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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Space systems — Assessment of survivability of unmanned
spacecraft against space debris and meteoroid impacts to
ensure successful post-mission disposal

1 Scope

This
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components required to perform post-mission disposal. This International Standard al{
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3.1
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Note

Normative references

Terms and definitions

International Standard defines requirements and a procedure for assessing the str
nmanned spacecraft against space debris and meteoroid impacts to ensure the surviv

mpact risk analysis procedures that can be used to satisfy the requirementsCThe pra
stent with those defined in References [1] and [2].

International Standard is part of a set of International Standards that collectively ai
rowth of space debris by ensuring that spacecraft are designedfoepérated, and disp
her that prevents them from generating debris throughout theirtorbital lifetime. All of
s mitigation requirements are contained in a top-level International Standard.[3] Th
national Standards, of which this is one, provide methods and processes to enable com
rimary requirements.

following documents, in whole or in part, ar&*normatively referenced in this documnj
pensable for its application. For dated references, only the edition cited applies. I
ences, the latest edition of the referenced document (including any amendments) appl

0795:2011, Space systems — Programme management and quality — Vocabulary

he purposes of this doctument, the terms and definitions given in ISO 10795:2011 and t
Y.

5k area
of those pagts of a surface on a component that are most vulnerable to impacts from
bteoroids

1 todentry: See A.1 for a more detailed explanation of at-risk area.

vivability of
al of critical
o describes
cedures are

m to reduce
osed of in a
the primary
e remaining
pliance with

ent and are
For undated
es.

he following

space debris

3.2
balli

stic limit

impact-induced threshold of failure of a structure

Note 1 to entry: A common failure threshold is the critical size of an impacting particle at which perforation
occurs. However, depending on the characteristics of the item being hit, failure modes other than perforation are
also possible.

3.3

catastrophic collision
collision leading to the destruction by fragmentation of a spacecraft
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3.4

critical component

component whose failure would prevent the completion of an essential function on a spacecraft, such as
post-mission disposal

3.5

critical surface

<impact survivability> surface of a component which, when damaged by impact, will cause the
component to fail

3.6

disposal
actions performed by a spacecraft to permanently reduce its chance of accidental break-up, axlld to
achieve its required long-term clearance of the protected regions

[SOURCE: IS0 24113:2011, 3.4, modified]

3.7
impact suryivability
ability of a spacecraft to function after being exposed to the space debris or méteoroid environment

Note 1 to enty: A measure of impact survivability is the Probability of No Failure (PNF).

3.8
lethal colligsion
collision leafing to the loss of a critical component on a spacecraft

3.9
orbital lifefime
period of time from when a spacecraft achieves Earth orbit to when it commences re-entry

[SOURCE: IS0 24113:2011, 3.12, modified]

3.10
protected rjegion
region in space that is protected with régard to the generation of space debris to ensure its saf¢ and
sustainable juse in the future

[SOURCE: IS0 24113:2011, 3.14]

3.11

re-entry
process in which atmospheric drag cascades deceleration of a spacecraft (or any part thereof), leading
to its destruction orsreturn to Earth

[SOURCE: IS0 24113:2011, 3.15, modified]

3.12
space debris

orbital debris

man-made objects, including fragments and elements thereof, in Earth orbit or re-entering the
atmosphere, that are non-functional

[SOURCE: ISO 24113:2011, 3.17]

3.13
spacecraft
system designed to perform specific tasks or functions in space

[SOURCE: ISO 24113:2011, 3.18]
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4 Abbreviated terms

BLE ballistic limit equation

HVI hypervelocity impact

[ADC Inter-Agency Space Debris Coordination Committee
ISO International Organization for Standardization
M/0OD meteoroid/orbital debris

PNF Probability of No Failure

PNP Probability of No Perforation

S/C spacecraft

5 Impact survivability assessment requirements

51
the s
miss

5.2

During the design of a spacecraft, if an assessment is requiréd to determine the sur
pacecraft against space debris and meteoroid impacts for the‘purpose of achieving suc
on disposal, then the procedure in Clause 6 shall be follewed.

The results of an impact survivability assessment,the methodology used, and any 3

madg¢ shall be approved by the customer of the spacecraft.

6 Impact survivability assessment procedure

6.1

6.2 a
spac

6.2

6.2.3

General

Ind 6.3 describe a procedure for assessing the space debris and meteoroid impact surv
bcraft.

Definition of survivability requirement

impdcts for the purpose of achieving successful post-mission disposal.

6.2.2 Expressithie survivability requirement in terms of a minimum allowable value of im

Prob

ability of No Failure, PNF iy, over the operational phase of the spacecraft.

NOTH The operational phase of a spacecraft can be understood by referring to Annex B in Refe

6.3

vivability of
Cessful post-

Issumptions

vability of a

Specify a requirement for the survivability of the spacecraft against space debris and meteoroid

act-induced

rence [3].

Impact risk analysis

6.3.1 Perform an impactrisk analysis to determine and compare the impact-induced Probability of No
Failure of the spacecraft, PNFs/c, with the minimum allowable value, PNFpi.

6.3.2 If PNFs/c < PNFnin, then take appropriate steps to reduce the impact risk.

NOTE Clauses 7 and 8 describe two procedures for analysing and reducing the impact risk.

© IS0 2014 - All rights reserved
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7 Procedure for performing a simple impact risk analysis

7.1 General

7.1.1 A procedure for performing a simple analysis of the risk that a spacecraft will not be able to
complete a successful post-mission disposal, as a result of impacts from space debris and meteoroids,
is illustrated in Figure 1. The procedure, which is based on that recommended in Reference [1], is used
to determine whether impacts from small-size space debris and meteoroids could cause the failure
of components that are critical for post-mission disposal. That is, the procedure is concerned with
evaluating lethal colllslons rather than catastrophlc collisions. If the risk analys1s shows that there i isa

significant

and validat¢ p0551ble protectlon enhancements to the spacecraft 1nclud1ng the de51gn of shielding.
Clause 8 prgvides such an approach.

Clause 7.2
Define the operating
parameters and architecture

design of the spacecraft

\d

Clause 7.3
Calculate the at-risk area of
each critical surface of each

critical component

A

Clause 7.4
Calculate the ballisticllimit of all
the material layers-between the
space environnrent and the at-

risk area of each critical surface

L J

Clause 7.5
@alculate the expected number
ofiimpact-induced failures of the
at-risk area of each critical
surface of each critical
component, and the associated

PNF of the spacecraft

O — — o
¢ Clause 6.2 lause 7.6 r Do detalled
| Specify I hias e b impact risk I
survivability | f:qrm:::ig:ﬁ | analysis (see |
requirement Clause 8)
\_i__) been met? L D
XES
4
END

Figure 1 — Procedure for performing a simple analysis of the risk to a spacecraft from space
debris and meteoroid impacts

7.1.2 7.2 to 7.6 describe each step in the procedure.

© ISO 2014 - All rights reserved
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7.2 Spacecraft operating parameters and architecture design

7.2.1 Define the operating parameters of the spacecraft, such as its orbit and attitude orientation
relative to the direction of motion.

7.2.2 Define the architecture design of the spacecraft, such as its configuration and dimensions, and
the material properties of each of its surfaces, including any shielding.

7.3 Identification of critical components and surfaces

7.3.1 Identify every component on the spacecraft that contributes to post-mission disposal.

7.3.4 For each component identified in 7.3.1, determine its redundancy, impact damage| modes, and
failure criteria.

7.3.3 Use a reliability analysis technique, such as Fault Tree Analysis or Failure Modes|and Effects
Analysis, to identify the system-level consequences that might result when each"of the components in
7.3.2|is damaged by impact.

7.3.4 Identify the critical components, i.e. those components which, whenh damaged by inmpact, would
prevent post-mission disposal.

7.3.53 For each critical component, identify its most critical surface.
7.3.4 For each critical component, calculate the at-risk area of its most critical surface.

NOTH A.1 provides additional information on the calculation of at-risk area of a critical surface,

7.4 | Ballistic limits
For gach critical surface, do the following:

a) identify other elements of the spacecraft, e.g. components and structures that lie between the at-
fisk area of the critical surface and the space environment;

b) in the direction that has the'least intervening material protecting the at-risk area of the critical
gurface from the space envinonment, identify the thickness and density of each layer of fhe material
dnd hence its areal density;

c) in the direction that)has the least intervening material protecting the at-risk area of the critical
gurface from the-Space environment, sum the areal densities of the material layers tp obtain the
otal areal density between the at-risk area of the critical surface and the environment

d) ¢alculatethe minimum diameter of space debris or meteoroid impactor that will penetrate the total
greal density of material between the at-risk area of the critical surface and the environment.

NOTH A.2 provides additional information on the calculation of areal density and the minimurp diameter of

H 4 41 4 1l 4 4 H 1 ade
Impactor-timat whrpenetratec a givenmrarcar acirsity:

7.5 Failure probability analysis

7.5.1 For each critical surface, determine the expected number of impact-induced failures of the at-
risk area of the critical surface.

7.5.2 Sumthe expected number of impact-induced failures of the at-risk areas of all the critical surfaces
to obtain the expected number of impact-induced failures of all the critical components.

7.5.3 Calculate the probability that one or more of the critical components will fail during the
operational phase of the spacecraft as a result of impact with space debris or meteoroids, i.e. determine

© IS0 2014 - All rights reserved 5
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the impact-induced Probability of No Failure of the spacecraft, PNFs/., to achieve its post-mission

disposal.

NOTE

failures and the probability of failure.

7.6 Completion of analysis

7.6.1
7.6.2

If PNFs/c 2 PNFyin, then end the analysis.

If PNFs/c < PNFpin, then perform a detailed impact risk analysis.

A.3 provides additional information on the calculation of the expected number of impact-induced

NOTE Cl

8 Procedure for performing a detailed impact risk analysis

8.1 Gene

8.11 Apr
complete a

meteoroids,
rather than
[2], is used {
PNF5/c, than
additional p

8.1.2
information|
practice can

813 8.2

8.2 Spacg

8.2.1 Defi
relative to t}

8.2.2 Defi
the materia

Figure 2 provides a simple illustration of the key“steps in the procedure and the flo

puse 8 describes a procedure for performing a detailed impact risk analysis.

ral

pcedure for performing a detailed analysis of the risk that a spacecraft will not be al
successful post-mission disposal, as a result of impacts from small-size space debris
is shown in Figure 2. Thus, the procedure is concerned withévaluating lethal colli
catastrophic collisions. The procedure, which is based onthat recommended in Refef
o provide a more accurate determination of the Probability of No Failure of the space
that obtained in Clause 7. This is important when making decisions concerning the nee
rotection on the spacecraft and the design of that protection.

required between these steps. It is possiblethat the implementation of such a procedy
be more complicated than that depicted in:the figure.

0 8.6 describe each step in the procedure.

pcraft operating parameters and architecture design

he the operating parameters of the spacecraft, such as its orbit and attitude orient
he direction of motion.

he the architecturé-design of the spacecraft, such as its configuration and dimensiong
properties of edeh of its surfaces, including any shielding.

8.3
8.3.1

8.3.2 For each component identified in 8.3.1, determine its redundancy, impact damage modes|

Identification.of-critical components

Identify every component on the spacecraft that contributes to post-mission disposal.

le to

and
sions
ence
rraft,
d for

w of
rein

htion

, and

and

failure criteria.

8.3.3 Use a reliability analysis technique, such as Fault Tree Analysis or Failure Modes and Effects
Analysis, to identify the system-level consequences that might result when each of the components in

8.3.2 isdam
8.3.4

aged by impact.

prevent post-mission disposal.

Identify the critical components, i.e. those components which, when damaged by impact, would
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Clause 8.2
Define the operating
parameters and architecture
design of the spacecraft

Y
Clause 8.3

Identify critical components, i.e.

those which when damaged by [

impact would prevent disposal

Y
Clause 8.4
Identify ballistic limit equations
and associate them with
spacecraft surfaces

\
Clause 8.5
Using impact fluxes from a
M/OD environment model,
apply an impact risk analysis
code to calculate the PNF ofdhe
spacecraft

rf - = T 0~
Clause 6.2

|~ Specily | Hasithe NO
survivability surw_vablllty

| requirement ¥yuirement

- i ) been met?

Figure 2 — Procedure for performing a detailed analysis of the risk to a spacecraft from space
debris and meteoroid impacts
8.4 | Ballistic limits

8.4.1 Identify existing ballistic limit equations (BLEs) that might be suitable for detefmining the
ballitic limit of each surface or combination of surfaces on the spacecraft (including comanents).

NOTE Annex B identifies some commonly used BLEs.

8.4.2 If a suitable BLE cannot be identified for a particular surface or combination of surfaces, then
adapt an existing formula or derive a new formula.

8.4.3 In satisfying 8.4.2, perform a set of hypervelocity impact (HVI) tests to derive a new BLE or
verify the validity of an adapted BLE. Although the exact nature of the tests will depend on a range of
factors, such as the configuration to be investigated, the following might be suitable for a variety of
circumstances:

a) impact shots in each of the following three velocity ranges: the ballistic range (typically below

~3 km-s-1), the transition range (typically between ~3 km-s-1 and ~7 km-s-1), and the hypervelocity
range (typically above ~7 km-s-1);

© ISO 2014 - All rights reserved 7
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b) impact shots at each of the following two angles: the angle perpendicular to the outermost surface
and the average angle of impact on the outermost surface as determined from the flux analysis in
8.5.3.

NOTE1 C.1 provides background information on HVI testing.
NOTE 2  Hydrocode analyses are sometimes performed to complement HVI tests, particularly for investigating
ballistic limits at impact velocities that are beyond the capability of impact test facilities. Annex C.2 provides

background information on hydrocode modelling and its applicability.

8.4.4 For each surface or combination of surfaces on the spacecraft (including components), associate
a BLE.

8.4.5 For those surfaces that have failure criteria besides penetration, such as a maximum drea of
impact crat¢r damage, associate the appropriate crater/hole damage formulae.

NOTE Re¢ference [2] identifies some commonly used crater/hole damage formulae.

8.5 Failure probability analysis
8.5.1 Sele¢t a space debris and meteoroid impact risk analysis code.
NOTE C.B provides background information on space debris and meteoroid/impact risk modelling.

8.5.2 Sele¢t space debris and meteoroid environment models that ate suitable for use with the impact
risk analysi$ code chosen in 8.5.1.

NOTE ISP 14200 provides guidance on the selection and use~o6f space debris and meteoroid environment
models.

8.5.3 Apply the chosen space debris and meteoroid environment models, with the information arjising
from 8.2, toproduce a data set of impact fluxes on the spacecraft.

8.5.4 Applythe chosenimpactrisk analysis code; with the data set ofimpact fluxes and the informpation
arising from 8.2 to 8.4, to calculate the probability that one or more of the selected critical components
will fail during the operational phase of ‘the spacecraft as a result of impact with space debifis or
meteoroids,|i.e. determine the impactinduced Probability of No Failure of the spacecraft, PNFy, to
achieve its gost-mission disposal.

NOTE Annex D describes a method for calculating the Probability of No Failure that is commonly uded in
impact risk apalysis codes.

8.6 Iteration of analysis
8.6.1 If PNFs/c 2 PNFpin, then end the analysis.

8.6.2 If PNFsjc'< PNFnin, then iterate the analysis by considering the following (in order of prefergnce):

a) revise the analysis assumptions in terms of failure criteria or spacecraft modelling; or

b) compare the flux values obtained from the selected space debris and meteoroid environment models
with those from other models, e.g. as discussed in Reference [4] to characterize the differences
due to inherent uncertainties in the models and, if appropriate, select alternative models for the
analysis; or

c) perform additional impact testing and, if necessary, hydrocode modelling to remove engineering
conservatism in the BLEs; or

d) identify those areas of the spacecraft design which are the greatest contributors to the spacecraft
impact failure probability, and systematically apply one or more modifications, such as those listed
in Annex E; or

8 © ISO 2014 - All rights reserved
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e) examine alternatives for designing the spacecraft so that it can be orientated in such a way that its
most vulnerable, critical components do not face the direction of greatest impact flux.

© ISO 2014 - All rights reserved 9
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Annex A
(informative)

Supplementary information on the simple impact risk analysis

procedure

A.1 Criti

On a typical
such as eler
power subsjy
given to hoy
and the critj

The identifi
component.
wall, where
tank wall. Iy
tank wall it4
In the latter]

To calculate|

a) determ
therefol

the spa

b) adjustt
Cross-sg
vector, {
For spa

exposuf

A.2 Balli

The areal de|
diameter, d,

d=Kxo|

ral components

unmanned spacecraft, many of the components will contribute to its post-mission dis
hents of the attitude and orbit control subsystem, the communication subgys§tém, an
rstem. However, to determine whether a component is critical, consideration’also has
v it might respond under impact (i.e. its damage modes), whether theré.s‘any redund
bria for failure.

fation of the critical surface on a critical component depends on the'failure criterion foj
For example, an unpressurized tank might only fail as a resuJt offull penetration of the
hs a pressurized tank can fail because of the pressure shock'on the external surface d

the former case, the critical surface would be the interior surface of the tank wall, an
elf can be treated as part of the material protecting thesurface from the space environf
case, the critical surface would be the external surface.

the at-risk area of a critical surface it is necessary to do the following:

ne the area of those parts of the critical\surface that are most exposed to space
e vulnerable to impact failure). If the critical surface is equally protected by other paj
ecraft, then the at-risk area is simply the total area of the critical surface.

he at-risk area to take account ¢f the orientation of the spacecraft. This gives the av{
ctional area at risk. For spacecraft that maintain their orientation relative to the vel
he average cross-sectional@atea at risk is the area projected in the impact threat direc
recraft that tumble randemly, the area is one-quarter of the projected area with the gre
e to space.

stic limit

nsity of a layer of material, o, is its mass density, p, multiplied by its thickness, 7. The mini
of M/OB:impactor that will penetrate an areal density, o, is given by Formula (A.1):[1]

osal,
 the
to be
ancy,

that
tank
f the
d the
nent.

(and
'ts of

brage
pcity
tion.
atest

mum

(A1)

where K has a value of 0,07 for a typical material such as aluminium alloy 6061-T6, assuming that the
units for d and o are cm and g-cm—2, respectively. Higher K values can be achieved for specially designed
shields such as the Whipple shield (K = 0,35) and the multi-shock shield (K = 0,70). Note that these K
values are only intended to give an estimate of the shielding effectiveness of a material. The calculation
of the minimum diameter, d, provides a lower bound on the size of impactor that might be expected to
penetrate the material, i.e. it is a conservative value for the ballistic limit.

It should be noted that Formula (A.1) does not require any information on the properties of a typical
M/OD impactor, such as mean impact speed or mean angle of impact, since these are embedded within
the K term. For a more precise determination of ballistic limit, in which particle characteristics are
explicitly considered, it is necessary to use the formulae in Annex B.

10 © ISO 2014 - All rights reserved
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It should also be noted that the ballistic limit is dependent on the criterion for failure. Although, in this
case, the failure criterion is assumed to be perforation, other criteria can also be applied depending
on the characteristics of the component being hit. For example, a titanium propellant tank has three
notable impact-related failure modes: rupture caused by perforation; leak and loss of function; and
fatigue cracking which, over time, causes a leak and loss of function. One or more of these criteria might
be examined in an analysis.

A.3 probability analysis

The expected number of failures, h;, for the at-risk area of a critical surface, i, is calculated from
Forn

1 LA [11
uld (A.4 ). 1=

sl

i :I:Ldeb ><Fdeb (di 'H)+Lmet ><Fmet (di 'H)]XAi Xt (A.2)

whel
Forn
miss
Al. 1]
forl4
be uj
used

Tabl

t should be noted that the value of the cross-sectional area flux is@et constant in timg

e F(d;, H) is the cross-sectional area flux at orbital altitude H for the M/OD. diameter ¢
ula (A.1); Ajis the at-risk area of the critical surface, as determined in A.1; £, in years, is
on duration; and L is a correction factor for the attitude profile of thespacecraft, as def

rge values of ¢, (e.g. more than two years), an averaged value of the'cross-sectional are
ed. Space debris and meteoroid environment models, such as those listed in Referend
to obtain averaged values of F(d;, H) flux for the spacecraftmission life.

e A.1 — L factors for critical surfaces on spacecraftstabilized relative to the veld
1l

alculated in
the planned
ned in Table

2. Therefore,

h flux should
e [4], can be

city vector

Surfacea

Front Side Top Bottom

Rear

Debj

fis (Ldeb) 3 3 0,01 0,01

0,02

Metg¢

oroid (Lpet) 2 1 2 1

0,2

a

H
top =

ront = facing direction of motion; side = perpendicular to the direction of motion and the surface
facing the zenith; bottom = facing the centre of the Earth; rear = facing opposite to the direction of moti

of the Earth;
on.

For 4

spacecraftthat has a fixed orientation relative to its velocity vector, the L factor for a criftical surface

nds on the orientation. of-the surface relative to the direction of motion, as shown in Talple A.1. If the
ce does not face one ef'the orthogonal directions exactly, then the L factor has to be approximated.
is done either by-using the L factor for the closest orthogonal surface, or by averaging the L factors
e bounding orthogonal surfaces. For a spacecraft that does not have a fixed orientatiop relative to
locity vectof/an L factor of 1 should be used.

depe
surfa
This
of th
its v

The ¢xpected'number of impact-induced failures of all the critical components, F, is given by:

czzhi

Therefore, the impact-induced probability of failure of one or more critical components, P, is given by:

F (A.3)

P, =1-exp(-F,) (A.4)
Thus, the Probability of No Failure of the spacecraft (PNFs/c) to achieve its post-mission disposal is:
PNF, =1~P. =exp(-F,) (A.5)

Note that the presence of any redundancy is not specifically considered in Formulae (A.3) to (A.5), and
so the use of these formulae is likely to produce a conservative result. Upon using this simple impact
risk analysis procedure, if the value of PNFs/. is too low, then the more detailed analysis in Clause 8 can
be performed.

© ISO 2014 - All rights reserved 11


https://standardsiso.com/api/?name=a7607480b29284a16f2eda0815e6ffea

IS0 16126:2014(E)

Annex B
(informative)

Ballistic limit equations

B.1 General

A ballistic 1Jmit equation (BLE) is a type of damage formula which defines the characteristics pf an
impacting plarticle on the threshold of failure of a wall, panel, or shield, where failure is defined| by a
user-specified criterion (e.g. perforation/no perforation). That is, a BLE yields the critical”size pf an
impacting pprticle at which the user-defined damage criterion for a structure is exceeded-

Note that BI}Es are empirical in nature, i.e. generally derived from impact test programmes, and so|they
tend to havq a limited range of application. Such limitations might include the range of impact velogities
and angles, aind the types of material in the target and projectile. Therefore, ¢are is needed when yising
these formullae, especially in situations where the limits are exceeded.

B.2 BLE terms

BLEs comprjise terms that describe the properties of a particle and the target that it impacts, as shown
in Table B.1,

Table B.1 — BLE terms [5]

Symbol Description
dp Diameter. 0f impacting particle
Ty, T, T Thickness of target, back wall, total shield
1% Impact velocity
Ky Failure factor
K1, K Formula-specific factors
S Space between shielding and back wall
a Impact angle with respect to surface normal
Pt Pps Ps, PR Density of target, particle, shield, back wall
BV, 6oy, & vl v2 Weighting coefficients

B.3 Single-wall BEE

The single wall BLE defines the critical size of particle on the threshold of failure of a homogeneous
structure such as an aluminium wall. It can be written in the following parametric form:[5]

1
d: l (B.1)
Klepgvy(cosa)é pE

dp,lim =

References [2] and [6] provide comprehensive collections of BLEs including several that are specific to
single walls. The limitations of the formulae are also clearly identified.
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B.4 Multiple wall BLE

To determine the critical size of a particle penetrating a multiple wall configuration, the BLE can be
written in the following parametric form:[5]

v2
T +K,TE ps

$ xed vl
Klpfvy (cosa)” ppS°ps
In using Formula (B.2), three velocity regions have to be considered. At low velocities (typically below
~3 km-s-1 isti ' ' ' all number
id particles are released. Between approximately 3 km-s-1 and 7 km-s-1, an impagtpr is broken
into peveral pieces, which can be solid or vaporous. This is the transition region. Abgve'~7 km-s-1, the
hypervelocity region, an impactor is broken up into a dense cloud of numerous fine vaporous particles.
The three velocity regions are denoted by v<v;, vi<v <vy, and v > v, ; where v, andV, are the lower and
uppelr transition velocities between the three regions, respectively.

(B.2)

dp,lim =

For impacts whose velocities are either in the ballistic region or the hyperpvelocity region, Fgrmula (B.2)
is us¢d. However, for impact velocities in the transition region, i.e. betweenv; and vy, linear interpolation
is used to calculate the critical particle diameter, as follows:

v, -V V-V
plim :[u—]dp,lim (VI )"{—dep,lim (Vu) (B.3)

S

Vu-Vi Vu-V)

References [2] and [6] provide comprehensive collections‘of BLEs including several that arfe specific to
multjple walls. The limitations of the formulae are also-clearly identified.

© ISO 2014 - All rights reserved 13
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Annex C
(informative)

Background information on hypervelocity impact testing and

modelling

C.1 Hyp¢€

The most s
hyperveloci

shall span tlhe impact velocity ranges of on-orbit impacts, which is approximately 1 kms“1 to 16 k

for debris ar
cannot acce
experiment
velocity ran
testable ran
numerical ¢

The hypervq
— one-sta
two-sta
electrof
electrod
— blast (e}
The followiy
— process
process
registrg
registra

post-teg

lge light-gas guns;

rvelocity impact testing

rraightforward method of deriving ballistic limit equations (BLEs) is to rud aseri
Ly impact (HVI) experiments and to analyse and relate the damage datac6llected.

d 11 km-s~1to 17 km-s-1 for meteoroids. Since laboratory hypervelocitylaunchers geng
lerate projectiles above 10 km s-1, it is sometimes necessary to combine the labor
b with numerical simulations (e.g. using hydrocodes) to charactefize BLEs over th{
pe. Therefore, HVI tests are necessary to (a) obtain the referenceé points of BLEs withi
oe and their verification, and (b) provide data for testing (i.e¢verification, calibration) ¢
bdes (including models of material behaviour under HVI cenditions).

blocity launchers normally used for impact testing are the following:

be powder guns;

hagnetic launchers;
tatic launchers;
kplosive) launchers.
1g types of measurement technique can be employed:
optical registration (high frame-rate photography);
X-ray registratioh.(if possible, multi-flash and multi-aspect X-ray);
tion of dynamie’pressures, stresses, and impulse by gauges placed into target;
tion of time of arrival by contact gages;

t study of damage (craters, holes, etc.).

1 ral

es of

BLEs
m-s-1
rally
itory
p full
h the
fthe

Reference [

Brarzidac 1 foan ol ooy oo 3z | 8 A VA B EETERPS FPINTP-I 5 NPV e anakl £t ot o oo o d
pProviaCsToTratron O SCveTarTrv rraunthntrstiatarcCapaorC-oOrsttaratirg spatet

1

bris

and meteoroid impacts on targets. These have been put through a series of calibration tests, defined by

the IADC, th

e purpose of which is to provide confidence in the results obtained.

C.2 Hydrocode modelling

In order to perform numerical simulation of fast transient events, innovative numerical methods
have been under development since the early 1950s. These so-called hydrocodes or wavepropagation
codes allow the study of the time-resolved progression of acoustic and shock wave propagation due
to impact, penetration, or detonation in fluids and solids. This class of codes is fundamentally based
on a spatial and time discretization of the impacting bodies into small elements to which the first
principles or conservation formulae for mass, momentum and energy are applied over small time steps.
In hydrocodes, the first principles of physics are applied together with a formula of state to give the
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relationships between pressure, density, and internal energy. This provides a complete set of formulae
governing hydrodynamic behaviour.

Hydrocode modelling complements impact testing as a means of determining ballistic limit equations,
particularly at the very high velocities that are characteristic of space debris and meteoroid impacts.
Before applying a hydrocode for this purpose, its applicability needs to be verified by comparison with
experimental results. Reference [2] provides information on several hydrocode models which might be
suitable. These have been undergoing a series of benchmark simulations defined by the [ADC for the
purpose of demonstrating that results obtained are comparable to those from impact tests.

C3

A nu
analy
num
They
The

Typi
— 1

— 1

— 1

— 1
— 1
— 1

Refe]
from
test

done
distn

gpacecraft attitude, geometry and shielding,

S lebrisand s 1 Lelli

mmber of statistically-based computer codes have been developed to perform detailed
Fses of non-trackable space debris and meteoroid particles. These allow a fully three-
brical analysis, including directional and geometrical effectsand spacecraftshielding cor
normally support the application of different environment and particle/wall interac
fodes provide a 3-D display of the results.

ral user-specified input parameters for these tools are

he orbit and mission parameters,

he particle type, size, mass density and velocity range'to be analysed, and
he damage formulae and related parameters tobe-dpplied.

fomputed output typically includes

he number of impacts for the specified particle range,

he resulting number of damaging.impacts (failures) taking into account the spacecr
ind damage assessment formulag,

he mean particle impact velecity (amplitude and direction),
he numbers of craters of specified size, and
he probability of nefailure (as described in Annex D).

‘ence [2] provides information on several codes that are capable of analysing the risk to
space debris@nd meteoroid impacts. These codes have been validated in different way
ases, suchjas a flat plate and fixed impact velocity, the results have been compared to
by hand. However, for more complex test cases, such as when the full directional

againsta set of benchmark test cases defined by the IADC.

ibution of the impacting particles is included, the codes have been validated by comp4

impact risk
dimensional
siderations.
fion models.

Wft shielding

a spacecraft
5. For simple
calculations
and velocity
ring results

© ISO

2014 - All rights reserved

15


https://standardsiso.com/api/?name=a7607480b29284a16f2eda0815e6ffea

	Section sec_1
	Section sec_2
	Section sec_3
	Section sec_3.1
	Section sec_3.2
	Section sec_3.3
	Section sec_3.4
	Section sec_3.5
	Section sec_3.6
	Section sec_3.7
	Section sec_3.8
	Section sec_3.9
	Section sec_3.10
	Section sec_3.11
	Section sec_3.12
	Section sec_3.13
	Section sec_4
	Section sec_5
	Section sec_5.1
	Section sec_5.2
	Section sec_6
	Section sec_6.1
	Section sec_6.2
	Section sec_6.2.1
	Section sec_6.2.2
	Section sec_6.3
	Section sec_6.3.1
	Section sec_6.3.2
	Section sec_7
	Section sec_7.1
	Section sec_7.1.1
	Figure fig_1
	Section sec_7.1.2
	Section sec_7.2
	Section sec_7.2.1
	Section sec_7.2.2
	Section sec_7.3
	Section sec_7.3.1
	Section sec_7.3.2
	Section sec_7.3.3
	Section sec_7.3.4
	Section sec_7.3.5
	Section sec_7.3.6
	Section sec_7.4
	Section sec_7.5
	Section sec_7.5.1
	Section sec_7.5.2
	Section sec_7.5.3
	Section sec_7.6
	Section sec_7.6.1
	Section sec_7.6.2
	Section sec_8
	Section sec_8.1
	Section sec_8.1.1
	Section sec_8.1.2
	Section sec_8.1.3
	Section sec_8.2
	Section sec_8.2.1
	Section sec_8.2.2
	Section sec_8.3
	Section sec_8.3.1
	Section sec_8.3.2
	Section sec_8.3.3
	Section sec_8.3.4
	Figure fig_2
	Section sec_8.4
	Section sec_8.4.1
	Section sec_8.4.2
	Section sec_8.4.3
	Section sec_8.4.4
	Section sec_8.4.5
	Section sec_8.5
	Section sec_8.5.1
	Section sec_8.5.2
	Section sec_8.5.3
	Section sec_8.5.4
	Section sec_8.6
	Section sec_8.6.1
	Section sec_8.6.2
	Annex sec_A
	Annex sec_A.1
	Annex sec_A.2
	Annex sec_A.3
	Table tab_A.1
	Annex sec_B
	Annex sec_B.1
	Annex sec_B.2
	Table tab_B.1
	Annex sec_B.3
	Annex sec_B.4
	Annex sec_C
	Annex sec_C.1
	Annex sec_C.2
	Annex sec_C.3
	Annex sec_D
	Annex sec_E
	Annex sec_E.1
	Annex sec_E.2
	Reference ref_1
	Reference ref_2
	Reference ref_3
	Reference ref_4
	Reference ref_5
	Reference ref_6
	Foreword
	1	Scope
	2	Normative references
	3	Terms and definitions
	4	Abbreviated terms
	5	Impact survivability assessment requirements
	6	Impact survivability assessment procedure
	6.1	General
	6.2	Definition of survivability requirement
	6.3	Impact risk analysis
	7	Procedure for performing a simple impact risk analysis
	7.1	General
	7.2	Spacecraft operating parameters and architecture design
	7.3	Identification of critical components and surfaces
	7.4	Ballistic limits
	7.5	Failure probability analysis
	7.6	Completion of analysis
	8	Procedure for performing a detailed impact risk analysis
	8.1	General
	8.2	Spacecraft operating parameters and architecture design
	8.3	Identification of critical components
	8.4	Ballistic limits
	8.5	Failure probability analysis
	8.6	Iteration of analysis
	Annex A
(informative)

Supplementary information on the simple impact risk analysis procedure
	Annex B
(informative)

Ballistic limit equations
	Annex C
(informative)

Background information on hypervelocity impact testing and modelling
	Annex D
(informative)

Method to calculate impact-induced Probability of No Failure
	Annex E
(informative)

Options for improving impact survivability
	Bibliography

