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Study on effect of metal anchor shapes on harpooning to space debris structure
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The effects of metal anchor shapes on harpooning to space debris structure were investigated. Two types of head
shapes, a v-groove head and a cone shape head were employed. The experiments on capturing using metal anchors
have been carried out and their results were compared. It was observed from the experimental results that
minimum penetration velocity of the v-groove head was lower than that of the cone shape head and it indicates
that the required kinematic energy for capturing can decrease by using the v-groove head. Sufficient pulling
strength was achieved by using the cone shape head. However, the pulling strength using the metal anchor with
v-groove head was very small and it is difficult to achieve an appropriate capturing state. Therefore, some
mechanisms will be required to anchors with v-groove head for capturing space debris.
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Missions scenario for space debris removal

Approach and Rendezvous

\ 4

Docking / Capturing

NDA

Harpoon / metal anchor with a tether

Robot system Netting system © ESA This study focuses on the
© JAXA docking using a metal anchor.
Deorbit
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Steps of our study

Large debris Space debris Small debris

' Fixed test plate l ' Test plate in free-free

Part of the large structure Experimen tS condition '
Fixture —
st I Validation &= s i mie s e i i s i s i Validation |- -----
Numerical simulations

Numerical model

¥

Performance evaluation of the metal anchor method for various space debris
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Requirements for a metal anchor and aims of
this study

® Requirements for metal anchor

e Penetrate to the debris structure and achieve appropriate docking state.

e Small minimum penetration velocities are suitable for docking.

Aims of this study

Investigate the effects of head shape on penetration states
through the comparison of experimental results.

4

» Manufacture the metal anchors whit cone heads and v-grooves.

» Perform the experiments.

» Investigate the relationships between head shapes and penetration
states.

2018/12/5 The 8th Space Debris Workshop 4
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‘Metal anchors with cone shape head
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90[deg] |
Material: SS400 b

Mass: 204 [g]

In order to avoid passing through the rear end was made thicker.
In order to increase the pull-out strength, the shaft part of the tip has a
narrow section.
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Metal anchors with V-groove

Rear end
$25.20 Q
Shaft part P12 = .9
o © -
@ 8 N - @
Narrow section B12 = -
™
Head with V-groove N 7
Photographs of metal anchors with V-goove Shape of metal anchor
(Angel of V-groove 120, 90, 60 [deg])
Material: SS400, Mass: 215-218 g
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Experimental equipment for
fixed test plate

00O

Metal anchor ——— le—Control board |

entrance

< " Gas
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Optical switch High-speed camera
Counter
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Platfor,
K".# Test plate
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Overview
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Specimen

* Material: Aluminum alloy 2024-T3
e Size: 250 X 250 X Imm

Specimen Fixture jigs
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Docking states of metal anchor with cone
shape head

Insufficient velocity Appropriate velocity Excessive velocity

Tether
Debris .
structure 1§\
Non-
penetration
\Penetratiory Pass through
Suitable state
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Projectile velocity and docking state
- metal anchor with cone shape head

120
T ¢ Not Penetrating
100 - © Penetrating
M Passing through L
o 80 -
E C
4 L
: - ¢
= L
<] L
.
| J
20 ‘Q
0 1 ) I ) O e ST T R S AR Tt A N i e O O i St A i Sl ) O A S R, R
0 5 10 15 20 25 30 35
Veloctiy(m/s)
2018/12/5 The 8th Space Debris Workshop 10

This document is provided by JAXA.



H8ME [AR—RFFVT—ray | H#EERME 499

Docking states of metal anchor with

V-groove

]

(a) Non-penetration  (b) Penetration (d) Pass through

(C), Rebound
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Projectile velocity and docking state
- metal anchor with V-groove
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Comparison of the penetration hole

Metal anchor with cone head
Velocity : 22.5m/s

Metal anchor with V—groove
Velocity: 21.1m/s

The sufficient tensile strength for a tether
system to remove space debris is not obtained.

The metal anchor penetrates into the
structure in the form of tearing with
petal shapes
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Metal anchor with V—-groove Metal anchor with cone head
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-out experimen
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. Overview of pull-out experiment i
(ShimazuAG-250kN) p P Overview of anchor 3

Confirm the effect of the narrow section of the metal
anchor’s shaft part on the pull-out strength
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Pull-out experiment result

Max pull-out strength[N]
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Com

velocities
Metal anchor with V-groove
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minimum penetration

Metal anchor with cone shape head
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Penetration states are obtained by smaller velocities by using the
metal anchors with v-groove than those with cone shape heads.

2018/12/5 The 8th Space Debris Workshop 17

Conclusion

e Experiments on capturing using metal anchors with cone shape
heads and V-groove have been carried out and the results were
compared.

e It was observed from the experimental results that minimum
penetration velocity of the metal anchor with V-groove was lower
than that of the cone shape head and it indicates that the required
kinematic energy for capturing can decrease.

® The pulling strength using the metal anchor with V-groove head
was very small and it is difficult to achieve an appropriate
capturing state.

e Some mechanisms will be required of these anchors for
capturing space debris.
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