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Abstract. Split appeared after initial interaction between honeycomb core and projectile debris when
projectile hypervelocity impact on honeycomb sandwich panel. In order to investigate the split
characteristics of projectile debris, a 3D simulation model of projectile hypervelocity impact on
honeycomb sandwich panel was established. The simulation model was validated with experimental
test by comparing numerical experimental damage performance, it reveal better agreement with both
simulation and experiment. The simulation results of split phenomenon and the damage of honeycomb
core and rear facesheet show that split phenomenon disappears with time going, but it has a close
relation to initial bifurcation pattern of projectile. The energy change trend of honeycomb core also
demonstrated that damage was obviously influenced by location of projectile impact point.

Introduction

More than half acentury, a series of achievements were got with the increase of human exploration of
space activities, as well as a large amount of space debris were produced in earth orbit, which pose a
serious threat to further space exploration [1]. In addition to being able to avoid large catalogued
debris actively, tiny fragments of millimeter become the main research object of spacecraft protection.
The speed of space debrisimpact the spacecraft isabout 1~15 kn/s, and a mass of complex phenomena
accompanied in the process of the high speed impact [2-4]. Honeycomb sandwich panel has already
become the “target” [5, 6] of space debris strike because it is usually used as the outer wall of the
gpacecraft. Strike in honeycomb sandwich board panels produced a series of injuries, such as
perforation, beat, tear, as well as honeycomb core wrinkle, fracture, disintegrate, etc. The process of
space debris impact the front panel of honeycomb sandwich plate and formed debris cloud, and the
process of debris cloud impacts honeycomb core and rear panel is unelasticity. The existing researchis
mainly focused on the damage of honeycomb core and panel [7, 8], and analyzing the form of projectile
debris cloud fromthe side of the projectile motion path by using the flash X-ray radiography system [9]
or numerical smulation[10, 11].

The position of hit point where spacecraft was struck isuncertainty dueto the large number of space
debris and the different distribution of the tracks. Some spacecraft use honeycomb sandwich as
bulkheads. For thiskind of spacecraft, honeycomb sandwich board panel formed different damage after
the space debris impact.

Because of the complexity of the honeycomb sandwich panel structure and the limitations of high
speed impact test, some special phenomena can't captureinthetest. In order to solve this problem, the
numerical simulation method provides an effective solution. Based on smoothed particle
hydrodynamics (SPH) and the coupling of the finite element (FE) method, a numerical simulation
model was established in this paper to simulate the process that projectile strike the honeycomb
sandwich panel at a high speed, in order to research the morphology of debris cloud when point of
impact is different.

Numerical smulation model

The numerical smulation model was established meanwhile implementing plentiful high-speed impact
tests. The accuracy of this simulation model could be verified by these experimental results.
Hyperveocity impact test

The experiments of projectile impact honeycomb sandwich panel were implemented by two-stage
light-gas guns systemin Hypervelocity Impact Research Center of Harbin Institute of Technology. The
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two-stage light-gas guns system mainly includes launch equipment, target cabin, laser velocity
measurement system, flash X-ray radiography system, etc. It is hard to confirm the position of impact
point in impact experiments. Through the comparison and analysis found that the approximate area of
impact point isin the center of the honeycomb core, so that this experimental result was selected as a
research object which compared with other experiments. The result which we selected was shown in
Fig. 1. Table 1 shows the parameters of projectile and honeycomb sandwich panel, the whole size of
honeycomb sandwich panel is 100 mm” 100 mm’” 21.6 mm. the velocity of projectile was 1.915 km/s.
Fig.1 showsthe perforation diameter of rear facesheet isabout 14 mm, and the flanging height is about
5 mm.
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(a) The damage of rear facesheet (b) Dimensional measurement
Fig. 1 The experimental result

In order to verify the accuracy of the material model and the geometric model more accurately, the
model material and size are consistent with the honeycomb sandwich board material, thickness of the
panel, honeycomb core thickness and height which were used in above experiment. Contrast test and
numerical smulation results and then determine the accuracy of the model. Aluminum alloy projectile
modeling process using the SPH method, honeycomb core sandwich panel modeling process using FE
method. Literatures [12, 13] have aready shown that SPH method can avoid the grid serious
deformation problems signally which appear in FE method. Panel used entity unit, honeycomb core
using shell element. The grid was refined to the size of 0.3 mm near the impact point area grid
refinement, and outside area grid size is 0.8 mm. The grid size of each honeycomb core and the panel
were identical, the model as shown in Fig. 2. AUTODYN software was used to simulation of
honeycomb sandwich panel high-speed impact. The simulation model is descripted as shown in Table
1

Front facesheet

Honeycomb core

Rear facesheet

(@ Local grid (b) Whole mode
Fig. 2 Simulation mode
Tablel Simulation target description

Material Dimension/mm EOS Strength Failure

Projectile Al 2017 SphereD=5 Shock  Johnson Cook Prieapa
Facesheet Al 5A06 h=0.8 Shock Johnson Cook Plastic strain
Honeycomb core Al 5A06  L=4,H=20,t=0.025(T hickness Linear Johnson Cook Plastic strain

The material non-linear was described by the Johnson Cook model. The yield stress (s ) is
expressed as follows:
s =(A+Be")(1+CInd)(1-T™) Q)
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Where A, B, n, Cand marethe constants dependent on materials. ¢ JFisthe plagtic strain rate

normalized with respect to a reference to a reference strainrate. T =(T-T,)/(T, .- T.) , T isthe
reference temperature and T is the melting temperature. The properties used in the smulations are

shown in Table 2.Plastic strain value is 0.39 in failure mode!.
Table 2 Material parameters used in the smulations

AMPa  B/MPa n C m  T./K Density/kg-m®
Al 5A06 2354 6223 058 00174 1.05 853 2.64
Al 2017 2499 4260 034 0015 1.0 775 2.8

The velocity of projectile in the numerical smulation model is 1.915 knvs as well as experimental
result. The impact point position is the honeycomb core center area which is consistent with the
experimental result. The simulation results as shown in Fig. 3. The result illustrates that the projectile
penetrated the honeycomb sandwich panel and the damage form is consistent with the experiment
result, the flanging height is about 5 mm which compared with the experimental results are basically
identical. The above result verified the accuracy of the geometric and material model established in this
paper. So the simulation model established in this paper can be used in the research of damage
characteristics which occurred in high-speed projectile impact honeycomb sandwich panel process.

In the following sections we will use this model to analyze the process of projectile impact
honeycomb sandwich panel and the split effect of projectiles debris cloud.
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(a) The damage of rear facesheet (b) Dimensional measurement

Fig. 3 Simulation result

Validation of smulation mode

When the projectile impact honeycomb sandwich panel, due to the impact point position is different,
meanwhile, the position of projectile debris cloud contact with honeycomb core is not the same. As
shown in Fig. 4 is three impact points studied in this paper. i isthe center of the honeycomb core, j is
the middle point of public side of two adjacent honeycomb core, k is the common point of three
adjacent honeycomb core. This three hit points (i, j, K) represent the typical split effect point.

Fig. 4 Impact point of projectile
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When the projectile impact on point i, the projectile broken after through the front panel but keep
the condition of forward movement along the incident direction of projectile in the form of debris
cloud.

Because of the projectile debris cloud surrounded by cell wall, the radia diffusion of debris cloud
was hindered and most of the debris cloud continues downward movement after gathered. Only part of
the debris cloud radia diffused after through cellular wall. Asshownin Fig. 5(a), Fig. 6(a) and Fig. 7(a)
is debris cloud formin 6us, 10us and 15us respectively.
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Fig. 6 Projectile debris of 10 us

@i (b) 9k
Fig. 7 Projectile debris of 15 ps

When the impact point isj, the center of the debris cloud hit the middle point of public side of two
adjacent honeycomb core after the projectile penetrating the front panel, then the split phenomenon of
projectile debris cloud occurred. The debris cloud formsin 6us, as shown in Fig. 5(b). Relative to the
formof debriscloud in Fig. 5 (a), debris cloud appeared the split phenomenon in Fig. 5(b) asaresult of
the effect of cellular wall. This phenomenon shows that the projectile debris cloud shape has changed
when the projectile debris cloud interact with cellular wall. Since thereis only a cellular wall effect, the
projectile debris cloud is divided into two.

When the impact point is k, the debris cloud formed after the projectile penetrated the front panel,
which interacted with cellular wall. At this moment, the impact position is the common point of three
adjacent cellular wall, then the projectile debris cloud is divided into three splits due to the role of cell
wall. Fig. 5 (c) shows the debris cloud form in 6us. As the projectile debris cloud continue to move,
cellular wall have the effect to hinder the debris cloud continue to move. Debris cloud keeps downward
movement and diffuses along the radial constantly at the same time, then debris cloud was rebound or
move downward aong the cellular wall after impact cellular wall if the cell wall has not been
breakdown by debris cloud.
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It can be seen that split phenomenon of debris cloud becomes more and more fuzzy
with the time pass by, finally disappear into a ball, by the Fig. 6 (b), (c) and 7(b), (c). This shows
that short-term split phenomenon occurred in the process of projectile debris cloud interact with
cellular wall: originally a ball of debris clouds, then occurred split phenomenon and finally disappear
into a ball.

The different impact position not only leads to different forms of debris cloud, but also
generates various damage shape of honeycomb core.

Dueto the base area of asingle honeycomb coreisfar greater than the planar projection area of the
projectile, the projectile debris cloud did not directly contact with the cell wall after the projectile
penetrating the front panel when the impact point isi. After aperiod of time, the projectile debris cloud
began to contact the cell wall, then continue movement and diffusion of projectile debris cloud, the
damage degree of the honeycomb core caused by the debris cloud, which is more and more serious, as
shown in Fig. 8 (a).

When the impact point is j, the projectile debris cloud contact and interact with the public cell
surface of two adjacent cellular wall directly that lead to debris cloud split phenomenon appeared. With
the diffusion process of the debris cloud, it is kinetic energy decreases gradually caused the damage to
cellular wall decreases gradually, too. As shown in Fig. 8 (b).

When the impact point is k, the projectile debris cloud contacts and interacts with three adjacent
cellular wall, so the damage of honeycomb core is relatively serious which occurred a large area of
rupture and collapse. Be similar to the impact point j, the damage of cellular wall caused by projectile
debris cloud decreased gradually with the continued movement of the projectile debris clouds, as is
shownin Fig. 8 (c). It can be seenin Fig.8 that projectile debris cloud was split by the cellular wall and
then split of projectile debris cloud led to different damage forms of honeycomb core, as shown in Fig.
9 (a) isthe damage form of back panel when impact point isi.

(@i (0] 9k
Fig. 8 Damage pattern of honeycomb core

(@i (OF 9k
Fig. 9 Damage pattern of rear facesheet

The main part of the projectile debris cloud move within only a honeycomb core, so cellular wall
played arole of gathering debris cloud and then forming asimilar circular perforation in rear panel. Fig.
9 (b) is the damage form of rear panel when the impact point is j. Perforation shape like glyph "8" is
caused by the split effect of projectile debris cloud.

Through Fig. 6 to Fig. 8 can see that although the projectile debris cloud had split phenomenon for
ashort time, the initial Split shape determines the impact characteristics of projectile debris cloud.
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Conclusions

The present paper aimsto adopt the method of SHP and FE to research the phenomenon of a projectile
impact on honeycomb sandwich plates with hypervelocity. Based on the simulation results, the
following conclusions could be drawn.

1. The accuracy of numerical simulation model and material parameter selection were verified by
comparison with high speed impact test results and the numerical simulation results.

2. The debris cloud formed by projectile penetrated the front panel of honeycomb sandwich panel
occurred split phenomenon when debris cloud impacted honeycomb core and the split form is
associated with the impact point position. When the impact point in the center of the honeycomb cores,
does not appear split; when the impact point at the middle point of the public side of two adjacent
honeycomb core, the debris cloud is divided into two petals, when the impact point at the public point
of three adjacent honeycomb cores, the projectile debris cloud is divided into three Splits.

3. Split effect only to maintain a relatively short time which would disappear along with the
extension of theimpact time. According to the damage form of the honeycomb core and rear panel, you
can seethat this split effect doesn't disappear with the disappearance of the split phenomenon, and the
initial debris cloud split form led to a different damage form of honeycomb core and rear panel.
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