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Abstract

Hypervelocity impact by space debris can cause d|r t age to mternal
subsystem, and even lead to catastrophic failure of ac%i) T research the

crater characteristics of different shape of pr yperve ty) impact on semi
infinite thick aluminum alloy plates, Lagr and moothed particle
hydrodynamics) coupling method in AUTO s used. Byx% zing the influence on
crater characteristics by different impact of spherical projectile, different ratio
between length and diameter and diffe pact veloa%f cylindrical projectile, we
obtain the law of crater characteristi% he semiginfinite thick plates. The research
results have reference value and e ing Mn of guiding significance to the
study of spacecraft space debris'sh structur% gn.

Keywords: space debris; hypervel cityN\mpact; crater semi-infinite plate; numerical

simulation ‘Q
1. Introductio \\

With the* n space activities, space environment is becoming
increasingly lex, % ebrls is one of the main threats to spacecraft. The research
of protection to mete nd space debris hypervelocity impact receives high attention
[1-5], by the hype ty impact experiment and numerical simulation researches on
the protective p ance of spacecraft shield structure, a variety of protective structure
are developed, and used for the protection of spacecraft to meteoroid and space debris
e speed limit and the cost of hypervelocity impact experiment, the
ulation is an efficient method to study the properties of protective
y using the appropriate material model and numerical simulation method, the
re an be agreement very well with the experimental.

2. Numerical Simulation

Because the Lagrange grid method can smooth processing material boundary, and
also can tracking the deformation history of the model conveniently, the semi infinite
plate model is established by using the Lagrange grid method, while the projectile by
SPH method. Due to axial symmetry when the spherical projectile normal impact on
semi infinite plate, only half of the projectile and plate is established in order to reduce
the amount of calculation. Figure 1 shows the initial geometric model.
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Figure 1. In|t|al etric I\/@el
In order to verifies the validity of mer aI deI take the experimental data
from reference [11] to compared exp condltlons in reference [11] are
spherica ectlle is 2A12 aluminum alloy, the

selected to simulate. The maie;rs
velocity of the projectiles 1 ween ,0. m/ and 5.39km/s, the diameter of the

projectiles is from 2mm to &mm, the i le is O degrees. The material of the target
plate is 5A06 aIumlnu , the %ﬁickness is 5mm, with the size of 120mm x
120mm, target pI on he target frame with four edges. The parameters of
experlmental con are sQo Table 1.
e ers of Experimental Conditions [11]
No ter of the velocity of the plate thickness
' tlles D(mm)  projectiles v(km/s) t(mm)

01 Q‘ 5.91 1.16 5

02\&, 4.35 1.74 5

03) 435 1.44 5

Cha 4.10 1.81 5
Q) 05 3.45 2.08 5
06 3.03 2.60 5

07 2.74 3.05 5

08 2.00 3.98 5

Figure 2 shows when the diameter of the projectile is 5.91mm, the impact velocity is
1.61km/s and the diameter of the projectile is 4.35mm, the impact velocity is 1.74km/s,
the numerical simulation results of the crater shape.

324 Copyright © 2016 SERSC



International Journal of Multimedia and Ubiquitous Engineering
Vol.11, No.2 (2016)

(&) D=5.91mm, v=1.16km/s (b) D=4.35mm, v=1.74km/s

(c) D=4.35mm, v=1.44ky/s (OND34.10mm, v=1.81km/s

(e) D¥3"45mm, v=2.08km/s (f) D=3.03mm, v=2.60km/s

(g) D=2.74mm, v=3.05km/s (h) D=2.00mm, v=3.98km/s
Figure 2. Numerical Simulation Results
Table 2 gives the results of numerical simulation and the experimental results from

reference. The crater diameter, depth of crater and bulge height were compared. Can be
seen from Table 2, the error of numerical simulation results and experimental results is
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not more than 10%. Thus, in the range of allowable error, numerical simulation results
and experimental results are the same, which verifies the validity of the numerical
model.

Table 2. Comparison between Numerical Simulation Results and
Experimental Results [11]

No depth of crater (mm) crater diameter (mm) bulge height (mm)

Exp. Sim. error (%) Exp. Sim. error (%) Exp. Sim. Error (%)

01 27 251 7.0 8.30 8.28 0.2 218 1.97 9.6
02 508 4.86 4.3 7.28 7.06 3.0 280 2.73 2. 5
03 452 436 3.5 7.34 6.88 6.3 2.56 2.48

04 328 3.37 2.7 782 7.28 6.9 208 215 Y”S
05 258 272 54 6.12 6.26 2.3 1.48 6

06 482 468 2.9 642 624 ‘%206 %?

07 460 4.88 6.1 6.36 6.54 4.6
08 3.46 3.12 9.8 578 558 %} 1.07 6.1
3. Analysis of the Numerical Slmul@%Res

3.1. Effect of Velocity of Spherlcal cUIe@ gérater Characteristics

The crater characterlstlcs ched by t 12 groups of spherical projectiles
with diameter is 6mm and th act velocifiuis between 1km/s and 12km/s. The Shock
state model is used if the i ct velogit projectile is between 1km/s and 7km/s, if
the impact velocity | is g&im/s 0 igher, the projectile would be vaporized or
liquefied, then the tSen state should be chosen. Figure 3 and Figure 4 show
the variation cur e di and depth of crater with the velocity of spherical
projectiles. )@
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Figure 3. Crater Depth

From Figure 3 and Figure 4, we can seen that the velocity of projectile is one of the
main factors which affecting the depth and diameter of the crater. Figure 3 shows if the
projectile velocity is between 1km/s and 8km/s or if it is between 10km/s and 12km/s,
the crater depth increases with increasing of the velocity of the projectile, but if the
velocity is between 8km/s and 10km/s, the crater depth decreases with increasing of the
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velocity of the projectile. Figure 4 shows the diameter of the crater has the same law
with the depth of the crater.
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Figure 4. Crater
In summary, for the spherical pro;ectlle projecti } eter is a constant, the
law of damage on the thick plate by th?\e |Ie |s ed with increasing impact
en

velocity. If the projectile velocity is 8km/s and if it is between
10km/s and 12km/s, the damage 0 ectl %@plate increases with increasing
impact velocity, if the projectil y is b km/s and 10km/s, the damage of
projectile on the plate decre |th mcrea pact velocity.

3.2. Effect of Velocity o @ndric@tile on the Crater Characteristics

To research the gff eloutﬁ 0 indrical projectile on the crater characteristics,

Crater diameter (mm)

select 12 group ndrical jectiles with the ratio of length to diameter is
. 65m pact velocity from 1km/s to 12km/s. Figure 5 and
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Figure 5. Crater Depth
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Figure 6. Crater Diameter 62
0
Figure 5 shows if the projectile velocity is betwee /s an@/s or if it is
between 5km/s and 10km/s, the crater depth incre incre he velocity of
the projectile, if the velocity is between 4km/s a S or ifi
12km/s, the crater depth decreases with increas f th
Figure 6 shows if the projectile veI00|ty i ween

diameter increases with increasing of th
between 10km/s and 12km/s, the cr
velocity of the projectile.

In summary, for the cylin ectlle%kx

constant, if the projectile v is Iess than 1

plate increases with increasing impact v
10km/s, the damage of @ulle on

C|ty of
ameter

3.3. Effect of the

diameter of cylindrical projectiles.

the ratio ofl\eigr

ween 10km/s and
ty of the projectile.

/s and 10km/s, the crater
ojectile, if the velocity is
ses with increasing of the

ratio of length to diameter is a
m/s, the damage of projectile on the
, if the projectile velocity is more than
decreases with increasing impact velocity.

%of Lengm% Diameter of Cylindrical Projectile on the

ratio of length to diameter of cylindrical projectile on the
2 group of cylindrical projectiles with the same mass and
/s), and the ratio of length to diameter is between 0.1 and 12.
ow the variation curve of the diameter and depth of crater with

30

#3212

¢
%

)

20

‘ ,,2 -

15

e 1402

10 *11.04

Crater depth (mm

o 6.680 6360 7.2 * 814 8.86

386
L_e O,65 1 1 1 1 1 1 1 1

01 04 08 1 12 16 19 3 5 8

Ratio between length and diameter of the projectiles
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Figure 7 shows the crater depth increases with ir@?ﬂ ow o of length to
gt

diameter of the projectile. Figure 8 shows if Q of Jlen diameter of the
projectile is between 0.1 and 0.8, the crater dia mcre%ﬂ th increasing of the
ratio of length to diameter of the projectile he ratio ,of [&ngth to diameter of the
projectile is between 1 and 20, the crater d er decr’e@wlth increasing of the ratio

of length to diameter of the projectile. }
In summary, for the cyllndrlcal % le,

@uass and impact velocity of the
projectile are constants, the cr mcre h increasing of the ratio of length
p
jame er

o N B~ O 0
T T T

to diameter of the projectile dam rojectile on the plate increases with
increasing ratio of length to di

4. Conclusions Q ’\J

Numerical 5| ns b ODYN have been performed for the impact of
iles on the semi infinite aluminum alloy plate to

spherical a@ rical pr

investigate t ter ¢ r@ristics with Lagrange and SPH coupling method applied.
The validity of the nu al model is verified by compared with the experimental
results. Effect of the ity of spherical projectile, the velocity and the ratio of length
to diameter of ¢ al projectile with the same mass on the crater characteristics is
studied by the numefical model. The results show:

Q) Forﬁ%;pherical projectile, if the projectile diameter is a constant, the law of
damage o thick plate by the projectile is changed with increasing impact velocity. If
the Q e velocity is between 1km/s and 8km/s and if it is between 10km/s and
0

e damage of projectile on the plate increases with increasing impact velocity,
rojectile velocity is between 8km/s and 10km/s, the damage of projectile on the
plate decreases with increasing impact velocity.

(2) For the cylindrical projectile, if the ratio of length to diameter is a constant, and if
the projectile velocity is less than 10km/s, the damage of projectile on the plate increases
with increasing impact velocity, if the projectile velocity is more than 10km/s, the
damage of projectile on the plate decreases with increasing impact velocity. If the mass
and impact velocity of the projectile are constants, the crater depth increases with
increasing of the ratio of length to diameter of the projectile, thus, the damage of
projectile on the plate increases with increasing ratio of length to diameter.
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