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Alumina particles trend to gather one another after combustion near stagnation point upper than nozzle of a solid
rocket motor containing aluminum powder. Although there is no serious problem because the first solid rocket
motor will not reach the earth orbit, SRM slag will reach the earth orbit and will go around the earth as space
debris. In the process of revision of 1SO24113, European P-members insisted to add regulation for SRM slag.
So then in this we will study potential danger of SRM slag on space structures such as artificial satellites and so
on if SRM slag goes around the earth orbit as space debris. Namely we will consider a plan of hypervelocity
impact tests using a projectile which imitates SRM slag as well as aluminum sphere. In this presentation, we
will address its experimental plan and some results of preliminary experiments.

This document is provided by JAXA.
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SRM Slag |

(ref.: Sinya FUKUSHIGE, Yasuhiro
AKAHOSHI, Yukihito KITAZAWA,
Takeo GOKA, “Comparison of Debris
Environment  Models; ORDEM?2000,
MASTER2001 and MASTER2005”, THI
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DRAFT INTERNATIONAL STANDARD
ISO/DIS 24113
ISO/TC20/SC14 Secretariat: ANSI
Voting begins on: Voting terminates on:
2018-09-20 2018-12-13
Space systems — Space debris mitigation requirements
Systémes spatiaux — Exigences de mitigation des débris spatiaux
ICS: 49.140
Department of Mechanical Engineering, Kyushu Institute of Technology 5
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6 Technical requirements

6.1 Avoiding the intentional release of space debris
into Earth orbit during normal operations

6.1.2 Space debris from pyrotechnics and solid rocket
motors

6.1.2.2 Solid rocket motors shall be designed and
operated so as not to release space debris larger than 1
mm in their largest dimension into Earth orbit.

NOTE The main aim of this requirement is to limit the generation of slag debris ejected into
Earth orbit during the final phase of combustion. Slag debris is potentially hazardous to current
and future space operations due to its size, number and orbital lifetime. This is particularly the
case when slag debris is ejected into a high orbital region where it can pose an impact risk for a
long period of time.

Department of Mechanical Engineering, Kyushu Institute of Technology 6
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Technical Committee ISO/TC 20, Aircraft and space vehicles,

Subcommittee SC 14, Space systems and operations.

WG1 WG2 WG4 WG6 WG7
Design Integ./ test Environment Materials Debris

1ISO24113 is discussed in joint session
between WG3 and WG7.
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Crater Depth

D.=552x 4718 x H/% x

d, : the projectile diameter

H : Brinell hardness

P, : the density of the projectile

P, : the density of the target

c : the sound velocity of the target

This document is provided by JAXA.
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6 Technical requirements

6.1 Avoiding the intentional release of space debris
into Earth orbit during normal operations

6.1.2 Space debris from pyrotechnics and solid rocket
motors

6.1.2.2 Solid rocket motors shall be designed and
operated so as not to release space debris larger than 1
mm in their largest dimension into Earth orbit.

There 1s no description on density
of SRM Slag in 6.1.2.2.

Department of Mechanical Engineering, Kyushu Institute of Technology 9

Literature Survey of Density of SRM Slag

(Summarized by Dr Kitazawa)

BT =
1 ORDEM 3.0 [hZEE | (2.8g /cm 3) OAFIU—  STS OEDEIYREDISE.
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al.,2015) (F. 2HED2%DHTEN

DROEDEL THERE(C

Density of SRM Slag 1s
distributed between 1.6
and 2.6 g/cm’.

al., 1997
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Guns in KIT (1/2)

Length [m]

Pump tube[mm)]
Velocity [km/sec] 15 = ~0.3

Velocity . Laser-cut
Wire-cut Laser-cut .
measurement Highspeed camera

Eject test based on

e o Development fan case
Research topics Deflection of asteroid standardization P .
. of jet engine
Discharge test of solar
array -
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Guns in KIT (2/2)

Length [m] 0.1 1 1
Velocity [m/sec] 20- 100 2000 200

VB L Highspeed camera Photo-detector laser-cut
measurement
Research topics Harpoon for ADR No experiment No experiment
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Guns in KIT (1/2)

Large LGG Small LGG

Length [m]

Pump tube[mm] 60
Velocity [km/sec] =25

Velocity Wire-cut
measurement

Research topics Deflection of asteroid

~0.3

Laser-cut
Highspeed camera

=15
Laser-cut

Eject test based on
International
standardization
Discharge test of solar
array

Development fan case
of jet engine
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Test Facility

] Sabot separation plate Velocity measurement Pump tube
Witness plate

f powder
. / section l Laurl\ch tube \ rofm
B e

\ \\ Higthressure

Target Sabot separation section coupling
Blast tank

Two-stage light gas gun

Test chamber Folvester film

7 kPa
’ Material : A2017 ’ Material :PC
IR Diameter @ ¢p1.00.1mm =9 Diameter : $6.0mm
0 - { Mass: 15 mg anm,mrw‘;!muiw[\]mumplmn Mass : 120 mg
e e [ R |
Projectile Sabot

15

A(2018.12.04)

INTERNATIONAL ISO
STANDARD 11227

First edition
2012-09-15

Space systems — Test procedure to
evaluate spacecraft material ejecta upon
hypervelocity impact

Systéemes spatiaux — Mode opératoire d’essai pour I'évaluation des

éjectats de matériaux des véhicules spatiaux résultant d’impacts a
R hypervitesse

This document is provided by JAXA.
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Experimental condition

Projectile
Material : aluminum (Al2017)

Shape :sphere
Size : diameter of 1mm
Impact velocity: around 5km/sec
®
Projectile Target
Material : synthetic fused silica
Size : 50 x 50 x 20mm

Supporter : sponge rubber

L ECID) AEED  (GEES @) (G (G

Configuration diagram of target Material : Copper
(JIS H3100 C1100-1/4H)
Hole diameter : 30 mm at its center
Surface : machined finish

Witness plate is in 100 mm front of target

OOO00cgE)

Experimental results Shot No. 09-101
V= 4.03 km/sec, Witness plate — Target: 100 mm
Recoding rate: 250 kfps, Pixels: 312 x 260 pixels

This document is provided by JAXA.
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v" Discharge by debris impact

High density plasma is created by debris impact

-

Discharge occurs through the
plasma : Primary ArC (PA) NASA The Orbital Debris Quarterly News Vol.18-4 (2014, Oct)

‘ Plasma

Permanent Sustained Arc (PSA) s
Aluminum
Electricity does not flow to the payload and honeycomb

the power generation capacity is reduced

Department of Mechanical Engineering, Kyushu Institute of Technology 19
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Action Item 31.3

2 Solar Array

2.1 Damage Mode

In recent years, a solar array of a spacecraft has become larger with the voltage higher
because a spacecraft needs a large amount of power in requests from an advanced mission.
Therefore the risk of a space debris impact and discharge on the solar array is increasing
because the number of small space debris such as ejecta is increasing [2-1]. Space debris
impact to the solar array causes not only mechanical damage such as destruction of a solar
cell and insulation layer but also electrical damage due to local high density plasma induced
by impact energy [2-2]. This plasma can lead to arcing between solar cells or cell and
substrate on the solar array [2-3]. In the worst case, Joule heating of arcing can carbonize
insulation layer and create permanent short-circuit path [2-4]. This phenomena is called
“Permanent Sustained Arc“ (PSA). —

—

Dep:
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Measurement Positions of Current Probes in Electric Circuit
used at Discharge Test due to Hypervelocity Impact

CP1

Vacuum chamber

CP3
l Hot Cell

Resistor

e — 4
power Solar coupo

3
————

Department of Mechanical Engineering, Kyushu Institute of Technology

21

Voltage Current Discharge
[V] [A] Type Resistance [Q] Time [us]
18-018 192 4.8 PSA 10 00

7

; ol

5 i
T4

X
1
0
i

-10 0 10 20 30 40 50
Time [ps]

—CP1. —CP2 —CP3

Impact point Waveform of discharge

PS A generation condition (192V)

* Discharge time needs more than 2 ps
-4 * Maximum discharge current needs about 3 A

This document is provided by JAXA.
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® @ Target
@ Witness Plate

/’

©)

’:DCD@:D:D:!@

Figure C.2 — Picture of target and witness plate set-up

Figure C.1 — Sketch of target and witness plate assembly

Test impact configuration is based on
Annex C of ISO11227.

Department of Mechanical Engineering, Kyushu Institute of Technology 24
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Experimental Conditions Using Imitated Projectile

Projectile : A2017, @ 1mm with/without
0.3mm perforation hole

Target

: A2024-T3 plate,

80 x 100 x 6 mm

Impact Velocity : Skm/s

Experimental Results

-
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Shot No. KIT-18-006 | KIT-18-010 | KIT-18-020
Diameter of Projectile [mm] 0.998 0.976 1.014
Mass of Projectile [mg] 1.5 1.2 1.1
0.3 mm perforation hole No Yes Yes
Impact Velocity [km/s] 5.34 505 443
Diameter of Crater [mm] 3.036 2.860 2.176
Depth of Crater [mm] 1.629 1471 1.039
Volume of Crater [mm?] 1.340 0.769 0.578
Mass of Ejecta [mg] 50 32 0.8

Department of Mechanical Engineering, Kyushu Institute of Technology

This document is provided by JAXA.
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Experimental Results

Shot No. KIT-18-006 KIT-18-010
Diameter [mm] 0.998 0.976
Mass [mg] 1.5 1.2
Projectile
0.3 mm hole No Yes
Velocity [km/s] 5.34 5.05
Diameter [mm] 3.036 2.860
Crater Depth [mm] 1.629 1471
Volume [mm?] 1.340 0.769

397
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Current status of conventional impact tests

using simulated SRM slag projectiles

12 porous alumina balls were given

to Kyutech by JAXA and conventional

impact tests will be done next month

in Kyutech.

Diameter(mm) | Mass(mg)
No.1 1.874 8.65
No.2 1.817 7.50
No.3 1.820 7.73
No.4 1.653 5.86
No.5 1.753 7.03
No.6 1.850 8.09
No.7 1.876 8.60
No.8 1.770 7.01
No.9 1.840 8.17
No.10 1.754 7.36
No.11 1.813 7.50
No.12 1.801 7.85

Department of Mechanical Engineering, Kyushu Institute of Technology

29
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Porosity of SRM Slag could be
30% and 1t could be very fragile.
So then it could be broken during
acceleration (>10*G) in a two-
stage light gas gun.

N

Reverse Impact should be introduced.

Department of Mechanical Engineering, Kyushu Institute of Technology 31
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Guns in KIT (1/2)

Large LGG Small LGG

Pictures

Length [m]
Bore[mm]

Pump tube[mm)]
~0.3

Velocity . Laser-cut
Laser-cut .
measurement Highspeed camera

Velocity [km/sec] =B

Eject test based on

IEEUEE] Development fan case
Research topics Deflection of asteroid standardization P .
. of jet engine
Discharge test of solar
array B
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Concept of Counter-Impact (FY2006)

Delay Controller Condenser Bank

Test Chamber

Trigger Sensors
Guide Rail System

Large-TSLGG Defense Wall ETC-TSLGG
3 Al ball
¢30 Bumper Target & ks
4 km/s | A A B Ealis ¥

Flash X-ray Systems

Target ojectil

This document is provided by JAXA.



400 FHMIZEWT T B SEREAE AR B E B JAXA-SP-18-011

FEBEARR—RTITYT =923y T @JAXA(2018.12.04)

Reverse Impact Test

Soft recover system

Test Chamber Pickup Coil
/
Recovery . )
Material Free Fright Section Launch Tube

Impact Position

2.5m (Section 3) | . 2.0m (Section2) | 1.4 m (Section 1)
Ll Lot ]

»

A

5.9m

Target projectile

Guide rail for target projectile

Pickup coll
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Example of recovered target projectile

) 120 130 4o 150

Successfully recover of target projectile
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Flash X-ray image of secondary
debris cloud in reverse impact test

Aluminum ball

Fig. V = 2.27 km/s (LTS06-60)
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Another Reverse Impact Test (FY2013)

Sample return from surface of asteroid

Plaster Styrofoam

\ \&
= Ooo\oco
0/0
— = a O/ ©
=t o) O/ =
. 1o OnO/
N O RSO,
T % 0907 0

—— Fig. Sampler fixed in impact axis.

38
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Experimental Result of Reverse Impact

(a) t— 83us (b) t + 13ps

"

(c) t+59pus (d)t+ 103us
Fig. Snapshots of Reverse Impact (V=0.969 km/s)

39
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Current status of reverse impact tests using
imitated and simulated SRM slag projectiles

(1) Porous alumina balls were given by JAXA and reverse
impact tests are under preparation in Kyutech.

(2) Manufacturer of porous alumina ball
(same size, same mass (same density),
and spherical shape are ideal) is looked
for by JAXA.

250.00 £ m
. T

Department of Mechanical Engineering, Kyushu Institute of Technology 40
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Closure
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In Draft IS24113 it is written that solid rocket motors shall
be designed and operated so as not release space debris
larger then 1mm in their largest dimension into Earth
orbit. Draft IS24113 is now under DIS voting.

Preliminary experiments using imitated projectile were
successfully done in the manner of conventional impact.

Reverse impact test is under consideration instead of
acceleration of a fragile projectile which is made of 30%
porous alumina. Density of SRM slag was reviewed based
on published papers, and it is distributed between 1.6 and
2.6 [g/cm?].

Department of Mechanical Engineering, Kyushu Institute of Technology 42
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Thank you for your attention.

Department of Mechanical Engineering, Kyushu Institute of Technology 43
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