H6a [AR—AFTNVT—r gy | #EERHE 309
ES5

ZR—2F T ORERHEREHDE T EOEBMEIIDNT

Some Problems of Modeling Method on Hypervelocity Impact Analysis of Space Debris
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# Challenging Tomarnows Chimges

Formulation on the basis of ‘Continuum Mechanics’

EMixed system of three physical phases of material in a single problem

Governing Equations

1. Eq. of Continuity (Mass conservation)
2. Eq. of Motion (Momentum conservation)
3. Eq. of Energy (Energy conservation)

v' Eq. of State (EOS)
v Constitutive Eq. (CE)
v"  Failure Criteria
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F Challenging Tomorrows Changes

Lagrangian versus Eulerian Method

Material
B passage
of time
defor-

mation

5/ _ Euler

(vacuum) |

( material B )

void
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F Chatlemginng Tovrarrow's Changes

SPH (Smoothed Particle Hydrodynamics) Method

R S = P YO SR
Q Q ZhOQ Q C s 0-3i " Density of Particlei »
o X Position Vector of Center . )
;. ! Q of Particle 61 M Mass of Particle J
O O A O , |
Q J < X=X 04F
| rIJ
O % OQ‘ OOOC i x|k
f(x) ~ J f(x') W(x— x" h)dx' -2740 15 10 05 00 05 1‘.0 15 io
Ves ()= [V rlemie—somax (L L QD@ L L L)
W Weight Function (Kernel B-spline) ?
Schematics of SPH Method
©2014 CTC The 6th Space Debris Workshop 4

This document is provided by JAXA.



312 FHIML 22T TEBR TR AR AR JAXA-SP-14-013

Origin of Whipple Bumper Shield C'I'C

N 118 1947 THE ASTRONOMICAL

Whipple, F. L. Meteorites and space travel.

Meteorites represent A porentinl hazard to o
pressurized space vessel, Of indameantal invereat
is the value of the probahility thiar the slin of Lhe
wegsel will be punctured by o mersorite. Tn case
this probability is appreciable the problem of
protecton frot meteorites hecomes important.

We shall assume: {a) That the space vessel
teavels in o part of the solar system where the
metooritio froquencies and velocities approxiitate
theee at the cartl. .

(b That 4.3 ¥ wf fifth-magnitode meteors
atrike the earth daily and that the number in-
creases by.a factor of 2 51 por m::q.l:luLudr_ Lainter
W Lson ).

‘e That {with {}plk‘l e tertal kinebic enecy
of o telegsopic mcteor s ©fooooh the energy oh-
servod i the wave length resrion frem 4E.DD'L-;.|

?T_)IJ "Illg':tl'ﬂ'l'l'lq-

|;".|.:| That the e trating distance aof & u‘.uebeor-
b dneo a solid s equal to-(extroie asstmption)
the length of a right circular cone of 00" total
apx anple the volume of which in the solid can
he heated and melted by the total linetic energy
of the meteocito,

It [ollows that o spherical apnee vessel of 12
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JOURMAL A1l

feel diameter covered with a J-inch ateel skin
will b penetrated by acmeleorile corvesponding
tuoan elphth magnitede or -brighter meteor at a
riale of once in 30 vears, Such & meteocite welighs
approximately o milligram. For binnes cover-
ings the prolability Dwreases rapidly,

Althoogh the probabilily of meteor penotra-
Loy is sinall, o strple protection can be provided
other- than by the avoidanes of kiown nieleor
gtroams. Considerations of che consereacion of
moctibunt and energy show that when a melbeor-
ite collides with a aheet of thickoess comparable
o the meteordte’s diameler the result 35 an ex-
plosion in which both the meteocioe and the cor-
responding materinl of the sheel ave vaporized
and fomdzed ac very high temperatores. Hooee a
Uelenr bemper” consisting perhaps of o milli-
meter-thick sheet of metal suerounding the j-inch
skin of the space vessel at o distanee of an inch
would dissipate the penetrating power of meloor-
ites aeveral times larger than one cervesponcling
tr an eiphth-magnilade metear.

Farward Clkege Ohreriatary,
Combradgd, Mas,

CTC
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Ballistic Limit Equation (Curve)

After Apollo Program:
Modified Cour-Palais Equation :>

New Cour-Palais Equation

(Christiansen Equation)

= 4 “failure” occurs above curves
¢ t d, t, S = constant LR
nz _ ———Whipple C", @ 0 deg
- ty tp S = constant = = monolithic  d,,, @ 0 deg
€ DE
- S
— & os
-~ single wall E
a n4a
<
ERE Ballistic Limit Improvement due
t, S and constant - F= to ShieldStandoff
S ' 5 i - Ad
O n# - cit
e L
— Ak 20 wh g - vEEETETES e mmm— .
double wall a >
. a 2 4 a8 1 & mn L] 14
. > ‘ég'g"igﬁyr Balistic F{egime P:,{;?",}fer}iagggifne Complete Melt Regime  Velocitykm/s]
23 al s o
| s |.,--"'." State of Debris Cloud FewSolid ~Many (increasing with Finedroplets, fewsolid
SiES = (for Alon Alimpacts) - Fragments velocity) solid fragments fragments, somevapor
|"‘ . |:a:-."‘;’\"_‘ & liquid droplets
Important Shield& Bumper strength !
- iati i i H density, EOS, thermal Bumperdensity, EOS
ballistic ——— shatter hypervelocity region.  Material eF;rgpemeS Strength characteristics Standoff
Standoff Rear Wall Strength

Rear Wall Strength
Fig.8 Ballistic limits for equal mass monolithic target and Whipple

shield. (E. L. Christiansen, “Meteoroid/Debris Shielding,” TP-2003-210788,
NASA, 2003.)

Fig. 3 Behaviour of the bumper protection concept.
(H.-G. Reimerdes et al., Proc. I*' European Conf. on Space
Debris, ESA SD-01, Darmstadt pp.433-439, 1993.)
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Presented at Hypervelocity Impact
Symposium in San Antonio TX, Dec.,1989

., I
NB: Calculations were
! s performed by using
LE i ; Fi multiple-material Eulerian
: : method of PISCES-2DELK
n .

12
DL
[ 1 Vo= 4kmis Flow-out Voo™ 10km/s

yldury
| | Impact

Direction 'ti iR

6us

_i'l. '-h_,:kf-:lll.'!.'q a .

Velocity Fector Distribulions
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Numerical Simulation of

Shock-Induced Vaporization Process

Proceedings

of
Space Debris Workshop '91,
Sagamihar: :
agamihara lydrocodelz & 5858 OB 2 2 b— g
AR T s i ‘ a7 9 1 MR A Numerical Simnlation of Hypervelocity Impact Problem by A Hvdrocode
i 1L O
CRCESTREA Fril T

(R Besearch Inst. Bagahide KATAYANA

ABSTRACT
This paper presents an overview on the techaical methods used in the conventional
bydrocodes to cope with the protection problem in the space debris impacts o the
structures on the space station. In order to undersiand the bypervelocity impact
phenomena, a physical modeling and two numerical simulations for it are made by
using a hydrocode: AUTODYN-2D. The calculated results are investigated -.mi}
discussed from the viewpoint of the effectiveness of this approach.

November 16, 1991

Auditorium, Institute of Space and Astronautical Science

Japan Society for Acronautical and Space Sciences
and
ce and Astronautical Science
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Space Debris Workshop ‘91 in Sagamihra (ISAS)

by using Multiple-material Eulerian Method of AUTODYN

Rigid Wall Rigid Wall Rigid Wall Rigid Wall

f i
2. 7%
1Id Iron
CASE-1| 1.000 Front-Al
CASE-2| 0.125 Rear-Al
> > Void
5 5
. 3 3 r75
Length Unit: S S
mm
CASE-2
CASE-1 22
=
r10 2
r5 ]
Al 5
<~ 10 =< 10 =< 10 = 10 — \f |
Analytical Model Numerical Mesh
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Tillotson’s EOS to Model
Shock-Induced Vaporization

A Pressure

Region No. Material Phase
Non-shock compression phase

I Solid/gas multiple-phase

Forp <1 TPa,
Mie-Gruneisen type shock
Hugoniot EOS

Forp>1TPa,
Thomas-Fermi theoretical
EOS

V, Relative Volume
(VIV,

©2014 CTC The 6th Space Debris Workshop

Physical Phase Map for CASE-1 CTC

Tillotson
EOS
Indicator
i i Fy
25us

0.5pus 1.0 us 1.5pus 20us

{1

3.5us 4.0 us 4.5 us 5.0 us
CASE-1:/ld=1.0
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L agrange/Rezoning Method in AUTODYN Il
Applied to Whipple Bumper Shield in 1992

60 us
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Debrls CIoud Formatlon 500 to 20 000 m/s CTC

{418

= 2
500 mis = 1000 mis -
T T

5000 mis -

4000 mis oo

Partially
Vaporized

Projectile: 2024-T4,
Shield: 6061-T6,
Back Wall: 7075-T6;

ad=10 mm, : B Vaporized
t= 2 mm, e :
{z= 5 mm,
S=50 mm, S, om’
s 10000 mis EEE ety 20000 mis
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JAC-04-IAA.5.12.2.05

Assessment of Numerical Simulations for
Hypervelocity Impacts of Space Debris

OTakeshi Kamiya*, Kuniaki Shiraki*, Masahide Katayama** and Atsushi Takeba**
*Japan Aerospace Exploration Agency (JAXA), kamiya.takeshi@jaxa.jp
**CRC Solutions Corp.

October 6th, 2004

94 mene  CeNtrifuge Module Project afﬂ

17 SOLUTIONS

HLE
’? 4. Simulation Results and Assessment ucosnasizzos

Comparison of Vaporized Area
between Lagrange and SPH at Vi=14km/sec

2-dimensional Lagrange Method 2-dimensional SPH Method
(14psec) (14psec)
/I == \\ // = \\
/ N Vs N
/ \ / \
1 \ / \
1 \ I \
I ' . I |
| Debris | !
\ Cloud \ [
1
\ I. \ !
\ / \ /
3 4 \ y
AN / \ /
Red Area shows Vaporized Debris Clouds f

®m There is no vaporization area in SPH because Debris Cloud in

the SPH cannot hold the internal energy due to the feature of
the SPH method.
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FE . .
ﬁ 4. Simulation Results and Assessment ucormasizz20s

= Comparison of Vaporized Area
between Lagrange and SPH at Vi=14km/sec

2-dimensional Lagrange Method 2-dimensional SPH Method

HNEN. -

R ]

m The damage in SPH is severer than Lagrange because of less «
“vaporization of Debris Clouds in SPH. ;

i v AL LA T AT W

Numerical Erosion Option &

Eroded Node Interactive with Lagrangian Grid
i

e Surface faces

Surface

nodes "\
\

Subgrid A Subgrid B
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R —————
Ballistic Limit Curve of Double Sheet Targets CTC
Determined only by Numerical Procedures # ot T ot

Bumper Rear-Wall
Al2024 OFHC-Copper
t=0.5mm t=2.0 mm

Sub-Millimeter Order
Projectile’s Impact
for the Protection of
Unmanned Spacecraft
Pg)é%cgge Sandoff
¢: 0.05 ~1.00 mm 0/1.0/25/5.0 mm
2~15km/s

The analytical models with different standoffs between the two sheets.

©2014 CTC The 6th Space Debris Workshop 21
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Ballistic Limit Curve of Double Sheet Targets CTC
Determined only by Numerical Procedures it s e
— Numerical Results
Autooyte20 v [k Century Dynansies Matenal Laabian
AL 2004T4
ALA3S0 7
ALTI
T GAALARY
S5
ALBOSE
CUOFHC
SIS0 | 060 v10
Cyele0
Tirne 0.0OOE-+000
Units mm, mg, ps
Axial symmiry sS04 #Cu 2man GSmm
The analytical model with the standoff of 5.0 mm between the two sheets.
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R ———.
Ballistic Limit Curve of Double Sheet Targets CTC
Determinedbonly by Numerical Procedurgs # ot T ot

Numerical Results

5.0 us

0.55

Cycia 18435

Time & S008.001)
Units mam, mg,
Al gprmmatey

The analytical model with the standoff of 5.0 mm between the two sheets.
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Ballistic Limit Curve of Double Sheet Targets CTC
Determinedbonly by Numerical Procedures ot e e

—— Numerical Results
—~ 0.7
g
Eos | ° ° o0 00
(]
505 | ° oo o000 00 ° °
(]
E 0.4 o oo e oo o0e ® °
G
03 ® O 00 0O o o
(]
g 0.2 o
[a+]
501 ® PD.=0.2mm||
’ O P.D. < 0.2mm
0 l l
0 3 6 9 12 15

. . Impact Velocity (km/s)
NB: P.D. is 'Penetration Depth'.

The analytical model with the standoff of 5.0 mm between the two sheets.
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Expansioning Debris Cloud by Lagrangian Method

Problems

v Are there fragmen-
-1 tation or shattering
e processes actually in
L wm=n= such a small system?
— «==Lv' It is difficult to _be
o B modeled by Eulerian

..... e method.

i i g P e e i
©2014 CTC The 6th Space Debris Workshop 25

Power-Supply Harness Test
by Two-Stage Light Gas Gun

.'I. Lt
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Power-Supply Harness Test
by Two- Stage nght Gas Gun

©2014 CTC The 6th Space Debris Workshop

Power-Supply Harness Test
by Two-Stage Light Gas Gun (In-Between)

1st Iayer ! d Iayer

s  one line perforated ‘® N0 core wire exposure

3rd Iayer o 1st I_

‘

, Visible damage but = plastic defomation

' minorplastic deformation

©2014 CTC The 6th Space Debris Workshop
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Analysis of Impact on Aluminum Honeycomb CT‘C

0.25 mm-thickness aluminum skin

1 inch-thickness and 1/4 inch-cell size aluminum honeycomb

Internal component (1.6 mm-thickness aluminum, stainless steel and titanium)
Projectiles’ (aluminum or stone) diameter: 0.2 mm

Assumed to hit on the center of cell for the conservative estimation

& & & O O

Y inch

1 inch 10 mm
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Analysis of Impact on Aluminum Honeycomb CT'C

Aluminum Honeycomb Skin Aluminum Honeycomb Skin Witness Plate
0.254mm (0.01inch) 0.254mm (0.01inch) Aluminum 5mm

Aluminum Honeycomb Core
thickness: 0.0178mm (7/10,000 inch)

|

(== 6.35mm Schematic Analytical Model
(1/4 inch)
Stainless l
Projectile
dé 2:17:‘ 25.4mm 50mm
(1 inch)

Numerical Model
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Analysis of Impact on Aluminum Honeycomb CcTC

©2014 CTC

+

0 us

2 ps

4 ps

7 us

8 us

10 ps

12 ps

F Cralmmgpey Parmasime s Camiges

Sequence of impact and perforation process (Alumina, 0.8 mm¢, 4km/s)

The 6th Space Debris Workshop
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Analysis of Impact on Aluminum Honeycomb ,lc-rc

Nl NEmmome 1 g

0 “Sll g~ n
1.5 us? .
0.5 1 R'«
| i . ) ]
3.0 us_. e 10.0 ”Sq i.';_'
l ’
i : s
X “S'. - i "
RETLE
55 ps ﬂ The mechanism of “Whipple Bumper”
' DOES NOT WORK.
Sequence of impact and perforation process (Alumina, 0.8 mm¢, 6 km/s)
©2014 CTC The 6th Space Debris Workshop
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Analysis of Impact on Aluminum Honeycomb C-rc

Another problem

|___

Result by Lagrangian method with the numerical erosion.

Result by SPH method.

Projectile: Alumina, 0.4 mmo, 6 km/s
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CONCLUSIONS c€1c

> There are no almighty numerical analysis
methods to solve the hypervelocity impact
problem for the present protection
assessment of spacecraft from the space
debris impact.

> It is important to comprehend adequately
the feature and characteristic of each
numerical method in its merits and
demerits, and to apply the best method to
the each component in the target problem.
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