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Research Status and Action of Sub-millimeter Debris Impact Damage
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To assess debris impact risk for the satellite, submillimeter debris impact damage has not been investigated
enough to conduct satellite protective designing. JAXA is researching vulnerability of satellite structure
materials against submillimeter debris impact, and proposing shielding methods. This report shows summary
of submillimeter impact damages of honeycomb sandwich panels. The damage of the panel was investigated
by hypervelocity impact experiments with the two-stage light gas gun in ISAS. Debris larger than 0.2 mm
went through the panel. In oblique impact experiments, the honeycomb core acted like multi-layer bumper.
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Submillimeter Debris

Ref. BBH, T 4441, 2014.
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Mission Critical Components

Many important components are installed Electronic devices
on the interior surfaces of structure
panels.

Electronic devices are usually mounted in
an aluminum chassis.

To assess the debris impact risk, it is

necessary to know a damage limit of a -
Equipment

chassis behind a structure panel. _
Chassis Structure
Panel
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Purpose of this study

To investigate damage of structure panel
and internal equipment chassis

Electronic devices

1. Ballistic limit of structure panel

2. Ballistic limit of equipment chassis’
wall behind the structure panel

3. Detached spall of the chassis’ wall
behind the structure panel

Equipment
4. Obligue impact effect Chassis Structure
Panel
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Hypervelocity Impact Experiment
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two-stage light gas gun of ISAS/JAXA projectiles (Steel, f0.3mm)
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Experimental Conditions

Honeycomb Sandwich Panel

Skin: A2024, t=0.25mm

Core: A5056, h=25.4mm,
Cell Size=6.35mm,

Foil=18um
H 6 km/sec
Projectile . 0t
Steel Sphere, o

d,=0.15, 0.3, 0.5, 0.8, 1.0mm

Steel was used as projectile
material to simulate the
impact pressure caused by
alumina at 9 km/sec.

Aluminum Alloy Plate
A2024-T3
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Hypervelocity Impact Experiments

il A BT
EUparation Apeniy

honeycomb aluminum honeycomb aluminum
sandwich panel alloy plate sandwich panel alloy plate

dp=0.3mm, 5.9km/sec dp=1.0mm, 5.9km/sec
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Results (1)

e s
Eiparanian Apeny

Projectile: d,=0.15mm, Impact velocity: 5.8km/sec

Front Back A2024 plate

Projectiles of 0.15mm do not perforate the honeycomb sandwich panel.
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Results (2)

i AT
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Projectile: dp=0.3mm, Impact velocity: 5.9km/sec

Front Back A2024 plate

Projectiles changed into fragment clouds by impacts on the front

face sheet.
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Results (3)

Projectile: dp=1.0mm, Impact velocity: 5.9km/sec

Front Back A2024 plate

The fragment cloud was restricted in the impacted honeycomb cell.
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X-ray Radiographs

l face sheet

neycomb
core

Honeycomb foil act as bumpers for fragment cloud.
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Crater Depth Equation

2.0

Crater depth equation
p £2.18d,—-0.454

p : Crater depth on witness plate (mm)

=
n

dp : Projectile diameter (mm)

p

max. crater depth, p [mm]
=
o

o
n

0.0
0.0 T 0.4 0.6 0.8 . 1.2
projectile diameter, d, [mm]

°
dp=0.21mm is ballistic limit of
the honeycomb sandwich panel
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Detached Spall

i AT
Fipdaranian Apenoy

Honeycomb Aluminum

sandW|ch panel Ref. E.Christiansen, Int. J, Impact Eng., VPI.14, pp.145-156, 1993.
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dp=1.0mm rose
tw=2.0mm T e
vp=6.29km/s
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Spall Result

Projectile: dp=1.0mm, Impact Velocity: 6.29km/sec, Plate Thickness: 2.0mm

Honeycomb Sandwich Panel Aluminum Plate

The aluminum plate was penetrated due to cratering and spalling.
This condition was considered as ballistic limit of the set of the
honeycomb sandwich panel and the A2024 plate.
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Effect of Spall Damage

wall structure is proportional
to the crater depth on the
second wall with semi-
infinite thickness.

The ballistic limit thickness °
of the second wall of double-

Face sheet g BB Face sheet
+

Target set can be simplified Aluminum plate

double-wall structure. ®
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Ballistic Limit Equation

2nd wall - Face sheet + AL plate 4
a&; O No Perforation o)
Crater on 2nd wall § 3  eperforation
- Face sheet g T
+ Crater on the AL plate £ % 2
85
(te+tf) = 1.67 (p+t) —0.486 | & '
tc=3.67d, —1.12 T , | | |
0.0 05 1.0 1.5 2.0 2.5

. . . Crater depth + Face sheet thickness, p + ts [mm
dp: Projectile diameter (mm) P P+ trfmm]

tc: Critical thickness of aluminum plate (mm)
tr Thickness of front face sheet (mm)
p: Crater depth on aluminum plate (mm)
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Effects of Stand-off Distance

stand-off distance, S

honeycomb
sandwich panel

dp=0.5mm, S=0mm dp=0.5mm, S=10mm

projectiles:
SUS304, sphere

Debris cloud generated by a

dp=0.3, @
; honeycomb sandwich panel was
aluminum alloy plate dispersed in stand-off spacing.
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Crater Depth

maximum crater depth [mm]
projectile
diameter stand-off stand-off stand-off
no gap
10mm 50mm 100mm
0.3mm 0.24 0.20 0.05 > 0.05>
0.5mm 0.57 0.46 0.05 > 0.05>

When stand-off distances were larger than 50mm, crater
depths were unmeasurable because the depths were
smaller than 0.05mm.

The crater depths were reduced by 15-20% by keeping the
stand-off distance 10mm.
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Oblique Impact Experiment

Results of dp=0.5mm

Impact angle Front Face Sheet  Chassis’s Wall
0=15°, 30° ] ;
*® 4 - (6.56km/s)
° , 6km/sec V=4 g
o E J. ‘
L]
Projectiles i = o kv gt
Steel sphere, 6=30 .
d,=0.3, 0.5, Imm (6.56km/s)
Ll L]

Damage to the back face sheets and witness plate became
smaller at larger impact angles.
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Crater Equation with Impact Angle Effect

3.0
The impact energy was assumed .0 L
to be proportional to the crater g 415° s
volume. 220 | m30° 3 e
2/3 > . ‘o
p>2.30d, (v, cos6/C, J*~0.588 P
5 10 7 ",
o g e
dp: Projectile diameter (mm) /}A’
) s m
p: Crater depth on aluminum plate (mm) 4, >S4l H
0.0 0.5 1.0 15

Vp: Impact velocity (km/s) BcosdlC
p\Vp w,

Cw: Sound speed in witness plate (km/s)

6 : Impact angle .
The results of 6=30°were

much less than the upper limit
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Effect of Honeycomb Foils
6:15°: Some projectiles do NOT b
Honeycomb oils paths through foils.
ore ©=30°: Projectiles always impact on
\_ the foils. )
Projectile 15°
path When the impact angle is less than

30°  16.1°, there are some paths through
no foils

If 0 >16.1°, the upper limit of the
maximum crater depth is considered
lower than the equation.
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Summary

To investigate damage of structure panel and internal equipment chassis, sets of
a honeycomb sandwich panel and an aluminum witness plate (chassis’ wall)
were tested.

Ballistic limit of the honeycomb sandwich panel was estimated by the crater
depth equation of the witness plate.

The ballistic limit equation of chassis’ wall was developed from crater depth
equation and detached spall limit data.

The crater depth equation was considered with the assumption that the impact
energy was proportional to the crater volume. The equation is applicable when
the impact angle is less than 16.1°.
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