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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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Introduction

New regulations require unmanned spacecraft and launch vehicle orbital stages, called space bodies in
this document, to be designed and manufactured in such way that fragments generated during Earth
re-entry cannot cause casualties, damage to property or environmental pollution on the ground (see
1SO 24113).

Space bodies are submitted to high aero-thermodynamic fluxes, pressures and shear stresses that
lead to their disintegration into fragments that can potentially reach ground after a re-entry. These
fragments are generated by the effect of aero-thermal loads seen by components that constitute a space

e h i e . vivabit he—fragments in terms of

The methodology to determine the size of the debris is based on an idealized two-step process, called
fragmentation and survivability.

— JFragmentation

Based on the knowledge of the orbital (ballistic) trajectory of thesspace body and the knowledge
of its design, the computation of temperature and stresses detersiine the most prolable failure
ocations that will generate sub components. The breakup fragiments prior to re-entry are termed
dlebris.

— S$urvivability

The objective is then to determine if debris can suryive (no completely burned), and then if the final
gize and energy when touching down the Earth at€'in accordance with the internationall regulation.

The computation of the final size and energyzof the debris is based on generic geometrjy definition,
lhomogenized properties and on the knowledge of their trajectories.

For Hoth fragmentation and survivability,suitable thermal response models require a rang¢ of material
propgrties for a full characterization of the material response.

Therjmal tests used to determine material properties need to be well defined and shared between
spacecraft manufacturers andregulation authorities.

Therg are a range of relevant spacecraft materials, from metals, organic and ceramics tp composite
matdrials.

As a fesult, the material or component properties used in break-up models is an essential npodel input.
Objects that separate during the ascent phase and impact the ground are addressed in ISO [14620-2.

Assepsment; mitigating and control of potential risks created by the re-enter of objects from the orbit
are gddressed in ISO 27875.
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INTERNATIONAL STANDARD IS0 23020:2021(E)

Space systems — Determination of test methods to
characterize material or component properties required
for break-up models used for Earth re-entry

1 Scope

This|document defines the elementary thermal tests to obtain thermal properties of mpterials and
composite materials used to manufacture space body to support the fragmentationand urvivability
analysis.

This|document does not apply to spacecraft containing nuclear power sourcesl#h

2 Normative references

Therk are no normative references in this document.

3 Terms, definitions and abbreviated terms

3.1 | Terms and definitions
For the purposes of this document, the following térms and definitions apply.

ISO gnd [EC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

3.1.1
ablation
chenjical change and remeval of surface material (3.1.12) due to the action of external high temperature
heating

Note |l to entry: Ablafioi can be a chemical process, addressing chemical reaction (gas-solid or gas-liquid).
Note P to entry:-Ablation can be a physical process addressing vaporization, melting, fusion.

Note B to enthy: Ablation can be a mechanical process addressing phenomena of erosive process (agplied to solid
or liquid’surface) linked to pressure effect and wall shear stress due to high-speed motion.

[SOURCE: EN 16603-3T:2014, 3-2.4.Z, modified — Notes 1, Z and 3 to entry have been added.]

3.1.2
break-up
event that completely or partially destroys an object and generates space debris (3.1.18)

Note 1 to entry: Debris generated during earth re-entry (3.1.16) can survive and fall to the ground.

[SOURCE: ISO 24113:2019, 3.2, modified — Note 1 to entry has been added.]
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3.1.3
break-up altitude
altitude when the main structural fragmentation occurs leading several components (3.1.5)

Note 1 to entry: Altitude break-up (3.1.2) can occur on a wide range of values depending on trajectories and
attitudes of the spacecraft (3.1.19).

3.1.4
ceramic
essentially inorganic and non-metallic material (3.1.12)

Note 1 to entry: The concept “ceramic” comprises products based on clay as raw material and also materials
which are typically based on oxides, nitrides, carbides, silicides, borides, carbon etc.

[SOURCE: IS0 20507:2014, 2.1.7]

3.1.5
component]
part
set of matefials (3.1.12), assembled according to defined and controlled progesses, which cannpt be
disassembldd without destroying its capability and which performs a siniple function that cqn be
evaluated against expected performance requirements

[SOURCE: IS0 10795:2019, 3.48]

3.1.6
composite material
combination of materials (3.1.12) different in composition orform on a macro scale

Note 1 to entty: The constituents retain their identities in the-composite.
Note 2 to entty: The constituents can normally be physically identified, and there is an interface between them.
[SOURCE: IS0 16454:2007, 3.6]
3.1.7
emissivity
€

quotient of the radiant exitance of‘a’radiator and the radiant exitance of a Planckian radiator at the
same temperature, expressed by

e=M/M

where M is|the radiant exitance of a thermal radiator and M, is the radiant exitance of a Plan¢kian
radiator (called hereafter black body) at the same temperature (ISO 80000-5)

Note 1 to entry: Emissivity of any surface is a function of wavelength, direction, temperature, and syrface
conditions.

Note 2 to entry: Emittance is a property of a particular object. It is determined by material (3.1.12) emissivity,
surface roughness, of angle of incidence, oxidation, the sample's thermal and mechanical history, surface finish,
and measured wavelength range. Although emissivity is a major component in determining emittance, the
emissivity determined under laboratory conditions seldom agrees with actual emittance of a certain sample.

[SOURCE: ISO 80000-7:2019, item 7-30.1, modified — Notes 1 and 2 to entry have been added.]
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3.1.71

total directional emissivity
total radiance, L, emitted by the considered surface, divided by total radiance emitted by the black
body, L°, at the same temperature

Note 1 to entry: Determined in the domain of near infrared (NIR) and middle infrared (MIR) of the infrared

radia

tion (3.1.10).

[SOURCE: ISO 9288:1989, 5.8, modified — Note 1 to entry has been added.]

3.1.7.2

spec
spec
body

Note
radia

[SOU

3.1.7

total
total
the b

Note
radia

[soy

3.1.4
glass
inorg

a homogeneous liquid which is then cooled to a rigid condition and temperature treated ir

as to
[soy

3.19
glass
T

char

Note

Note
and o

tral directional emissivity

ral radiance, Ly, of the considered surface divided by the spectral radiance emitted
L°,,, at the same temperature

1 to entry: Determined in the domain of near infrared (NIR) and middle infrared\(MIR) o
fion (3.1.10).

RCE: 1SO 9288:1989, 5.9, modified — Note 1 to entry has been added.]

3

hemispherical emissivity
hemispherical exitance, M, of the considered surface divided’by the total hemispherica
lack body, M° at the same temperature

1 to entry: Determined in the domain of near infrared (NIR) and middle infrared (MIR) o
fion (3.1.10).

RCE: 1SO 9288:1989, 5.10, modified — Note 1 to'entry has been added.]

b ceramic
ranic material (3.1.12) produced by the complete fusion of raw materials at high temp¢

produce a mostly micro crystalline body

RCE: ISO 7086-2:2000, 2.11j

b transition temperature

hcteristic value-efthe temperature range over which the glass transition takes place
1 to entry: Glass transition temperature characterizes the transition from true solid to very vi

2 to entry: The assigned glass transition temperature (7g) may vary, depending on the speq
n the method and conditions selected to measure it.

by the black

' the infrared

| exitance of

F the infrared

ratures into
such a way

scous liquid.

ific property

[SOU

RO ICANA 11207 5. 9NDN D 4 A PR | Nt 1 & 'y 1 1o dd. 11
NCL. ToU T1I00774. 2020, 0. 1, TITUUTTICTU — INUTT 1T TU TIIT y ' 1Id5 UTTIT dAUUTUL |

3.1.10
infrared radiation

elect

romagnetic radiation of wavelength between 780 nm and approximately 1 mm

Note 1 to entry: For infrared radiation, the range between 780 nm and 1 mm is commonly subdivided into:

— nearinfrared (NIR): 780 nm to 3 000 nm;

— middle infrared (MIR): 3 000 nm to 50 000 nm;

— farinfrared (FIR): 50 000 nm to 1 mm.

Note

© ISO

2 to entry: These limits are also specified in ISO 20473.
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Note 3 to entry: For break-up (3.1.2) models (3.1.14), NIR and MIR are the must representative wavelength
domains related to re-entry (3.1.16) phenomena.

[SOURCE: IS
3.1.11

09488:1999, 3.9, modified — Notes 1, 2 and 3 to entry have been added.]

launch vehicle orbital stage
complete element of a launch vehicle that is designed to deliver a defined thrust during a dedicated

phase of the

launch vehicle’s operation and achieve orbit

Note 1 to entry: Non-propulsive elements of a launch vehicle, such as jettisonable tanks, multiple payload
structures or dispensers, are considered to be part of a launch vehicle orbital stage while they are attached.

[SOURCE: IS

3.1.12
material

raw, semi-finished or finished purchased item (gaseous, liquid, solid) of given characteristics

which proce
Note 1 to ent
[SOURCE: I§

3.1.13
melting poi
temperaturg

Note 1 to ent
melting poinf

Note 2 to en
because fusi
called solidus

Note 3 to ent}
from a solid {
temperature

Note 4 to ent
be mentioned

Note 5 to ent

Note 6 to ent
4 000 K.

3.1.14
model

0 24113:2019, 3.13]

ssing into a functional element of the product is undertaken
Fy: Gas is not concerned for break-up (3.1.2) models (3.1.14).
0 10795:2019, 3.148, modified — Note 1 to entry has been added.]

nt
e at which solid changes state from solid to liquid

ry: At the melting point the solid and liquid phases ‘€Xist in equilibrium for a single substancg.

of a solid depends on pressure and is usually specified at standard pressure.
fry: Solids, which differ from single substances and eutectics, do not have a sharp melting
n occurs in a wide temperature range. Therefore, there is a temperature of beginning of fi
and an end temperature of fusion calleditiquidus.

y: Amorphous solids (including many polymers) do not have a sharp melting point. When thesg
o fluid state, they do so over awide temperature range, centred roughly about the glass tran
3.1.9).

ry: The determination method of the melting point used in the break-up (3.1.2) model (3.1.14)
if it is liquidus statesselidus state or even as an average of solidus and liquidus.

Fy: By conservatism) liquidus is preferred in order to state that no solid debris can fall on grou

ry: Carbon dees not melt at any temperature under standard pressure; instead it sublimes aj

from

The

point
usion

pass
sition

shall

nd.

ound

physical or abstract representation or relevant aspects o an i1tem or process that 1S put rorwar

basis for calculations, predictions, or further assessment

as a

Note 1 to entry: The term “model” can also be used to identify particular instances of the product, e.g. flight

model.
[SOURCE: IS

3.1.15
pyrolysis

0 10795:2019, 3.155]

chemical change caused by heat

Note 1 to entry: Sometimes used in a more restricted sense to describe chemical changes resulting from heat
treatment in the absence of oxygen.

© ISO 2021 - All rights reserved
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[SOURCE: ISO 11074:2015, 6.4.33]

3.1.16
re-entry
return of a spacecraft (3.1.19) or other space object into the Earth’s atmosphere

Note 1 to entry: Several alternative definitions are available for the boundary between the Earth’s atmosphere
and outer space.

[SOURCE: ISO 10795:2019, 3.197]

3.1.17

reversible specific heat capacity
specific heat capacity determined with DSC where all heat contributions (endothermic @nd exothermic)
due fo chemical transformation of the material (3.1.12) are not taken into account-to measure the
specific heat capacity

3.1.18
space debris
non-functional fragments of, or residue from, a space segment element; 6r'/launch segment element, in
Earth orbit or re-entering the Earth’s atmosphere

[SOURCE: ISO 10795:2019, 3.219, modified — The deprecated terin has been removed.]

3.1.19
spacecraft
manhed or unmanned vehicle designed to orbit or travel ih space

[SOURCE: ISO 10795:2019, 3.224, modified — The abbreviated term and Note 1 to entry have been
remqved.]

3.2 | Abbreviated terms

DSC differential scanning caldrimetry
LFA laser flash analysis
TGA thermogravimetry analysis

4 Methodology.of material characterization

4.1 | General

Unmpnned’spacecraft and launch vehicle orbital stages are made with different components based on
metdls;polymers, ceramics and composite materials made with polymers, metals and ceramics.

The test matrix (type of test and environmental experimental conditions) shall be determined with
respect to the complexity of the break-up model and the re-entry mode that provides the temperature
range.

4.2 Temperature range

Depending on the type of re-entry (controlled versus natural) of the spacecraft, one can define two
temperature domains associated with high dynamic pressure and aerothermal loads or high energy,
respectively.

For controlled re-entry, the entry speed is maximized when the flight path angle allows the temperature
to reach over 1 500 K and below approximately 2 500 K.

© IS0 2021 - All rights reserved 5
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For uncontrolled re-entry, the trajectory speed and low flight path angle are naturally decaying slowly.

In these conditions, the theoretical heat fluxes and dynamic pressure can lead to lower break-up
altitude of the main parts and consequently the temperature of the parts can be lower than 1 500 K.

Even if the reality is more complex, for practical reasons, two domains of temperature can be defined
to specify the temperature range of the test matrix. This temperature boundary of 1 500 K is not fixed
but should be adapted to take into account important evolutions of the material and its thermo-physical

properties.

4.3 Type

of tests

Elementary
capacity ang
the surface

In order to
necessary

thermal tests can characterize basic properties, such as thermal conductivity, specific
| chemical effects inclusive of melt and pyrolysis. These bulk properties are indepéendg
state or any surface interactions with the environmental gas.

broduce a reasonable prediction of the survivability of an object during,the re-entry
take into account mass and energy transfer occurring between the object surface an

t
environmethal gas. Surface properties and characteristics, such as emissivity, catalicity of the ol

shall be me{

sured in representative atmosphere.

The available data is often restricted to a temperature domain, which is generally well below the r¢

predicted te

Technologic
domain tem
ideally well

These techn|

mperature, met by the debris during the terminal re-entry phase.

perature in a more relevant surface state so that Surface mass and energy transfe
captured.

ological tests can be divided in two types.

The first tyie is radiative (generally in the infrared wavelength domain), where a furnace may be

to expose o
pressure o
chemical effj
surface phel

The second|
loads consi{
the materia

e face of the material sample to highlyealibrated pure radiative heat flux in air at am
in vacuum. This allows capturing of the material emissivity, the roughness and

homena in such a test set-up are.not assessed.

method to generate high/ temperature and pseudo flight representative aerothg
ts in the use of plasma‘wind tunnel facilities. These facilities can capture effects su
chemical catalicity to’the recombination of air molecules at the surface, and the the|

heat
nt of

it is
d the
bject,

al or

al tests (complementary to elementary tests) are consequently required to extend the

 are

used
bient
some

ects that contribute to the surfaceyjmass and energy transfer. Convective flow effects op the

rmal
ch as
'mo-

mechanical flow effects on the\material.

4.4 Test ¢conditions

a) Tested samples-shall be representative to the materials used in the real part even if the thickness
has to ble adapted to test devices.

b) Elementats—thermaltests—shall beperformed-ontestsamplesef-monolithie-material-to—selve the
energy balance conservation equation (including Fourier’s law in case of multidimensional object)
by knowing the density, reversible specific heat capacity, thermal conductivity, glass transition
temperature, melting point, and enthalpy of fusionl2l. Total hemispherical emissivity tests are also
required[3],

NOTE Thermal conductivity is often determined indirectly with diffusivity measurement. Thermal
conductivity is then calculated knowing the density and specific heat.

c) Due to the uncertainties of the measurements of thermo-physical material properties, the number
of test samples to identify each thermal property measured in laboratories shall be selected with
respect to the expected statistical uncertainty of the material property.
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In case of material scattering, a minimum of 5 measurements for each characteristic determined for
each test condition are recommended if the statistic distribution can be fitted by a Gaussian law.

d) Test methods and environmental conditions shall be described.

4.5

Mechanisms of degradation

Degradations are based on different mechanisms: fusion, pyrolysis and chemical ablation. Mechanical
ablation is not addressed in this document even if it exists.

a) For metal and metal composite materials, oxidation, melting and chemical ablation shall be

b)

5.1

b)

For

meagurement. In{that case, measured diffusivity or conductivity includes conducti
convpctive terms due to the gas transport properties.

c)

onsidered.

For ceramic and ceramic composite materials, oxidation, melting and chemical(ablat
¢onsidered.

INOTE1 Glass and glass ceramic materials are considered as ceramic materials.

INOTE 2  Carbon materials like graphite are considered as ceramic materjals.

For organic and organic composite materials, melting, pyrolysis and chemical ablatid
¢xidation shall be considered.

INOTE 4 It is assumed that non-reinforced organic materials are fully consumed during
¢onditions but often decompose endo-thermally and as-such can act to postpone the d¢
gpacecraft components.

Definition of the elementary tests

General

All relevant thermo-physical ,material properties shall be characterized under
laboratory conditions (température, heating rate, pressure, gas composition, number]
¢ach condition).

Elementary test measures shall be performed at atmospheric pressure and under iner
Yacuum conditions

foamy or fibrgus material, pressure and nature of the environmental gas can affec

INOTE3  Carbon/carbon composite materials are considered as ceramiccomposite materials.

ion shall be

n driven by

any re-entry
gradation of

well-defined
of tests for

f gas or high

t diffusivity
vity and/or

In order to gain in representativeness, thermal properties shall be measured in atm¢spheric gas

q)ressure in accordance with expected break-up altitude.

NOTE1 Initial conditions of re-entry are not well defined due to the global uncertainties on the

atmosphere, attitude and flight behaviour. An error made at this stage does not influence the c

ritical failure

event, which occurs at high temperatures. Therefore, characterization of the material at the beginning of the

re-entry, which is below 300 K, is not mandatory and is not worth doing.

NOTE 2 Based on the currently available observation of natural re-entry of spacecraft or launch vehicle
orbital stage, the altitude of 78 km can be taken as a reference altitude to specify the environmental

conditions that need to be reproduced on ground to have a fair representability of the tests.

NOTE3 Room temperature can be considered as the minimum temperature for the characterization

matrix even if during operational orbit, the initial temperature can be very low.
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The maximum temperature test is determined:

d)

5.2 List of the elementary tests

a)

b)

d)

when the degradation threshold generally obtained via mass loss measurement is reached for
organic material and composite;

until the melting point for metal and composite with metal matrix is reached;

until the glass transition temperature for glass and composite with glass is reached;

NOTE4 Choosing melting point as a fragmentation/demisability criterion is a conservative approach.
When viscosity is low enough compared to the aerodynamic shear stress at the wall, the liquid layer is blown

off. This thermal physical mechanism can only be characterized with non-elementary thermal tests. Glass
behaves|like simple liquid at temperature where viscosity 1s lower than 10 Pa-s.

NOTE 5| Thermal characterization of the material close to the melting temperature is difficult{this i why
the charfcterization at the glass transition temperature is chosen.

until the melting point for ceramic and composite with ceramic matrix is reached!
NOTE 6 | These measures are generally done under low velocity in inert gas flow.

The gedmetry and the dimensions of the test samples are defined in the'recommended standards
reported in Clauses 6, 7 and 8.

The following tests shall be performed in an appropriate temperature domain depending on the
family qf materials:

1) Derfsity: at room temperature.
NOTE1 Densityatelevated temperatures is determined from density measured at room temperpture
cortected by thermal expansion. Linear thermal expansion from room temperature to the maximum
temperature or melting temperature is obtainned via thermal mechanical analyser (dilatometer).
NOTE 2  Measure of the density at high'temperature is justified for high thermal expansion matgrials.

2) Spelcific heat capacity from roomi'temperature to maximum temperature.

3) Hegt of fusion in the meltingtange.

4) Hedt of solid-state phase transitions before solidus.

5) Thermal diffusivity’from room temperature to maximum temperature.

6) Thgrmal condiictivity from room temperature to maximum temperature

7) Totpl HKemispherical emissivity from room temperature to maximum temperature in
repfésentative conditions of pressure and gas atmosphere.

Thermal diffusivity, conductivity and bulk density shall be determined in steady-state conditions.

The evolution of total hemispherical emissivity of the exposed surface shall be measured in case of
mechanisms of oxidation.

NOTE3 Therequired emissivity datais the total (integrated over wavelengths) hemispherical (integrated
over all directions above the surface) emissivity as a function of temperature. Typical measurements
are made either on a total or spectral basis, with the spectral data being integrated over all measured
wavelengths to obtain total properties.

Because the total hemispherical emissivity is linked to the surface state (roughness, oxide coating)
and its evolution during flight condition, these properties shall be measured in a relevant oxidized
state. It is recommended to measure the total hemispherical emissivity in post-test state that is
more relevant than the pre-test state.

© ISO 2021 - All rights reserved
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g)

5.3

Composite materials are heterogeneous and‘anisotropic materials.

d)

f)

IS0 23020:2021(E)

NOTE 4 Post-test measurements can give only indication and are not representative of the real time
surface state (roughness, oxide nature, temperature).

NOTES5 The most representative surface state can be achieved in arc-jet heated wind tunnel, inductive
plasmatron or in microwave plasma where conditions of heat exchange with temperature, pressure, flow
and dissociated air are closer to real re-entry conditions. Hence, various degrees of surface state change can
be analysed during the emissivity test campaign. Contribution of chemical effect can also be captured when
the material is exposed to highly calibrate pure radiative heat flux in air at ambient pressure or in vacuum.

The total hemispherical emissivity coefficient shall be provided with the condition of the surface
state and gaseous environment.

Y, the reterence of the type of
easure (total directional emissivity, spectral directional emissivity) and the meth¢d to obtain
otal hemispherical emissivity shall be provided with the emissivity value.

OTE6  Obtaining the total hemispherical emissivity at high temperatures is‘difficult. Typically, only
irectional data at specific viewing angles (normal, near normal or at an angle,between 45° pnd 60°) and
particular surface state is generated at high temperatures. The calculation) of hemispheridal emissivity
rom the total directional emissivity is an approximation. Usually, the natio of measured Hemispherical
o directional emissivity at room temperature is assumed to be applicable at higher temperaturesl4l.
"herefore, the directional total emissivities measured at elevated temperatures are multiplied|by the room-
lemperature ratio of hemispherical to directional emissivity[=l.

m

The environmental conditions, such as oxygen partial ppessure, gas flow rate and surface state
roughness before and after test) shall be mentioned.

INOTE 7  Verification of the surface state (roughness), after the test can indicate any evdlution of the
qurface (oxidation) that can occur during the test.

Composite materials specifications

Measurements shall be done in different directions for thermal expansion, thermal difffusivity and
thermal conductivity.

When thermal diffusivity or conductivity are measured in temperatures different|from room
femperature, the geometrical correction applied to the apparent measurements, dug to thermal
dilatation of the sample, shall be explicitly stated.

Anisotropic propebties are required for advanced models dealing with fragmentation.

INOTE Linéar thermal expansion in different directions is measured to calculate depsity at high
lemperatures.

If specific means or test methodology are used because of material features or fype of test
¢onditions, this information shall be provided with material properties. Scattered values are

1= pa A | d +laai 4+ % | 1 + | 3
UUSTT VEU U T PTITUTIT S UIT tHIICT TS T ST U P AU SATITPTC g CUTICTT - dITa pPpT Ty dl atTUll.

The size of the samples shall be defined according to heterogeneity of the material and the fibrous
architecture.

The dimensions of the test set-up shall be in agreement with the representative dimension of the
fibrous architecture of the composite in order to minimize scattering of measurement generated by
the heterogeneity.
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6 Metallic and metallic composite materials

6.1 Test conditions

a)

b)

Several met|
tension, den
heat capacit]

<)

d)

f)
g)

h)

Density, linear thermal expansion, reversible specific heat capacity and thermal diffusivity or
thermal conductivity, total hemispherical emissivity shall be measured up to the melting point.

For materials with high melting temperatures, the maximum temperature can be limited by the
standardized experimental set-up. Therefore, the value at high temperatures shall be extrapolated
and labelled as extrapolated measure including the extrapolation methodology (constant, linear,

polynomial).

NOTE 1| Standardized methods to determine thermal properties of liquid metals are practically
existent

NOTE 2| For refractory materials (e.g. platinum, tungsten, tantalum, some carbides_and- ' nitrides

extreme
body fur

Reversi
transiti

NOTE 3

Heat of
fusion g

Linear
NOTE 4
Thermd

Total hed
inert at

Total en
shall be|

NOTE 5
measure

NOTE 6

nace and measuring the black-body temperature with an optical pyrometer.

hods, such as the oscillating viscometer, the levitated drop apparatis to measure su
sity and viscosity, and the laser flash to measure thermal diffusivity and reversible sp
y, are being used.

ble specific heat capacity shall be measured from room t€mperature to the first solid-1
b1.

These measurements are done at a slow heating ratefof about 0,083 K/s.

f the material under inert atmosphere with.pristine material.
hermal expansion is measured under inett atmosphere.

These measurements are done witha’dilatometer at a slow heating rate of about 0,083 K/s.
| diffusivity is measured with LFA under inert atmosphere.

mispherical emissivity shall be measured up to solidus temperature on pristine mater
mosphere at least in the infrared wavelength range.

measured in thesame conditions.

Some metals can react at high temperatures with molecular nitrogen and can affect emis
S.

I€isimportant to consider phase transition in metal composites (e.g. beta- transition of Ti64

non-

) the

y high melting point (typically above 2 000 K) can be determined by heating the,material in a Iplack-

rface
beific

quid

‘usion and the solid fraction shall be measuredfrom solidus temperature up to the complete

ial in

hissivity of the melting phase shall be measured if it is different from the solid materiafl and

sivity

\14V).

6.2 List of the recommended standards

10

Density

Specific

:1SO 3369 and ISO 2738
heat capacity: ASTM E1269 - 11 and ASTM E2716 - 09

Thermal conductivity: ASTM C 518-98

Thermal diffusivity: ASTM E1461 - 13

Emissivity: ISO 16378, ASTM C835-06

Thermal expansion: ASTM E228 - 17, ASTM E289 - 17 and ASTM E831 (2019)

Heat of fusion: ASTM E793-06 (2018) and ASTM E794-06 (2018)
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7 Organic and organic composite materials
7.1 Organic materials

7.1.1 General

Organic materials address the family of thermosetting polymers and thermoplastic polymers, also
named plastic, and also natural based material such as wood, hemp, flax.

7.1.2 Test conditions

If chfirred material is removed under aerodynamic flow, it is not necessary to characterige pyrolysis
phenomena. Characterization is limited to density, reversible specific heat, melting” enthalpy and
condpuctivity.

— Thermosetting polymer
Thermosetting polymers decompose with temperature instead of melting.
— Thermoplastic polymer

Therimoplastic polymers melt at high temperatures before decomposition, even if at high t¢mperatures
decomposition can occur simultaneously with or before melting:

— Natural based material

Natural based materials decompose with temperaturé;
7.2 | Organic composite materials

7.2.1 General

Organic composite materials made with a matrix of thermosetting polymers, thermoplastic polymers
or ndtural based materials are reinforced with organic materials (aramid, natural based materials) or
inorganic materials (carbon, geramic). During the re-entry, they can be in three states: yirgin state,
reacting state and charred state.

Virgin state is reached-when the mass loss measured by thermogravimetric analysis [under inert
atmdsphere of extreme purity is less than 5 %. Mass loss is measured by TGA set-up [under inert
atmdsphere.

Reacting state~is defined as an unsteady state where the micro-structure of the materigl (mass and
elementary.composition) is evolving under thermal decomposition, a process known ds pyrolysis.
The pvolution of the thermal and physical properties during decomposition is not addrgssed in this

doculment.

Charred state is reached when the mass loss is stabilized after pyrolysis heat treatment in inert
atmosphere of extreme purity. Mass loss is measured by TGA set-up. The thermal decomposition testing
is performed at a wide range of heating rate in order to obtain decomposition kinetic constants that are
the closest to the flight conditions.

7.2.2 Test conditions in virgin state

a) Density, linear thermal expansion, reversible specific heat capacity and thermal diffusivity or
thermal conductivity, total hemispherical emissivity shall be measured up to the beginning of the
thermal degradation of the sample.

b) The heating rate shall be chosen to minimize the thermal gradient in the sample.

NOTE Typical heating rate is between 0,083 K/s to 0,333 K/s.

© IS0 2021 - All rights reserved 11
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<)

The size of the sample shall be sufficiently large with regard to the heterogeneity scale of the
material.

7.2.3 Test conditions in charred state

In order to measure the properties in the charred state, the sample shall be charred at the maximum
heating rate that does not lead to structural damage and that allows easy handling.

a)

Any extrapqglation of the property value shall be defined by the extrapolation method.

b)
‘)

7.3 List df the recommended standards

8

8.1 Test ¢onditions

a)

b)

b)

12

Density, linear thermal expansion, reversible heat capacity, thermal diffusivity or thermal
conductivity and total hemispherical emissivity shall be measured up to maximum temperature.

fal . 11 — PRI T FaWaVa Yotk o0 BTN . WEa Yo Yo
NOTE 1 Ty pPILdT'IITAUITZ TdIT IS DTLWCETIT U, U0O IN/S5TU U, 0050 IN/5.

NOTE 2| Maximum temperature at laboratory scale can reach 2 273 K.

The heating rate shall be chosen to minimize thermal gradient in the sample.

The size of the sample shall be sufficiently large with regard to the hetérogeneity scale of the
material.

Densityf ISO 1183-1 and ASTM E792-13

Specifidheat capacity: 1ISO 11357-4, ASTM E2716 - 09 and ASTM E1269 - 11:
Thermdl conductivity: ISO 22007-2 and ASTM D5930-97

Therma|l diffusivity: ISO 22007-4 and ASTM E14 61\~ 13

Emissivjity: ISO 16378

Thermdl linear expansion: ISO 11359-2,(ASTM E228 - 17, ASTM E289 - 17 and ASTM E831 (2(19)
Mass logs: ISO 11358-1

Cerantic and associated composite materials

For cerpmic and-~associated composite materials, density, linear thermal expansion, reversible
specific| heat eapdcity and thermal diffusivity or thermal conductivity and total hemisphgrical
emissivjty shall be measured up to the melting temperature or sublimation for representative
environlmental conditions (temperature and pressure).

Glassy material can exhibit a semi-transparent molten layer at the surface at high temperature and
under low wall shear stress. In that case, care must be taken to account for the not well-defined
geometry of the interface and the real bulk radiative transfer for which emissivity cannot be
strictly defined.

NOTE1 Ceramic and ceramic composite materials react chemically with air. The most representative
surface state can be achieved in an arc-jet heated wind tunnel where conditions of heat exchange with

temperature, pressure, flow and dissociated air are closer to real re-entry conditions. Hence, various
degrees of surface state change can be analysed during the emissivity test campaign.

NOTE 2  Linear thermal expansion is measured at a heating rate of 0,083 K/s.
For ceramic and associated composite materials, the heat of fusion and melting temperature shall

be measured under inert atmosphere with pristine material.
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glass transition temperature.

NOTE 4

For glass, glass ceramic and associated composite materials, the properties can be limited to

These measurements are done with DSC at a slow heating rate between 0,083 K/s and 0,333 K/s.

c) If the melting temperature cannot be reached with the experimental set-up, the value at the
melting temperature shall be extrapolated and labelled as extrapolated measure including the
extrapolation methodology (constant, linear, polynomial).

8.2

List of the recommended standards

8.2.1

— 1

q

— 1

— 1

8.2.2
— 1

q

— 1

— 1

Ceramic

Density: ISO 18754

$pecific heat capacity: 1ISO 19628, ASTM E1269 - 11 and ASTM E2716 - 09
Thermal conductivity: ISO 8302
Thermal diffusivity: ISO 18755 and ASTM E1461 - 13

missivity: ISO 19618, ISO 16378 and ASTM E423-71

Thermal linear expansion: ISO 17139, ISO 17562, ASTM E289 - 17 and ASTM E831 (20

[lass transition: ISO 7884-8

leat of fusion: ASTM E793-06 (2018) and ASTM, E794-06 (2018)

Ceramic composite

Density: [SO 18754

$pecific heat capacity: 1ISO 19628
Thermal diffusivity: ISO 19629

kmissivity: [SO 16378 and*ASTM E423-71

Thermal linear expansion: ISO 17139, ISO 17562 and ASTM E831 (2019)

[lass transition=ISO 7884-8

leat of fusion: ASTM E793-06 (2018) and ASTM E794-06 (2018)

9)
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