approach provides insightful approaches
to optimizing the servicer relative orbit.

« Without significant loss in performance, the relative orbit may be selected for operational
simplicity using a leader-follower or for operational safety where a safety ellipse orbit is
available.

Future Work:

« Expand the relative motion detumble analysis to include objects that are not axi-
symmetric.
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