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EXAMINATION OF LAMINATED STRUCTURE
OF COMPOSITION MATERIAL OF SPACE DEBRES SHIED

Masatomo NAKAGAMI

Abstract

In recent years, the space activities including operation of the International Space
Station has been activated. However the remains thing on the orbit that is called the
space debris exists on space. Since the space debris are going the earth around at high
velocity, the impact to the space structure of the debris is a serious problem. Therefore,
it is necessary to set up the shield to defend the space debris impact for the space
structure.

The purpose of this study is to develop a lightweight small compound shield for the
space structure, which defends the space debris impact. Aluminum alloy, polycarbonate,
aramid and poly-phenylene-benzobisoxazole fibers as shield composition materials
were used, and impact tests were conducted for single and laminated shields of these
materials. The effects of the areal density and a lamination order on the ballistic limit
velocity of the shield were investigated considering the plate bending deformation.

The ballistic limit velocity of the fiber material that the areal density is low and the
bending deformation is large is high. The purpose of this is to be able to absorb the
kinetic energy of the projectile by the bending deformation. The defensive performance
as the shield changes depending on the lamination order. Especially, the lamination of
mutual fiber material isthe highest the ballistic limit velocity.
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Table 1 Earth orbit.

Orbit Orbital height
Low Earth Orbit(LEO) 96~480 km
Medium Earth Orbit(MEO) 480~36,000 km
Geosynchronous Earth Orbit(GEO) 36,000 km

High Earth Orbit(HEO)

36,000~96,600 km
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1.Gas cylinder, 2.High pressure pump, 3.Pressure vessel, 4.Pressure gauge,
5.High pressure coupling, 6.Launch tube, 7.Valve, 8.Test chamber,
9.Cushioning material, 10.Heater, 11.Thermo couple, 12.Thermometer,
13.Heating tank, 14.Electrovalve

Fig. 2-1 Schematic diagram of projectile accelerator.
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Fig. 2-2 Schematic diagram of impact test process.
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24.7 Y sec 49.4 y sec 74.1 P sec

98.8 p sec 1235 p sec 148.1 p sec 172.8 p sec

1975 p sec 222.2 U sec 246.9 Y sec 271.6 u sec
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Projectile Target
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395.1 u sec 419.8 Y sec 4444 p sec 469.1 Y sec
493.8 Y sec 5185 u sec 543.2 U sec 567.9u sec

592.6 | sec 617.3 Y sec 642.0 Y sec 666.7 | sec

Projectile: A6061-T6 (Hemispherical, d=9.5mm, m=3.0g)
Target : AGO61-T6 t=1.5mm

Impact velocity: 176.0 m/s
Residual velocity: 89.3 nv/s

Impact angle: 90°

Fig. 2-3 High speed camera images showing perforation process of target.
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Fig. 2-4 Target set-up.
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Fig. 2-5 Target deformation.
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Mie-Grineisen Shock
[10]

Hugoniot Shock Hugoniot
P p e
Hugoniot Ph Grineisen r
(4)
I
P=Ph 1—5/1 —I—Fpe (4)
U
(AB061-T6) (PC)
A6061-T6 Steinberg-Guinan 1
G Y
(9)~(7)
. G ' p p G 'T
G= Go{lJ{ G, J i +{ . }(T 300)} 5)
Y p Gt n
Y = Yo{lJ{ Yop J i +{ G, }(T ~300)1+B ¢ ) } (6)
Y J1+B & |" <Yy (7)

S :hardening constant,

n: hardening exponent

n : compression(volume)

T: temperature (degrees K),

[Suffix p and T: pressure and temperature at the reference state (T =300 K, p =0, e = 0)]
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A:yield stress
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Fig. 3-1 Lagrangian method.

Fig. 3-2 Eulerian method.
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Fig. 3-3 Boundary condition of numerical simulations(2D).
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Fig. 3-4 Boundary condition of numerical simulations(3D).
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Table 3-1 Parameter of aluminum alloy (A6061-T6).

A6061-T6
Equation of State Shock Hugoniot
Density p (glem®) 2.703
Parameter Co 5.24x 10°
Parameter S 14
Gruneisen Coefficient /- 1.97
Specific Heat C (Jkg K) 8.85x 10°
Reference Temperature T (K) 300
Material Strength Model Steinberg-Guinan
Shear Modulus G (kPa) 2.76x 10’
Yield Stress Yo (kPa) 2.9x 10°
Max Yield Stress Yuax (kPa) 6.8x 10°
Hardening Constant B (-) 1.25x 107
Hardening Exponent n (-) 1.0x 10"
Derivative G P (-) 1.8
Derivative G 'T (kPa) -1.7x 10°
Derivative Y P (-) 1.8908x 107
Melting Temperature Ty (K) 1.22x 10°
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Table 3-2 Parameter of polycabnate (PC).

A6061-T6

Equation of State

Density p (glem®)
Parameter C;
Parameter S;

Specific Heat C (Jkg K)
Reference Temperature T (K)
Relative Volume VE(none)
Relative Volume VE(none)
Parameter C,
Parameter S,

Shock Hugoniot

1.2
1.933x 10°
0.61
0
300
0.701
0.742
2.35x 10°
1.60

Material Strength Model

Shear Modulus G, (kPa)
Yield Stress Y, (kPa)
Eff. Plastic Strain#1(none)
Eff. Plastic Strain#2(none)
Eff. Plastic Strain#3(none)
Eff. Plastic Strain#4(none)
Yield Stress#1 (kPa)
Yield Stress#2 (kPa)
Yield Stress #3 (kPa)
Yield Stress #4(kPa)
Strain Rate Contact
Thermal Softening
Ewponebt(none)
Melting Temperature Ty (K)

Piecewise-Liner

1.0x 10°
8.06x 10*
0.1
0.5
0.6
0.7
8.8x 10*
1.425x 10°
1.68x 10°
1.87x 10°
0.04

0
1.00x 10%°
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Fig. 4-1 Comparison of calculation and test results(A6061-T6).
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Fig. 4-2 Comparison of calculation and test results(PC).
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Fig. 4-3 Effect of areal densities of target on ballistic limit velocity.
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(8) ABOBL-T6

(b) PC

Fig.4-4 Back view of target (target thickness=1.0mm).
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(8) AGOG1-T6

(b) PC

Fig.4-5 Simulation of failure process of target.
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Table 5-1 Parameter of materials.

Modulus Of | Poisson’s | Plate
Longitudinal | Rate v | Diameter

Elasticity E O] a(m)

(MPa)

A6061-T6 71700 0.33 50
PC 2180 0.38 50
Aramid fiber 70500 0.36 50
PBO fiber 180000 0.35 50

Table 5-2 Numerical the spring constant of each plate thickness.

A6061-T6
Plate Thickness
0.5 1.0 15 2.0 3.0
t(mm)
The Sprin
Spring 1.35x 10° 2.70x 10° | 4.04x 10° | 5.39x 10° | 8.1x 10°
Constant k(N/m)
PC
Plate Thickness
1.0 2.0 3.0 5.0
t(mm)
The Sprin
Spring 8.53x 10 1.71x 10° | 2.56x 10° | 4.13x 10°
Constant k(N/m)
Aramid fiber
Plate Thickness
0.38 0.76 1.14 1.90
t(mm)
The Sprin
Spring 1.03x 10° 2.06x 10° | 3.09x 10° | 5.16x 10°
Constant k(N/m)
PBO fiber
Plate Thickness
0.2 0.4 0.6 0.8
t(mm)
The Sprin
Spring 1.37x 10° 2.75% 10° | 4.12x 10° | 5.50x 10°
Constant k(N/m)
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Absorption Energy(J)
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Fig.5 Effect of plate bending deformation of target on absorption energy.
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155.0nvs 156.2n/s
PC A6061-T6
(2D  3D) Fig.6-2
3D 184.9m/s
185.2m/s
Fig.6-3
A6061-T6  PC ( ,)
(.,
Fig.6-4
A6061- T6 PC
A6061-T6 PC ( ,, ., ) Fig63
A6061-T6 PC
Fig.6-4
Fig.6-5 ()
Fig.6-6 ()
A6061-T6 A6061-T6
C )
Fig.6-7 ()
PC PC PC
( )



Fig.6-3

Fig.6-8

A6061-T6

Fig.6-4

A6061-T6

A6061 T6

PC

PC

A6061-T6

y ) Fig.6-3

PC

A6061-T6

Fig.6-4

PC



Residual velocity(m/s)

400

350

300

250

200

150

100

50

-50

-100

—e— Experiment o)

- <O - Simulation

50 1 200 250 300 350 400

Impact velocity(m/s)

Fig.6-1 Comparison of calculation and test results (Al +PC).
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Fig.6-2 Comparison of calculation and test results (PC+Al).
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Fig.6-5 Simulation of failure process of target(Al+PC).

Fig.6-6 Back view of target(Al+PC).
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Fig.6-7 Back view of target(PC+Al).
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(a)Aramid+Al (b)Aramid+PC

(Q)PBO+AI (b)PBO+PC

Fig.6-8 Back view of target.
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