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Defense performance of space debris shield

used CFRP and polymer materials

Shuto KOYAMA

Abstract

Since the human flew away in space, the development of space is
performed lively, and the development will become active more and more
in future. The one which a problem when we push forward space
development is space debris. Space debris goes around at hypervelocity
over earth orbit, and there are dangers of collision to spacecraft. Therefore
protection measures to debris collision are important problems, and
development of the protection shield for a collision is performed.

In this paper, to develop a lightweight and small debris shield, a new
debris shield used carbon fiber reinforced plastics (CFRP) and polymer
materials was made for trial. The defense performance against space debris
impact of the shield was evaluated. Impact characteristics (ballistic limit
velocity, shock wave velocity and impact pressure) of the CFRP’s produced
by two kinds of laminating constitution were evaluated. And the shield
layered the CFRP and polymer materials was evaluated by hypervelocity
Impact test of two stage light gas gun. As the results, the shield was
lightweight and was able to defend the projectile of 4.0km/s or more.



n M © O© M~ 0 O

11
11
12
14

15

(G

16

16
17
17
18
20
22

24
25

351
352



> >
a & o N P

[S2 B & ) I 62 B4 ) B 6
g b~ W N P

52

2889

67

68

69
70
72
77

888

85



1

2000
95

kmvh

(1)
1957 10
( )
5
2)
8 ks 25,000

000

28,000



2.7g/cm®
7 8 km/s

10 km/s

1g Imm 1
60km

1996

1986

7 8 km/s

15 km/s
10km/s

10 km/s

3)

1000km






2 3

10cm

10cm

10cm

9600

1
10

lcm
4000

10 cm

10 cm

1

l1cm

10 cm

4)



110mm
mm
110mm
1940
(Whipple bumper)
(Whipple shield) Fig.1-1
(JEM)

(Stuffing whipple shield)

Fig.1-2

(1S9)

(Stuffing)



1 Z2¥mm thick alvwinum allor

Pressurize
|'J|' ¢1 Alvminum allowr 2219-TEY
all | | §2mm thick

Fig.1-1 Whipple shield.

} 1 27mm thick aluminum alloy

Shield |t B061-T#
- Iultilayer Insulation (MLI)
STUMMNNG |Toooeeeeeee Aluminum mesh
FELSFLFTLTTS 3 Hentel ATHZ[ceramins)

SRR A Bevlar 710

- """-"-=---I=Ia.pt-:-n
Pressunzed
Alvminum allay 2219-T27
wall | | 43mm thick

Fig.1-2 Stuffing whipple shield.

10



2

11



Fig.1-1

17.68Kg

(PC)

12

4.0km/s

12

5)

(A6061-T6)

()
2025kg  15%



p 25.9mm
n 1 I — I |
| [ 1 1
| I 1 1
| [ 1 1
| [ 1 1
| I 1 1
| [ 1 1
| I 1 1
| I 1 1
| [ 1 1
| I 1 1
| [ 1 1
| [ 1 1
| I 1 1
o1 I I
oL @ & @O (6)

A6061-T6 Aramid
fiber

Silicone
gel

N

Aramid PC  Aramid

fiber

fiberx 3

Fig.1-1 Composition of newly debris shield

13



(CFRP
Carbon Fiber Reinforced Plastics) CFRP
CFRP
A6061-T6
CFRP
CFRP
CFRP
A6061-T6 A6061-T6 CFRP

CFRP 2 CFRP

14



(CFRP)
2
(reinforcements) (matrix)

)

CFRP
CFRP

15



A6061-T6 CFRP2

A6061-T6 CFRP2

CFRP2

A6061-T6 CFRP

A6061-T6
CFRP2 PC 2

16



)
CFRP2

CFRP  [0/90/0/90]s 8ply
CFRP  [0/45/90/-45]s 8ply
:T700

A6061-T6

A6061-T6 CFRP

JAXA

4 (A6061-T6
CFRP2

(2500 ) 130

CFRP CFRP

CFRP

CFRP

1km/s

17

7

JAXA



Fig.2-1

Fig.2-2

(5)
(6)

18



1 4 6
2 5
3 T
Y 1
L L
, 1 L
1.Gas cylinder 2. Electromagnetic valve 3. Pressure vessel
4. Air valve 5. Launch tube 6. Test chamber

Fig.2-1 Supercritical fluid gun

Launch tube (Tet amber side)

Fig.2-2 View of Supercritical fluid gun

19



3

L Fig.2-3 Fig.2-4

4.5km/s

Breech

Launch tube

s 1N

7

T Projectile
Diaphragm

Piston  Light gas

Powder
Powder is ignited and piston starts to move.

Bl

|

Piston compress light gas and diaphragm is ruptured.

11l

Bl

|

Projectile is launched.

Fig.2-3  Two stage light gas gun

20



Test chamber Sahot separation part Gunpowder vessel

Velocity High pressure coupling

measurement part Launch tuhe  { Compression tube

I _ 21000

http://iss.sfo.jaxa.jp/iss/kibo/develop_status_09.html

Fig.2-4 Two stage light gas gun

21



4 A6061-T6 PC
CFRP2

A6061-T6 CFRP2 Table
2-1 (kg/m?)

(mm)

100mm 2
8
Fig.2-5 Fig.2-6

Table 2-1 Thickness and areal density of materials

. Thickness Areal density Size
Material )
(mm) (kg/m?) (mmx mm)
AB061-T6 1.0 2.7 160x 160
Aramid fiber 0.38 0.55 170x 170
PC 3.0 3.6 160x 160
Silicone gel 20.0 11.2 125% 125
CFRP
[0/90/0/90] 1.0 1.64 160x 160
CFRP
[0/45/90/-45]¢ 1.0 1.45 160x 160
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Fig.3-2 Photograph of testing machine for flexural properties
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Projectile
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180mmx 180mm t=18.0mm

Fig.3-5 Impact test image

Table 3-1 Condition of impact test at hypervelocity

) ) ) Kinetic energy
Thickness | Areal density | Impact velocity L
Bumper ) of projectile
(mm) (kg/m?) (km/s)
(kJ)
A6061-T6 1.0 2.7 3.72 2.08
CFRP 1.0 1.64 3.86 2.23
CFRP 1.0 1.45 3.79 2.15
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Fig.3-6  Photograph of target
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Table 3-2 Damage of pressurized wall

Impact velocity

Damaged volume

Maximum depth

Bumper (km/s) (mm?) (mm)
AB061-T6 3.72 53.19 1.81
CFRP 3.86 113.20 1.93
CFRP 3.79 106.37 213

Table 3-3 Damaged area and fragment mass of CFRP

Impact velocity

Damaged area

Fragment mass

Material

(km/s) (mm?) (9)
CFRP 3.86 279.7 0.0191
CFRP 3.79 515.5 0.0335
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Table 4-1 Thickness and areal density of newly debris shield

Material Thickness Areal denzsity
(mm) ( kg/m°)
(1) A6061-T6 1.0 2.7
2 Aramid fiber 0.38 0.55
3 Silicone gel 20.0 11.2
()] Aramid fiber 0.38 0.55
(5) PC 3.0 3.6
(6) Aramid fiber x 3 1.14 1.65
Total 25.9 20.25
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4 3 CFRP

A6061-T6  CFRP CFRP
( A6061-T6)
Type Type Fig.4-2 Table4-1
Type A6061-T6 CFRP Type
Fig.4-3 Table 4-2 Type
A6061-T6 CFRP Type Fig.4-4 Table
4-3 Table4-2 Table4-3
Type
Type
Type Type Type

Type 1.06kg/m?  Type 1.25 kg/m?
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Fig.4-3 Composition of newly debris shield Type

Table 4-2 Thickness and areal density of newly debris shield Type

Material Thickness Areal der;sity
(mm) ( kg/m°)
Q) CFRP 1.0 1.64
2 Aramid fiber 0.38 0.55
3 Silicone gel 20.0 11.2
(@) Aramid fiber 0.38 0.55
(5) PC 3.0 3.6
(6) Aramid fiber x 3 1.14 1.65
Total 25.9 19.19
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Fig.4-4 Composition of newly debris shield Type

Table 4-3 Thickness and areal density of newly debris shield Type

Material Thickness Areal der;sity
(mm) ( kg/m°)
Q) CFRP 1.0 1.45
2 Aramid fiber 0.38 0.55
3 Silicone gel 20.0 11.2
(@) Aramid fiber 0.38 0.55
(5) PC 3.0 3.6
(6) Aramid fiber x 3 1.14 1.65
Total 25.9 19.00
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4 4

Type Type
Table 4-4
2 Fig.4-5 Fig.4-6 Fig.4-7
Table 4-5
Type (1) A6061-T6
13.2mm
()] 14.5mmx
14.5mm
©)
19.0mm 28.8mm
A6061-T6
(4)
A6061-T6 (5) PC 1.5mm
PC
(6) 3
Type () CFRP 11.5mm
Type 1.7mm
()] 16.1mmx 14.8mm Type
CFRP
3 19.9mm 22.7mm
Type 6.1mm
(4) ©)
PC (6) 3
Type () CFRP 11.3mm
Type 1.9mm
()] 13.1mmx 13.3mm
Type 1L4Ammx 1.2mm 3
16.9mm 23.9mm
Type 2.1mm 5.9mm
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(4)

(5) PC 3.8mm
Type 2.3mm (6)
Type A6061-T6 CFRP
6 PC Type Type
0.12knvs Type
CFRP CFRP
5) PC 2.3mm
CFRP CFRP
PC
A6061-T6 CFRP CFRP
4.0km/s
CFRP Type
A6061-T6  Type
Table 4-4 Experimental conditions
Shield Thickness Areal density Impact velocity
type (mm) (kg/m ) (km/s)
Type 25.9 20.25 4.27
Type 25.9 19.19 4.15
Type 25.9 19.00 3.97
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(2) Aramid fiber

Type

(1) CFRP (2) Aramid fiber

Type

(1) CFRP (2) Aramid fiber

Fig.4-5 Photograph of material (1) and (2)
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Type

Type

Type

(4) Aramid fiber

(4) Aramid fiber

(3) Silicone gel (4) Aramid fiber

Fig.4-6 Photograph of material (3) and (4)
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Type

Type

Type

(6) Aramid fiberx 3

(6) Aramid fiberx 3

(5) PC

(6) Aramid fiberx 3

Fig.4-7 Photograph of material (5) and (6)
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Table 4-5 Impact test results at hypervelocity

Shield
1) 2) (3) (4) (5) (6)
type
Square )
) Circle
Circle 14.5mm Crater
Type Front : 19.0mm - -
13.2mm b3 1.5 mm
Rear : 28.8mm
14.5mm
Square )
) Circle
Circle 16.1mm
Type Front : 19.9mm - - -
11.5mm X
Rear : 22.7mm
14.8mm
Square .
. a Circle
Circle 13.1mm Crater
Type Front : 16.9mm - -
11.3mm b3 3.8 mm
Rear : 23.9mm
13.3mm
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Fig.5-1
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AB061-T6
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Table5-1
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25.895mm ’[

A

U

M @ 6 @06 (6)

NN

A6061-T6 Polyimide  Silicone Aramid PC  Aramid
filmx 3 gel fiber fiberx 3

Fig.5-1 Composition of newly debris shield Type

Table 5-1 Thickness and areal density of newly debris shield Type

Material Thickness (mm) Areal density ( kg/m?)

(1) A6061-T6 1.0 2.7
(2) | Polyimide filmx 3 0.375 0.54
3 Silicone gel 20.0 11.2
(@) Aramid fiber 0.38 0.55
(5) PC 3.0 3.6
(6) | Aramid fiberx 3 1.14 1.65

Total 25.895 20.24
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5 4

Type

4.14km/s

Type
(2

20.7mm

0.9mm

Type
Type
Table 5-2
2

(1) A6061-T6

30.3mm

24.6mm

(6)

14.5mmx 14.5mm
12.2mm

Typel ()]

13.8mm
12.2mm

(3)

30.3mm

() PC
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Table 5-2

Impact test results

Shield
(1) ) (3) @ G |6
type
Square
) g Circle
Circle 14.5mm Crater
Type Front :19.0mm - -
13.2mm b3 1.5 mm
Rear :28.8mm
14.5mm
Circle
12.2mm .
) Circle
Type Circle Crater
Front :20.7mm - -
13.8mm Crack 0.9 mm
.. Rear :24.6mm
(Radiating)
30.3mm
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Type

Type

(2) Aramid fiber

(1) A6061-T6

Fig.5-2 Photograph of material (1) and (2)
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Type

Type

(3) Silicone gel (4) Aramid fiber

(3) Silicone gel

(4) Aramid fiber

Fig.5-3 Photograph of material (3) and (4)
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Type

(5) PC (6) Aramid fiberx 3

Type

(5) PC (6) Aramid fiberx 3

Fig.5-4 Photograph of material (5) and (6)
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13)

45°
Type Type 2
Fig.5-5
Type 3.54km/s Type 3.23km/s
Type Table 53 Type
Table 5-4 Type Type
Fig.5-6 Fi.gb-7 Table 5-3 Fig.5-6 Fig.5-7
Type Type
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Type

(4)
Type

(1)

2

3)

3)

(4)

2

(1)

Type

AB6061-T6 15.4mm 17.5mm
16.1mmx 17.9mm
21.0mm 23.9mm
9.1mm
PC
CFRP 11.9mm 14.5mm
13.8mmx 17.5mm
18.4mm 24.0mm
PC
Type
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Type

Projectile

Impact velocity : 3.54km/s

Type

Projectile

Impact velocity : 3.23km/s

Fig.5-5 Impact test image at impact angle 45 degree
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Table 5-3 Impact test results at impact angle of 45° (Type )
Shield
1) (2) 3) (4) ©) (6)
type
Square .
) Circle
Type Circle 14.5mm Crater
Front : 19.0mm - -
(90° ) 13.2mm X 1.5 mm
Rear : 28.8mm
14.5mm
Front
Oval: 21.0mm
Oval Square
Type 23.9mm
15.4mm 16.1mm - - -
(45° )
17.5mm x 17.9mm
Rear
Circle : 9.1mm
Table 5-4 Impact test results at impact angle of 45° (Type )
Shield
1) (2) 3) (4) ) (6)
type
Square .
) Circle
Type Circle 16.1mm
Front : 19.9mm - - -
(90° ) 11.5mm X
Rear : 22.7mm
14.8mm
Front
Square
Oval Oval : 18.4mm
Type 13.8mm
11.9mm 24.0mm - - -
(45° ) X
14.5mm
17.5mm
Rear : -
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Type (90° )

(2)

Type (45° )

3)

Fig.5-6 Photograph of material (1) , (2) and (3) at impact angle 45 degree
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Type (90° )

(1) (3)

Type (45° )

(2)

Fig.5-7 Photograph of material (1) , (2) and (3) at impact angle 45 degree
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