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Experimental Study on Separation of Tape Tether Deployment Module for PMD
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The authors are study on post mission disposal (PMD) device for microsatellites using electrodynamic tether
(EDT). This PMD device includes tether deployment system (FORTE: FOldaway Re-entry assist TEther
deployment module). A PMD device with electrodynamic tether is expected to have high deorbiting performance
even in high orbit by using both the Lorentz force and atmospheric drag. After the main satellite’s mission, the
folded bare tape tether is stretched by releasing an end mass. This deployment system has clamps and metal wire
which holds end mass, and is released by pin-pullers.

We are planning deployment test on a two-dimensional micro-gravity using a breadboard model (BBM) of
deployment system.

This presentation introduces the updates on the deployment tests.

This document is provided by JAXA.
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i
oncern abo ass prod on o fom ape Tether (ALP
pace deb 0 e po 0 éwm * FORTE-a and FORTE-B are held by a pair of clamps
atellite h | S + Clamp fixed with metal wire
o w0 o w0 w20 S TS smemaTan e A\ = [ * The metal wire is held with two Pin-Pullers
o nee ave - = == (In this experiment, we used solenoids. )
¢ Are op L Pd pace Deb 0 O w0 * When the pin plug is activated, the wire loosens, the
Debris prevention (PMD) te olog -

fixation of the clamp is released, and the springs push
and release FORTE-B
* It is a device of double redundancy

2. PMD Device “FORTE” Concept Overview Experimentiumbe] & | @ | 6 1 © 16 1 6 1 0

FOR I E 71_ l’j__ = Supports re-entry of satellites by Atmospheric drag and

Tether length | 2[m]x2 | 2[m]x2| None None | 1[m]x1]| 1[m]x1][1[m]x1
Elect y ic Tether pr ion (Lorentz force)

away c-entey assist  ther deployment modle - Post Mission Disposal (PMD) Device 5. Experimenta| Conditions

(@After the mission, release an end-mass and - Initial Speed 1.0(m/s]
(@ Install “FORTE” at pre launch deploy the tape tether 3Deorb Tether Dummy mass. Include

Not Include

_ Tether nclude | NotInclude | Include(Shor) | _Include(Short/With Dampen
Electron ﬁ;‘:‘m"g”““‘ {{JTwo side of the Pin-Puller| D~@ 5 G
Collecting (O] (2)0ne side of the Pin-Puller B

* Weight ratio of MOT, Dummy Mass, FORTE-B was fixed at 50: 2: 4

- The initial speed of deployment :1.0 m/s (The reference initial speed)

+ Comparing their influence : Dummy Mass and Presence of tether,
Bounding with short tether or brake device

* Make one side of the Pin-Puller inactive and check system redundancy

6. Experimental Results

‘Experiment number@
Dep e

o | e L8l -The theoretical initial speed of MOT was 0.14[m/s],
) | — but the result was 0.06[m/s]
- - Possible causes: air resistance, friction, mechanical loss.

ik *Tether Dummy mass should be almost stationary,
but in fact fine motion was shown
-> Possible causes: touch with FORTE-B, and tether tension
“The theoretical initial speed of FORTE- was 0.86[m/s], and the

- *Deployment system has clamps and metal
wire which holds end-mass, and is released
3 by Pin-Puller
*Give initial velocity by Spring force

; — result was 0.8[m/s] , as a separation rate approximate to the theory
" A ”
3. Purpose of “Ground Experiment - .
Experiment numbes
o ~Bounced due to the elasticity of the tether at full-length
0 CO A o o A D D A ne develop A '-mm\ deployment
T S s *Risk of closing and collision to MOT with speed due to the

tension at the bound
~Necessity of simple brake system

Plastic Deformation Coil Brake
Experiment number® Experiment number®

4 . Expe ri menta I Setu p Coil type plastic deformation brakes were

tested: length 300[mm], ¢1.2and and
$0.9[mm] of copper wire

— 1 N p— * At ¢1.2[mm], the elastic range was wide,
O pe ent devices layo as oromes) os oronres) and it is considered that it entered the
Ce u;i—;.?.g ol Cr o 1 elastic region before absorbing kinetic
8 8 B e || = Il e centy
& DMOT e * At $0.9[mm], it is considered that the
® @D

Fars(a]

plastic deformation brake was completely
o N T T ‘[l extended, and it was not able to sufficiently
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M
® il
@‘( ¢ DAir bearing

(&Tracking System absorb the kinetic energy
©0n-board camera
o @Camera

o] ® .
¢ @® Device layout from the horizontal direction Device layout from the y direction 7 CO nc I usions

o Gra ate e 0 other Satellite Mode e demonstrated abo e development behaviors of FORTE BBM as follo
= * Two-dimensional micro gravity - ect o ) ethe bo g on separation behavior o B

by Air bearings and Precision = * Size:450 X 300 X 250[mm)] Damping characte by pla 1

stone surface plate
ESD +Tracking system
Resolutions: 0.424 mm, 120Hz

* Weight : 50[kg]
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