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ABSTRACT 

Internationally accepted guidelines and standards limit the casualty risk related to each atmospheric reentry to 
1:10,000. To avoid having to perform a controlled reentry at End-of-Life (EoL), it is possible to design missions 
such that they are compliant to reenter uncontrolled. This is called the Design for Demise (D4D) approach. Most 
activities in the field of D4D aim at maximising the exposure of components to the flow, or minimising the energy 
needed to ablate components. This is typically done by replacing undemisable materials by more demisable ones, or 
by using early break-up technologies. 

However, it may not always be possible or helpful to perform the aforementioned changes, especially for optical 
payloads which are at the core of their mission. Moreover, current formulas to estimate the casualty risk have the 
number of impacting fragments as the main driver, and largely neglect the kinetic energy at impact. Therefore, the 
ESA Clean Space initiative is studying novel methods to comply with guidelines, referred to as containment. This 
approach aims at keeping surviving fragments together, such that the probability of colliding with a person is 
reduced, often at the cost of having a higher impact energy. 

Different containment methods have been preliminarily identified: boxes to fully enclose and shield critical parts, 
nets to fully enclose and partially shield critical parts, tethers to connect critical parts, and undemisable joints 
between parts connected by design. The feasibility, potential and challenges of these methods are to be assessed, 
despite early simulations suggesting positive results. Additionally, the suitability of risk estimation formulas has 
been considered, as simulation results suggest that containment may lead to extreme kinetic energies at impact that 
are currently not accounted for. 

1 INTRODUCTION 

Every day, uncontrolled atmospheric entries of meteoroids and human-made objects occur. On average, there are 
two trackable objects re-entering per day, and one object larger than a meter re-entering per week [1]. Most of these 
objects are of negligible size and mass and will simply disintegrate upon reentry, or end up decelerating enough to 
be considered harmless. However, some of these objects have enough mass and are large enough to partially or 
entirely survive, leading to a risk of casualty on-ground. To palliate this hazard, agencies have come up with a 
recommended figure for the maximum accepted risk applicable to each man-made object’s atmospheric reentry. 

When spacecraft appear to be non-compliant, one can either perform a controlled reentry, which will significantly 
increase costs and complexity, or alternatively modify sufficiently the design such that it will become compliant to 
re-enter in an uncontrolled way. This is known as the Design for Demise (D4D) approach, which typically aims at 
maximising the exposure of parts to the flow, or minimising the required energy to demise parts. 

Another D4D solution referred to as containment aims at mitigating the casualty risk by reducing the number of 
impacting fragments. In other words, these containment methods attempt to keep critical parts together to ensure that 
these land as a single potentially more energetic fragment, thus reducing the probability of colliding with an 
individual compared to having several fragments with lower energies. Containment methods have received minimal 
interest so far, effectively serving as motivation for this study. 

This paper focuses in its second chapter on the current risk estimation formulas in order to justify the use of 
containment, and potential alterations of these formulas are also suggested. The third chapter provides an overview 
of the identified containment methods. The fourth chapter describes one of the test cases used in a destructive 
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reentry simulator to preliminarily assess benefits of containment. Finally, the fifth and last chapter concludes this 
paper. 

2 RISK ESTIMATION FORMULAS 

The current definition of the casualty risk related to atmospheric reentries of satellites can be found in guidelines and 
standards from ESA and NASA [2], [3], and a comprehensive analysis of the risk is provided by Klinkrad [4]. These 
sources provide methods to assess the risk related to controlled and uncontrolled re-entries, but as this paper focuses 
on D4D (it is assumed in this study that containment is one branch of D4D), only the latter will be treated. This 
chapter deals with the casualty risk estimation based on results obtained with destructive reentry simulators. 

2.1 Debris casualty area 

The first step in estimating the casualty risk of an uncontrolled reentry is to obtain the debris casualty area of each 
fragment simulated to survive with a final kinetic energy superior or equal to 15 J. Fragments which survive the 
reentry but have a final kinetic energy lower than 15 J are neglected in the risk estimation as their energy is 
considered too low to fatally injure an unprotected human. The debris casualty area 𝐷 ,  of each relevant impacting 
fragment i is defined as follows: 

𝐷 , = 𝐴 + 𝐴 , (1) 

where 𝐴  is defined as the average circular cross-sectional area of a standing human as seen from above with a value 
standardised to 0.36 m², and 𝐴  is the average projected circular area of the impacting fragment. It is apparent that a 
fragment’s debris casualty area 𝐷 ,  is a circle encompassing 𝐴  and 𝐴  in such a way that they both intersect each 
other at least at one point, as shown in Fig. 1. The total debris casualty area is then the sum of each debris casualty 
area associated with the N impacting fragments having a kinetic energy superior to 15 J: 

𝐶 = 𝐴 + 𝐴
 

. (2) 

 

Fig. 1. Illustration of the debris casualty area for an impacting fragment 

A very coarse budget for any given spacecraft independent of inclination can in 2019 be assumed to be of about 7-8 
m² of total casualty area. 

2.2 Casualty expectancy 

The final figure for the risk related to an uncontrolled reentry is called the casualty expectancy E, and is simply the 
product of the total debris casualty area 𝐶  and the associated average population density 𝜌 , as shown below: 

𝐸 = 𝜌 𝐶 , (3) 
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where 𝜌  is computed for the reentering object’s orbit using its inclination-dependent ground impact probability to 
weigh the sum of longitudinal averaged population densities along the range of possible impact latitudes. A detailed 
explanation of 𝜌  is outside the scope of this study, but may be found in [3] for the interested reader. The casualty  
expectancy shall never exceed 10  for the uncontrolled reentry scenario to be acceptable. 

2.3 The influence of kinetic energy on the casualty risk 

Currently, the risk is largely dependent on the number of fragments, and the kinetic energy at impact is only 
considered to keep or discard impactors from the computation. Indeed, if a fragment has an impacting energy 
beyond 15 J, the associated risk will depend solely on its cross-sectional area, without any further accounting of the 
energy. This results in a step function for the risk associated to a given fragment with increasing kinetic energy, as 
shown by the red curve in Fig. 2. As much as it is important to remain conservative and to avoid complicated 
formulas and procedures in standards and guidelines, this seems to be a too simplistic approach which does not 
capture the real hazards of a reentry. 

 

Fig. 2. Step function with the current risk estimation formulas (note that the fragment is suddenly considered lethal 
at 15 J, and the risk it poses is then constant without any increase with increasing kinetic energy), and actual fatality 

index function 

In order to close the gap between formulas and the actual risk, it is proposed to adopt a scaling factor for the casualty 
area of fragments depending on their impact energy, which would result in a smoother transition between harmless 
and lethal fragments. In various sources, the average fatality probability of impacts from fragments depending on 
their kinetic energy is discussed [4], [5], [6]. In his work, Klinkrad has selected several kinetic energies and given 
the associated fatality probability as shown in Table 1, based on data found in a safety standard from the Range 
Commanders Council [4], [6]. Similarly, the user manual for DRAMA 3 (ESA’s reentry simulator) provides a 
formula to estimate the fatality index of a fragment depending on its kinetic energy, which is provided hereafter [5]: 

𝑛 =

0, 𝐸 < 32𝐽
1

2
−

1

2
cos 𝜋

ln 𝐸 − ln 32

ln 338 − ln 32
, 32𝐽 < 𝐸 < 338𝐽

1, 𝐸 > 338𝐽

(4) 

where 𝐸  is the kinetic energy of the impactor. This function is plotted with a blue curve in Fig. 2. As can be seen, 
there is a significant range spanning roughly from 15 J to 300 J during which the fatality index increases, as opposed 
to the step function at 15 J from current guidelines. It is suggested that this fatality index (or another similar index) 
be used directly to weigh the casualty area of fragments, as this could easily be implemented in reentry simulators, 
and would better represent the real hazards of fragments surviving atmospheric re-entries. The user manual for 
DRAMA 3 already performs this weighing of the casualty expectancy using the fatality index to obtain the fatality 
expectancy of specific fragments, but this is a different value which is not mentioned in standards and guidelines [5]. 
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Adopting such a scaling method would result in a less punishing setting for D4D techniques that may greatly reduce 
the landing mass and energy, at the cost of having more fragments, some of which might have low fatality indexes. 

Table 1. Fatality probability for specific impact energies with values found in the work of Klinkrad [4] 

Kinetic energy [J] Fatality probability 

37 1% 

52 10% 

104 50% 

205 90% 

292 99% 

2.4 Upper threshold for containment 

As the kinetic energy of impactors is not considered in guidelines to weigh the consequences of impacts, 
containment methods have a clear advantage as they effectively reduce the number of fragments, but potentially 
increase the kinetic energy at impact. This means that keeping an entire spacecraft together is more likely to be 
compliant with the maximum accepted casualty risk of 10  than attempting to break it up and demise the parts that 
have a chance to disintegrate. Effectively, having a single impactor reduces the probability of colliding with a 
human, but its potentially higher energy may lead to worse consequences in case such a collision occurs. As seen 
from the blue curve in Fig. 2, the consequences of an increasing impactor energy past 300 J are unchanged for 
collisions with unshielded humans, as the fatality probability cannot exceed 100%. However, highly energetic 
fragments impacting structures such as buildings may have disastrous consequences in terms of loss of life and 
material damage. It might be reasonable to take these high energies into account, especially if containment is to play 
a bigger role in the future of D4D, by setting an upper energetic threshold for containment to be applicable. It is 
difficult to suggest a specific value for such an upper threshold, as there is no universal energetic value that will 
cause structural penetration since the type of shielding provided by structures to humans is highly variable across the 
world. This is perhaps an issue which is more fit to be answered on a philosophical level than a technical one. 

Instead of using a hard limit for containment to be acceptable, it may be possible to consider following a similar 
approach in line with what has been suggested in Chapter 2.3. Indeed, one could consider weighing the kinetic 
energy of impacting fragments, by scaling up their casualty area with increasing energy. As such, the casualty area 
of a fragment would be scaled with factors between 0 and 1 for energies ranging roughly from 15 J to 300 J as 
shown by the blue curve in Fig. 2, and from 1 upwards for energies above 300 J. This seems reasonable considering 
that highly energetic impactors might have an actual casualty area larger than their cross-sectional area. The rate of 
change of the scaling factor with increasing energy is to be defined, and using a linear function may not be the best 
option. Perhaps using steps corresponding to critical thresholds may be more representative of the risk (e.g. energy 
to kill a human, energy to penetrate the roof of a car, energy to penetrate ceiling of a house). An illustration of the 
scaling principle is shown in Fig. 3, which combines the fatality index of Eq. 4, and a function defined in this study 
simply to illustrate the working principle. This proposed function is shown in Eq. 5. 

𝑛 =

0, 𝐸 < 32𝐽
1

2
−

1

2
cos 𝜋

ln 𝐸 − ln 32

ln 338 − ln 32
, 32𝐽 < 𝐸 < 338𝐽

0.8986 + 0.0003𝐸 , 𝐸 > 338𝐽

 (5) 
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Fig. 3. Proposed scaling factor for a fragment's casualty area as a function of impact energy 

3 CONTAINMENT METHODS 

Containment refers to all methods which aim at reducing the number of fragments impacting the surface of the Earth 
as the result of atmospheric re-entries. Typically, these methods target components identified as critical or 
undemisable, as other components which have a chance to disintegrate will be the target of other D4D methods 
which can enable a removal of such parts from the risk altogether. 

3.1 Containment box 

The most straightforward way to prevent parts from separating during an atmospheric reentry is to make use of 
undemisable containers enclosing components known or expected to be critical. Such housings could prevent the 
release of parts, as well as their exposure to the flow altogether. This is a priori a relatively easy and reliable method 
to adopt in cases where critical parts are already located within a container which is foreseen to demise during the 
reentry and could be reinforced. Possible examples are telescopes, beamsplitters, focal plane assemblies (FPAs), 
Solar Array Drive Mechanisms (SADM), large electronic boxes and reaction wheels. This method could also be 
applied to critical components that are not located within containers, but are or can be located close to each other. 
However, the impacts of the containment method in such cases are expected to be larger in terms of added mass 
compared to when the material of the housing is simply replaced. 

The materials that have briefly been identified in this work as potential candidates to be used for containment boxes 
are silicon carbide (SiC), carbon fibre-reinforced silicon carbide (C/SiC), carbon-carbon (C/C), and ablators such as 
phenolic-impregnated carbon ablator (PICA). These materials have been selected due to their properties being 
maintained even at extremely high temperatures, with essentially no demise observed in reentry simulators. 
However, it should be noted that SiC is hard to manufacture, and C/SiC is heavy and fragile, which might be an 
issue with regards to impacts of parts detaching from the re-entering spacecraft. Titanium may also be considered, 
but its partial demisability makes this material a priori less reliable. 

One of the drawbacks of boxes to contain parts is that no exposure of internal parts to the flow will occur by design, 
which means that the kinetic energy of the surviving compound at impact will basically be related to its initial mass 
and that of its contents. The release altitude and state vector is in this case the only variable affecting the impact 
energy of the box. This is significant information to decide when boxes should be used, as no partial demise of 
internal parts can occur, which makes this method especially attractive for objects which are not demisable under 
any circumstance. The preliminarily identified advantages and disadvantages of containment boxes are shown in 
Table 2. 
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Table 2. Containment box trade-offs 

Advantages Disadvantages 

 Relatively easy to implement, especially when 
housings are already present and can have 
their materials swapped 

 Reliable, as it is only necessary to ensure the 
container is undemisable 

 Potential structural strengthening and/or EMI 
and radiation shielding 

 Low risk for chemical reactions to occur 
between the container and its contents, as the 
temperature inside is not foreseen to be high 
enough for this to happen 

 Potential mass reduction (e.g. replacement of 
TiAl6v4 with density 4420 kg/m³ by SiC with 
density 3000 kg/m³ or C/C with density 1770 
kg/m³  

 No demise of internal parts allowed, which 
prevents the reduction of the compound’s 
impact energy, hence the attractiveness of the 
method for parts which cannot demise under 
any circumstance 

 Challenging to deal with interfaces and optical 
pathways as openings might compromise the 
containment scheme (e.g. optical pathways of 
optical payloads). For such pathways, an 
interesting approach could be to interface the 
box with undemisable glasses such as fused 
silica, but the performance impacts of this 
should be assessed, along with the possible 
chemical reaction that might occur 

 Potential cost increase due to the materials 
used 

3.2 Containment net 

As an alternative to boxes, nets could be used to enclose critical parts so as to prevent their release and separate 
impact. Such nets would allow partial heating of internal parts, which might result in a reduction of the energy at 
impact (by reducing the landing mass), when partially demisable parts are involved. The nets could be placed around 
demisable boxes, or around the components themselves.  

Materials that have been coarsely identified as potentially attractive to manufacture nets are alumina fibres and 
carbon fibres, with the latter being preferred due to its lower density and its higher melting point. Metallic materials 
may also be interesting, but have not been considered in this study. Possible candidates for the use of containment 
nets are optical payloads, which include demisable, partially demisable, and undemisable parts. Reaction wheels, 
SADMs, magnetorquers, and large electronic boxes could also be considered, as they usually employ demisable 
housings but contain parts that will survive to impact the ground. There are however important considerations to be 
taken into account for the design of a containment net: 

 The mesh needs to be designed such that it does not allow the release of parts which will contribute to the casualty 
risk, but having a too fine mesh might cause a dampening of the heat so important that no partial demise may 
occur. In that latter case, a box would be more advantageous in terms of increased reliability. 

 It is important to assess whether the fibres of the net could actually withstand the extreme heating due to their 
small curvature radius, and whether they could stand the mechanical loads from internal objects colliding with 
the net. Indeed, the mechanical loads are expected to be highly variable, resulting in peaks that may challenge the 
properties of the net. Further activities should therefore inquire on the minimum radius and material of fibres for 
a containment net to survive a reentry. 

 The dampening of the heating to internal parts caused by the net should be assessed depending on mesh size and 
fibre radius, but this represents a major effort. One way to test this is to attempt estimating it using Computational 
Fluid Dynamics (CFD) to model objects at various distances behind a net with various mesh and fibre sizes, but 
this would be a major activity: modelling a net in CFD represents a challenge, let alone estimating the heating to 
an object behind it. Alternatively, it could be interesting to assess the heat dampening in plasma wind tunnels for 
the same object with and without a net around it, but this would limit the different configurations that could be 
tested (mesh size, fibre radius, and distance between net and object). Using the data from such tests, it might be 
possible to create models usable in simulators enabling an arbitrary reduction of heating to contained objects 
given a specific configuration. A first assessment of containment nets could be done by implementing arbitrary 
dampening values in simulators (e.g. 10%, 20%, 50% dampening) to see the impacts on the demisability of 
contained parts. 

 Testing the efficiency of a containment net in current reentry simulators is not possible because of its shape and 
flexible behaviour. 

6106.pdfFirst Int'l. Orbital Debris Conf. (2019)



The preliminarily identified advantages and disadvantages of containment nets are shown in Table 3. 

Table 3. Containment net trade-offs 

Advantages Disadvantages 

 Partial exposure of internal parts allows to 
reduce the landing mass and thus the impact 
energy, making the method especially 
interesting when partially demisable parts are 
involved 

 Need only to ensure that the net does not fail, 
internal parts can fragment and demise 
without compromising the containment 
scheme (no fixations on components required) 

 Mesh must be fine enough to prevent the 
release of the smallest parts which will 
contribute to increase the on-ground risk, but 
large enough that internal parts get exposed to 
some heating 

 Detaching parts outside and inside the net 
must not destroy it, and the consequences of a 
net failure should be investigated 

 As internal parts will be partially exposed to 
the flow, chemical reactions may occur 
between them and the net, potentially 
compromising the containment scheme 

 Challenging to deal with interfaces and 
pathways (e.g. optical pathways of optical 
payloads). Similarly to the box, it might be 
possible to interface the net with other 
undemisable materials, but chemical reaction 
may be of concern in such cases 

 Currently not possible to model in reentry 
simulators due to the shape and flexible nature 
of nets, and the heat dampening to objects 
needs to be estimated with three degrees of 
freedom, namely fibre radius, mesh size, and 
distance between the net and internal parts. 

3.3 Containment tether 

Tether containment is a method that employs flexible interfaces between critical parts which may allow them to be 
exposed to aerodynamic heating to a higher extent than with a net. However, objects would still experience lower 
heating than components re-entering on their own, due to the mutual shielding from the flow when objects remain 
connected. As such, some level of demise could be achieved, which would allow a reduction of landing mass and 
energy, but this might actually compromise the containment scheme if the connected components fragment from the 
tether or if chemical reactions occur. Indeed, as opposed to the box and net options, fixations on contained parts are 
needed, and should the tether be investigated in further studies, an important part will be to find a reliable way to 
attach the tether to the different components to ensure no fragmentation can occur. 

Moreover, it may be worthwhile to study different tether designs to maximise reliability and make the tether fail-
safe, for example by employing a double-stranded tether (essentially using two interconnected tethers that would 
allow the containment scheme to be fail-safe to some extent). Tethers have been investigated in this study to serve as 
a containment method for undemisable parts which are not joined by design. Similarly to the containment net, 
materials that have been identified in this study as potential candidates to manufacture tethers are alumina fibres and 
carbon fibres, with the latter being preferred due to its remarkable properties. However, the survivability of tethers 
which have small radii of curvature is to be assessed and demonstrated. The preliminarily identified advantages and 
disadvantages of containment tethers are shown in Table 4. 
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Table 4. Containment tether trade-offs 

Advantages Disadvantages 

 Allows contained parts to be exposed to the 
flow to a larger extent than nets 

 Easier to deal with pathways and interfaces, as 
the method does not require enclosing parts 

 Interesting for objects separate by design 
 Seemingly easier to accommodate in 

spacecraft due to the flexible nature of tethers 
(e.g. no issue for the centre of mass) 

 Need to design the tether and fixations such 
that partial demise of contained objects does 
not jeopardise the method 

 Chemical reactions between contained objects 
and the tether may sever the connections and 
jeopardise the containment scheme  

 Impossible to model in current reentry 
simulators due the flexible nature of tethers, 
making it difficult to assess the behaviour and 
motion of tethers in actual re-entries 

3.4 Undemisable joints 

When critical parts are connected by design (or are sufficiently close to be connected with joints), it is possible to 
study enhancements of joints and interfaces to prevent fragmentation. This method allows a partial exposure to the 
flow of contained parts a priori to a similar extent as tethers (as it is currently unknown how objects connected by 
tethers would behave in a reentry in terms of mutual shielding). As such, a potential landing mass reduction may 
occur if partially demisable components are involved, but this might also be a reliability issue, similarly to tethers. 
Optical benches and the parts they support (e.g. telescopes, processing optics, FPAs, bipods) have been identified as 
strong candidates for undemisable joints since they are mostly undemisable and are connected by design. The 
method might also be attractive to keep partially demisable components together in such a way that their combined 
ballistic coefficient is improved. This could be investigated, for example by connecting reaction wheels together and 
testing the impacts on their demisability: their higher ballistic coefficient may result in a beneficial state vector, but 
this might be countered by their mutual shielding. 

If joints are to be studied in further activities, one of the issues to be addressed along with thermal resistance is the 
required mechanical strength of joints to remain undemisable in a reentry; the failure of joints has mostly been based 
on a thermal criterion in studies and it might not be sufficient to simply use materials with high melting 
temperatures. The preliminarily identified advantages and disadvantages of undemisable joints are shown in Table 5. 

Table 5. Undemisable joints trade-offs 

Advantages Disadvantages 

 Allow attached parts to be exposed to the flow 
to a larger extent than nets 

 Easy to deal with optical pathways and 
interfaces 

 Mostly target existing joints and interfaces, 
with no major design changes expected 

 Need to ensure no failure of the joints, and of 
the contained parts 

 Chemical reactions may occur between 
contained parts and the joints, potentially 
jeopardising the containment scheme 

4 CONTAINMENT APPLIED TO SENTINEL-2’S MULTISPECTRAL INSTRUMENT (MSI) 

The payload of Sentinel-2 has been modelled in ESA’s DRAMA 3, using mainly a study of Bainbridge et al. [7]. An 
illustration of the model created in DRAMA 3 can be seen in Fig. 4. Approximately 50 interconnected primitives 
have been used, including the service module (ignored in the casualty risk assessment) which has been modelled 
with realistic dimensions and mass to ensure a reasonable trajectory of the entire compound until the payload 
separates once joints fail. It should be noted that the failure of joints in this study has been assumed to be based 
solely on a thermal criterion and this is likely to have influenced results. 
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Fig. 4. Illustration of Sentinel-2's MSI in DRAMA 3 

4.1 Casualty risk of baseline design 

For the baseline design of Sentinel-2’s MSI payload, a total casualty area of 22.1 m² is obtained, with the survival of 
27 fragments. Assuming a maximum budget of 8 m² for each reentry, the payload alone yields more than 2.7 time 
this value; even if the service module was fully demisable, the reentry would not be compliant. The list of surviving 
fragments shows some impactors having kinetic energies as high as 50 kJ. 

4.2 Application of containment and D4D to the baseline design 

Four D4D iterations have been performed to assess the casualty risk when containment is used along with other 
relevant D4D methods. Each iteration builds upon the design of the previous iteration. 

In the first iteration, the beamsplitter frame which demised for the baseline design and released three fragments that 
survived the reentry has its material switched from aluminium to silicon carbide (containment box). Undemisable 
joints (failure temperature equivalent to brazes) are implemented to attempt using the optical bench as a central hub 
for undemisable components. On the other hand, components such as the rate gyro and the bench supports which 
landed with low kinetic energies have their masses slightly reduced to remove them from the risk altogether. The 
results show an overall reduction of the risk down to 13.6 m² of casualty area with 15 impactors, two of which are 
compounds clustering up to 12 components. 

The second iteration sees the addition of undemisable joints between the optical bench and the beamsplitter frame, 
as the material of the latter has been switched to silicon carbide. Demisable joints are also implemented between the 
interface panel of the payload and the radiators, as their low impact energy suggests a potential to fully demise if 
sufficiently exposed to the flow. These changes lead to a reduction of the total casualty area to 8.1 m² with only four 
impactors, two of which land with marginally non-compliant energies (16 J and 22 J). However, the two surviving 
compounds clustering undemisable parts land with extreme kinetic energies of up to 110,000 J, challenging once 
more the suitability of current risk estimation guidelines. These two surviving compounds are on the one hand 
composed of all CFRP panels (interface, front and rear panels), and on the other hand composed of 15 payload 
fragments such as mirrors, brackets, FPAs and beamsplitter. 

The third iteration makes use of more demisable joints for the two fragments which survived with low energies in 
the second iteration. As expected, only two compounds impact the ground, with a reduction of the casualty area to 
6.6 m². 

The fourth and last iteration attempts to cluster the two surviving compounds (CFRP panels on one side, and 
payload fragments with optical bench as central hub on the other side) so as to have a single highly energetic 
impactor. This is done by strengthening the optical bench supports by switching their material to silicon carbide and 
brazing them to the bench and having equally undemisable joints between them and the CFRP interface panel (the 
feasibility of this is strongly questioned, but tested nonetheless). The results show a reduction of the casualty area to 
4.2 m² with a single compound impacting with a kinetic energy of about 174,000 J (a M67 hand grenade releases 
upon detonation an energy of roughly 1 MJ). This means that by a combination of containment with other D4D 
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methods, the payload no longer prevents an uncontrolled reentry, as long as the service module does not have a 
casualty area larger than 3 to 4 m². 

The total casualty areas obtained for the baseline and each iteration are displayed in Fig. 5, where a red line has been 
plotted to visualise the threshold of compliance for the uncontrolled reentry scenario to be acceptable. Note that the 
casualty area of the service module is not included. 

 

Fig. 5. Casualty areas for the different designs of the MSI 

5 CONCLUSION 

Containment methods are majorly favoured by current risk estimation guidelines as opposed to other D4D methods 
which are often heavily penalised. Despite the theoretical potential of containment in terms of risk reduction, it is 
expected that such methods will be attractive to deal with undemisable components which are grouped together by 
design, as is the case for optical payloads. Other components which show a potential to fully demise are not 
expected to be the best candidates for containment, as other D4D methods may be superior in terms of risk 
reduction. Four main containment methods have been identified in this study, with each being associated with 
foreseen advantages and potential challenges. The application of containment methods to a relevant optical payload 
has led to a major risk reduction in simulations. It is recommended that further studies assess the feasibility of these 
methods. 
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