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The authors are conducting research on post mission disposal (PMD) device for microsatellites using
electrodynamic tether (EDT). In this PMD device, the atmospheric drag and the electromagnetic force are
utilized for the propulsion of deorbit. In case of PMD device using EDT, the direction of tether deployment is
constrained by the trajectory of satellites because of the electromagnetic force is generated by the interaction
between the current flowing in the tether and Earth’s magnetic field. Therefore, the effect of initial conditions
such as deployment velocity, deployment angle, and so on were evaluated by numerical simulations using Monte
Carlo method. In this paper, the trend of tether deployment based on numerical simulations were shown.
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1. Background 4. Dynamics model

The growth of micro-satellite business
and concept of micro-satellite mega
constellations plan.

S
Concern about mass production of
space debris from the post mission
satellites.

LEGEND Summations [nvaapes o 160 Mok Eask rum e acenasisl

Space debris
The needs for mitigation of space

debris on LEO.

Electron
collecting

(At post mission, release an end-mass and
deploy the tape tether.

Geomagnetic
field

L O~
Direction

Electron
~ emission

* PMD technology is the method to de-orbit a satellite quickly after a mission.
* The authors are conducting research on post mission disposal (PMD) device for micro-satellites.
* This PMD device supports re-entry of a micro-satellite
by at icdrag and electr ic tether propulsion (electr
* The electromagnetic force is generated by the interaction
between the current flowing in the tether and earth’s magnetic field.
—The direction of tether deployment is constrained by the trajectory of satellites.

2. Purpose and what was done

To evaluate the effect of initial conditions s

ic force).

h as deployment velocity,

deployment angle, and angular velocity of the satellite.

e

To provide the method to evaluate the trend of
tether deployment for random initial conditions

by numerical simulations using monte carlo method.

3. Evaluation method

Analysis procedure

* Initial velocity v
* Initial angle 8,
* Angular velocity of the

satellite 8

Random number range

Initial velocity vo[m/s] 0.05~1.0/
Initial angle 6 [rad] 0~2m
[Angular velocity
lof the satellite 6, [rad/s]

Dynamics model

 Single-pendulum model « Tether is assumed

Evaluate the trend

* Determine the success or failure
of tether deployment for each | o
initial condition.

* Plot on the 3D graph.

* Input random values
within the specified range
for each initial condition.
-»monte carlo method

0~2m

i * The index “r*” output.
- Double-pendulum model anon-linear - Calculate the mean value
spring dashpot. “ri.." for each initial condition,
Y+ osub
lite

Yy, Subsatellite(r, )

Mother
satellite

@ -
5 Mother
satellite

Mother
satellite
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N
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Single-pendulum model

Dynamics model . .
The equation of motion

Lengthwise direction : [ — 1% — 2016 — 30%[ cos? § =

Pitch direction 116 + 216 + 2016 + 3021 sinf cos § = 0

+ Consider only the motion in the orbital plane.
- Mother satellite - On a circular orbit.
Much heavier than the sub satellite.

* Tether length
cther length [m] * Earth : A perfect circle.

: Pitchangle [rad]
< Tether tension [N]

m, © Sub satellite’s mass [kg
- Orbit angular velocity [rad/s]

. Deployment model
Dynamics model

Phase2
[Irl = L]

A
{k:k(,:El—

Sub

, satellite

Phase0
[t=0]

Phasel
[Ir] <1o]

Mother
satellite

* Tether is assumed a non-linear
spring dashpot.
« Deploy tether from its folded state. T

T=ke(0—=D—cel T=kollg—1) —col

Sub
satellite

* The index “r*“ is the y-component of the sub satellite
position vector 7.

+ Determine the success or failure of tether deployment
for each initial condition using the mean value “1;;,,,”

rm/e N
Tave/lo > 0.6

- Success in the zenith direction.

&

—0.6 < 75,¢/ly < 0.6 : Failure to deploy.

Tave/lo < —0.6 : Success in the earth center direction.

result

Tether specification

Tether material

6. Example of analy.

AnaIS|s conditions
Initial tether length /[m]
Tether length [y[m]

0.01
10.0
0.10
500
1.103 X103

ALPET
45.0%x10°®
0.01
0.10
5.0

Weight of the sub satellite m,[kg]
Orbital altitude [km]
Orbit angular velocity Q[rad/s]

The interval of folded R[m]
Young’s modulus E[GPa]
Phase1 spring constant k[N/m]

Analysis result

Phasel attenuation coefficient c;

Phase2 spring constant k,[N/m]

Phase2 attenuation coefficient ¢,

Success in the zenith direction

Failure to deploy

Success in the earth center direction

* Confirmed that the initial velocity
and the initial angle had significant
effects on the success or failure of
tether deployment.

Angular Velogity of the Satelite 6 [rad/s]

00
Initial Velocity v [m/s]
Initial Angle 50[rau]

7. Conclusions

* The method to evaluate the trend of tether deployment was shown.

* This method will be useful in designs that reduce the risk of deployment failure.
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