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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.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main tagk of technical committees is to prepare International Standards. Draft International Stanglards
adopted by fhe technical committees are circulated to the member bodies for voting. Publication¥as an
International|Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the,subject of gatent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 11227 was prepared by Technical Committee ISO/TC 20, Aircraft and space.'vehicles, Subcomnittee
SC 14, Spacp systems and operations.
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Introduction

Throughout its orbit lifetime, any spacecraft is exposed to the risk of collision with man-made space debris
and natural micrometeoroids. Concentration of natural particles is nearly stable, but the amount of man-made
debris is likely to increase over time. Details concerning this space environment can be found in the documents
cited in the bibliography (see References [1] and [2]).

Damage caused by meteoroids or debris can result in total or partial mission failure and in a potential generation
of small debris. Because of the large collision velocities (hypervelocity domain), even a small object produces
upon |mpact alarge amount of smaII particles, WhICh are called eJecta Ejecta can damage parts of the spacecraft
itself everal factors
such|as size, |n|t|al velocity, and orbit altitude of the parent body. This population of space debyis is already
evaluated at a few percent of the total space debris population and it is likely to increase in the futyrel3I415]. |t is
therefore necessary, for the mitigation of such particles, to assess the mechanism of their production.

As shown by previous experimental studiesl6l[718] the amount of ejecta depends primarily on the type of
matefial exposed directly to the space environment. It is greater for brittle materialssthan for ducfile materials;
it depends also on the size and on the velocity of impacting particles. Consequently, the best ppproach for
assessing the process is to perform laboratory impact simulation using hypérvelocity launchers.

The purpose of this International Standard is to describe a standard, approach for assessing the behaviour,
undef orbital debris or meteoroid hypervelocity impacts, of the materials that are used on the extefnal surfaces
of spacecraftlol.

Results obtained from the standard tests carried out on as wideya range of materials as possible will be stored
in a gatabase created for this purpose, or incorporated into an existing one such as ECSS-Q70-71A (see
Annex D and Reference [10]). This database will help designers choose spacecraft outer materialg that mitigate
the risk of space debris.

© 1SO 2012 — All rights reserved \%
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INTERNATIONAL STANDARD

ISO 11227:2012(E)

Space systems — Test procedure to evaluate spacecraft
material ejecta upon hypervelocity impact

1 Scope

This Internatlonal Standard descnbes an expenmental procedure for assessmg the behaviour, under orbital

Itis

charad

stag

operating in all types-of Earth orbits.

2

The

¢r selection of materials in other conditions, and they could be performed as research items

International Standard establishes the requirements to be satisfied for the ‘test method
acterize the amount of ejecta produced when a surface material is impacted by a hypervelog
rpose is to evaluate the ratio of ejecta total mass to projectile mass;and the size distri
ents. These are the necessary inputs for modelling the amount of impact ejecta that a sur
release during its orbital lifetime, thereby helping to assess its suitability for space use wh
Foduction of small space debris.

urpose of this International Standard is to provide data thatineed to be taken into account in
fer spacecraft materials, though the selection is not based’on these criteria alone.

xperimental procedure defines

e type of facility to be used,

e size, velocity and type of projectile to be’used,
e evaluation of impact ejecta released,

e reporting of test results, and

e quality requirements te-be’used.

anticipated that this International Standard will be the first of several test procedure standa
cterizing the release-of small debris from the external surfaces of spacecraft and launch v

gs as the result ofinteraction with the space environment. It is applicable to spacecraft and lad

ormative references

spacecraft and

nk materials.
conditions in
Lseful for the

5 in order to
ity projectile.
bution of the
face material

ile mitigating

the selection

rds aimed at
ehicle orbital
nch vehicles

Irollowing referenced documents are indispensable for the application of this documen

t. For dated

references, only the edition cited applies. For undated references, the latest edition of the referenced document

(incl

ISO

uding any amendments) applies.

24113, Space systems — Space debris mitigation requirements

3 Terms, definitions, abbreviated terms and symbols

3.1

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 24113 and the following apply.

© 1SO 2012 — All rights reserved
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3141
brittle material
material that breaks due to a propagation defect under the action of a stress

3.1.2
ductile material
material that can be plastically deformed without breaking under the action of a stress

31.3
ejecta cone
shaped spray of fine particles, comprising fragments and spalls that are released during a high-velocity impact.

31.4
fragmentatipn
process by which an orbiting space object dissociates and produces debris, such as break-upexposyre to
space environment, and ageing

31.5
hypervelocity impact
impact occufring with a velocity greater than the velocity of sound in any given material

31.6
impact crater
damage left pn a material, generally hemispherical in shape, after a projectile has hit its surface without going
throughout the material

31.7
light gas gun
LGG
experimental device consisting of a powder gun that comprfesses a low-density gas to accelerate a projectile
up to hypervelocities

3.1.8

meteoroid
particles of rfatural origin, resulting from the disintegration and fragmentation of comets and asteroids, yhich
orbit the sun

31.9
perforation
hole created|by an impact on a thin material in which there is no formation of a crater

3110

plasma gun
experimental device that'produces an accelerated plasma flow, which is compressed in a coil and then @irags
a projectile up to hypervelocities

311

silica aerog
low-density solid material, made with a porous, silica-based structure, used for the retrieval of ejecta fragments
in impact experiments

3112
spall
piece of material broken and ejected upon high-velocity impact, usually by stress waves, mainly on brittle material

NOTE If the resulting tensile stress caused by the reflection of the compression wave on the surface (front or back)
exceeds the tensile strength of the material, a thin sheet of material separates from the target and is ejected.

3113

specimen

target

representative sample of a spacecraft material that is used in impact experiments

2 © 1S0 2012 — All rights reserved
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3114
stress

force

exerted on a body that tends to strain or to deform its shape.

3115

tensi

le strength

power to resist tensile stress

NOTE The tensile strength of brittle materials is about two orders of magnitude less than the tensile strength of metals.
3.1.16
tensile stress

stresp on a material produced by pulling forces along an axis, which tends to extend or break the

3141

witness plate
flat sheet of ductile material used in impact experiments to capture ejecta and characterize the resu

3.2
CFR
HVI
LGG
MLI
PVD

3.3

4 (

41
then

Abbreviated terms

P carbon-fibre-reinforced polymer
hypervelocity impact
light gas gun
multilayer insulation

- polyvinidylene fluoride

Symbols
total ejecta mass
material-type-dependent coefficient (ductile or brittle)
ratio of the mass ejected-from the cone to the total ejected mass from the impact crater
thickness of test sampte

diameter of projectile

beneral régquirements

If this”International Standard is applied during the design of a spacecraft or launch vehicle
heé-test procedure and results shall be approved by approving agents and documented in acd

material

Iting damage

orbital stage,
ordance with

oM\ 24447

the s

4.2

4.3

JadltT dUblib Ill;t;ydt;ull p:dll prbiﬂUd by oV 25110,
Tests shall be performed at a hypervelocity impact facility that can fully satisfy the experiment

Before performing the experimental procedure, a calibration of the hypervelocity impact fa

carried out to provide a reference data point for the subsequent tests at the facility.

al procedure.

cility shall be

4.4 The calibration tests will be used to confirm the facility independencies of the test procedure.

© 18O
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5 Calibration

5.1 General
Subclauses 5.2 to 5.5 describe each step of a procedure for calibrating a hypervelocity impact test facility prior

to it performing the experimental procedure described in Clause 6. The use of light gas guns or plasma guns
to perform the tests is acceptable.

5.2 Impact parameters

5.21 Perf¢grm a test shot using the Tollowing projectile parameters:
a) material|aluminium alloy Al 2017 or Al 2024; the choice is based on 1ISO 209-1:1989["l or JIS H 4040;20(6!12];
b) size and shape: 1 mm + 0,1 mm diameter sphere;

c) impact velocity: 5 000 m/s + 100 m/s is recommended,;

d) impact gngle of incidence relative to target normal: 0°.

5.2.2 Use p target with the following characteristics:

a) size: 50mm (+ 1,5 mm) x 50 mm (+ 1,5 mm);

b) material| synthetic fused silica glass (see Annex E for details);
c) thicknegs: 20 mm (+ 1,5 mm);

d) attachmepnt: fixed at the edges to a mounting plate.

NOTE The target material is fragile and it is recommended the target be placed in a small box with a window |(hole)
to prevent mags measurement error of the target after thelimpact test.

5.2.3 Use p witness plate with the following characteristics to collect ejecta particles released from the front
side of the target during impact:

a) size: 250 mm x 150 mm, with a circular hole (diameter not greater than 30 mm) cut in the centre in prder
to allow the projectile to go through;

b) material| copper; the choiCe)is based on 1ISO 197-1:1983['3] or JIS H 3100:2006['4 (purity: 99,90);
c) chemicdl polishing is ¥fécommended!;
d) thicknegds: 2 mm;

e) distancq and\position (angle) to the target: 100 mm in front of the target, parallel to the target;

f) attachment: by threaded rods and bolts, fixed on the target holding plate

NOTE See Annex C for details.

5.3 General environment
The general environment shall satisfy the following parameters:
a) operating temperature: room temperature (measurement accuracy: +5 °C);

b) operating pressure: < 0,1 Pa (recommended).

4 © 1S0 2012 — All rights reserved
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At a

a)

2)
3)

NOTH

5.5

The

ISO 11227:2012(E)

Ejecta characterization

minimum, the following parameters shall be measured:

size distribution of diameter of craters created by front-side ejecta particles within the following ranges:

1)

between 0,025 mm and 0,05 mm (mainly from the ejecta cone);
between 0,05 mm and 0,1 mm (mainly from the ejecta cone);

between 0,1 mm and 1 mm (mainly from spall);

AN

4 LE, [TAN
T \IIUIII DPGII}.

U

More details for the ejecta characterization are given in 6.4 and in Annex C.

Report of calibration tests

results shall be summarized in tabular form as shown in Table 1.

Table 1 — Calibration tests

Datg

Total mass
ejected

g

Projectile
parameters:
velocity,size

Reference
of test

Target
material

Type of

Location facility

b of test

Size of
crater on
target

cm

XXX XXX XXX XXX XX, XX XX XX

XX

6.1

This

mate
guns

6.2

6.2.1
a)
b)
c)

d)

experimental procedure

General

Clause defines an experimental \procedure for conducting tests in order to characterize the
rials upon hypervelocity impact and in particular to evaluate the amount of ejecta. The us
or plasma guns to perform’the tests is acceptable.

Impact parameters

Perform the shots using the following projectile parameters

materiakaliminium alloy Al 2017 or Al 2024; the choice is based on 1SO 209-1:1989[Mlor JISH4

q

4

izesand shape: 1 mm + 0,1 mm diameter sphere;

behaviour of
e of light gas

D40:2006(12I;

impact velocity: 5 000 m/s £ 100 m/s;

impact angle of incidence relative to target normal: 0°.

6.2.2 Use a target with the following characteristics:

a)
b)

c)

size: at least 50 mm x 50 mm, in order to avoid edge effects upon impact;
material: representative of the material to be used on the spacecraft;

thickness: representative of the material to be flown;

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=b1d2457690da4f00be680c076f16cbc1

ISO 11227:2012(E)

NOTE

d)

e)

The ejecta process depends on the ratio of target thickness to projectile diameter (¢/d); in the case that
there is a perforation of the sample under test, it is necessary to evaluate the amount of ejecta from the front side and
from the rear side.

attachment: held in place by fixing at the edges only;

rear side left free to allow collection of ejecta if perforation or rear-side spall occurs.

6.2.3 Use a witness plate with the following characteristics to collect ejecta particles released from the front
side and from the rear side of the target during impact:

mm x 150 mm. with a circular hole (diameter not greater than 30 mm) cut in the centre of the

a) size: 25
witness
b) material
c) chemicg
d) thickneg
e) distance
f)  similarly]
g) attachm
NOTE M
6.3 Genel
The general
a) operatin
b) operatin
6.4 Ejects
6.41 Toch

are based on

6.4.2 Ata

The totq
Of courd
in comp

a)

plate in order to let the projectile go through;

copper; the choice is based on 1ISO 197-1:1983[13] or JIS H 3100:2006[14] (purity: 99;90);
| polishing is recommended!(19];

s: 2 mm;

and position (angle) to the target: 100 mm in front of and parallel to the-target plane;

a witness plate shall be placed behind the target;

ent: by threaded rods and bolts, fixed on the target holding plate.

bre details are given in Annex C.

al environment
environment shall satisfy the following parameters:
g temperature: room temperature or defined by user (measurement accuracy: + 5 °C);

g pressure: < 0,1 Pa (recommended):
characterization and eyaluation

aracterize and model the production of ejecta, it is appropriate to choose relevant parameter
the physics of the impact process (more details are given in Annexes A and B).

Minimum, the/following parameters shall be measured:

amount‘oflejecta, Me, which is obtained by measuring the target mass before and after the
e, pari ef the material ejecta comes from the projectile itself. This contribution is, however,
brison ‘with material coming from the target (less than 1 %).

front

5 that

test.
small

b)

The size distribufion of craters. On the witness plate used to characterize the ejecta, the size distribution

of the diameter of craters formed by the front-side and rear-side ejected particles is determined within the
following ranges:

4)

NOTE 1

between 0,025 mm and 005 mm (mainly from the ejecta cone);
between 0,05 mm and 0,1 mm (mainly from the ejecta cone);
between 0,1 mm and 1 mm (mainly from spall);

>1 mm (from spall).

As an option, the average velocity of the ejecta can also be measured. At present, it is not possible to measure

the ejecta velocity within each crater diameter range specified. Only the bulk velocity (of cone and spall fragments) can be
measured using active velocity sensors or high-speed video recording.

6

© 1SO 2012 — All rights reserved
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NOTE 2 Annex C describes in more details measurement methods that can be employed in the de
ejecta parameters.

termination of

6.4.3 The fundamental analysis of test results shall be documented in tabular form as shown in Table 2.

Table 2 — Fundamental analysis of test results

Total amount Target mass before Target mass after
of ejecta (mg): Me XXX impact (mg) xxx impact (mg) xxx
Size distribution of 0,025 mm 0,05 mm 0,1 mm - 1mm
crater diameter, D to 0,05 mm to 0,1 mm to 1 mm
Front side,

XXX XXX XXX XXX
numbper of craters
Reat side,

XXX XXX XXX XXX
numper of craters
Projectile mass (mg) XXX

XXX

alues to be filled in after the tests

Whe

(d) can be derived from the size of the impact craters (D). However{the ratio of crater diamete

diam

~

NOTH
diamg
veloc

Whe
Tablg

NOTH

of ej¢g
maxin

6.5

In or
recof

a) i

b)

h using copper witness plates to record the impact craters produced by'the ejecta, the size of t

bter (D/d) depends on the impact velocity (v). A commonly used,conversion equation is the fj

/d = 1,28v0:68 (v in km/s)

1 Since the determination of the velocity of ejecta, fragments is currently difficult, the determina
ty measurements become available.

h crater diameters are converted into particle diameters, the results shall be given in a ta
2. Details and rationale are given in Annex C, Table 2, and in References [16] to [18].

2 As an option, soft or low-density'material such as foam or silica aerogel can be used to ensure i

hum and minimum length or diameter for near-spherical fragments.

Additional tests

der to investigatethe ejecta process in more detail, if the facility is able to perform sug
hmended that the following additional tests be performed:

hcidencetangle varying from 0° to 75°, in 15° steps;

elocity varying from 1 km/s to 16 km/s.

he fragments
to projectile
pllowing:

ion of particle

ter is therefore still imprecise. The next edition of this' International Standard will be amended as [nore accurate

ble similar to

ntact recovery

cta fragments. In this case, fragment sizes can be sieved and measured and their size will be the average of the

h tests, it is

6.6

Analysis of test results

The applicability of statistical methods to the evaluation of numerical results usually depends on the number
of tests performed on a specific material for a specific set of test conditions; this should be large enough to
constitute a statistically significant sample. Due to the complexity and cost of hypervelocity impact testing, only

a limi

ted number of tests need be performed on each sample.

A minimum of three shots shall be performed at normal incidence.

© 18O
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7 Report

ing of test results

7.1 General

The report shall provide all information relevant to the understanding and correct interpretation of the test
activity and test results. It shall contain the following:

a) an abstract summarizing the test procedure and findings;

b) an introduction providing the background information to the test (i.e. reason for testing, use and
applicability of results);

c) the obje
d) informat
e) adescri
f) the calif
g) apreser
h) a discus
i) conclusi
j)  numeric

k) the cust

7.2 Repol

Ctive of the test activity;

on on the tested material;

btion of the test procedure and test conditions;
ration report;

tation of the results, as shown in Table 2;
sion of the results;

pons and recommendations;

bl data in a format agreed by the customer;

bmer’s authorization for the tests.

t of testing of materials

7.21 Information on test sample

The report s
by the suppli

a) supplier
b) material

c) date ofk

nould include the following information on the test material and on the witness plate, as pro

or:
s name and code;
standard designatiaon;

atch manufacturing;

d) specifiedd chemical cemposition;

e) material

and heat treatment specifications:

1) surf

aCetreatment, if any;

vided

2) description of other manufacturing processes (e.g. welding, cutting and milling);

3) non

-destructive inspection before the tests;

4) safety information and handling notice.

7.2.2 Desc

ription of test procedures

The report shall provide a description of specimen preparation, test equipment and test procedure. The
information provided shall be in accordance with the requirements specified in the relevant subclauses of this

International

Standard.

Estimated values of precision and bias for the test results shall be included.

© 1SO 2012 — All rights reserved
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Anomalies and deviations from test procedures shall be reported.

7.2.3 Presentation of test results

The test results shall be presented in the report in an appropriate format (e.g. tables, drawings, plots, diagrams

and

photos), together with a written description.

Units of measure and scales shall be consistent and in accordance with the S| system of units, which should
be consistent and in accordance with customer specifications.

7.3

The

suchlas ECSS-Q-70-71Al"0 and made publicly available.

The

Annex D gives an example of a material data sheet from the standard ECSS-Q-70~71Al10].

8

8.1

The test facility shall implement the quality assurance, inspection and\quality control procedures specified
condd
test aftivity.

The

Quality control actions and inspections for test@ctivities carried out by sub-contractors to the te
undef the direct responsibility of the test facility.

8.2

8.2.1| Request for HVI testing of materials

The
a)

b)

e)

Database

test results should be provided to standards organizations that maintain databases on spacec

fest results should be provided in an electronic format that can be incorporatéd,into suc

Quality assurance

General

Quality requirements

dustomer shall requesta.hypervelocity impact facility to test the materials. The request for testing
objective of the testactivity;

backgroundsand justification to the test activity;

materiakto be investigated;

description of the test activity;

raft materials

h databases.

herein before

cting any test activity. The implementation of these procedures*shall be maintained for the entire quration of the

est facility shall establish and implement adequate quality control actions and inspectiongs to provide
evidgnce of conformity to the test requirements.

st facility are

shall specify:

deliverables.

8.2.2 Work proposal for HVI testing of materials

The
a)
b)
c)

d)

test facility shall issue a work proposal for the testing of materials. The work proposal shall s
test objective;

test method and reference to test standards;

material;

description of proposed test procedure;

© 1SO 2012 — All rights reserved
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e) deliverables;
f)  work breakdown structure;
g) planning and time schedule;

h) itemized cost list and payment.

8.2.3 Calibration

In addition to the calibration test specified in Clause 4, the test facility shall carry out and maintain the calibration
of test equipment throughout the duration of the test activity. Calibration records shall be readily accessible and
retrievable fdr the entire duration of the test activity on customer request.

8.2.4 Testing, evaluation and reporting

The test facillty shall provide evidence that the test activity, evaluation and reporting is carried ¢ut in accordance
with the requirements listed in Clauses 4, 5 and 6, respectively.

8.2.5 Tracdability and records
Traceability ¢f testing shall be ensured as follows:

a) Materialg shall be durably marked to unequivocally identify mandfacturer's code, batch numbef and
material|standard designation.

b) Specimegns shall be durably marked to unequivocally identify.iadividual specimens.

c) The test|facility shall maintain test records for the entire duration of the contract.

d) Test recprds shall be accessible and retrievable on_customer request.

e) Storagelof materials and specimens by the test\facility shall be agreed with the customer.

f) Disposal of materials and specimens shall‘\be authorized by the customer.

10 © 1S0 2012 — All rights reserved


https://standardsiso.com/api/?name=b1d2457690da4f00be680c076f16cbc1

ISO 11227:2012(E)

Annex A
(informative)

Characterization of material ejected upon impact (ejecta)

Upon hypervelocity impact, a large amount of small debris (ejecta) is produced, especially in the case of
impacts on brittle materials. The material coming from the impact crater is usually ejected as small, high-velocity

fragnrents-{conejorastargetow=vetocity-fragments{spaityavery-smat-amountisejectedimai

“jettir

on the ductile or brittle behaviour of the target. Metals (aluminium, copper) are usually ductiley(se¢
glasg, ceramics and solar cells are brittle (see Figure A.3); other materials, such as CFRPs,polym
materials, thermal control paint and MLI, have an intermediate behaviour.

g” and this can be neglected (see Figure A.1). The relative amount of each category depe

normal impact

l ejecta cone
spalls

target
! I § g Z ! ! jetting

Figure A.1 — The three types of HVI ejecta: ejecta cone, ejecta spalls, jetting

Figure A.2 — Typical HVI onto ductile material (aluminium)

(ocess called
nds primarily
e Figure A.2);
ers, complex

© 18O

Figure A.3 — Typical HVI onto brittle material (Hubble Space Telescope solar cell)
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The smaller ejecta (< 100 ym for a 1 mm diameter projectile) are from the cone and come from melted or finely
fragmented projectile and target material. The ejection velocity ranges from about 100 m/s up to the projectile
velocity. The cone ejection angle (aperture and width) depends slightly on the target material.

Spalls are the biggest fragments (> 100 um for a 1 mm diameter projectile); they are normally emitted at the

surface with a velocity range between 10 m/s and 100 m/s.

Ductile targets have no or few spall fragments.

For brittle targets, the spalls represent between 60 % and 90 % of the total ejected mass.

Previous studies have shown that it is possible to model the ejecta process (production and evolution) for a

small set of materialsl®ll’]. It is expected that the implementation of the present test method will greatly-ektend

the original database.

An ejecta mqdel such as that described in Reference [8] is summarized in Annex B. This model.canrbe uged to
compute thefamount of ejecta produced upon HVI on a specific material. It will be updated ac€ording to r¢sults

obtained in gny new tests.

The total ampunt of ejecta present in orbit at a given time can be computed using the approach descrifjed in

References [8] and [7].

12
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B.1

When orbital debris or a micrometeoroid impacts a spacecraft surface, a large number of par
ejecta, are produced. These particles can contribute to a modification of the debris environtent,
by the occurrence of secondary impacts on the components of complex and large space, structurg
distapce by the formation of a population of small orbital debris.

B.2

B.2." General

In ordler to determine the ejecta population, the following sub-tasksé@se necessary:

a)
b)
c)

d)

An ejecta model has been developed by ONERA/DESP within the framework of ESA contract 1154
updated and documented in the subsequent’ ESA contract 1887/96/NL/JG. The model is describé
several publications (see References [7}-and [8]). The main features of the model are summarize

B.2.2 Ejecta types

Matetial ejection under normal-and oblique hypervelocity impact is divided in three different proc

a)

b)

ISO 11227:2012(E)

Annex B
(informative)

Example of an ejecta model

General

Approach

determine the primary impact flux;
Trget modelling;
se an ejecta model;

propagate ejecta orbits.

¢one ejecta:
1) 0,1 um updo impactor size within a cone of 60°;
2) from\3}00 m/s to impact velocity;

jetting:

ticles, called
either locally
s, or at great

10/95/NL/JG,
ed in detail in
il below.

£SSses:

1) liquid jet within a 10° cone;

2) up to three times the impact velocity;

3) less than 1 % of the ejecta mass involved;
spallation:

1) brittle fracture near free surfaces;

2) about 10 to 20 spall fragments = projectile size;

3) between 10 m/s and 50 m/s perpendicular to target surface.

In general, no spalls are observed on ductile targets.

© 1SO 2012 — All rights reserved

13


https://standardsiso.com/api/?name=b1d2457690da4f00be680c076f16cbc1

ISO 11227:2012(E)

B.2.3 Model inputs

Models inputs are as follows:

a) target characteristics: ductile or brittle, density;

b) projectile characteristics: mass, density;

c) impact characteristics: relative impact velocity and directions.

B.2.4 Model outputs

The model p
the spatial di

a) projectil

rovides a function n (¢,6,6,v) that gives the number of fragments of size ¢ ejected at velogit
Fection (¢,0) per solid angle unit. The model is currently applicable under the following condi

b diameters between 5 ym and 1 cm;

b) impact Velocities between 1 km/s and 20 km/s;

c) thick tar

jets;

d) ductile gnd brittle homogeneous targets, solar cells, painted surfaces.

B.3 Totd

| mass ejected

Materials that produce the greatest amount of ejecta after a hypervelogity impact are brittle surfaces, espe

multi-layer ta
static paint u

The total ma

Mg =K
where:
K isth
pp isth
o isth
E; istH
6 isth

The coefficig

rgets (such as solar cells) and painted surfaces (thermal-control coating on satellites and
5ed on upper stages).

5s of ejecta, Me, is computed in Sl units according to the formula given by Gault[19]:

1/2
7,41x10° [’;—F’J £33 (cose;)?
t

e material-type-dependent.coefficient (ductile/brittle);
e projectile density (kg/m®);

e target density (kg/m3);

e projectile Kinetic energy (J);

e impachincidence angle (°).

nt-K’depends on the target material. It can be determined experimentally by HVI data proces

following Fo

y vin
lions:

cially
anti-

sing,

mula (1), with knowledge of target and projectile characteristics. The range for values o

K is

presented in

Table B.1.

The coefficient K has been determined for some materials[3ll6] and could serve as the basis for a classification

of the target

behaviour under hypervelocity impact as suggested in this International Standard.

Table B.1 — Sample values of coefficient X for different projectile parameters (dp)

Projectile diameter dp <10 ym dp 210 ym

Ductile target K=10"2to 103 K =101

Brittle target

K:dp/1075 (dp in m) K:1

14
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B.4 Ejected mass partitioning

The total ejected mass, Mg, consists of three components:

Mg = Mjet +Mcone +Mspa||s

ISO 11227:2012(E)

Mgt =0 3)
Mone =B Me ()
M spanis = (1-B) M (5)
Table B.2 — Value of coefficient /5 (ratio of mass ejected from the cone to total ejected mass)
Projgectile diameter dp <1 um 1um<dp <10 um 10 um < dp < 100'wm dp ¥ 100 um
Ducfjle target p=1 £=0,95 A=0,90
Brittle target p=1 B=-0,3log dp - 0,8 p=04
Solaf cell p=1 B=-0,3log dp - 0,8 B=-0,6log dp - 2,3 3=0,1
15
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Ejecta measurement methods

At least two parameters shall be measured during hypervelocity impact tests in order to characterize the ejecta:

total ma

size dist

The choice ¢
method and
guidelines ar
preliminary r

a)

b)

The tota
also be

The siz¢
convers
a normg
projectil
set-up (3
if perfor.
sample

centre in
Institute

The ana
of the wi

SS nJinr“rnrl;
Fibution of fragments (as an option, the velocity of fragments, in magnitude and in diregtion).

f method is left to the discretion of the user on the premise that there is no absolute\measurg
that it will depend on the instrumentation available at the facility performing,the tests. §
e given in this annex. More details are available in Reference [6]. Recent experimental set-u
psults are described by K. Sugahara et al.l'%] and by A. Francesconi et a/.120];

| mass ejected is obtained by measuring the weight of the target before“and after the test.
jerived from measuring the volume of the impact crater.

and spatial distribution of the fragments can be obtained witha metal witness plate and ade
on equations. A copper plate is preferred (composition different from projectile and target
| impact, it will be located up-range of the target (with.a*hole in the centre in order to ¢
b go through), at a distance of 50 mm to 100 mm; oblique impacts will require a slightly diff
similar witness plate can also be used behind the farget in order to study the down-range e
btion occurs). The plate size will typically be 250 mm x 150 mm, with a thickness of 2 mm
nolder plate will be a similar aluminium plate,:Qut of which a 60 mm x 60 mm square is cut

order to study the rear-side ejecta, if any. A possible set-up, such as the one used at the Ky
of Technology!®! is shown in Figure C.1 and’Figure C.2.

ysis of impacts on the witness plate-will provide data on the geometry of the ejecta cloud. Sca
[ness plate will be made with a medidm-power optical microscope and can benefit from auton

pattern flecognition techniques. As evidenced by Sugaharal'9l, it is difficult and time-consuming to id

impact f

The siz¢g
using a

2=C.v
d

where:

16

D is the

patures smaller than 25 um(in diameter.

of the fragments (d) canybe derived from the size of the secondary craters (D) formed on the
Conversion equation‘such as:

0,68

crater diameter;

ment
bome
b and

t can

uate
. For
bt the
erent
ecta,
. The
n the
ushu

hning
nated
entify

blate,

d is the ejecta particle diameter;

vis thei

mpact velocity (km/s);

C is a parameter depending on target material.

The value given by Cour-Palais, C = 1,28 (see References [16] and [17]) can be chosen for use in this
International Standard. As an example, the D/d ratio for an ejecta velocity of 1 km/s is close to 1,3, whereas
it is close to 3,9 for an ejecta velocity of 5 km/s.
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Table C.1 — Detailed analysis for test results

Size distribution of <0,010 0,01 t0 0,1 01 to 1 A
particle diameter, 4 (mm) ’ ' ' ’

Number of

particles XXX XXX XXX XXX
Front side

Velocity

(optional) XXX XXX XXX XXX

Number of

particles XXX XXX XXX XXX
Rear side

Velocity

(optional) XXX XXX XXX XXX

XXX

alues to be filled in after the tests

Since the determination of the velocity of ejecta fragments is currently still difficult, the det
particle diameter is therefore still imprecise. The next edition of this Interntional Standard will
as more accurate velocity measurements become available.

The size of the ejecta can also be derived from the size of perforationsobtained on a thin w
g:is case, the size of the holes is the same as the size of the particles, when the foil is thin
e size of the ejecta (see Reference [18]).

s silica aerogel (see Figure C.3), or a soft material such'as foam or cardboard. Fragments
echanically or chemically and sieved. The determination of the size distribution of the ejeg
y this technique will be more precise than the previous one, but it is more time-consuming
e use of solvents.

The velocity (and also the spatial distribution) of the ejecta can be measured with a high
¢amera, as shown on Figure C.4. Analysis of the pictures can be automated in order f{

;Fade with piezoelectric material or(PVDF foils. Sensors must be located on the witness plates

iggered upon impact of the projectile on the main target, in order to obtain a time of flight m

ermination of
be amended

itness fail. In
compared to

Recovery of intact fragments is possible using, instead of metal witness plates, a low density material such

bre extracted
ta fragments
and requires

speed video
o derive the

elocity/size distribution of the fragments. Velocity can also be measured with the use of impact sensors,

and must be
easurement.

© 1SO 2012 — All rights reserved

17



https://standardsiso.com/api/?name=b1d2457690da4f00be680c076f16cbc1

ISO 11227:2012(E)

@ Target
(2@ Witness Plate

N
Q
v
A\
g
O'\
RS
O
%
. SO
Figure C.1 — Sketch of target and &t ess plate assembly

R\

Figure C.2 — Picture of target and witness plate set-up
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