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ABSTRACT

Spacecatft shield configuration is importart in protecting
the spacecaft from damages caused by small size space
delris impad which could not be monitored Improving
the performance of the shield withou increasing its
weight ard size has been a significart subjed in the
space delris shield reseach. Basedon the fad that the
ballistic limit of oblique impad is higher than that of
normal impad, this paper introdwces the “N”
configuration to improve the shield performance with the
oblique middle wall. According to the design, the middle
layer of atriple-wall configuration wasplaced obliquely.
The shield performances of this configuration ard a
pardlel triple-wall configuration with the same ared
dersity were compared ard aralyzed by 3D numerical
simulation ard hypervelocity impad tess. Thesereslits
verified the validity of the introduction of oblique middle
wall in improving the shield performance The
improvemert is more notable with higher impad

velocity.
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1 INTRODUCTION

There are alot of space debris aroundthe spacecaft orbit.
The spacecatft will be damaged when the delris impad
it, ard it may fal or even bre&kup under the sever
conditions. Therebre, spacecatft shield is important in
protectirg the spacecaft from damagescaused by impad
of small size space deklris which could not be monitored.
It is the importart comporert for the safety of on-orbit
spacecaft. Improving the performarnce of the shield
configuration hasbeen a significant subjed in the space
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dekris shield reseach.

Whipple shield configuration was propcsed by Whipple
in 1948 who firstly came up with the though of
bre&ing projedile ard the method of dispersing the
impad erergy by space distarce Compared with the
single plate with same ared dersity, Whipple shield
configuration improves the ballistic limit when the
projedile is broken (i.e. the impad velocity is higher
than 3.0km/s). Up to now, several kinds of shield
configurations have been deweloped for a further
improvemert of ballistic limit basedon Whipple shield
configuration, such as advarced Whipple shield
configuration [1], stuffed shield configuration [2], ard
multi-shock shield configuration [3]. The thoughs of
new configurations are il bresking projedile
adeaately, dispersing the impad eremy in bigger areg
ard absorbing more dekris erergy.

It cen be found that the ballistic limits of all kinds of
shield configurations under normal impaa are lower than
that of oblique impad in most velocity range [4]. Basel
on this, the ballistic limit may be improved by inclining
the middle layer of shield configuration, which was
cetified by the corrugation shield configuration
propcsed by Schonterg W in 199Q The ballistic limit of
corrugation shield configuraton was improved gredly
uncer oblique impad for the restriction of corrugation
combination layers on the impad dekris. However, there
is no evdert difference between corrugation
configuration and noncorrugation configuration under
norma impad except the distribution range of deklris

impad is relatively small [1].

This paper preseits the design of the “N” configuration
to improve the shield performarce with the introduction



of oblique middle wall, basedon the fad that the ballistic
limit of anoblique impad is higher than that of a normal
impad. The rea plate damagesof the “N” configuration
ard the paralel triple-wall configuration with the same
ared dersity were compared and aralyzed by 3D
numerical simulation ard hypervelocity impad tests.

2 OBLIQUE DESIGN OF MIDDLE LAYER OF
SHIELD CONFIGURATION

The bigger the impad angle, the bigger the ballistic limit
of shield configuration when the other impad conditions
are same. This conclusion can be drawn from the ballistic
limits of several kinds of shield configurations preseated
in [4]. However, the ballistic limit of oblique impad is
smaller than that of normal impad in the midrange
velocity, which is also emboded in the test reallts of
refererce [5]. The reason is that the bre&king degree of
projedile under oblique impad is lower than that of
normal impad with the same impad velocity.

Therebre, inclining the midde layer of multi-layer
configuration is propased in the paper for improving the
performance of shield configuration in the high velocity
rarge. And the performarce of shield configuration in the
midrarge velocity can be further improved if the
breing effed is not weakened The “N” configuration
(shown in Fig. 1) is rehuilt by inclining the second plate
of the parallel triple-wall configuration (shown in Fig. 2)
with some ange. When the “N” configuration is
impaded by projedile, the projedile is broken
adeqiately, ard the debris gererated by projedile
impading the first plate can be further dispersed by the
semnd plate. Therebre, the performarce of “N”

configuration can be improved.
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Figure 1. “N” Configuration
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Figure 2. Parallel Triple-wall Configuration

The rea plate damagesof the “N” configuration and the
parallel triple-wall configuration with the same ared
dersity and impad conditions were compared and
aralyzed by 3D numerical smulation and hypervelocity
impad tess to compare the performances of the two
configurations. The probability of improving the
performance of shield configuration with inclined middle
layer would be validated

3 HYPERVELOCITY IMPACT RESULTS AND
ANALYSIS

Figure 3. Hypervelocity Impact Range

The test was caried out on the hypervelocity impad
rarge (shown in Figure3) of China Aerodyramics
Reseach and Development Center. The projediles are
Al-2024 sphere. The targets include “N” configuration
ard the parallel triple-wall configuration with same ared
dersity. The two configurations are composed of the
same mateials with the same areadensity and space. The
parallel triple-wall configuration is compased of Al-2024
aluminum plates with the thickness of 1mm, Al-1100
aluminum plateswith the thicknessof 1mm, ard Al-2024
aluminum plates with the thickness of 2mm along the
impad diredion. And the distarces of between adacent



plates are 50mm. The middle plate of the “N”
configuration is Al-1100 aluminum plates with the
thickness of 1mm, which is inclined by 36.8 °

compared to the first plate amd the center distance
between adacert platesare also50mm.

Some ted resuts are shown in Fig. 4 and the test
conditions are shown in Tab 1. On the condition that the
projedile diameteris 4mm with the impaa velocity of
about 3knV/s, there is only one bump with the diameterof
4mm on the rea of the third plate of the “N”
configuration. However, there is one bump with the
diameter of 5mm and four bumps with the diameter of
2mm on the rea of the third plate of the triple-wall
configuration. Thesecan be seen from Fig. 4.a ard Fig.
4.b.

Onthe condition that the projectile diameteris 5mm with
the impad velocity of about 4.8knVs, there is small
deformation in the 30mmx50mm regon on the rea of
the third plate of the “N” configuration, and there is one
bump with the diameter4mm and several small bumpsin
the deformation area On the rea of the third plate the
triple-wall configuration, there is one big bump with the
diameter of 40 mm and several small bumps on the big
bump. Thesecan be seen from Fig. 4.c and Fig. 4.d.

Tablel Test conditions

NO. configuration projectile impad velocity
1 paralel ® 4mm 2.96km/s
2 “N” & 4mm 3.00kmV/s
3 parall el ® 5mm 4.79km/s
4 “N” ® 5mm 4.85km/s

a. Front And Rear Of Third Wall Of Parallel Triple-wall
Configuration (V=2.96knvs)

b. Front And Rear Of Third Wall Of “N” Configuration
(V=3.00kmv/s)

c. Front And Rear Of Third Wall Of Parallel Triple-wall
Configuration (V=4.79kmv/s.)

d. Front And Rear Of Third Wall Of “N” Configuration
(V=4.85km/s)

Figure 4. Damage Comparison Of Third Plate Of Two
Configurations

Compared with the parallel triple-wall configuration, the
damege area of the “N” configuration’s rea plate is
larger, howewer, the damage degee is reduced
significantly. Espedally, the damage degree is reduced
more evidertly with the velocity incressed



4 NUMERICAL SIMULATION AND ANALYSIS

4.1 Numerical Simulation

The 3-D models of shield configuration and projedile
founced with SPH (smocothed patrticle
hydrodyramic) by using the finite element software of

were

AUTODYN. The modelswere symmetrical along Z axis.
The state equation of shock was used in projedile and
target. The strength model of JOHNSON_COOK was
used in the first ard third aluminum plate, ard the
strength model of Steinberg Guinan was used in the
middle aluminum plate.

Figure 5. Smulation Model Of Parallel Triple-wall
Configuration

“N” configuration.

4.2 Analysis Of Simulation Results

The simulation reaults under the same impad conditions
with the above testare shown in the Fig. 7. @, V and t
derote the projedile diameter, impact velocity and
cdculation time respedively in the Fig. 7. It could be
seen from the simulation reaults that the damage area of
the “N” configuration’s rea plate is smaller than that of
the parallel triple-wall configuration. However, its
damege degee is increased with higher bump. The
simulation results are consistert with the above test
resuts.

a. Parallel Triple-wall Configuration (@=4.0mm,
V=3km/s, t=80us,)

Figure 6. Smulation Model Of “N” Configuration

The simulation models of the two configurations were
shown in Fig. 5 and Fig. 6, the thicknessof the three
plates ard their space were some to the above targets
used in the test Considering the cdculation scde ard
time, the dimensions of three aluminum plates are
20mmx10mm, 60mmx30mm and 60mmx30mm for the
parallel triple-wall configuration along the impad
diredion. The dimensions of three aluminum plates are
20mmx10mm, 80mmx40mm arnd 60mmx30mm for the

c. Parallel Triple-wall Configuration (@=5.0mm,
V=4.8km/s, t=80us)



d. “N” Configuration (@=5.0mm, V=4.8km/s, t=80us)

Figure 7. Smulation Results Under Same Impact
Conditions With Above Test

For the two configurations, comparisons of the rea plate
strain of the simulation results were shown in the Fig. 8
uncer the 4 groups of velocities ranged from 3km/s to
7km/s. The first image in every group correspnds to the
rea plate of the parallel triple-wall configuration, and the
seaond correonds to that of the “N” configuration. It
can be seen from the Fig 8 that the strain range of the
rea plate of the parallel triple-wall configuration is
smaller with more intensive area than that of the “N”
configuration under the same impad condtions.

Figure 8. Comparisons Of Rear Plate Srain Of
Smulation Results For Two Configurations(a. @
=4mm,V=3knVs,t=100us; b. ® =5mm,\V=4.8km/s
t=100us; b. @ =5mm\V=4.8knvs t=100us; c. @
=5mm,V==6kns t=70us; d.® =5mm,V=7knm/s,t =60us)

The following conclusions were obtained by the

simulation reaults. Under the same impad conditions of
velocities ranged from 3km/s to 7knVs, the strain areaof
the “N” configuration’s rea plate was larger with lower
damage degee than that of the parallel triple-wall
configuration because the delris erergy on the rea plate
was reduced and dispersed by the inclined plate of the
“N” configuration. Espedally, the projedile was broken
more adewiately ard the effed was more evidert with
theimpad velocity erhanced.

There were two reasons that caused the “N”
configuration with inclined middle plate to reduce the
damege degeeof the rea plate. Firstly, the impad delris
was dispersed by the inclined middle platein bigger areg
which was more evident with the impad velocity
erhanced. The impad erergy on the rea plate was
dispersed more effedively, so the damege degee of the
rea plate was reduced significantly. Secadly, the center
distribution of the impad delris that pas®d throughthe
seoond aluminum plate was deviated from the ballistic
axis because of the inclined middle plate, which
incressed the flight distance and dispersing time of
delris. So the damage degree of the rea plate was
reduced. In addition, there was angle effed between the
middle plate ard the rea plate, the dekris impad areaon
the rea plate became bigger, the impad energy of debris
on the rea plate was dispersed more effedively, so the
damage degree of the reduced
significantly.

read plate was

In the above armalysis, the damege of the deklris
ricocheted by the inclined middle plate on the rea plate
was not considered However, the ricocheted delris had
small damage on the rea plate because the included
argle between its velocity diredion and the normal
diredion of the rea plate was small. Moreover, the
protection on the ricocheted delris could be redized
ealy by regulating the configuration properly, such as
increasing the number of the thinner middle plate ard
redizing cateration on configuration.

CONCLUSION AND PROSPECT

The following conclusions were obtained by comparing



ard aralyzing the simulation resdts and testreailts for
the two configurations.

(1) The inclined middle plate of several layers
configuration can reduce and disperse the delris eremgy
onthe rea plate, which offered a new method to improve
the performance of shield configuration.

(2) Under the impad conditions of this paper, the
damege degeeof the “N” configuration’s rea plate was
lower compared with the pardlel triple-wall
configuration. Espedally, the effed was more evidert

with the velocity increased

(3) The resuts verified that the inclined middle plate can
shield
shield
configuration is improved more evidently under high

improve the performance of multi-layer

configuration, armd the performance of

velocity range.
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