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ABSTRACT 
 
Recent advances in numerical modeling techniques ([1],[2],[3],[4]) have allowed improved 
descriptions of the phenomenology (shock propagation, fragmentation, detached spall) of 
hypervelocity impact on complex composite targets. As the use of CFRP Aluminum honeycomb 
structures rapidly increases in space applications, the risk of this structure type to the M/OD 
environment must be assessed. It is expected that the non-homogenous nature of a honeycomb 
sandwich panel will significantly affect structural performance during hypervelocity impact if the 
projectile is small relative to the honeycomb cell size. Risk assessment of a spacecraft structure 
requires extensive experimental testing. Alternatively a preliminary numerical study can be utilized 
to identify key areas of interest and reduce the required magnitude of the experimental campaign. 
The results of a predictive numerical study presented in this paper found that hydrocode 
simulations using SPH discretisation and modern composite material models [1] are able to 
reproduce the phenomenology of the physical material in hypervelocity impact tests for velocities 
above 3 km/s. Quantitative reproduction of experimental results is still dependant on availability of 
precise material data. Within the known limitations of predictive capabilities it was determined that 
the honeycomb core impact location has a weak effect on the ballistic limit of the structure and total 
spall mass. However, dispersion of detached spall clouds and the affected area of spacecraft 
interior are strongly influenced by the impact location relative to the honeycomb microstructure. 
 

 

INTRODUCTION 

The rapidly increasing number of space debris 
particles in Earth orbit makes the need for 
analysis of hypervelocity impact on spacecraft 
structures apparent. Composite honeycomb 
sandwich panels, consisting of Carbon-Fibre 
Reinforced Plastics (CFRP) face-sheets with 
Aluminum honeycomb (H/C) cores, are among 
the most commonly used structures for 
satellites due to the enhanced structural 
benefits they provide.  

One important limitation of high strength CFRPs 
is their poor impact performance. Impact 
damage to CFRP structures is not localized. 
Delamination effects and propagation of cracks 

into the surrounding structure can cause 
considerable damage and significantly reduce 
the load-carrying capability of the structure. 
Additionally, the ejection of composite fibres 
into the satellite interior increases the risk of 
mechanical damage and degradation of 
electrical systems.  

In a honeycomb SP, the debris cloud is unable 
to fully expand after impact with the face-sheet 
due to the honeycomb cell walls. The fragments 
are ‘channeled’ within a smaller area 
(compared to a non-honeycomb structure e.g. 
Whipple shield) and impact of the channeled 
fragments on the rear face-sheet can cause 
greater damage [5]. It is expected that the 
greater the degree of fragment channeling, the 
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more extensive the damage on the rear face-
sheet. 

Generation of Ballistic Limit Curves (BLCs) is 
important to predict the perforation (failure) 
threshold conditions of CFRP structures. BLCs 
are needed for quantitative risk assessment 
with tools such as ESABASE/DEBRIS. 

In order to generate ballistic limit curves, 
empirical equations are developed based on 
experimental results. As phenomenological 
descriptions, these equations do not have 
universal validity and must be adjusted and 
validated for each specific structure before 
reasonable predictions can be expected. Full 
validation of a ballistic limit equation requires a 
large number of impact tests, which is an 
expensive process. In the past few decades 
numerical simulations have therefore become 
an important additional tool for studying the 
behavior of structures during impact.  

The value of a numerical model is directly 
related to the accuracy of the material 
description, particularly for complex materials 
such as CFRP. Recent advances made in the 
development of mesh-free modeling [1],[3] and 
material description techniques [2],[4] enable 
highly-characterized composite materials to be 
implemented and simulated in impact-idealized 
numerical software.  

Numerical methods are ideal for use in risk 
assessment of spacecraft as they can: 

• Provide a cheap and rapid method of 
reproducing experimental events;  

• Enable tests to be performed at 
conditions beyond the range of current 
experimental facilities;  

• Allow examination of the impact event 
to a degree not possible in experiments 
given the extremely short time-frame; 
and 

• Enable examination of highly-complex 
impact scenarios uncontrollable in 
experimental tests 

For Lower Earth Orbiting (LEO) spacecraft, the 
most common Micrometeoroid/Orbital Debris 
(M/OD) impacts are very small projectiles (<1 
mm) impacting at velocities ranging from 8 to 
15 km/s. Considering the maximum velocity 
which can be generated in existing 
experimental facilities is below 10 km/s, a large 
degree of impact parameters cannot be 
investigated experimentally and numerical 
models are needed to study the effects.  

The new Advanced Material Damage Models 
for Numerical Simulation (ADAMMO) technique 
is assumedly (based on a review of current 
literature [4]) able to accurately describe the 
phenomenology of composite material behavior 
under impact. Non-linear equation of state, non-
linear strength effects and important modes of 
lamina cracking and delamination are 
described. Before a full M/OD risk assessment 
is performed on a spacecraft structure a 
preliminary numerical campaign, based on 
coarse, readily available material data, can be 
use for first predictions of specific interest to the 
design engineer. Given the phenomenology of 
the material behavior is reproducible using 
preliminary material data, the numerical 
campaign can provide an insight into areas 
which should be more thoroughly examined 
during the experimental campaign.  

In this paper, the potential of the up to date 
hydrocode modeling approaches will be 
explored via simulation of impact events on the 
Envisat CFRP Al H/C SP structure. The model 
will be assessed to determine whether the 
material behavior in a hypervelocity impact 
event can be phenomenologically reproduced. 
Areas of importance specific to this structure, 
such as the effect of the non-homogenous 
honeycomb core on the behavior of the 
structure during impact, will be investigated, 
and the effect of impact location on the 
performance of the structure will be determined. 
Additionally the effect of the honeycomb core to 
the degree of damage to the satellite interior will 
be considered in the case of a perforation or 
spall impact event. 

 

NUMERICAL MODELING OF THE ENVISAT 
STRUCTURE 

For this study a finite element codes solving the 
conservation equations using explicit time 
integration (commercial package AUTODYN-3D 
[6]) was used to model hypervelocity impact 
events. Such codes are generally called 
hydrocodes and are particularly suited to the 
modeling of high-strain rate impact events 
[7],[8],[9],[1].  

All hydrocodes utilize a set of differential 
equations established through application of the 
conservation of mass, momentum, and energy 
from a macroscopic point of view to describe 
the shock compression and release of 
continuous media [10]. 
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The differential equations (given in index 
notation) derived from the conservation 
equations can be described in Lagrangian 
(body fixed) or Eulerian (space fixed) 
coordinates. The Lagrangian technique is a 
spatial description in which the material is 
described in geometric cells. Under deformation 
the grid moves and distorts with the material it 
models and the conservation of mass is 
therefore automatically satisfied. The 
Lagrangian differential equations are presented 
in [11]: 
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To describe the dynamics of a continuous 
medium numerically, the differential equations 
describing the continuum must be decretive 
using a finite grid technique. The major 
limitation of the Lagrangian discretisation 
approach occurs in cases of high grid distortion 
[12]. For the case of hypervelocity impact 
events where there is a large amount of 
distortion to the structure in the local impact 
zone, this limitation can cause significant 
numerical errors. An alternative to the 
Lagrangian discretisation technique is Smooth 
Particle Hydrodynamics (SPH), a gridless 
technique which uses a set of interpolation 
points to model a continuum while still using the 
Lagrangian description of the conservation 
equations. 

 
Fig 1: SPH processor – Interpolation ‘particles’ for 

 calculating density at particle I [13] 

Despite the known problems of SPH [11] 
promising results have been obtained using the 
SPH solvers for a number of applications 
including hypervelocity impact [1]. 

SPH is a computationally-expensive approach 
when compared to typical cell-based 
Hydrocodes [14], and therefore its application 
should be minimized to structural areas subject 
to large deformation forces. AUTODYN-3D 
allows coupling of SPH and Lagrange grids 
solving the conservation equations across the 
SPH/Lagrange interface.  

Structural Modeling 
The focus of this study was the impact of small 
projectiles (~ 1mm) across a wide range of 
velocities. Therefore the configuration was 
modeled in a lateral extension of 50 x 50 mm to 
completely contain the deformed area (even in 
the case of highly oblique impacts). Both face-
sheets were meshed with Lagrangian volume 
elements. SPH particles are used to describe 
the central impact region on both the front and 
rear sheets. The SPH zones were confined to 
6.6x6.6mm and 18.15x18.151mm on the front 
and rear face-sheets respectively. In both cases 
the SPH region extends through the full 
thickness of the CFRP sheet. The central SPH 
regions were fully coupled to the surrounding 
Lagrangian cells.  

The honeycomb core consists of 25 aluminum 
foils (thickness 0.00381 mm) regularly folded to 
± 60° and bonded together to form hexagonal 
cells. A similar procedure is used to build the 
model structure: shell plates are regularly 
folded and pin-joined (translational coupling). 

 

                                                 
1 Dimensions determined from a preliminary study 

investigating the spread of fragment particles within 
the Envisat structure honeycomb core 
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Face-sheets Type M40 NCHM-914 
 Thickness  1.10mm 
 Lay-up Quasi-orthotropic 

(3x(0,±60)) 
H/C core Type HEXCEL 3/16-

0.0015-5056 P 
 Height 45mm 

Table 1:  Characteristics of the ENVISAT CFRP AL H/C 
 structure [15] 

 

Material Modeling 

An overview of the Envisat CFRP (M40-914) is 
given in Table 2: 

Parameter Value 
Laminate density, ρ [g/cm3] 1.579 
Shear modulus, G12 [GPa] 31.640 
In-plane stiffness matrix 
coefficient, C11 [GPa] 

96.900 

Out-of-plane stiffness matrix 
coefficient, C22 [GPa] 

8.2200 

In-plane ultimate tensile failure 
strength, FT1 [MPa] 

598.00 

Out-of-plane ultimate tensile 
failure strength, FT2 [MPa] 

180.00 

Table 2:  Envisat CFRP (M40-914) material properties 

Although the ADAMMO model was developed 
and calibrated describing an Aramid weave 
/Epoxy composite, a first application of the 
material model to CFRP was demonstrated in 
[4]. Despite the lack of material characterization 
for CFRP, the simulation showed a promising 
qualitative comparison to the experimental 
results.  

Measurement Experiment 
[mm] 

Simulation 
[mm] 

Front face-sheet 
entrance hole 

7.5 7.9 

Rear face-sheet exit 
hole 

12.4 x 11.1 13 x 11 

Rear face-sheet 
damage 

19.6 x 17.7 18 x 17.7 

Table 3: Comparison of the damage measurements for the 
 ENVISAT material model predictive simulation 
 [4] 

 

SIMULATION PROGRAM 

ENVISAT Simulation matrix 

Development of the test matrix was driven by a 
number of output-oriented requirements and 
specific areas of interest, namely: 

• Can the phenomenology apparent in an 
experimental ballistic limit curve be 
reproduced using the described numerical 
approach? 

• How large are qualitative discrepancies 
between experimental data and simulation 
results given the lack of full material 
characterization for the CFRP? 

• Can the numerical model produce clear 
differences between detached spall and 
perforation results? 

• What are the impact velocity regime limits 
for the Envisat CFRP Al H/C SP, i.e. at 
what impact velocities is the projectile 
partially & fully fragmented? 

The result of these requirements produced the 
simulation matrix shown in Fig 2. 
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Fig 2:  Planned simulations to study the behavior of the 
 ENVISAT CFRP Al H/C SP under M/OD impact 

Effect of the Honeycomb Core 

The number of hypervelocity impact tests 
performed on H/C SP structures is very 
minimal. With high-complexity targets such as 
the Envisat SP it is common that there is a 
degree of scatter in the experimental results, 
i.e. two tests performed at identical conditions 
can record different results. One cause of 
scatter in honeycomb SP structures is the 
variable effect of the honeycomb core. This is 
particularly critical in the case where the 
projectile diameter is similar or smaller to that of 
the honeycomb cell length, as is the case for 
this numerical study (Fig 3). 



 
  

5

 
Fig 3: Simulation case in which the projectile diameter 

 (0.9mm) is smaller than the honeycomb cell length 
 (4.1625mm) 

The extreme honeycomb cell Impact Locations 
(ILs) for the numerical sensitivity study are 
shown in Fig 4: 

3
1

2
4

5

IL 1 - Honeycomb core

IL 3 - Double long wall

IL 4 - Single short wall

IL 5 - Default

IL  2 - Triple point

Fig 4:  Honeycomb cell Impact Location (IL) variants 

Dependant on the specific impact location of 
the projectile, with regards to the honeycomb 
core, the effect of the structure and the degree 
of fragment channeling is expected to be 
significantly different. The degree to which the 
fragment cloud is channeled within the 
honeycomb core is dependant on the impact 
location. In Fig 5 the effect of impact location on 
fragment channeling can be seen: 

  

  
Fig 5: Effect of honeycomb cell impact point on fragment 

 channeling (1.1mm Al-projectile impacting at 6.3 
 km/s). Upper: Impact location 1; Lower: Impact 
 location 2 

For impact upon the centre of a cell core (IL1) 
the vast majority of fragments are channeled 

within one honeycomb cell. In comparison, 
when impact occurs at the intersection of two 
honeycomb sheets (IL2), the fragments are 
channeled within 3 honeycomb cells.  

The non-homogenous nature of a honeycomb 
core also results in a phenomenon where the 
target type impacted by the M/OD projectile is 
effectively dependant on the impact location. In 
two idealized cases, an impact event where the 
projectile impacts in the cell core (IL1) and an 
impact upon the core wall triple-point (IL2), the 
effective amount of material along the line of 
sight of the projectile in the structure is 
significantly different. The degree of this effect 
is dependant on the impact velocity. For 
impacts in the ballistic regime (i.e. V < 3 km/s) 
the projectile remains intact, and the effect of 
the ‘extra material’ would be expected to be 
significant. As the impact velocity, and therefore 
the degree of fragmentation, increases, the 
significance of this effect decreases. Fig 5 
shows for impact in the cell core (IL2), the 
projectile is shocked and fragmented to such a 
degree that the progression of the fragment 
cloud into the cell core is effected by the 
honeycomb sheets.  

An additional simulation campaign was 
performed to study the effects of honeycomb 
cell impact location. The simulations were 
performed on one configuration from the 
existing study: impact of a 1.1 mm Al-sphere at 
6.3 km/s. The investigation had two primary 
foci: 1) to compare the results from impact tests 
performed on different impact locations and 
examine the effect of IL on the simulation result; 
and 2) to determine an ‘equivalent effect’ of the 
impact location which can be used to generate 
sensitivity brackets for experimental simulation 
results. 

Sim. 
no. 

dp 
[cm] 

v 
[km/s] 

Angle, γ 
[°] 

IL 
(Fig 4) 

29 0.11 6.3 0 1 
30 0.11 6.3 0 2 
31 0.11 6.3 0 3 
32 0.11 6.3 0 4 

Table 4: Numerical study on the effect of the honeycomb 
 core 

 

COMPARISON TO EXPERIMENTS 

Failure Definition 

In this investigation a target was defined as 
spalled if there is a separate, high density 
fragment cloud consisting purely of CFRP. In a 
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perforated case, there is not such a clear 
separated ‘spall cloud’, rather the fragments 
spill from the back of the target in a more 
distributed nature, with Aluminum fragments at 
the leading edge of the cloud.  

 

 

 

  

 
 

Fig 6: Specifying a simulation result as perforated or detached 
 spallation. Left: Perforation - impact of a 1.375mm Al- 
 sphere at 5 km/s (top-to-bottom), Right: Detached 
 spallation - Impact of a 1.1 mm Al-projectile at 6.3 
 km/s 

 Upper: Full fragment dispersion; Middle: Fragment 
 cloud in the rear half-space behind the target; Lower: 
 Location of aluminum fragments in the fragment cloud 
 (i.e. CFRP fragments hidden) 

Beyond the categorization of the simulation 
results into the three categories of perforation, 
detached spall, and no detached spall, the total 
mass of the CFRP fragments in the fragment 
cloud was used to scale the detached spall 
results in Fig 7. 

 

Comparison to Experimental Results 

As stated earlier, there is only very limited 
existing data for impact tests on the Envisat 
Structure [3]. The number of material 
characterization tests which have been 
performed on the Envisat CFRP, in order to 
generate material data, is also very minimal. 
Nevertheless three experimental configurations 
could be directly compared to simulation results 
(Table 5) to gain a first impression of the 
predictive quality of the numerical approach: 

dp 
[cm] 

v 
[km/s] 

γ 
[°] 

Sim. 
Result 

 
 

Exp. Result 
0.11 6.3 0 Det Spall Det Spall 
0.11 5.3 0 Det Spall Perforation 
0.09 6.6 0 Det Spall No Det Spall 

Table 5: Comparison between the experimental and the 
 simulated impact events on the Envisat structure 

As the detached spallation failure mode is 
particularly difficult to simulate, the agreement 
between simulation and experimental results 
observed is surprisingly good. It can be 
reasonably stated that the behavior phenomena 
expected in a hypervelocity impact test, i.e. 
shock effects, projectile fragmentation, 
projectile melt, etc. seem to be reasonably 
captured. In this sense, the numerical approach 
is suitable to perform further, and more 
detailed, predictive simulations 

Comparison to Ballistic Limit Curves 

In [16] a ballistic limit equation was developed 
for CFRP Al H/C SPs based on the ESA Triple 
Wall Equation. The equation was originally 
validated in [16] using the same Envisat 
experimental results as presented in Table 5. 
The complete set of modified ESA Triple Wall 
Equations (MET) is given: 

Ballistic limit diameter in the ballistic region 
(vn ≤ 3 km/s): 
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Ballistic limit diameter in the shatter region 
(3 km/s < vn < 7 km/s): 
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Ballistic limit diameter in the hypervelocity 
region (vn ≥ 7 km/s): 
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The parameter list to be used with Eq. (7) - (9) 
is fully described in [16]. 

The results from the simulations are shown Fig 
7 along with the predictive curves developed 
using the MET ballistic limit equations. 

From Fig 7 it is apparent that there is not full 
agreement between the simulation results and 
ballistic limit curve. The validity of the curve is 
not confirmed as the equations were developed 
empirically in [16] by manually adjusting the 
coefficients in Equations (7) - (9). In 
approximately 60% of the simulation cases 
examined, the result matches that predicted by 
the MET BLC.  

Across the regime of impact velocities from 3 to 
15 km/s and projectile diameters from 0.05 to 
0.14 mm the numerical approach provides 
consistent results in the sense that larger 
impact energies result in larger damage or 
amount or spall. The phenomenon of the BLC 
curve shape is reproduced in approximately 
most of the simulation cases. 

For the two simulations performed at low 
velocities (1.0 and 1.5 km/s) apparent 
inconsistencies arise. For the simulation of a 
1.375mm Al-sphere impacting at 1.0 km/s the 
structure is perforated. A subsequent increase 
in the projectile velocity to 1.5 km/s results in 
the structure defeating the projectile, i.e. there 
is no damage to the rear CFRP face-sheet. 
Further investigation of this area would be 
necessary if the regime is deemed necessary 
for complete risk assessment. 
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Fig 7: Simulation compared to first predictions by MET ballistic limit equations from [16]. Size of the detached spall markers 
 proportional to total spall mass. Larger markers indicate a larger spall clouds. 
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PREDICTIVE SIMULATION OF HITPOINT 
SENSITIVITIES 

Spall Cloud Mass 

The results from the scatter investigation show 
that for the specific impact case examined, the 
effect of the honeycomb core is not significant 
to affect the ‘general’ state of the outcome, i.e. 
detached spallation. A comparison between of 
the total mass of the spall clouds was made for 
the different impact locations (Fig 1). It was 
found that the variation of the fragment cloud 
mass, for all impact location varieties was 
smaller than 13%. 
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Fig 8: The effect of IL on total mass of the CFRP spall 
 cloud (impact conditions: 1.1mm Al-sphere 
 impacting at 6.3 km/s) 

Dispersion of the Spall Cloud 

The ‘damage potential’ of the spalled fragments 
compared for the different impact cases, and 
the effect of the honeycomb impact location can 
be more clearly highlighted. For structures such 
as the Envisat SP, the primary mechanical 
damage concerns related to perforation events, 
and the subsequent damage potential of the 
target/projectile fragment cloud on sensitive 
electronic equipment located behind the 
structural wall. In the case of detached 
spallation, the fragment cloud consists entirely 
of carbon fibre fragments. The mechanical 
damage potential of these composite fragments 

is much lower than aluminum fragments due to 
their lower density and fibrous nature. The more 
potentially-damaging characteristic of carbon 
fibre fragment clouds is the effect on electrical 
systems. The conductive nature of carbon 
fibres can cause problems and/or failure (arc-
discharges, current leakage) of critical electrical 
systems. For this reason the extension of the 
fragments is of critical importance.  

The dispersion of the spalled fragment cloud, 
as assessed for a selection of the different 
impact locations, is shown Fig 9: 

 It can be see in Fig 9 that the projectile impact 
location, with respect to the honeycomb cells, 
can significantly effect the dispersion of the 
fragment cloud. For spall clouds of a similar 
mass, the ‘effective area’ affected in the interior 
of the satellite (using a representative stand-off 
of 150mm) is given below: 

Impact Location Approx. Affected Area 
[mm2] 

1 291.5 
2 121.5 
4 230.0 

Table 6: Comparison of the ‘effective area’ of the satellite 
 interior (stand-off 150mm) affected by spall cloud 
 fragments 

The effect of the impact location is not 
significant in terms of total spall mass (Fig 8), 
however the dispersion of the fragment cloud is 
dramatically affected (Fig 9). The dispersion of 
the fragment cloud can affect the damage 
caused to the interior of a satellite in the event 
of a spall-inducing hypervelocity impact. For 
impact at IL1, the cloud dispersion is minimized 
and therefore a more concentrated cloud 
impacts the satellite interior with a greater 
mechanical damage potential (relative to other 
IL cases). For the other extreme, impact at IL2, 
the fragment cloud is allowed to disperse more 
freely, resulting in impact of a fragment cloud 
with less mechanical damage potential spread 
over a larger area. This larger fragment cloud-
impact area means that the potential to affect 
the operation of electronic systems by way of 
arc discharges, current leakage etc, is 
increased (relative to other IL locations).  

3
1

2
4

5
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Fig 9: The effect of IL on dispersion of the fragment cloud for 3 extreme variants (IL1,2,4). Fragment coordinates recorded 20µs 

  after initiation of simulation. Fragments in the range of 100-150 mm behind rear-sheet of the SP structure 

 
Mechanical Damage by Spall Cloud 

The mechanical damage of structures located 
behind the structural wall, and the effect of the 
impact location on the degree of mechanical 
damage was briefly examined. The amount of 
damage was evaluated by finding the maximum 
amount of plastic work done on a sample 
witness plate. The results can be seen in Fig 
10, assessed at 40 µs after the simulation 
initiation: 
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Fig 10: Effect of IL on max plastic work done by 
 impacting spall fragments on Al witness plate 
 200mm behind rear face-sheet Impact  conditions: 
 1.1mm Al-sphere impacting at 6.3 km/s) 

From the figure it is apparent that the amount of 
mechanical damage caused by the fragment 
cloud was a maximum for impact at IL1 (cell 
core). The minimum damage occurred at IL3 
(double long wall).  

The amount of plastic work represents the 
maximum damage caused to the witness plate. 
From Fig 10 it is apparent that for impact at IL1 
the structural protection afforded to the satellite 
interior is a minimum (for the IL cases 
examined), and for impact at IL3 the structural 
protection is at a maximum. The degree of 
maximum plastic work corresponds roughly to 
the total spall cloud mass (Fig 8). The main 
exceptions are the degree of damage caused 
by impact at IL1 and at IL5, both significantly 
higher than would be expected if the damage 
was merely a function of spall cloud mass.  

 

SUMMARY AND CONCLUSIONS 

A numerical study was performed for the 
Envisat CFRP/Al H/C SP structure using 
hydrocode simulations with SPH discretisation. 
An existing CFRP material model for high 
velocity impact phenomena, defined in [4], with 
a limited degree of material characterization 
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was used for the study. The aim was to perform 
a predictive assessment on the impact 
performance of the complex CFRP Aluminum 
honeycomb sandwich structures as the possible 
causes of experimental scatter. The study 
provides guidelines and highlights areas of 
specific interest for future experimental 
campaigns. 

Assessing the validity of the numerical model, 
with respect to quantitative measurements, was 
not a priority given the limited amount of 
material characterization in the material model, 
and the low number of existing experimental 
impact test. The validity of the model could be 
more reasonably assessed by considering the 
underlying behavioral principals. Comparison 
with predictive curves, generated using the 
modified ESA triple wall equations (Fig 7), 
found that the modeling approach was able to 
consistently reproduce the overall behavior of 
the Envisat sandwich panel across the regime 
of impact velocities and fragment diameters. 
Some inconsistencies were observed in the low 
velocity regime (V<3 km/s), which could be 
subject of further investigations.  

In assessing the effect of the honeycomb core 
on impact performance it was determined that 
the ballistic limit of the structure is not sensitive 
to the impact location (Table 4). It was found 
that in the case of a detached spall impact, the 
impact location has a minimal effect on the total 
mass of the spalled fragments (Fig 8). However 
the degree to which the fragments disperse 
behind the rear CFRP face-sheet, i.e. laterally 
in the interior of the satellite, is significantly 
affected (Fig 9). The mechanical damage 
potential of the spalled-fragment clouds was 
assessed, and a rough correspondence 
between total fragment mass and damage 
potential was noted (Fig 8 & Fig 10). Only a 
rough correspondence was obtained because 
of the impact location fragment dispersion 
effects. 

Given the significant effect of the honeycomb 
core on impact performance and the increasing 
application of CFRP Al H/C SPs in spacecraft 
structures it is recommended that further 
studies be performed to assess this effect on 
the degree of mechanical and electrical 
damage for the spacecraft interior. A 
relationship relating the two damage types and 
their sensitivity to impact location should be 
developed. For the ultimate goal of damage 
equations including honeycomb cores 
characteristics further research is 
recommended with additional focus on 

honeycomb depth, cell wall thickness and alloy 
type.  
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