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To protect a satellite from space debris impact threat, a satellite designer should employ structure material
which has enough protection capability against debris impact. However, for some flexible components, it is
impossible to use such strong materials, for example, expandable structures and wire harnesses. To protect
these flexible components, a flexible debris bumper is needed. High strength fiber fabric is one of flexible
debris bumper material. Since the alamido fiber has high tensile and shear strength, the alamido fiber fabric
is known to be also useful for high velocity impact protection. The alamido fiber fabric was used as a part of
the Staffed Whipple Bumper installed on the International Space Station. A satellite on the low earth orbit
needs to pay attention to impacts on debris smaller than 1 mm, because debris environment models show such
small debris will impact on the satellite during its operation lifetime. Therefore, to employ the alamido fiber
fabric as a debris bumper, it is necessary to know their sub-millimeter debris impact damage. The purpose of
this study is to investigate sub-millimeter debris impact damage of the fiber fabric.

This document is provided by JAXA.



Hoh [RR—ZAF TV T =2 a v 7| #HHERE 203

Ballistic Limit Weight and Thickness of Kevlar
and Beta Cloth for Sub-millimeter Debris Impact
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%A Background

Sub-millimeter debris
impact is threat of mission Levo3 . . .
failure for LEO satellites. '
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Important components,

their failure means critical
damage for the satellite,
should be installed inside of
satellite structure.
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debris flux in LEO calculated by MASTER2009

However, it is impossible for
some components.
(expandable structure,
harnesses, etc.)
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)%*A Purpose

To protect components installed on the outside of the satellite
structure, flexible debris bumper is needed.

-> Fabric bumper shield made of high strength fiber

Investigate ballistic limit weight and thickness
of fabric bumper shield

® Alamido fiber fabric (Kevlar cloth)
® Glass fiber fabric coated with aluminum (Beta cloth)
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)%*A Procedure

1. Perform HVI experiments on a stack of high strength fiber
fabrics

2. Count perforated layers in the impacted stack

3. Calculate perforated thickness from the perforated layers
-> Ballistic limit thickness

4. From the ballistic limit thickness, calculate areal density of
the perforated layers
-> Ballistic limit weight
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Kevlar: Alamido fiber

Kevlar Fiber

Wi KEVLAR®29 KEVLAR™9
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tensile modulus GPy 705 12.4 \
 amEMEeE 0% 35 24
fracture elongation Ref. DuPont
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Kevlar Cloth
T710 T120 T328
Fiber K29 (normal) K49 (high-modulus) | K49 (high-modulus)
Weave Plain
Fabric Density
- 24x24 34x34 17x17
Areal Density 319g/m? 58g/m? 217g/m?
Thickness 0.43mm 0.08mm 0.33mm
7328 :
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Beta Cloth: Glass fiber fabric coated with aluminum

Faramoior (indepandent of filim)

Beta Cloth
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Glass Fiber Fabric in Beta Cloth
Fiber ECD450
- Tensile Strength 3200MPa
- Tensile Modulus 78GPa
Weave Plain
Fabric Density  60x46 bundle/inch
Areal Density  47g/m?
Thickness 0.055mm
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S

Impact velocity
6 km/sec

Projectiles
SUS304, sphere
$0.15, 0.3, 0.5mm

Impact Experiment Condition

Bumper

Aluminum alloy plate
A2024, t=5mm

2013/1/22-23 FESEAR—RTI)T—o3vF 8/15
W Definition of “Perforation”
fabric layer
projectile
8
“Perforated layer + 1 layer” is defined as ballistic limit.
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Kevlar T710 (¢0.3mm projectiles)

Front layer
Impact surface
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9th layer 9th layer
Front surface Back surface
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Beta cloth (¢0.3mm projectiles)

Fragment was captured

N

Front layer
mpact surface

Sabot fragment impact
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7th layer 7th layer
Front surface Back surface
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Experiment Results

Impact velocity: 5.61~6.30 km/sec

rojectile Kevlar, Kevlar, Kevlar,
P J. ’ high-modulus, | high-modulus, | Beta Cloth
dia. normal . .
thin thick
data 51 53 131 42
0.15mm
BL 2-6ply 12-22ply 2-7ply 4-6ply
data 10 22 31 12
0.3mm
BL 6-9ply 27-41ply 7-12ply 8-12ply
data 9 11 14 3
0.5mm
BL 11-18ply 45-65ply 13-18ply 14-16ply
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Ballistic Limit Thickness

7 | = Kevlar, high-modulus, thin

# Kevlar, normal

A Kevlar, high-modulus, thick
® beta cloth

- Beta Cloth was the
thinnest bumper.

- Kevlar cloth made of

Ballistic Limit Thickness [mm)]
S

high modulus fiber
showed better
protection capability
than normal fiber.

o W

- To stack thinner clothes
was effective to
decrease the ballistic
limit thickness.

@
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Projectile Diameter [mm]
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Ballistic Limit Weight
6 1 1
i - High modulus Kevlar cloth
¢ Kevlar, normal i )
s L[| ™ Kevlar, high-modulus, thin ] was the IlghteSt WEIght
_ A Kevlar, high-modulus, thick bumper.
£ ® beta cloth T .
B4t /‘ 1 - Beta Cloth was the heaviest
5 T bumper.
=3 | 1 Y ,,;;:1117"? 1 > Toincrease areal density
£ ? contributes to decrease the
g2 I ey 1 ballistic limit thickness.
| L;,;/ | - Kevlar cloth made of high
? modulus fiber showed better
protection capability than
0 ' ' .
0 0.2 04 o Normal fiber.
Projectile Diameter [mm)]
2013/1/22-23 FEESERAR—RTIT—93 3y 14 /15
Comparison with Aluminum Bumper
E.Christiansen, Meteoroid/debris shielding, NASA TP 2003-210788, 2003.
1/2 2/3
_ 4
when 22 <15 t, =1.8x5.24d"/"¥H 0% Lo (—j
Jox Jox ¢
2/3 2/3
_ 4
when 22515 t, =1.8x5.24 d"/"¥H % Lo [—j
Jox Jox ¢
Pp: Projectile Density (g/cm3) pr. Target Density (g/cm3)
tw: Target Perforation Thickness (cm) d: Projectile Diameter (cm)
H: Brinell Hardness of Target C: Speed of Sound in Target (km/s)
V,: Normal Component of Impact Velocity (km/s)
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Results
8 1 1 1 6
+ Kevlar, normal .
7 T | = Kevlar, high-modulus, thin ] 5 | Fabric
A Kevlar, high-modulus, thick t',umper_s are
‘€6 | e betacloth E light weight
€ . e ~ |
o —Aluminum plate ’ 24 r
E 4 ' ] =3t 3
<3 o 1 3
5 ) g 2 -
82 “Kevlar cloth] &
. i needs 150%| 1r
s thickness
O L 1 0 L 1
0 0.2 0.4 0.6 0 0.2 0.4 0.6
Projectile Diameter [mm] Projectile Diameter [mm]
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Summary
- 3FEFEMKevlarisifi &Beta ClothI B =R EZEHAERZEEL,
BEERFERDI-
- SBONU A ETIE S [XBeta Cloth,
BELWNAVADNBERIGE XS DKeviari A B R
- BEMEENG U Keviar[R R TN =R D AN
TV INELTOHEREAFLY
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)%*A Handbook
M4 Kevlar T710 Kevlar T120
MEREE | Kevlar(FZFHEHE) | Keviar (PSS RAHE)
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B 24X 24K /inch | & :34 X 34K /inch
1BDES 0.43mm 0.08mm
1BDES 319g/m? 58g/m?
BEERSR n=28d-0.97 n=110d-0.46
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