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Space debris studies in Tohoku University: structures of debris removal tethers,
luminescent color modulation
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Space debris studies in Tohoku University are introduced. Firstly, we talk about the use of a hollow cylindrical
mesh for an electrodynamic tether to improve its survivability in space. The proposed tether is expected to be
used in space missions to remove uncontrollable satellites in orbit. Although the mass of the hollow cylindrical
tether is the same as that of a conventional solid and cylindrical (i.e., round) tether, it has a larger diameter,
which improves its survivability. To investigate the damage to the proposed hollow cylindrical mesh tether by
debris impact, hypervelocity impact experiments were performed by using a two-stage light gas gun. The
experimental results confirmed the potentially increased survivability of the proposed hollow cylindrical mesh
tether compared to the conventional tether. Secondly, we talk about the luminescent color modulation caused
by debris impact. An air-leakage detection system for space-debris impact will be constructed with
photochemical materials. We will apply the materials to the pressurized chamber, so that it becomes
luminescent due to the rapid increase in temperature and pressure.
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Space debris studies in Tohoku University:
structures of debris removal tethers, luminescent
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Objectives of tether study

Although the mass of a hollow cylindrical ﬁﬁ@ﬁfdﬁz;ﬂ }?Zﬁijﬁd?c:TH
tether is the same as that of a conventional (Round tether) tether
solid and cylindrical (i.e., round) tether, it has ﬂ

a larger diameter, which improves its Te—
survivability. "
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A hollow cylindrical tether is proposed, and is evaluated in terms of

impact durability.
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Experimental equipment

Two-stage light gas gun (BT B =g 7 2 i)
JAXA/ISAS

Single-stage powder gun
Q= F2WAE S5}
Tohoku University

Hollow cylindrical tether

Hollow cylindrical
tether

* The impact velocity was set to 7.0 km/s.
T Y 7 ZANVERE R T km/s THEEIED.

* The radius of the hollow cylindrical tether is denoted by 7 .
- REMART V=02 r L35,

* The distance of the impact point from the center of the tether is denoted by / .
TRV s B A NROWIENL RS, TF— LSO LTS, |
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Debris cloud in hollow cylindrical tether

Damaged part (front)
Damaged part (rear)

e i; Damaged part (front) Damaged part (rear)
Projectile  # \ V/f\\‘ . /
¥

Hollow cylindrical
tether

Hollow
cylindrical tether

The rear of the hollow cylindrical tether was
damaged by debris cloud.
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Debris flux database

We evaluate the survivability of tethers with the employed cumulative debris flux
(orbital inclination of 98 degree, year 2000, and altitude of 800 km).
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Comparison of survivability in orbit

We evaluate the survivability of tethers with the employed cumulative debris flux
(orbital inclination of 98 degree, year 2000, and altitude of 800 km).

20004, /& FE800 km, HAMAISE DLE LT 7V 77 v 7 AZHSNWT,
B AR EZ T 5.
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* Hollow cylindrical tether has high durability against debris impact, and
has high survivability in orbit.
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Introduction: study of luminescent color modulation (Y& 2 5R)

What is the problem?

* Current debris shield can endure only small-sized debris.

v

- Large-sized debris can penetrate the pressurized wall,
resulting in air-leakage from a through-hole.

v

- Big impact may cause blackout of electricity ({£ ).

v

- It is necessary to display air-leakage holes even in the dark.
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Air-leakage detection

Photoluminescent substance (¥ :#)'H)

*Crews should detect and fix the air-leakage holes in complete darkness.

P> Photoluminescent substance can help them to detect easily.

*Two factors that make the substance luminescent:

Photo-response (JE & [it+): storing ambient light
Stress-response (Iix 71 &2 it ): high pressure or temperature.

Caused by debris impacts

Photo-responce
Stress response Stress- response
i Photolominescent .
Raw material Luminescent
substance 9

Hypervelocity impact experiments

Purpose and experimental setup

* We used single-stage powder gun to shoot a
cylindrical projectile.

Single-stage powder gun
* The raw material was coated with back side
of pressurized wall.

Raw material of
photoluminescent substance

~—__ 15mm

15 mm I .Projectile

Bumper O’

Pressurized wall

Raw material of — I\

photoluminescent substance Optical fiber

Back side of pressurized wall
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Conclusions of studies in Tohoku Univ.

A hollow cylindrical tether was proposed, and was

evaluated in terms of impact durability.

The cylindrical tether was shown to have high

durability and survivability. Solid cylindrical tether Hollow cylindrical
(Round tether) tether
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Luminescent color modulation caused by debris impact is studied.
We will construct a system to display air-leakage holes even in the dark.
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