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Components of JAXA’s spacecrafts are identified effects on debris collision before its launch. If the risk is
not acceptable, a debris shield is added to the component. An aluminum alloy plate has high reliability since it
has been used as a shield of the ISS. For an unmanned spacecraft, however, the effect on the total weight is not
ignorable. A lot of light-weight bumpers have been developed before now.

Almost all new bumpers have not finished assessments of protective abilities against space environment. This
study investigated shielding effects of MLI blankets. The MLI blanket captured projectiles of 0.lmm in
diameter when its areal density was increased by using thick reflectors. If an outer film was covered with ITO
(Indium-Tin Oxide), the projectile fractured more. An outer film is considered to influence with fragmentation
of debris. Moreover, embossed reflector films seemed to improve shielding effects of a MLI blanket.
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Background
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Impact of sub-millimeter oo |
debris is a threat of mission  _ i
failure for LEO satellites.

Ref B, T E## 2014.

calculated by MASTER-2009 |
(Alt. 700km, Inc. 98°)

1.E+03

1.E+02

t
Sub-millimeter projectile g
. 8 LE+00
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component are not enough 5 e -
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examples of hypervelocity
impact experiment and numerical simulation data on the Space
Debris Protection Design Manual (JERG-2-144-HB001).

2016/10/18-20 FIRAR—ZATIYWS, 3/20

Vulnerability of Spacecraft Component

Ref. Nitta et al., Trans. JSASS
Aerospace Tech. Japan, 2010.
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Ref. Higashide et al., Trans. JSASS
Aerospace Tech. Japan, 2012.
g &

honeycomb

sandwich panel aluminum

alloy plate Impact Velocity

& —5

impact direction

n

o

Max. Crater Depth [mm]

00 02 04 0.6 08 1.0 12
Projectile Diameter [mm]

Projectiles larger than
0.3mm in dia. were
perforated a honeycomb
sandwich panel

Impacts of projectiles larger than 0.3mm in
dia. showed negative effects on power
harnesses

Spacecraft components are vulnerable against small debris impacts
—> Critical components are protected if the collision risk is not acceptable

2016/10/18-20 FBIRAR—ZTIYWS, i 4/20
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Debris Shielding Material

Bumper shield installed on the ISS
- Inducing weight increase of spacecraft because its main
material is aluminum alloy

Ref. M ft, #EE A, 2015.
Bumper shield made of high-strength fiber woven

- Having high protective ability & flexible structure
- Having restrictions for use (temperature, radiation, etc.)

Multi layer insulation (MLI) blankets are normally installed on
out-side of spacecraft
— Can MLI blankets shield spacecraft from sub-millimeter debris

impacts?
2016/10/18-20 FIERR—RTFTIYWS, SR 5/20

Past Research of MLI blankets

Ref. Lambert , Adv. Space Res., 1997.
Lambert conducted the experiments on MLI blankets (22 ply) put on the aluminum
plate (2 mm in thickness).

Ballistic limit energies were investigated when aluminum spheres impacted at 6 km/s.

Table 1, Relative performances of ML in front of aluminium plates
Configuration Surface density  Ballistic limit Surface density of i
g (gicm?) energy at 6 km/s (1) aluminium (o defeat (Eq. L)
same encrgy tglem?)

Aluminium [1.56 - 0.71 0i56 :E}?‘;r.?;
Aluminium + MLI (.62 25 0.99 ﬁ_ﬁ]_ 32
Aluminium +.2 MLI (.68 85 1.49 .26 “':T
Abuminium 4+ 3 MLI K73 IE_S 1.70 143 0';5
Aluminimm + MLT 4 0:6d 45 1.21 Lol 0,26

10 mim spacing . - :
“MProjectile diameter (mm)

Energy absorption by MLI blanket was confirmed against impacts of
approximately 1 mm projectiles.

— Shielding effect of MLI is also expected against sub-millimeter
debris impact.

2016/10/18-20 FIERR—RTIYWS, SR 6/20

This document is provided by JAXA.



T [AR—=AFTVT—ray | EEBHE 349

Objective
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Investigate shielding effects of MLI blankets against
sub-millimeter debris impacts

Tested specimens:
Typical MLI blankets installed on LEO satellites

MLI blanket consisting of embossed films

2016/10/18-20 FIRAR—RTITYWS, 7/20

Example of MLI Stracture
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Outer layer:

A / Aluminized polyimide film

(with radiation coating)

Reflector layer:
Aluminized polyester film,
Aluminized polyimide film

APP- (several layers)
2mm
[ J
[ J
i Separator:
/ Plastic mesh
e g
Inner layer:
| 7 Numinized polyimide
2016/10/18-20 FIRRAR—ZRTITYWS, 8/20
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_ Tested MLI Blankets

“ MLI - | MLI - 1l MLI - 111 MLI - IV MLI - V
268 g/m? 229 g/m? 315 g/m? 154 g/m? 268 g/m?

Single Double Single Double ITO Coated
Aluminized Aluminized Aluminized Aluminized Aluminized
Polyimide, Polyimide, Polyimide, Polyimide, Polyimide,
50pum 25um 25um 25um 50um

Double Aluminized Polyester
Reflector
6pm, 10ply 6um, 10ply 12pum, 10ply 6um, 6ply 6um, 10ply

Polyester Mesh
Double Aluminized Polyimide, 25um

ITO: Indium-Tin Oxide, Use for holding lower surface potential

lapan Asfospace

2016/10/18-20 FIRAR—ZATIYWS, 9/20

Experimental Conditions
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4 corners of a blankets
were fixed on an
aluminum alloy plate

Inner layer roughly

Impact velocity
contacted on surface of

6 km/sec R .
. & an aluminum alloy plate
°,° y
Projectiles
SUS304, Sphere

dp=0.1mm, 0.3mm
Aluminum alloy plate

A2024-T3, t=5mm

2016/10/18-20 FIERR—RTIYWS, SR 10/20
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Thick outer

Single
Aluminized
Polyimide,
50pm

Perforation
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Results

Standard Uil
reflectors

229 g/m? 315 g/m?
Double Single
Aluminized Aluminized
Polyimide, Polyimide,
25um 25um

6um, 10ply 12pum, 10ply

Perforation

Perforation

Non
Perforation

FEIRAR—RTITYWS,
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Half layers

154 g/m?
Double
Aluminized
Polyimide,

25um

6um, 6ply

Perforation

351

MLI - | MLI - 11 MLI - 1I MLI - IV MLI - V

ITO outer film

268 g/m?
ITO Coated
Aluminized
Polyimide,
50um

6um, 10ply

Perforation

11/20

Damage of Outer Films (0.1mm)

n MLI -1 MLI -1 MLI - 111 MLI - IV MLl -V

Thick outer film Standard Thick reflectors Half layers ITO outer film

Single Double Single Double ITO Coated

Aluminized Aluminized Aluminized Aluminized Aluminized

Polyimide, Polyimide, Polyimide, Polyimide, Polyimide,
50um

50pum 25um 25um 25um

20elins 1uoJ4

Aluminized surfaces were observed around perforated holes
in the cases of single aluminized outer films.
— Back surface or 2nd layer (reflector surface)

2016/10/18-20

FEIEMRAR—XFTITYWs,

12/20
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Damage of Inner Films (0.1mm)

MLI -1 MLI - 11 MLI -1l MLI - IV MLI -V

Thick outer film Standard Thick reflectors Half layers ITO outer film

Double Aluminized Polyimide, 25um

Non Perforation

“onreres Lo bin o

Perforated holes were larger than outer layers.
On the film of MLI-V, groups of smaller holes were observed.
- ITO coating seems to contribute fragmentation of a projectile.

2016/10/18-20 FIRAR—ZATIYWS, 13/20

Crater Volume (0.3mm)
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All MLI blankets were perforated by impacts of 0.3 mm projectiles
— Measure volumes of craters on aluminum plates behind the blankets

1.6

1.4 [
1.2

1.0 ‘
0.8
0.6
0.4
0.2
0.0 '

w/o MLl MLI-I  MLI-Il. MLI-IIl MLI-IV - MLI-V

MLI blankets seem to have effects to reduce by about 20% of impact
energies.

2016/10/18-20 FIERR—RTIYWS, SR 14/20

Crater Volume (mm3)
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Embossed Refrector
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Embossing: Method for making ~ Merits:

concavo-convex pattern Separators are not used because
contacting area between layers is quite

small due to embossed pattern

- Acceptable temperature does not
depend on separator material

- Workability is improved
ll Demerits:
Cost is higher

Total thickness of the blanket becomes
thick due to embossed pattern

- Can it induce higher shielding effects?

2016/10/18-20 FIRAR—ZATIYWS, 15/20

Structure of Embossed MLI blankets
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Outer layer:
A / Aluminized polyimide film
= - (with radiation coating)
Reflector layer:
Embossed Aluminized polyester film,
App. Embossed Aluminized polyimide film
2mm (several layers)
N2
App.
4mm
Inner layer:
Aluminized polyimide
2016/10/18-20 FIRRAR—ZRTITYWS, 16/20
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a4 Tested MLI
Sioration Agsncy
MLI -1l MLI-E
Weight 229 g/m? 239 g/m?
Outer Double Aluminized Polyimide, 25um
Double Aluminized Embossed Double
i5ilEeiess Polyester Film, Aluminized Polyester Film,
6um, 10ply 350-400um, 10ply
Separator Polyester Mesh None
Inner Double Aluminized Polyimide, 25um
2016/10/18-20 FIRAR—RTITYWS, 17 /20

Impact Test Result
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0.1 mm projectiles did not perforate the embossed MLI blanket
— Showed high shielding effect

Measurement of crater volumes on the aluminum plate is ongoing

2016/10/18-20 FIERR—RTIYWS, SR 18/20
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Summary

As a result of hypervelocity impact experiments for 6 kinds of
MLI blankets, shielding effect of the MLI blankets were found
against sub-millimeter projectile impacts.

Projectiles of 0.1 mm in diameter were captured in the MLI
blanket made from thick reflectors (12 um) and one from
embossed reflectors.

ITO coating of outer layer seemed to improve shielding effects
because projectiles were fractured to smaller fragments.

MLI blankets can reduce 20% of projectile impact energies.

Use of embossed films as reflector material can improve
shielding effects against sub-millimeter debris impact.

2016/10/18-20 FIERR—RTFTIYWS, SR 19/20
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