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Foreword

This document EN 14091:2002 has been prepared by CMC.

This European Standard shall be given the status of a national standard, either by publication of an
identical text or by endorsement, at the latest by August 2002, and conflicting national standards shall
be withdrawn at the latest by August 2002.

It is based on a previous version1) originally prepared by the ECSS product assurance working group,
reviewed by the ECSS Technical Panel and approved by the ECSS Steering Board. The European
Cooperation for Space Standardization (ECSS) is a cooperative effort of the European Space Agency,
National Space Agencies and European industry associations for the purpose of developing and
maintaining common standards.

This standard is one of the series of space standards intended to be applied together for the
management, engineering and product assurance in space projects and applications.

Requirements in this standard are defined in terms of what shall be accomplished, rather than in terms
of how to organize and perform the necessary work. This allows existing organizational structures and
methods to be applied where they are effective, and for the structures and methods to evolve as
necessary without rewriting the standards.

The formulation of this standard takes into account the existing ISO 9000 family of documents.

Annexes A and B are informative.

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the
following countries are bound to implement this European Standard: Austria, Belgium, Czech Republic,
Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy, Luxembourg, Malta, Netherlands,
Norway, Portugal, Spain, Sweden, Switzerland and the United Kingdom.

                                                 
1) ECSS-Q-70-02A
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Introduction

The acceleration of the outgassing process results from exposure to vacuum at an elevated
temperature. The method described in this standard gives reliable data for the outgassing properties of
materials at 125 °C. However, some materials have different kinetics at other temperatures.
Nevertheless, comparisons are possible at other temperatures, provided that the kinetics of the
outgassing phenomena are similar (defined activation energy of similar magnitude for the materials to be
compared). Furthermore, the measurement of contamination potential is comparative and strictly valid
only for collectors at 25 °C with similar sticking coefficients.

A basic screening test method is detailed in this standard. The data obtained are not intended to be
used for contamination predictions; however, some worst-case analyses can be made with the test data,
the masses of the relevant materials and the view factors with respect to contamination-sensitive
elements.
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1 Scope

This European Standard specifies a thermal vacuum test to determine the outgassing properties of
materials proposed for use in the fabrication of spacecraft and associated equipment, for vacuum
facilities used for flight hardware tests and for certain launcher hardware.

This standard covers the following:

— critical design parameters of the test system;

— critical test parameters such as temperature, time, pressure;

— material sample preparation;

— conditioning parameters for samples and collector plates;

— presentation of the test data;

— acceptance criteria;

— certification of test systems and their operators by audits and round robin tests.

The test described in this standard is applicable for all unmanned spacecraft, launchers, payloads, and
experiments. The test is also valid for external hardware of inhabited space systems and for hardware to
be used in terrestrial vacuum test facilities.

The acceptance criteria for a material, based upon the outgassing test data, depends upon the
application and location of the material and can be more severe than the standard requirements as
given in 7.2.

2 Normative references

This European Standard incorporates by dated or undated reference, provisions from other publications.
These normative references are cited at the appropriate places in the text, and the publications are
listed hereafter. For dated references, subsequent amendments to or revisions of any of these
publications apply to this European Standard only when incorporated in it by amendment or revision. For
undated references the latest edition of the publication referred to applies (including amendments).

EN 13701, Space systems - Glossary of terms.

EN 14097, Space product assurance — Nonconformance control system.

ECSS-Q-20, Space product assurance — Quality assurance.

ECSS-Q-70, Space product assurance — Materials, mechanical parts and processes.

ISO 14644-1:1999, Cleanrooms and associated controlled environments — Part 1: Classification of air
cleanliness.

3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

For the purposes of this European Standard, the terms and definitions given in EN 13701 and
ECSS-Q-70 and the following apply.
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3.1.1
bakeout
activity of increasing the temperature of hardware to accelerate its outgassing rates with the intent of
reducing the content of molecular contaminants within the hardware

NOTE Bakeout is usually performed in a vacuum environment but may be done in a controlled
atmosphere.

3.1.2
cleanroom
room in which the concentration of airborne particles is controlled, and which is constructed and used in
a manner to minimize the introduction, generation, and retention of particles inside the room, and in
which other relevant parameters, e.g. temperature, humidity, and pressure, are controlled as necessary

[ISO 14644-1:199]

3.1.3
collected volatile condensable material (CVCM)
quantity of outgassed matter from a test specimen that condenses on a collector maintained at a specific
temperature for a specific time

NOTE CVCM is expressed as a percentage of the initial specimen mass and is calculated from the
condensate mass determined from the difference in mass of the collector plate before and after the test.

3.1.4
outgassing
release of gaseous species from a specimen under high vacuum conditions

3.1.5
quartz crystal microbalance (QCM)
device for measuring small quantities of mass deposited on a quartz crystal using the properties of a
crystal oscillator

3.1.6
recovered mass loss (RML)
total mass loss of the specimen itself without the absorbed water (RML = TML - WVR)

NOTE The RML is introduced because water is not always seen as a critical contaminant in spacecraft
materials.

3.1.7
sticking coefficient
probability that a molecule, colliding with a surface, stays on that surface before thermal re-evaporation
of that molecule occurs

3.1.8
total mass loss (TML)
total mass loss of material outgassed from a specimen that is maintained at a specific constant
temperature and operating pressure for a specified time

NOTE TML is calculated from the mass of the specimen as measured before and after the test and is
expressed as a percentage of the initial specimen mass.

3.1.9
water vapour regained (WVR)
mass of the water vapour regained by the specimen after the optional reconditioning step

NOTE WVR is calculated from the differences in the specimen mass determined after the test for TML
and CVCM and again after exposure to atmospheric conditions and 65 % relative humidity at room temperature
(22 ± 3) ºC.
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3.2 Abbreviated terms

The following abbreviated terms are defined and used within this standard.

Abbreviation Meaning

ATOX atomic oxygen

CVCM collected volatile condensable material

DML declared material list

PTFE polytetrafluorethylene

QCM quartz crystal microbalance

RH relative humidity

RML recovered mass loss

RT room temperature

TML total mass loss

VCM volatile condensable material

WVR water vapour regained

4 Preparatory conditions

4.1 Hazards, health and safety precautions

Particular attention shall be paid to health and safety precautions. A safety check-list is produced below.

a. Control and minimize hazards to personnel, equipment and materials.

b. Locate items and controls in such a way that personnel are not exposed to hazards such as burns,
electric shock, cutting edges, sharp points or toxic atmospheres.

c. Provide suitable warning and caution notes in operations, storage, transport, testing, assembly,
maintenance and repair instructions and distinctive markings on hazardous items, equipment or
facilities for personal protection.

4.2 Material samples

4.2.1 Configuration

4.2.1.1
If the material is made up of several items, it shall be prepared according to the relevant process
specification or manufacturer’s data in such a quantity as to provide representative samples (a minimum
of 12 g, 10 g for the initial test and 2 g for subsequent retest, if proved necessary). The material sample
supplied shall be made according to the same process parameters (e.g. curing and baking) as the
relevant material to be applied for spacecraft use.

4.2.1.2
The material cuttings are in general made by the test house concerned. Three test specimens of each
material shall be prepared as follows:
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a. potting materials and bulky adhesives shall be cast on a PTFE sheet so that a sample a few
millimetres thick (preferably 2 mm) can be separated from the PTFE after curing. The sample shall
be cut into cubes (1,5 mm to 2 mm per side) before testing;

b. thin films, coatings, adhesives and adhesive tapes shall be applied to a degreased, dried metal foil
of known thickness, e.g. aluminium foil of typical 16 �m (4 ×�10-3 g/cm2), and then cut into strips
approximately 10 mm wide and rolled up to fit the specimen cup;

c. non-curing adhesives shall be applied between thin metal foils and shall be prepared as b. above;

d. if the substrate is non-metallic, a sample of that substrate shall be submitted for separate testing;

e. when materials are prepared on substrates, a substrate sample shall be submitted with the material
sample;

f. when primers are applied, the complete system should be tested;

g. materials such as wires, cables or sleeves, the smallest dimension of which is less that 1,5 mm,
shall be cut into pieces about 10 mm long;

h. materials containing metal parts (such as electrical wires or connectors) shall, if possible, be tested
without the metal parts. If not, the ratio of metal mass to total mass shall be stated;

i. liquids and greases shall be placed in a specimen cup; in some cases it can be more practical to
mix the liquid with a neutral filler powder such as silica before placing it in a cup. In the latter case,
the ratio of filler mass to total mass shall be stated;

j. for low density foams a sample mass of 100 mg can be obtained by

1. choosing a sample cup of bigger size, or

2. compressing the foam into the sample cup.

4.2.2 Cleaning

The cleaning and other treatment of the samples shall be the same as that applied to the flight
hardware, which the sample is intended to represent, prior to integration into the spacecraft. Further
cleaning or other treatments shall not be done. The test house shall test the materials as received
without any further cleaning or treatment, unless so requested.

4.2.3 Handling and storage

Samples shall only be handled with clean nylon or lint-free gloves and shall be stored in a controlled
area, with an ambient temperature of (22 ± 3) ºC and relative humidity of (55 ± 10) %. Coated surfaces
shall be shielded from contact by using polyethylene or polypropylene bags or sheets. Physical damage
shall be avoided by packing the polyethylene or polypropylene-wrapped workpieces in clean, dust- and
lint-free material. Limited-life materials shall be labelled with their shelf lives and dates of manufacture,
or date of delivery if date of manufacture is not known.

4.2.4 Identification of materials

Materials submitted for testing shall be accompanied by a completed material identification data sheet.
Table A.1 gives an example of such a data sheet, containing information that can be used, at a later
stage, for entering the relevant data in a declared material list (DML) or outgassing database (see
clause 6).
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