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Foreword

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

Requirements in thisStandardare defined in termsofwhat 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.

This Standard has been prepared by the ECSS Testing Working Group, reviewed
by the ECSS Technical Panel and approved by the ECSS Steering Board.
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1

Scope

1.1 General
a. This Standard,

1. provides standard environmental and performance test requirements for
a space system and its constituents.

2. defines the test requirements for products and systems that are generally
applicable to all projects. It also defines the documentation associated
with testing activities.

3. applies to all types and combinations of project, organization and product.

4. is applicable to space systems and its constituents as defined in
ECSS--E--00 �Space engineering -- Policy and principles�.

5. covers each stage of verification by testing, as defined by ECSS--E--10--02,
for a space system from development to post-landing.

b. This Standard does not:

1. define acceptance criteria, specifications or procedures for any particular
project or class of projects.

NOTE These and other detailed test requirements applicable to a
particular project are defined in the applicable technical
specifications and statement of work.

2. cover the following:

� sounding rockets,
� launch facilities,
� test facilities,
� training facilities and ground refurbishment,
� logistic facilities, and
� engine testing.

3. apply to software testing, (which is covered by ECSS--E--40) and to hard-
ware below equipment levels (such as components).
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1.2 Tailoring
The requirements defined in this Standard should be tailored to match the
requirements of the particular profile and circumstances of a project.

NOTE Tailoring is a process by which individual requirements or
specifications, standards and related documents are evalu-
ated and made applicable to a specific project by selection,
and in some exceptional cases, modification of existing or
addition of new requirements.

This Standard should be used in combinationwith theECSS--E--10--02. Inparticu-
lar, when tailored, it can become the �Test Requirement Specification� applicable
to the specific project (see ECSS--E--10--02 for details).
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2

Normative references

The following normative documents contain provisions which, through reference
in this text, constitute provisions of this ECSS Standard. For dated references,
subsequent amendments to, or revisions of any of these publications do not apply.
However, parties to agreements based on this ECSS Standard are encouraged to
investigate the possibility of applying the most recent editions of the normative
documents indicated below. For undated references the latest edition of the publi-
cation referred to applies.

ECSS--P--001 Glossary of terms

ECSS--E--10--02 Space engineering � Verification

ECSS--E--70 Part 1 Space engineering � Ground systems and operations �
Principles and requirements

ECSS--E--70 Part 2 Space engineering � Ground systems and operations �
Document requirements definitions (DRDs)

ANSI/ASME PTC19.1Test uncertainty, instruments and apparatus: Supplement
to ASME performance test codes

ISO 3740:1980 Acoustics � determination of sound power levels of noise
sources �Guidelines for the use of basic standards and for
the preparation of noise test codes

ISO 3744:1994 Acoustics � Determination of sound power levels of noise
sources using sound pressure�Engineering method in an
essentially free field over a reflecting plane
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3

Terms, definitions and abbreviated terms

3.1 Terms and definitions
The following terms and definitions are specific to this Standard in the sense that
they are complementary or additional to those contained in ECSS--P--001.

3.1.1
acceptance stage
verification stage with the objective of demonstrating that the product is free of
workmanship defects and integration errors and ready for its intended use

[ECSS--E--10--02A]

3.1.2
airborne support equipment (ASE)
equipment installed in a recoverable launch vehicle to provide support functions
and interfaces for the spacecraft during launch and orbital operations of the
recoverable launch vehicle

NOTE ASE includes the hardware and software that provides the
structural, electrical, electronic and mechanical interfaces
with the launch vehicle. ASE is recovered with the launch
vehicle.

3.1.3
burst pressure
maximum test pressure that pressurized equipment withstands without rupture
to demonstrate the adequacy of the design in a qualification test

NOTE 1 Burst pressure is equal to the product of the maximum
expected operating pressure, a burst pressure design factor,
and a factor corresponding to the differences in material
properties between test and design temperatures.

NOTE 2 An item subjected to a burst pressure test is not used for
other purposes.

3.1.4
design environments
composite of the various environmental loads, to which the hardware is designed

NOTE Each of the design environments is based upon:



ECSS15 February 2002
ECSS--E--10--03A

14

S the maximum and minimum predicted environments during
the operational life of the item;

S the qualification margin that increases the environmental
range to provide an acceptable level of confidence that a failure
does not occur during the service life of the item;

S uncertainties and tolerances related to the analytical predic-
tion.

3.1.5
environmental design margin
increase of the environmental extremes for the purpose of design and qualification
above the levels expected during the life cycle

NOTE Environmental design margin includes levels such asmech-
anical, thermal, radiation as well as the time of exposure of
them.

3.1.6
environmental test
simulation of the various constraints (together or separately) to which an item is
subjected during its operational life cycle

NOTE Environmental tests cover natural and induced environ-
ments.

3.1.7
fundamental resonance (for structural modes)
first major significant resonances as observed during one-axis vibration test for
each of the three test axes

NOTE 1 The term fundamental resonance is used in conjunctionwith
notching of sinusoidal vibration input spectrum for item
qualification.

NOTE 2 Significant resonances are modes that have an effective
mass greater than 10 % of the total mass of the item.

3.1.8
in-orbit stage
verification stage valid for projectswhose characteristics (e.g.mission and in-orbit
operations) require in-orbit verification

[ECSS--E--10--02]

3.1.9
integrated system test
test that has the scope to verify that the performance of the element meets the
specification requirements, in terms of correct operation in all operational modes,
including back-up modes and all foreseen transients

NOTE Integrated system test is also known as �system functional
test�.

3.1.10
integrated system check
sub-set of the integrated system test, able to involve all major functions, at the
maximum extent automatically performed and with the scope to provide the cri-
teria for judging successful survival of the element in a given test environment,
with a high degree of confidence, in a relatively short time

NOTE Integrated system check is also known as �abbreviated func-
tional test�.
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3.1.11
limit load
maximum anticipated load, or combination of loads, which a structure is expected
to experience during the performance of specified missions in specified environ-
ments

NOTE Since the actual loads that are experienced in service are in
part random in nature, statistical methods for predicting
limit loads are generally employed.

3.1.12
low level sinusoidal vibration
exposing an item to a frequency sweep of low level sinusoidal vibrations to show
possible deficiencies in workmanship, as a consequence of another environment

NOTE Low level sinusoidal vibration test is also known as �signa-
ture test�.

3.1.13
maximum predicted acceleration
acceleration value determined from the combined effects of the quasi steady accel-
eration and the transient response of the vehicle to engine ignition, engine burn-
out and stage separation

NOTE Where the natural frequency of the equipment mount or
mounting structure can couple with engine initiated transi-
ents, the maximum predicted acceleration level accounts for
the possible dynamic amplification.

3.1.14
maximum predicted acoustic environment
maximum value of the time average r.m.s. SPL (sound pressure level) in each
frequency band occurring below payload fairing or within STS orbiter cargo bay,
which occurs during lift-off, powered flight or re-entry

NOTE The maximum predicted acoustic environment test spec-
trum is specified in octave or 1/3 octave bands over a fre-
quency range of 31,5 Hz to 10000 Hz. The duration of the
maximum environment is the total period when the overall
amplitude iswithin 6 dB of themaximumoverall amplitude.

3.1.15
maximum predicted operating pressure
working pressure applied to equipment by the pressurizing system with the pres-
sure regulators and relief valves at their upper operating limit, including the
effects of temperature, transient peaks and vehicle acceleration

3.1.16
maximum predicted pyro shock environment
maximum absolute shock response spectrum determined by the response of a
number of single degree of freedom systems using an acceleration amplification
factor at the resonant frequency of lightly damped system (Q = 10)

NOTE 1 The shock response spectrum is determined at frequency
intervals of one-sixth octave or less over a frequency range
of 100 Hz to 4000 Hz or more.

NOTE 2 The pyro shock environment imposed on the spacecraft
equipment is due to structural response when the space or
launch vehicle electro-explosive devices are activated. Re-
sultant structural response accelerations have the form of
superimposed complex decaying sinusoids that decay to a
few percent of their maximum acceleration in 5 ms to 15ms.



ECSS15 February 2002
ECSS--E--10--03A

16

3.1.17
maximum predicted random vibration environment
random vibration environment imposed on the spacecraft, subsystems and equip-
ment due to the lift-off acoustic field, aerodynamic excitations, and transmitted
structure-borne vibration.

NOTE 1 A different spectrum can exist for different equipment zones
or for different axis. The equipment vibration levels are
based on vibration response measurements made at the
equipment attachment points during ground acoustic tests
or during flight. The duration of the maximum environment
is the total period during flight when the overall level is
within 6 dB of the maximum overall level.

NOTE 2 The Power spectral density is based on a frequency resol-
ution of 1/6 octave (or narrower) bandwidth analysis, over a
frequency range of 20 Hz to 2000 Hz

3.1.18
maximum predicted sinusoidal vibration environment
predicted environment imposed on the spacecraft, subsystemsand equipment due
to sinusoidal and narrow band random forcing functionswithin the launch vehicle
or spacecraft during flight or from ground transportation and handling

NOTE 1 In flight, sinusoidal excitations are caused by unstable com-
bustion, by coupling of structural resonant frequencies
(POGO), or by imbalances in rotating equipment in the
launch vehicle or spacecraft. Sinusoidal excitations occur
also during ground transportation and handling due to res-
onant responses of tires and suspension systemsof the trans-
porter.

NOTE 2 The maximum predicted sinusoidal vibration environment
is specified over a frequency range of 5 Hz to 100 Hz for flight
excitation.

3.1.19
maximum and minimum predicted equipment temperatures
highest and lowest temperatures that are expected to occur in flight on each
equipment of the spacecraft during all operational and non-operational modes
which include uncertainties

3.1.20
model philosophy
definition of the optimum number and characteristics of physical models to
achieve a high confidence in the product verification with the shortest planning
and a suitable weighing of costs and risks

[ECSS--E--10--02A]

3.1.21
moving mechanical assemblies
mechanical or electromechanical devices that control the movement of one mech-
anical part of a spacecraft relative to another part

NOTE Moving mechanical assemblies include:
deploymentmechanisms, pointingmechanisms, drivemech-
anisms, design mechanisms and the actuators, motors, link-
ages, latches, clutches, springs, cams, dampers, booms, gim-
bals, gears, bearings and instrumentation that are an
integral part of thesemechanical assemblies (e.g. recorders).
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3.1.22
multipacting
resonant back and forth flow of secondary electrons in a vacuum between two
surfaces separated by a distance such that the electron transit time is an odd
integralmultiple of one half the period of the alternating voltage impressed on the
surface

NOTE 1 Multipacting does not occur unless an electron impacts one
surface to initiate the action, anda secondary emission of one
or more electrons at each surface to sustain the action takes
place.

NOTE 2 Multipacting is an unstable self-extinguishing action which
occurs at pressures less than 6,65 × 10--2 hPa, however, it
becomes stable at a pressure less than 1,33 × 10--3 hPa.

NOTE 3 The pitting action resulting from the secondary emission of
electrons degrades the impacted surfaces. The secondary
electron emission can also increase the pressure in the vicin-
ity of the surfaces causing ionization (corona) breakdown to
occur.

NOTE 4 These effects can cause degradation of performance or per-
manent failure of the radio frequency cavities, waveguides
or other devices involved.

3.1.23
notching of sinusoidal vibration input spectrum
notching of the shaker input spectrum to limit structural responses at resonant
frequencies according to qualification or acceptance loads

NOTE Notching of sinusoidal vibration input spectrum is a general
accepted practise in vibration testing.

3.1.24
operational modes
combination of operational configurations or conditions that can occur during the
service life for equipment or spacecraft

EXAMPLE Power-on or power-off, command modes, readout modes,
attitude control modes, antenna stowed or deployed, and
spinning or de-spun.

3.1.25
post-landing stage
verification stage valid for projectswhere characteristics for post-landing verifica-
tion is performed (e.g. multimission projects)

[ECSS--E--10--02A]

3.1.26
pre-launch stage
verification stage with the objective to verify that the flight article is properly
configured for launch and capable to function as planned for launch

[ECSS--E--10--02A]

3.1.27
proof pressure
test pressure for pressurized equipment to sustain without detrimental deforma-
tion
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NOTE 1 The proof pressure is used to give evidence of satisfactory
workmanship andmaterial quality, or to establishmaximum
possible flaw size.

NOTE 2 The proof pressure is equal to the product of maximum ex-
pected operating pressure (see 3.1.15), proof pressure design
factor, and a factor accounting for the difference in material
properties between test and design temperature.

3.1.28
qualification stage
verification stagewith the objective todemonstrate that the design conforms to the
requirements including margins

[ECSS--E--10--02A]

3.1.29
service life
total life expectancy of an item, equipment or space vehicle

NOTE The service life starts at the completion of assembly of the
itemand continues through all acceptance testing, handling,
storage, transportation, launch operations, orbital oper-
ations, refurbishment, retesting, re-entry or recovery from
orbit, and reuse if applicable.

3.1.30
space element
product or set of products intended to be operated in outer space

NOTE 1 In order to avoid repetition in the level of decomposition of
the space product, the term element is used to define �sys-
tems within the system�. The term element is used to ident-
ify any system within the space system.

NOTE 2 Elements that operate entirely in space or on the ground are
referred to as �Space segment� and �Ground Segment�
respectively.

3.1.31
space vehicle
integrated set of subsystems and equipment capable of supporting an operational
role in space

NOTE A space vehicle can be an orbiting vehicle, a major portion of
an orbiting vehicle, or a payload that performs its mission
while attached to a launch or upper-stage vehicle. The
ground support equipment is considered to be a part of the
space vehicle.

3.1.32
stabilized test temperature
specified temperature for equipment and subsystem tests that has been achieved
and has not changed by more than 1 ºC during the previous one-hour period

NOTE During system level tests, performance verification testing
may be started when the rate of change is below 1 ºC within
a time period equal or near the time constant of the space-
craft.
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3.1.33
temperature reference, reference point
physical point located on the equipment providing a simplified representation of
the equipment thermal status

NOTE 1 Depending upon the equipment dimensions, more than one
temperature reference may be defined.

NOTE 2 The temperature of the reference point is measured by tem-
perature sensors during test. The temperature distribution
within the equipment and hot spots on the external casing
due to point heat sources are not used as reference points.

3.1.34
ultimate load
maximum static load to which a structure is designed

NOTE 1 It is obtained by multiplying the limit load by the ultimate
factor of safety.

NOTE 2 See annex A.3

3.2 Abbreviated terms
The following abbreviated terms are defined and used within this Standard.

Abbreviation Meaning

ABCL as-built configuration list

ABM apogee boost motor

AFT abbreviated functional test

AOCS attitude and orbit control system

APTC ambient pressure temperature cycling

ASE airborne support equipment

ATC accelerate thermal cycling

AVM anti vibration mounts

AVT acceptance vibration test

BAPTA bearing and power transfer assembly

CCB configuration control board

CIDL configuration item data list

CoG centre of gravity

DRD document requirements definition

ECLS environmental control and life support

EGSE electronic ground support equipment

EMC electromagnetic compatibility

EQM engineering qualification model

ESD electrostatic discharge

ESSEH environmental stress screening of electronic hardware

FM flight model

FOP flight operations plan

GSE ground support equipment

HFE human factors engineering

hi--rel high reliability
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ISC integrated system check

ISST integrated subsystem test

IST integrated system test

LCDA launcher coupled dynamic analysis

LEO low Earth orbit

LEOP launch and early orbit phase

LV launch vehicle

M mass

MEC microgravity environmental compatibility

MIL (spec) specification of the US Department of Defense

MLI multi-layer insulation

MoI moment of inertia

NCR nonconformance report

NDIU network data interface unit

NRB nonconformance review board

PFM protoflight model

PSD power spectral density

PTC passive thermal control

POGO propulsion generated oscillations

QAVT qualification vibration test

QM qualification model

r.m.s. root-mean-square

RSS root-sum-square

RF radio frequency

SADM solar array drive mechanism

SFT system functional test

SPL sound pressure level

STM structural-thermal model

STS space transportation system

TC telecommand

TCL test configuration list

TCS thermal control subsystem

TM telemetry

TMM thermal mathematical model

TT&C telemetry, tracking and command

TWT travelling wave tube

TWTA travelling wave tube assembly

VTC vacuum temperature cycling
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4

General requirements

4.1 Testing philosophy

4.1.1
Test programmesare an essential part of the overall verification to ensure that the
product achieves all the design, performance and quality requirements.

4.1.2
a. Test planning, test requirements, and test criteria shall be derived from the

design requirements.

NOTE The design requirements indicate the expected performance
of the test item as well as the conditions under which it
operates.

b. To facilitate this process, all system, element, subsystem, and equipment
product specifications shall indicate their intended verification method (test,
analysis, review of design, or inspection) and level for each stated require-
ment (verification matrix), as defined in the ECSS--E--10--02.

c. Starting from the verification matrix, a dedicated test matrix shall be pre-
pared defining the detailed types of tests to be implemented.

d. Based on the test requirements as above documented, a test plan shall be
established as part of the overall verification plan.

e. The test plan shall:

1. describe and sequence all the tests,

2. state the objectives and the scope of the tests,

3. specify the test facilities, and

4. govern the execution of all tests.

EXAMPLE By setting test documentation and approval requirements,
cleanliness and product assurance requirements, handling
of discrepancies, and personnel safety requirements.

f. The determination of test sequences should be based on two main
considerations:

1. Preserve the order in which environments are encountered during the
operational life, and
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2. Detect potential failures and defects as early in the test sequence as
possible.

g. When defining a test baseline, the specific item characteristics (e.g. design
maturity and margins, qualification status, and model philosophy) and the
programmatic characteristics (e.g. cost and acceptable risks) shall be con-
sidered for each project.

h. Testing is the preferred verificationmethodwith the lowest risk, but, because
it represents a large expense, the tailoring of the test programme should also
assure that a cost effective programme is achieved (see ECSS--E--10--02).

4.1.3
The overall test programme shall encompass different stages at different project
levels and indifferentphases in accordancewith the verificationprocessdefinition
(see ECSS--E--10--02).

EXAMPLE Development, qualification, acceptance testing, both on-
ground and in-orbit.

4.1.4
The test programme should satisfy the specific objectives of each stage prior to the
accomplishment of next stage, using a sequential bottom-up product approach.

4.1.5
a. Design suitability should be demonstrated in the development phase prior to

the start of the formal qualification testing.

b. Qualification testing should be completed and consequential design improve-
ments incorporated, prior to the initiation of the flight item manufacturing.

4.1.6
a. The environmental tests should be imposed sequentially, rather than in com-

bination.

NOTE Features of the hardware design or of the service environ-
ments can justify the necessity of combined environments in
some tests.

b. Where it is not feasible to test a product as a single entity, major assemblies,
modules or stages of the product can be tested, with the support of analyses,
simulations or simulators.

EXAMPLE The service and payloadmodule in the case of a space vehicle
and first, or second stage in the case of a launcher, which can
be integrated and tested separately.

NOTE Launch vehicle testing is very intensive during development
and qualification stages and more limited for production
models. Apart from functional tests, very few tests are done
on complete launch vehicles. Most of the tests are conducted
at equipment and subsystem level. Element level testing
takes place only at the launch range or in qualification
flights.
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4.2 Model philosophy

4.2.1
The test baseline definition shall be based on the project model philosophy.

NOTE Referring to the model philosophies, and related activity
identification, see annex B.1 of ECSS--E--10--02A, it can be
seen how the qualification, acceptance and protoflight test
activities are shared among the different models. This shar-
ing depends onmodel philosophy, project characteristics and
model representativeness.

4.2.2
The following project model philosophy situations can exist:

a. Prototype approach

1. The qualification testing can be conducted on one or more qualification
model (QM), according to the project requirements and objectives, always
with qualification levels and duration.

2. For tests on more than one QM, the tests shall be performed on the differ-
entmodels according to their representativeness (e.g. functional qualifica-
tion is performed on EQM) and the test sequences for each model shall be
adapted accordingly.

3. The FM shall be subjected to complete acceptance testing.

b. Protoflight approach

1. All the qualification tests shall be performed on the same model to be
flown, normally with qualification levels and reduced duration.

2. The protoflight model (PFM) should be subjected to a test programme
defined on a case-by-case basis.

NOTE The test programme combines both qualification and accept-
ance tests to satisfy the qualification and the acceptance
objectives, see subclauses 4.4 and 4.5.

c. Hybrid approach

1. A combination of the prototype and protoflight rules shall be applied.

2. Specific qualification testing in the critical areas can be conducted on
dedicated models (e.g. STM, QM, EQM or others).

3. In critical areas acceptance testing shall be performed only on the PFM.

4.3 Development testing

4.3.1
a. The objective of development testing is to support the design feasibility and

to assist in the evolution of the design.

b. Development tests are used to validate new design concepts and the applica-
tion of proven concepts and techniques to a new configuration.

4.3.2
a. Development tests shall be used to confirm

1. performance margins,

2. manufacturability,

3. testability,

4. maintainability,

5. reliability,
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6. life expectancy,

7. failure modes and

8. compatibility with safety requirements.

NOTE 1 Development tests need not be subjected to the same levels
and controls associated with the qualification, acceptance,
pre-launch, in-orbit and post-landing test campaigns.

NOTE 2 Development testing cannot be reduced to a standardized set
of procedures.

NOTE 3 Development testing requirements are dependent upon the
maturity of design andupon the operational requirements of
the specific project.

b. Where practicable, development tests should be conducted over a range of
operating conditions that exceed the design limits to identifymarginal design
features.

c. Development tests can be conducted on mock-ups, development (bread-
boards) and integration models.

d. Adequate records of test configuration, test results and other pertinent data
shall be maintained so that this information is available to supplement other
portions of the verification programme as required, or when failure occurs
during the functioning of qualification and flight models.

4.4 Qualification testing

4.4.1
The objective of qualification testing is the formal demonstration that the design
implementation andmanufacturingmethods have resulted in hardware and soft-
ware conforming to the specification requirements.

4.4.2
Thepurpose of qualification testing shall be to demonstrate that the itemsperform
satisfactorily in the intended environments with sufficient margins.

4.4.3
The qualification test levels shall exceed themaximumpredicted levels by a factor
of safety which assures that, even with the worst combination of test tolerances,
the flight levels shall not exceed the qualification test levels.

4.4.4
The qualification testing shall be conducted on dedicated qualification models
(QM) thatare produced fromthe samedrawings, using the samematerials, tooling
and methods as the flight item.

NOTE The standard of the QMmay be slightly relaxedwith respect
to flight standard, e.g. by using lower quality parts instead
of the space qualified hi-rel ones, without affecting the test
validity (EQM).

4.4.5
Minor changes with respect to the flight models can be made to the QM used for
qualification testing, providing they do not affect the qualification objectives

EXAMPLE Adding items such as thermocouples, strain gauges and
monitoring leads, necessary to conduct the test.
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4.4.6
a. The complete flight element (i.e. flight vehicle) should beused during environ-

mental testing for qualification.

NOTE Environmental testing of a complete element is not always
feasible (e.g. due to its size it can exceed the capacity of a test
facility). In this case, qualification of an element can be
achieved by a combination of tests on various assembly
levels, supported by analysis and similarity assessment,
review of design, and inspection.

b. The requirements for tests on levels below the element shall be derived from
the system qualification requirements.

c. The effects of constituents, which are interacting on the element level, but
which are not present during these tests, shall be taken into consideration.

4.4.7
The environments used during qualification tests shall be the design levels which
are usually more severe than those predicted to occur during flight in order to
account for variability in subsequent production articles and other uncertainties
(see subclause 4.8.1).

4.5 Acceptance testing

4.5.1
The purpose of acceptance testing is to demonstrate conformance to specification
and to act as quality control screens to detect manufacturing defects, workman-
ship errors, the start of failures and other performance anomalies, which are not
readily detectable by normal inspection techniques.

4.5.2
The acceptance tests shall be formal tests conducted to demonstrate the adequacy
and readiness of an item for delivery and subsequent usage.

4.5.3
Acceptance testing shall not create conditions that exceed safetymargins or cause
unrealistic modes of failure.

4.5.4
Acceptance tests shall be conducted on flight models under environmental condi-
tions no more severe than those expected during the mission.

4.5.5
The acceptance tests shall be conducted on all the flight products (including
spares) according to the model philosophy of subclause 4.2, and ground elements.

4.5.6
a. Systems and elements that cannot be flight acceptance tested as a whole due

to size limitations of available test facilities shall undergo a controlled accept-
ance process corresponding to the qualification processdescribed in subclause
4.1.

b. All tests below the system level shall be traceable to the system acceptance
requirements.

c. Effects of constituents, which are interacting on system level, but which are
not present during these tests, shall be taken into account.
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4.6 Protoflight testing

4.6.1
a. In a minimum risk programme, as in the prototype approach (see

ECSS--E--10--02), the products that were subjected to qualification tests are
not eligible for flight, since therewasno demonstration of remaining life of the
product.

b. The protoflight approach (see ECSS--E--10--02) can present a higher risk than
the prototype approach in which designmargins are demonstrated by testing
of a dedicated qualification product.

c. A strategy to minimize the risk can be applied by enhancing development
testing, by increasing the design factors of safety and by implementing an
adequate spare policy.

d. Theprotoflight approach canbeappliedat each level of decomposition of space
system.

e. For detailed considerations on the model philosophy see ECSS--E--10--02A,
annex B.1.

4.6.2
The protoflight test levels and durations shall be as follows:

a. protoflight test levels: as qualification margins (see subclause 4.8.1.2);

b. protoflight test durations: as acceptance durations (see subclause 4.8.1.3).

4.7 Retesting

4.7.1 General
a. Since the scope and the nature of retesting differs so much, standard test

requirements or test guidelines shall be decided on a case-by-case basis.

b. There are five situations,which can result in a retest described in4.7.2 to 4.7.6
below.

4.7.2 Failure or anomaly during qualification, acceptance or
protoflight testing

a. The failure or anomalies occurred during the testing activities, shall be
recorded on a nonconformance report (NCR) and the nonconformance review
board (NRB) shall convene to decide on the course of actions to take (see
ECSS--Q--20--09).

b. After the implementation of the NRB disposition and the elimination of the
failure cause, a retest should be performed.

c. The NRB shall decide on the necessity and the extent of the retest in order to
demonstrate the correctness of the disposition made.

4.7.3 Implementation of a design modification after
completion of qualification testing

The configuration control board (CCB) shall evaluate and decide the extent of the
qualification test sequence to be repeated if:

a. a design modification is implemented after the completion of qualification
testing, or

b. amodification (after beingqualified) is retrofitted to analreadyacceptedpiece
of hardware (or software), inwhich case the complete or part of the acceptance
test sequence (as defined in clause 6) shall be repeated to demonstrate the
absence of poor quality or bad workmanship.
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4.7.4 Long duration storage of flight hardware after
acceptance testing

4.7.4.1

a. If flight hardware is stored for an extended time (six months or longer)
between acceptance and shipment to the launch site, periodic checks on its
health status shall be performed.

b. Periodic maintenance shall be performed on items such as travelling wave
tubes (TWTs), tape recorders, batteries (conditioning) and special lubricated
mechanisms and motors.

c. Age sensitive items shall be assessed for their life expectancy and replaced if
they do not achieve the operating requirements prior to shipment.

4.7.4.2

Upon removal of flight hardware fromstorage for shipment it shall be determined,
if a full or partial set of mechanical and functional tests (as defined in clause 6)
shall be repeated.

NOTE The determination depends on storage time, the complexity
of the subject hardware and whether any items were
temporarily removed (e.g. batteries, sensors and propellant)
or disconnected.

4.7.5 Hardware to be re-flown
a. Hardware that is re-flown shall be thoroughly inspected for any hidden dam-

age.

NOTE The type and extent of retests (acceptance) depends on the
following:
S the time between the first acceptance test and the intended

second usage;
S whether the hardware is used in the same application;
S the residual fatigue life.

b. If the conditions and the configurations are different from the previoususage,
then a delta qualification should be performed.

4.7.6 Flight use of qualification hardware

4.7.6.1 Introduction

Often former qualification hardware is refurbished to be used as

D flight hardware (typically when there is more than one item of the same
hardware needed), or

D flight spare.
This approach usually comes from programme costs and schedule constraints.

4.7.6.2 Assessment

A detailed assessment shall be established by the design engineer and the quality
engineer to determine the refurbishment required tomake the hardware accepta-
ble, e.g. replacement of items, which are over-stressed or have the potential to be
over-stressed due to qualification testing.

4.7.6.3 Acceptance tests

After the refurbishment the hardware should be subjected to a full or partial
acceptance test depending on the extent of the refurbishment and disintegration.
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4.8 Test conditions and tolerances

4.8.1 Test levels and duration

4.8.1.1 General

a. Margins to both test levels and duration should be applied to the environ-
mental tests.

NOTE Functional and performance test requirements do not pres-
ent margins.

b. Each test environment should be based on actual flight data, often scaled for
differences in parameters, or if more reliable, by analytical prediction or a
combination of analysis and flight data.

c. A margin can include an increase in level or range, an increase in duration or
cycles of exposure, as well as any other appropriate increase in severity.

4.8.1.2 Qualification test levels and duration

a. The qualification environmental conditions shall stress the hardware tomore
severe conditions than those expected to occur during the service life. There-
fore, the qualification test levels and duration shall be the predicted flight
maximum increased by a qualification margin.

NOTE The qualification margin is intended to:
S avoid qualification test levels and duration that are less severe

than those expected in flight;
S provide test levelswhich coverminordifferencesamongqualifi-

cation and flight units due to variations in parts, materials,
processes, manufacturing and degradation during usage;

S provide appropriate test duration against fatigue failures due
to repeated testing and operational use (e.g. acceptance plus
flight(s) and re-testing);

S meet requirements under extreme conditions of flight, which
when expressed statistically are the P99/90 estimates (i.e. an
environment not expected to be exceeded on 99 % of flights,
estimated with 90 % confidence).

b. Qualification testing shall not create conditions that exceed applicable design
safety margins or cause unrealistic modes of failure.

c. The qualification testmargin for levels and duration specified in Table 1,with
the indication, of the applicability to equipment or space element levels, shall
be applied.

NOTE The table does not include tests for some ambient conditions
such as humidity and toxic-off gassing because they are per-
formed exposing the hardware to the environment without
margin.
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Table 1: Qualification test levels and durations

Test Levels Duration
Equipment Space element Equipment Space element

Shock +6 dB a N/A 3 shocks in both
directions of 3 axes

3 activations of
explosive firing

Acoustic +4 dB a +3 dB 2 min b 2 min b

Vibration Random/Sine:
+4 dB

Random/Sine:
+3 dB

Random: 2,5 min per
axis b

Sine: 2 octave/min
1 sweep up and
down (5 Hz--100 Hz)

Random: 2 min
per axis b

Sine: 2 octave/min
(5 Hz--100 Hz)
(notching, if
necessary)

Thermal
cycling

10 ºC extension of
maximum and
minimum pre-
dicted temperatu-
res a

10 ºC extension of
maximum and
minimum pre-
dicted temperatu-
res c

8 cycles 8 cycles

Thermal
vacuum

10 ºC extension of
maximum and
minimum pre-
dicted temperatu-
res a

10 ºC extension of
maximum and
minimum pre-
dicted temperatu-
res c

8 cycles if combined
with thermal cycling,
1 cycle if thermal
cycling is performed

8 cycles if com-
bined with ther-
mal cycling,
1 cycle if thermal
cycling is per-
formed

EMC +6 dB EMC safety margin depending on operating modes
Static/
acceler-
ation

1,25 1,25 100 s + 50 s per
mission

Sufficient to
record test data

Pressure 1,5 (proof),
2 (burst)

1,5 5 min (3 cycles for
valves) only for proof

5 min (3 cycles)

Life N/A (margins only
for accelerated
tests)

4 times operating
life

a If the equipment qualification is carried out for multi-project utilization standard spectra or temperature limits can be used.
b Duration is dependent on the number of missions.
c A suitable distribution of the flight delta temperature for equipment is used, i.e. temperature limit is reached as soon as one unit

in a selected area is at the hot and cold temperature reached during the unit qualification thermal testing.

4.8.1.3 Acceptance test levels and duration

a. The acceptance test levels shall cover the maximum flight levels encountered
during the service life (except for equipment thermal tests where a margin
shall be used to cover uncertainties of mathematical model) according to
Table 2.

b. The test duration shall not degrade the item and be taken into account in the
lifetime of the item itself.

c. The acceptance test levels and durations to be applied are summarized in
Table 2, with the indication, where necessary, of the applicability to equip-
ment or space element levels.

NOTE Table 2 does not include tests for some ambient conditions
such as humidity and toxic-off gassing because they are per-
formed exposing the hardware to the environment without
margin.
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d. For vibration, the random acceptance test spectrum shall not be lower than
the minimum spectrum (see Table 2).

Table 2: Acceptance test levels and durations

Test Levels Duration
Equipment Space element Equipment Space element

Shock Maximum expected
shock spectrum

N/A 1 shock in both
directions of 3
axes + dwell and
burst tests

1 activation of
explosive firing

Acoustic Envelope of maximum expected acoustic
spectrum

2 min 1 min

Vibration Random:
Envelope of maximum
and minimum ex-
pected spectrum a

Random:
Envelope of maxi-
mum and mini-
mum expected
spectrum a

Random:
2 min per axis

Random:
1 min per axis

Thermal
cycling

5 ºC extension of
maximum and mini-
mum predicted tem-
peratures b

Flight tempera-
ture c

4 cycles 4 cycles

Thermal
vacuum

5 ºC extension of
maximum and mini-
mum predicted tem-
peratures b

Flight tempera-
ture c

4 cycles if com-
bined with ther-
mal cycling,
1 cycle if thermal
cycling is per-
formed

4 cycles if com-
bined with ther-
mal cycling,
1 cycle if thermal
cycling is per-
formed

Pressure 1,5 1 5 min (only one
cycle)

Sufficient to es-
tablish leakage

a For random acceptance test spectrum see 4.8.1.3 d.
For the equipment, the minimum spectrum is the acceptance vibration test (AVT) spectrum having no relation with the ex-
pected mission and derived from experience on several projects.

b If the equipment acceptance is carried out for multi-project utilization standard spectra or temperature limits can be used.
c A suitable distribution of the flight delta temperature for equipment is used, i.e. temperature limit is reached as soon as one unit

in a selected area is at the hot and cold temperature reached during the unit acceptance thermal testing.

4.8.1.4 Protoflight test levels and duration

a. The protoflight approach as defined in subclause 4.6 combines the qualifica-
tion and acceptance tests into protoflight tests with modified test levels and
durations.

b. The protoflight qualification test levels and durations shall be as follows:

1. protoflight test levels: as qualification levels (see Table 1);

2. protoflight test durations: as acceptance durations (see Table 2).

4.8.2 Test measurements

4.8.2.1 General

Measurement uncertainties should be in accordance with ANSI/ASME PTC 19.1.

4.8.2.2 Test tolerances

The test level tolerances specified in Table 3 shall be applied to the nominal test
value specified.
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NOTE The tolerances specified in Table 3 are the maximum range
within which the test level may vary. They are exclusive of
instrument accuracy from test parameter NO TAG to 12.
From test parameter 13. to 16. they are coincident with the
maximum measurement instrument accuracy.

4.8.2.3 Accuracy of test instrumentation

a. The accuracy of instruments used to control or monitor the test parameters
shall be verified periodically and shall be compatible with the test objectives.

b. The accuracy of the instruments shall be consistent with the tolerance for the
variable to be measured, as specified in Table 3, and should be at least one
third of the tolerance itself.

c. All instrumentation to be used for testing shall be subjected to approved
calibration procedures and shall be within the normal calibration period at
the time of the test.

Table 3: Maximum allowable test tolerances
Test parameters Tolerances

a Temperature (ºC) High Low

from --50 ºC to +100 ºC TMax
+3
−0 TMin

+0
−3

below --50 º C or above +100 ºC TMax
+4
−0 TMin

+0
−4

3. Relative humidity ±5 %

4. Pressure (in vacuum chamber)

> 1.3 hPa ±15 %

1.3 10--3 hPa to 1.3 hPa ±30 %

< 1.3 10--3 hPa ±80 %

5. Acceleration 0 / +10 %

6. Sinusoidal vibration

Frequency
Amplitude
Sweep rate

±2 % from 10 Hz to 2000 Hz
±10 %
±5 %

7. Random vibration

Frequency ±5 % (or 1 Hz whichever is greater)

PSD from 20 Hz to 500 Hz
(filter bandwidth 25 Hz or
less)
PSD from 500 Hz to 2000 Hz
(filter bandwidth 50 Hz or
less)

--1/ +3 dB for Qualification
and
--3/+1.5 dB for Acceptance

Random overall g r.m.s. ±10 %

8. Acoustic noise

Sound pressure level
1/3 octave band (centre
frequency)
Overall

±3,0 dB

±1,5 dB

9. Test time 0/+10 %
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Table 3: Maximum allowable test tolerances (continued)
Test parameters Tolerances

10. Shock

Response spectrum amplitude
(1/6 octave centre frequency)

±6 dB (with 30 % of the response spectrum
centre frequency amplitudes greater than
nominal test specification)

Shock duration
≤ 20 ms
> 20 ms

Shock level

0/+20 %
0/+10 %
0/+20 %

11. Solar flux

Mean value
Test volume

±3 % on reference plane(s)
±1 %

12. Infrared flux

Mean value ±3 % on reference plane(s)

13. Mass

Equipment ±2 × 10--2 kg or ± 0,1 % (whichever is
greater)

Space vehicle, element or module ±0,3 kg

14. Centre of gravity (CoG)

Equipment Within a 1 mm radius sphere

Space vehicle, element or module ±2,5 mm along Z--axis

15. Moment of inertia (MoI)

Equipment ±3 %

Space vehicle, element or module ±1 % each axis

16. Leak rate ±10--5 Pa m3 s--1 of Helium at 1013 hPa
pressure differential

17. Microgravity

Quasi-static force or torque
Dynamic forces

±10 %
±20 %

Sound-power:
1/3 octave band centre
frequencies

32,5 Hz -- 160 Hz
160 Hz -- 500 Hz

±3 dB
±2 dB

18. Audible noise

32,5 Hz -- 160 Hz
160 Hz -- 15 kHz

±3 dB
±2 dB

19. Flow rate ±5 %

20. Strain ±10 %
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4.9 Operations validation testing

4.9.1 Introduction

4.9.1.1
This subclause addresses the specific test philosophy applicable to the ground
segment implementation andmission operations testing. In accordance with com-
monly accepted definitions (see ECSS--E--70), the �ground segment� or �oper-
ational entity� consists of:

a. organizational elements operating the space mission and consisting of staff,
manuals, plans, mission rules, and procedures;

b. functional elements which form the ground segment (software or hardware)
facilities used in the operations of the mission.

4.9.1.2
The objective of the ground segment and operations validation testing covers both
of the element categories distinguished above and can be formulated as follows:

To obtain assurance prior to launch that the integrated hard-
ware and software facilities perform as intended and that the
ground segment can accomplish all operational mission re-
quirements within the constraints imposed by the operational
environment.

4.9.1.3
a. The testing philosophy as outlined under subclause 4.1 should be applied to

the ground segment.

b. Due to the specific characteristics of the ground segment rigid applicability
of the space vehicle test principles should not be imposed. In particular, the
ground segment equipment need not to be subjected to precisely the same
qualification and test requirements as �flight� hardware since post-launch
maintenance and replacement is possible. Furthermore, many essential
space vehicle test requirements are not relevant for ground hardware
(e.g. model philosophy and environmental testing).

4.9.1.4
Specific acceptance and validation testing requirements for ground segment el-
ements shall be performed for the in-orbit elements when adequate availability
and performance of the ground segment constitutes a critical condition for the
fulfilment of the mission objectives.

4.9.2 Overview of ground segment facilities
The following list provides a high-level overview of the different kinds of ground
segment support facilities to consider (see ECSS--E--70).

a. Mission control system, consisting of:

S Operations control system,
S Payload control system,
S Mission exploitation system (often under responsibility of a �user� organ-

ization);
NOTE Themission control system comprisesallmonitoring, control

and data processing software and hardware, the mission
operations rules, plans and procedures, aswell as the control
centre control facilities and the relevant operations and
maintenance support staff.
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b. Ground station system;

NOTE The ground station system includes telemetry and telecom-
mand subsystems as well as antenna, ranging, timing, and
station monitor and control subsystems.

c. Communications network system.

NOTE The communications network system covers the data and
voice communications lines and their connections to the
ground stations and mission control system as well as data
communications facilities with the users.

4.9.3 Ground segment subsystem acceptance tests

4.9.3.1
The objective of acceptance tests on ground segment subsystems is to confirm or
to establish confidence in the performance of a particular individual subsystem
(with its specific hardware or software function) at the conclusion of its
development stage. This refers specifically to the �integrity� of the equipmentwith
respect to its conformance to the applicable functional, performance, and interface
requirements.

4.9.3.2
a. Test objectives and test procedures shall be documented and approved before

the start of the tests.

b. Test results shall be documented in corresponding test reports immediately
following the completion of the test.

4.9.3.3
a. Through acceptance testing of a subsystem, it shall be demonstrated and

documented that the subsystem fulfils all specified functional and perform-
ance requirements.

b. Acceptance tests should include the confirmation of specific user require-
ments relating to the performance of the equipment within the intended
operational environment.

4.9.3.4
Specific dedicated test facility (hardware or software) should be developed or
procured along with the subsystem itself for verifying functional performances
and interface requirements.

4.9.3.5
a. All new or modified hardware and software subsystems shall be subjected to

rigorous acceptance testing before delivery.

b. Software functions associated with the hardware should be considered as an
integral part of its overall functional capabilities.

4.9.3.6
Software acceptance tests shall be conducted by running and evaluating anumber
of specific software tasks as specified before and in cooperation with the software
user.

4.9.4 Ground segment integration tests

4.9.4.1
The objective of ground segment integration test is to establish confidence that two
or more assembled subsystems are capable of functioning together, i.e. satisfying
all relevant interface requirements.
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4.9.4.2
Integration testing shall be performed in a progressive step-by-step manner,
building up the complete ground systemout of elementswhichby themselveswere
previously integrated and validated in terms of their functional and interface
performances.

4.9.4.3
The relevant interface characteristics with other parts of the ground segment
should be tested with the help of software simulators before exercising the actual
hardware interfaces.

4.9.5 Operations validation tests

4.9.5.1 Overview and background

4.9.5.1.1
Operations validation tests refer to the system-level ground segment validation.

The objective of operations validation tests is to establish the correct functioning
of a substantial portion of the (partly or wholly) integrated ground segment and
is summarized as follows:

a. To validate the correctness of the operations control and monitoring software
in relation to the space vehicle design and performance requirements;

b. To validate the interface integrity and robustness of the integrated hardware
and software subsystems within realistic nominal and back-up operations
scenarios;

c. To validate the procedural contents of the flight operation plan (FOP) at
system level. Therefore, it is important that these tests are conducted as far
as practical in accordance with the control procedures and timelines outlined
in the FOP;

d. To confirm the functional and performance integrity of the relevant ground
stations within the relevant operational context;

e. To validate the integrity of the data communications interfaces between the
control centre and the ground stations (i.e. bymeans of data flow tests coupled
with functional and performance tests).

NOTE Table 4 provides examples of ground segment and oper-
ations validation test activities.

4.9.5.1.2
Operations validation tests shall be conducted within a realistic operational envi-
ronment in order to demonstrate the ability to meet specific operational condi-
tions, for instance imposed by time critical operations sequences.

NOTE When new subsystem facilities are involved, these tests can
often require a number of iterations or �restarts�.

4.9.5.1.3
To achieve the system-level test objectives the categories of tests distinguished in
4.9.3 and 4.9.4 shall be conducted in a sequential order.

4.9.5.1.4
Subsystem acceptance tests shall be completed satisfactorily before initiating
their successive integration; similarly, operations validation tests shall be started
only after successful integration testing of significantparts of the ground segment.
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Table 4: Examples of ground segment validation tests
Mission control system Monitoring and control system validationMission control system Monitoring and control system validation

Validation of deliverable data products and services
Validation of operations plans and procedures
Validation of timeline and mission rules
Validation of flight dynamics capabilities

Ground station facilities RF compatibility testsGround station facilities RF compatibility tests

TM and TC data interface tests
Station computer functional tests
Ranging and antenna pointing data interface tests

Communications network TM and TC data flow testsCommunications network TM and TC data flow tests

Ground station system operations tests
Ranging and antenna pointing operations tests

NOTE: Additional tests are given in subclauses 4.9.5.2 to 4.9.5.4.

4.9.5.2 RF compatibility tests

4.9.5.2.1
The objective of the RF compatibility test is to establish confidence that the uplink
and downlink characteristics of the space vehicle and of the ground stations, to be
used during the launch and early orbit phase (LEOP) and operational phase of the
mission, are compatible in terms of their RF characteristics.

4.9.5.2.2
A series of standard tests should be performed using the ground station (or a
representative model) and a satellite �suitcase� model consisting of the space
vehicle telecommunications and data handling subsystems.

NOTE Sometimes, the actual space vehicle is used.

4.9.5.3 Space vehicle to ground segment compatibility tests

4.9.5.3.1
The objective of the space vehicle to ground segment compatibility tests is to
validate themonitor and control systemwith regard to its TMand TC interactions
with the space vehicle.

4.9.5.3.2
a. Space vehicle to groundsegment compatibility tests shall be performeddirect-

ly with the actual satellite linked to the control centre via a data communica-
tions network for TM, TC and voice.
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b. A network data interface unit (NDIU) shall be attached to the space vehicle
for performing the ground station TM and TC data processing functions.

NOTE �Space vehicle compatibility tests� (which aim at validating
the �compatibility� between the actual satellite and the
mission control system) is sometimes referred to as �system
validation tests�. This term is discouraged since these tests
cover only one specific (althoughextremely important) inter-
face verification and not a complete ground segment system-
level validation.

4.9.5.3.3
a. Prior to the compatibility tests with the space vehicle, the control system

should be validated with the aid of a dedicated software simulator.

b. Actual telemetry tapesgeneratedduring satellite check--out tests canbeused.

4.9.5.3.4
Two compatibility tests should be performed with the satellite typically at about
6 and 3 months before launch and each with a duration of one to two weeks as
follows:

a. During these tests, all space vehicle operating modes and their reconfigura-
tions should be exercised in realistic operations sequences.

b. The first compatibility test shall focus on software and database validation
activities that includes all monitor and control software facilities.

c. The second compatibility test shall

1. (re)validate outstanding software capabilities, and

2. exercise and validate critical FOP (flight operation plan) operations
sequences with the actual space vehicle.

4.9.5.4 Simulations programme

4.9.5.4.1
The objectives of simulation activities is to ultimately validate the mission rules,
the timelines, and operations procedures contained in the flight operation plan.

4.9.5.4.2
a. Simulations shall be performed within the actual operations environment

containing the integrated mission control system, the ground stations and
communications network as well as the relevant control and support teams.

b. A software simulator shall be used for generating the telemetry data and for
handling telecommand.

4.9.5.4.3
a. Simulations shall be designed to familiarize the flight control teams and

support personnel in the control centre and at the ground stations with the
relevant mission operations activities as defined in the operations plan.

b. The monitor and control activities for the relevant flight sequences shall be
exercised and validated under realistic conditions as imposed by the actual
timeline and actual organizational characteristics.

c. Both nominal and contingency operations procedures shall be exercised in the
simulations programme.

4.9.5.4.4
a. The flight dynamics team and the space vehicle engineering support team

should be considered as an integral part of the mission control team.

NOTE The number of teams involved in simulations gradually
increases as the simulation programme progresses.
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b. The specific interfaces between the various teams should be exercised in
realistic conditions during a number of individual simulations sessions in
order that problems are minimized during the actual operations.

4.9.6 Ground segment mission readiness test

4.9.6.1
The objective of the ground segment mission readiness test is to confirm the
operational readiness status of the ground segment, in particular the control
system and the communications network in the relevant nominal and back-up
modes.

4.9.6.2
Ground segment mission readiness should cover extended data flow tests with
additional processing, display requirements or specific on-station performance
checks.

4.10 Test data
a. For an evaluation of the product performance under the various specified test

conditions, testmeasurements and the environmental conditions on the prod-
ucts shall be recorded.

b. These records shall be used for post-test analysis to supplement the real-time
monitoring and to facilitate the accumulation of trend data for the critical test
parameters.

c. The test data should be compared across major test sequences for trends or
evidence of anomalous behaviour.

d. Test data shall be examined for possible anomalies. For details of the noncon-
formance control procedure see ECSS--Q--20--09.

e. Test data can be used as inputs to analysis (to mathematical models) for
verification closure.

4.11 Test documentation

4.11.1 Introduction
a. Test standard documentation shall consist of the following DRDs:

1. Test specification (see ECSS--E--10--02A, annex F),

2. Test procedure (see ECSS--E--10--02A, annex G),

3. Test report (see ECSS--E--10--02A, annex H).

b. The documentation should be generated at all product levels as part of the
verification documentation.

4.11.2 Test specification

4.11.2.1
The objectives of the test specification is to define the test requirements to be
implement to demonstrate the item performance. Test specification may be com-
bined with AIV plan and test procedure (see ECSS--E--10--02A, annex F.1).

4.11.2.2
a. The test specification shall be prepared for each major test activity described

in the test plan activity sheets with the objective to detail test requirements.

b. The test specifications shall contain as minimum, the

1. activity objectives,

2. selected approach,
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3. article configuration,

4. set-up description,

5. GSE to use,

6. equipment and instrumentation,

7. conditions for the activity,

8. facilities to use,

9. sequence of activities with the detailed requirements,

10. pass-fail criteria,

11. organization and responsibilities,

12. involved documentation,

13. relationship with product assurance activities, and

14. schedule.

NOTE Parts of the test specification can be contained in separate
documents (e.g. test configuration and measurement plan).

4.11.3 Test procedure
The test procedure shall be written in conformance with the test specification and
specify the following information, as a minimum:

a. Objective of the test including identification of the requirements to beverified.

b. Identification and configuration of the test article, including:

1. applicable documentation (e.g. CIDL, ABCL and TCL),

2. deviation from specified requirement baseline, and

3. equipment reference axes.

c. Test set-up identification, including:

1. test facility and data handling,

2. ground support equipment and manuals,

3. instrumentation (including accuracy and calibration data), and

4. adapters and interfaces.

d. Test conditions (reference to test specification), including:

1. test levels and duration,

2. tolerances, and

3. data acquisition and reduction.

e. Step-by- step instructions for operation, including:

1. test preparation,

2. test performance (step-by-step procedure),

3. pass-fail criteria, and

4. past test activities (relationships).

f. Safety and security instructions.

g. Personnel required and responsibilities.

h. Criteria and rules for deviations.

4.11.4 Test report
The test reports shall describe the execution and the results of the test activity and
contain:

a. The as-run test procedure including any deviations and failures (NCR).
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b. Facility data including environmental data and conditions.

c. Test article data including measurements made on the item under test.

d. Evaluation of the test data.

e. Summary of the test evaluation and conclusion.
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5

Qualification testing

5.1 Equipment test requirements

5.1.1 Introduction
The requirements provided in this clause are of two types:

a. General

The general qualification philosophy provides requirements formulti-project
utilization (i.e. different launchers and different missions).

With this philosophy the equipment is qualified independently from the spe-
cific project, assuring the compatibility with the requirements of a specified
set of launchers (ARIANE 4 and 5, and STS) and with a wide range of mission
types.

The general philosophymakesuse of standard spectra for structural tests and
of standard temperature limits for each category of equipment.

b. Specific

The specific qualification philosophy provides requirements tailored for each
specific project.

With this approach the equipment qualification is limited to the requirements
of a particular project (e.g. launcher mission).

The philosophy specifies the criteria for determination of test levels in terms
of margins to be applied. In principle, the test durations shall be the same as
specified in the general approach.

5.1.2 Equipment classification

5.1.2.1
Equipment shall be classified according to the following categories:

a. Category A:
Off-the-shelf equipment with no modifications and subjected to a qualifica-
tion test programme for space applications at least as severe as that imposed
by the actual project specifications.

Further qualification testing need not be performed.

b. Category B:
Off-the-shelf equipment with no modifications that was already tested and
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qualified but subjected to a different qualification programme or to a different
environment.

Delta qualification test programme shall be decided and performed on a case-
by-case basis.

c. Category C:
Off-the-shelf equipment with minor design modifications.

Delta or full qualification test programme shall be decided case-by-case
depending on the impact of the modification.

d. Category D:
Completely new equipment designed and developed or existing equipment
with major redesign.

A full qualification test programme shall be performed.

5.1.2.2
a. The type and the extent of the test programmes to be performed for each

category depend also on the project model philosophy. The hardware matrix
shall identify, for each equipment, the relatedqualification statusandmodels.

b. The equipment qualification test baseline shall consist of the tests specified
in Table 5.

NOTE The categorization of tests into �required�, �optional� and
�not required� is guided by the sensitivity of the type of
equipment to the specific environment and by the applicabil-
ity of the environment.

c. Where equipment falls into two or more types of Table 5 the required tests
specified for each type shall be applied.

EXAMPLE A star sensor can be considered to fit both �electronic equip-
ment� and �optical equipment� types, therefore, anEMCtest
is conducted since it is applicable for electronic equipment,
even though there is no requirement for optical equipment.

5.1.3 Rules for test programme

5.1.3.1
The following rules shall be taken into account in establishing the testprogramme:

a. Equipment qualification tests should be accomplished entirely at the equip-
ment level.

NOTE In some circumstances equipment qualification may be con-
ducted partially or entirely at a higher level (e.g. intercon-
necting tubes, radio frequency circuits and wiring harness)

b. Leak tests shall be performed only on sealed or pressurized equipment,where
equipment is sensitive to loss of pressure or vacuum.

c. If the equipment is not fully environmentally protected on the ground and in
flight, then a humidity qualification test shall be performed.

NOTE For equipment which is environmentally protected , the hu-
midity qualification test is optional.

d. A humidity qualification test should be performed for tests such as fungus,
sand, dust, salt spray, and radiation.

e. Equipment qualification life tests shall be optional unless a reliability analy-
sis has shown that such tests are essential to demonstrate that the equipment
can withstand the maximum duration or cycles of operation without fatigue
or wear-out failures.
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f. Functional and performance tests shall be performed prior and following
environmental tests.

g. Equipment functional and performance tests shall be performed at the begin-
ning, the end and at specific times during the test sequence to check that
equipment has survived a certain test environment.

h. Equipment functional tests shall be performedwhile theenvironment isbeing
imposed, if the equipment is expected to be (fully) operational under that
environment.

NOTE Many defects, which otherwise escape detection by pre- and
post test functional checks, reveal themselves during envi-
ronmental tests.

i. The performance and functional tests should be designed so that a database
of critical parameters can be established for trend analysis.

j. The database of critical parameters shall be established by measuring the
same critical parameters in all the functional tests conducted before, during
and after each of the baseline environmental tests.

k. Any unusual or unexpected trends shall be evaluated to determine the exist-
ence of any trends towards an out of limit value or of an incipient failure.

l. The EGSE or other support systems of the test article shall:

1. not influence the results of EMC tests,

2. be designed for low emissions, and

3. be hardened against susceptibility testing.

5.1.3.2
a. The qualification test sequence is given in Figure 1 should be followed.

NOTE The sequencing in Figure 1 is based on a combination of the
order in which the environments are encountered during
flight and the purpose to perceive defects as early in the test
sequence as possible.

b. The sinusoidal and random vibration should be performed at the same time
per axis.
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Table 5: Equipment qualification test baseline

Test Reference Recommended Category/type of equipment
Test Reference

subclause sequence a b c d e f g h I j k I

Physical properties 5.1.4 1 R R R R R R R R R R R R

Functional and performance 5.1.5 21 R R R R R R R R R - R R

Humidity 5.1.6 3 O O O O O O O O O O O O

Leak 5.1.7 4,6,11,147 R2 - R2 R R R O O - - - -

Pressure 5.1.8 57 R2 - R2 R R R R - - - - -

Acceleration 5.1.9 7 O R10 O O - O - - R10 - - O

Sinusoidal vibration 5.1.10 8 R R R R R R R R R R R -

Random vibration 5.1.11 9 R R3 R R R R R R R R R -

Acoustic 5.1.12 9 - R3 - O - - - - - O O R

Shock 5.1.13 10 R10 O O O O - O O O - - 0

Corona and arcing 5.1.14 12 R5 R5 O O O - - - - - - -

Thermal vacuum9 5.1.15 136 R R R R R O R R R O R R

Thermal cycling11 5.1.16 136 R R R R R O R R R O R O

EMC/ESD 5.1.17 15 R O - R O - O - - - - -

Life 5.1.18 16 O O O O O O O O O O O O

Microgravity4 5.1.19 17 R R - R R - R - R R R -

Audible noise8 5.1.20 18 R R - R R - R - - R R -

Categories / Types of Equipment

a = Electronic and electrical equipment

b = Antennas

c = Batteries

d = Valves

e = Fluid or propulsion equipment

f = Pressure vessels

g = Thrusters

h = thermal equipment

i = Optical equipment

j = Mechanical equipment

k = Mechanical moving assemblies

l = Solar arrays

Key

R = Required O = Optional - = Not required

Notes

1. See 5.1.2.2 f.

2. Required only on sealed or pressurized equipment.

3. Either random vibration or acoustic test required with other optional.

4. Mission dedicated for in-orbit active mechanical assemblies.

5. To be performed for equipment which is switched on during ascent phase only.

6. Can be combined in thermal vacuum cycling test.

7. Can be combined.

8. Required for equipment for manned space vehicle.

9. Required for equipment exposed to vacuum and sensitive to it.

10. Required for equipment sensitive to the environment and located in zones where the environment is critical.

11. Including temperature test.
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Leak

Corona and
arcing

Thermal
cycling

Thermal
vacuum

Leak

EMC/ESD

Life 4

Microgravity 5

Audible
noise 6

Physical
properties

Leak

Humidity

Pressure

Leak

Acceleration

Sinusoidal
vibration 2

Random
vibration 2

Acoustic

Shock

Notes
1 These tests may be combined.

2 See 5.1.3.2 b.

3 These tests may be combined.

4 Performed for completeness. It can be performed on separate equipment.

5 Equipment for microgravity utilization space vehicle.

6 To be performed for manned space vehicle.

1
3

Figure 1: Equipment qualification test sequence
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5.1.4 Physical properties measurements, equipment
qualification

5.1.4.1 Purpose

The purpose of physical properties measurements is to determine the equipment
physical characteristics, i.e. dimensions, mass, centre of gravity and momentum
of inertia.

5.1.4.2 Test description

a. Dimensions

1. The characteristic dimensions of the equipment (height, width, and
length) shall be measured.

2. The interface dimensions shall be measured.

b. Mass

The mass of the equipment shall be measured.

c. Centre of gravity

1. The position of the centre of gravity shall be determined with respect to a
given co-ordinate system for three mutually perpendicular axes.

2. This measurement should be performed by means of standard laboratory
instrumentation.

d. Momentum of inertia

1. The momentum of inertia shall be measured with respect to the given
co-ordinate system.

2. A torsional pendulumand standard laboratory instrumentation should be
used.

5.1.4.3 Supplementary requirements

a. Alternative methods can be used, provided that they assure the required
accuracy for the measurements.

b. The test article shall be in flight configuration. Any non-flight items, which
cannot be removed, shall be subtracted by calculation.

c. For equipmentwith simple shapes, the centre of gravity location andmomen-
ta of inertia can be determined by calculation.

5.1.5 Functional and performance test, equipment
qualification

5.1.5.1 Purpose

The purpose of the functional and performance test is to verify that the electrical
and mechanical functions and the performance of the equipment conform to the
equipment specification.

5.1.5.2 Functional and performance test basic requirements

a. Electrical tests shall include application of expected voltages, impedance,
frequencies, pulses, and wave forms at the electrical interface of the equip-
ment, including all redundant circuits.

b. Mechanical tests

1. Mechanical tests shall include application of torque, load and motion as
appropriate.

2. Test parameters shall be varied throughout their specification ranges and
the sequences expected in flight operation.
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3. The equipment output shall bemeasured to verify the equipmentperform-
ance to specification requirements.

c. Functional performance shall include electrical continuity, stability, response
time, alignment, pressure, leakage or other special functional tests related to
a particular equipment configuration.

d. Functional and performance tests shall be executed during test exposures if
the equipment is operational during its mission.

5.1.5.3 Functional and performance test supplementary requirements

a. Complete functional and performance tests shall be performed at the begin-
ning and at the end of the test sequence.

b. Reduced functional and performance tests shall be conducted before and after
each environmental exposure as follows:.

1. The test shall be designed in order to provide reliable criteria for judging
successful survival of the equipment to the test environment.

2. A database of critical parameters shall be established for trend analysis.

3. Unusual or unexpected trends should be evaluated to determine the exist-
ence of any drift towards an out of limit value or the start of a failure.

c. Functional tests shall be performed while the environment is being imposed,
if the equipment is expected to be fully operating under that environment
(exceptions solar panels and antenna feeds during thermal vacuum tests).

d. The benefit to equipment (functionally operated and monitored during the
environmental tests, regardless of the functional mode of the equipment dur-
ing launch and ascent), shall be evaluated to increase the overall test effec-
tiveness, without jeopardizing equipment integrity.

NOTE Many defects, which otherwise escape detection by pre- and
post-test functional checks, reveal themselves during
environmental tests e.g. intermittence can be caused by
inadequate clearances, cracks, debonds and damaged
connectors that can only be revealed during environmental
tests (e.g. relay change over during vibration).

5.1.6 Humidity test, equipment qualification

5.1.6.1 Purpose

The purpose of this test is to demonstrate the ability of the equipment towithstand
the humid environment that can be imposed upon the equipment during its life on
ground.

5.1.6.2 General

a. In caseswhere exposure is controlledduring the life cycle to standardambient
conditions, verification by test shall not be performed.

b. Since some items can experience higher levels of humidity in manned flights,
the humidity test shall be performed if the equipment is sensitive to humidity.

5.1.6.3 Humidity test description and levels

a. Pre-test conditions

1. The equipment shall be installed in the humidity chamber.

2. Chamber temperature shall be at room-ambient conditions.

b. Cycle 1

1. The temperature shall be increased to +35 ºC over a 1-hour period;

2. The relative humidity shall be increased to not less than 95 % over 1-hour
period with the temperature maintained at +35 ºC.
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3. The conditions specified above shall be maintained for 2 hours.

4. The temperature shall be reduced to 2 ºC over a 2-hour period with the
relative humidity stabilized at not less than 95 %.

5. The conditions specified above shall be maintained for 2 hours.

c. Cycle 2

1. Cycle 1 shall be repeated with the exception that the temperature shall be
increased from +2 ºC to +35 ºC over a 2-hour period

2. Moisture shall be not added to the chamber until +35 ºC is reached.

d. Cycle 3

1. The chamber temperature shall be increased to +35 ºC over a 2-hour
period without adding any moisture to the chamber.

2. The test equipment shall be dried with air at room temperature and 50 %
maximum relative humidity by blowing air through the chamber for 6
hours.

3. The volume of air used per minute shall be between one and three times
the volume of the test chamber.

4. A suitable container can be used in place of the test chamber for drying the
test equipment.

e. Cycle 4

1. The equipment shall be placed in the test chamber and the temperature
increased to +35 ºC and the relative humidity increased to 90 % over a
1-hour period.

2. The conditions above shall be maintained for at least 1 hour.

3. The temperature shall be reduced to +2 ºC over a 1-hour period with the
relative humidity stabilized at 90 %

4. The conditions above shall be maintained for at least 1 hour.

5. A drying cycle should follow (see Cycle 3).

5.1.6.4 Humidity test supplementary requirements

a. The equipment shall be checked prior to the test and at the end of Cycle 3
(within 2 hours after the drying) and visually inspected for deterioration or
damage.

b. The equipment shall be tested during the Cycle 4 period of stability (i.e.
following the 1-hour period after reaching +35 ºC and 90 % relative humidity
conditions).

c. The equipment shall be visually inspected for deterioration or damage after
removal from the chamber.

5.1.7 Leakage test, equipment qualification

5.1.7.1 Purpose

The purpose of leakage test is to demonstrate the ability of pressurized equipment
to meet the design leakage rate constraints specified in the equipment specifica-
tion.

5.1.7.2 Leakage test description

5.1.7.2.1 General

a. Equipment leak checks shall be made prior to initiation of, and following the
completion of equipment qualification thermal and structural tests.

b. Proof pressure tests defined in subclause 5.1.8.2 shall be successfully com-
pleted before conducting leakage tests.
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c. The testmethod employed shall have sensitivity and accuracy consistentwith
the specified maximum allowable leak rate.

5.1.7.2.2 Method

One of the following methods shall be used:

a. Method I (gross leak test)

1. The equipment shall be completely immersed in a friendly andnon-corros-
ive liquid, so that the uppermost part of the test item is5 cm±2,5 cmbelow
the surface of the liquid.

NOTE Any observed leakage during immersion as evidenced by a
continuous stream of bubbles emanating from the equip-
ment indicates a failure of seals.

2. The critical side or side of interest of the component shall be in ahorizontal
plane facing up.

3. The liquid, pressurizing gas, and the test items shall be 23 ºC ±10 ºC.

4. The gas used for pressurizing shall be clean and dry with a dew-point of
at least --32 ºC.

b. Method II (fine leak test)

1. This method shall be applied to fluid loop components and similar equip-
ment.

2. The equipment shall be purged with nitrogen and then charged with
helium to the pressure specified in the equipment specification before
being sealed.

3. The equipment shall be placed in a suitable vacuum chamber or bag or
container and tested for helium leakage with a helium leak detector.

4. The leakage rate shall be used to determine seal integrity and shall not
exceed the amount specified in the equipment specification.

c. Method III (for battery cases or pressurized equipment)

1. The equipment shall be pressurized with dry nitrogen or other appropri-
ate gas to the specified value.

2. The pressure shall be monitored by a gauge (or pressure transducer) for
the required time.

3. The drop in pressure shall not exceed the permitted amount as specified
in the equipment specification.

d. Method IV (for hermetically sealed alkaline storage batteries)

1. The battery shall be cleaned with alcohol while in the discharged state.

2. A suitable indicator (e.g. dilute solution of phenolphthalein or other suit-
able colour change indicator) shall be applied to all seals, terminals and
pinch tubes subject to leakage of electrolyte

NOTE A change in the colour of the indicator is an indication of a
leak.

3. After testing, the test solution shall be removed (e.g. with distiled water).

e. Method V (for equipment of pressurized fluid systems)

1. The equipment shall be pressurized to their maximum design pressure in
each of the functional modes.

2. Leakage shall be detected using the standard method as described in
Method II.
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3. All pressurized fluid equipment shall be evacuated to the internal pres-
sure normally used for propellant loading and the internal pressuremoni-
tored for indications of leaking.

f. Method VI (for pressurized modules or compartments)

1. Full scale pressurized modules or compartments shall be subjected to
pressure decay tests for verification of total leak rate requirements under
limit pressure.

2. This leak test shall verify the integrity of the pressure shell and all seals
and measure the total leak rate of the assembled module over a sufficient
time to confirm the long duration �keep pressure� capability.

5.1.7.3 Leakage test levels and duration

5.1.7.3.1 General

a. The leak tests shall be performed with the equipment pressurized at the
maximum operating pressure and then at the minimum operating pressure
if the seals are dependent upon pressure for proper sealing.

b. The test duration shall be sufficient to detect any significant leakage.

5.1.7.3.2 Test levels and durations for specific methods

The test levels and duration for the typical methods of subclause 5.1.7.2 are as
follows.

a. Method I

The duration of immersion shall be 60 minutes at each pressure.

b. Method II

The external test pressure shall be 10--3 hPa or less and the duration of the
test shall be at least 2 hours (for equipment that is operational in orbit for
more than one day).

c. Method III

1. The test pressure should be less than 3430 hPa.

2. The pressure drop shall not exceed the specified amount (typically about
69 hPa in a 6 hour period at room temperature).

d. Method IV

The test results should be visible within seconds.

e. Method V

The duration of the evacuated propulsion system equipment leak test shall
not exceed the time that this condition is normally experienced during propel-
lant loading.

f. Method VI

The duration shall be 10 hours minimum.

5.1.8 Pressure test, equipment qualification

5.1.8.1 Purpose

The purpose of the pressure test is to demonstrate that the design and structural
integrity of such items as pressure vessels, pressure lines, fittings and valves
provide anadequatemargin such that structural failure or excessive deformations
do not occur at the maximum expected operating pressure.
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5.1.8.2 Pressure test description

The following test shall be performed as part of a fracture control programme
(see ECSS--E--30--01).

a. Proof pressure

1. For pressure vessels, pressure lines and fittings, the temperature of the
equipment shall be consistent with the operational temperature and sub-
jected to a minimum of one cycle of proof pressure.

2. A proof pressure cycle shall consist of raising the internal pressure (hydro-
statically or pneumatically, as applicable) to the proof pressure,maintain-
ing it for 5 minutes and then decreasing the pressure to initial condition.

NOTE Anyevidence of permanentdeformation,distortion or failure
of any kind indicates a failure to pass the test.

b. Proof pressure for valves

1. With the valve in open and closed position, the proof pressure shall be
applied for a minimum of three cycles to the inlet port for 5 minutes
(hydrostatically or pneumatically).

2. Following the 5 minutes pressurization period, the inlet pressure shall be
reduced to ambient conditions.

3. The exterior of the unit shall be visually examined.

NOTE 1 Evidence of deformation or any failure indicates a failure to
pass the test.

NOTE 2 The test may be conducted at room ambient temperature.

c. Burst pressure for pressure vessels, pressure lines and fittings

1. The temperature of the equipment shall be consistentwith the operational
temperature.

2. The equipment shall be pressurized (hydrostatically or pneumatically) to
design burst pressure.

3. The internal pressure shall be applied at a uniform rate such that stresses
are not imposed due to shock loading.

NOTE Any evidence of rupture when tested at design burst pres-
sure indicates a failure to pass the test.

d. Burst pressure for valves

1. With the valve in the open and closed position, the design burst pressure
shall be applied to the inlet port for 5 minutes (hydrostatically or pneu-
matically).

2. Following the 5 minutes pressurization period, the inlet pressure shall be
reduced to ambient conditions.

3. The exterior of the unit shall be visually examined for indications of
deformation or failure.

NOTE 1 Any evidence of rupture of the equipment indicates a failure
to pass the test.

NOTE 2 The test may be conducted at room ambient temperature.

e. Collapse pressure

1. Collapse pressure test should be performed for equipment that experience
internal vacuum in ambient pressure environment (e.g. all fluid loops and
components during filling).

2. The equipment shall be installed in a hermetic sealed chamber.
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3. After evacuation, the chamber shall be pressurized by helium.

4. Test endurance (>120 s) and leakage rate shall be recorded.

5.1.8.3 Pressure test levels

a. Temperature

The temperature of the pressure test is specified in the pressure test descrip-
tion.As an alternative, testsmay be conducted atambient roomtemperatures
if the test pressures are suitably adjusted to account for temperature effects
on strength and fracture resistance.

b. Proof pressure

The proof pressure should equal 1,5 times the maximum operating pressure
for vessels and for other equipment.

c. Burst pressure

The burst pressure should be equal to twice themaximum operating pressure
for vessels and for other equipment.

5.1.8.4 Pressure test supplementary requirements

a. The equipment shall withstand proof pressure without leakage or detrimen-
tal deformation.

b. After burst pressure, no equipment or any of its parts shall be used for further
qualification activities or as flight hardware.

c. Applicable safety standards shall be followed in conducting all tests.

5.1.9 Constant acceleration test, equipment qualification

5.1.9.1 Purpose

The purpose of the constant acceleration test is to determine the capability of
equipment to avoid structural damage, and to operate correctly when it is sub-
jected to constant accelerations generated during the various phases of the vehicle
flight.

NOTE The constant acceleration test is intended for equipment
sensitive to static acceleration.

5.1.9.2 General

A test method is described in 5.1.9.3, however, other test methods can be used,
providing that they satisfy the conditions specified in subclause 5.1.9.4.

5.1.9.3 Constant acceleration test description

a. The equipment should bemounted to a test fixture through its normalmount-
ing points, protecting the test article by a shroud if necessary.

b. The equipment should be tested in each of threemutually perpendicularaxes.

NOTE The specified accelerations apply to the centre of gravity of
the test item.

c. When a centrifuge is used, the length of the arm (measured to the geometric
centre of the test item) should be at least five times the dimension of the test
item measured along the arm.

NOTE Inertial equipment, such as gyros and platforms, can use
counter rotating fixtures on the centrifuge arm.

d. When the dimensions of the equipment are too large with regard to the arm
length, the test programme should specify which sensitive points are sub-
jected to the specified acceleration within ±10 %.
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e. During each test, the revolving arm is started progressively and its rotation
accelerated uniformly so as to reach, within a period of time (which should not
be less than 15 s), the speed corresponding to the proof acceleration for the
tested equipment.

f. This acceleration should be maintained during the application time shown in
subclause 5.1.9.4, and then the speed returned progressively to zero within a
period of time which should also not be less than 15 s.

5.1.9.4 Constant acceleration test levels and duration

a. General

The test levels along each axis in both directions shall be:

Acceleration: 7,5 g Duration: 3 min

b. Specific

The test level shall be those expected in flight increased by the qualification
margin.

5.1.9.5 Constant acceleration supplementary requirements

a. A functional test (see subclause 5.1.5) should be conducted before and after
the acceleration test.

b. Detailed visual checks on should be carried out where functional tests are not
performed (e.g. reflectors and solar panels).

c. Electrical equipment, if operated during ascent and descent, shall be powered
during the test and parametersmonitored to detect intermittent or persistent
failures during the test, for each axis.

5.1.10 Sinusoidal vibration test, equipment qualification

5.1.10.1 Purpose

The purpose of sinusoidal vibration testing is to demonstrate the ability of the
equipment to withstand low frequency excitations of the launcher increased by a
qualification factor.

5.1.10.2 Sinusoidal vibration test description

a. The equipment shall be hard-mounted to a fixture through its normalmount-
ing points.

b. The equipment shall be tested in each of three mutually perpendicular axes.

c. Any significant resonant frequencies (withamplification factorQ > 3) shall be
noted and recorded.

d. The induced cross axis accelerations at the attachment points should be
limited to the maximum test levels specified for the cross axis.

e. For induced cross axis acceleration above the specification, levels shall be
agreed with the contracting authority.

f. Any pressurized equipment to be tested (e.g. if pressurized during ascent)
shall be pressurized at the maximum operating pressure and monitored for
internal pressure decay.

5.1.10.3 Sinusoidal vibration test levels and duration

5.1.10.3.1 Resonance search

a. Low level sinusoidal vibration test shall be performed to determine resonance
frequencies to evaluate the item integrity.

b. Resonance search shall be carried out before and after vibration test sequence
of each axis as specified in Table 6.
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Table 6: Resonance search test levels

frequency level sweep rate
(5 -- 2 000) Hz 0,5 g 2 octave per minute

5.1.10.3.2 Sinusoidal qualification

a. Sinusoidal tests shall be conducted for all axes, 1 sweep-up (and down if
required), 2 octaves per minute.

b. The levels are hereafter defined according to the qualification methodology:

1. General

The test level shall be the envelope of the maximum expected spectra (for
the different launchers: ARIANE 4 and 5, and STS) increased by the
qualification margin (see Table 1).

In particular:

(a) For equipment with first frequency > 100 Hz and mass ≤ 50 kg the
test levels are specified in Table 7 (see justification and complemen-
tary information in annex A.2).

Table 7: Sinusoidal qualification test levels for equip-
ment with first frequency > 100 Hz and mass ≤≤≤≤ 50 kg

Frequency Level Remark
(5 -- 21) Hz 11 mm (0 -- peak) no notching
(21 -- 60) Hz 20 g (0 -- peak)
(60 -- 100) Hz 6 g (0 -- peak)

(b) For equipment with first frequency > 100 Hz and mass > 50 kg the
test levels are specified in Table 8.

Table 8: Sinusoidal qualification test levels for equip-
ment with first frequency > 100 Hz and mass > 50 kg

Frequency Level Remark
(5 -- 15) Hz 11 mm (0 -- peak)
(15 -- 50) Hz 10 g (0 -- peak) no notching
(50 -- 80) Hz 6 g (0 -- peak)
(80 -- 100) Hz 3,5 g (0 -- peak)

(c) For equipment with first frequency ≤100 Hz and mass ≤50 kg.

* The same levels and duration as (a) above with notching, and
* response at critical locations and near the centre of gravity

(CoG) of equipment shall be limited to acceleration level defini-
tion, see subclause 5.1.9.4.

(d) Equipment with first frequency ≤100 Hz and mass >50 kg.

* Same levels and duration as (b) above, with notching, and
* response at critical locations and near the centre of gravity

(CoG) of equipment shall be limited to acceleration level defini-
tion, see subclause 5.1.9.4.

2. Specific

The test level shall be the expected flight level increased by the
qualification margin.
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5.1.10.4 Sinusoidal vibration supplementary requirements

a. A functional test should be conductedbefore the sinusoidal vibrationandafter
its completion (or after random vibration, if performed).

b. Detailed visual checks shall be carried out where functional tests are not
performed (e.g. reflectors and solar panels).

c. Equipment powered during launch shall be powered during the test. Several
perceptive parameters shall bemonitored to detect intermittent or persistent
failures during the test, for each axis.

d. If equipment is mounted on dynamic isolators in the space vehicle, the equip-
ment shall be mounted on these isolators during the qualification tests.

e. An intermediate level shouldbeperformed for fragile equipmentbeforeapply-
ing the qualification levels.

f. The test item shall be attached to the vibrator exciter table using a rigid test
fixture capable of transmitting the vibration conditions specified.

g. The test fixture shall be designed to minimize fixture response at resonance
within the test frequency range.

h. The variation of transmissibility between test itemmounting points shall not
exceed a factor of 3 dB between 5 Hz and 100 Hz.

i. Apre-test of the empty fixture shall be performed to verify the correctdynamic
behaviour of the fixture and the proper function of the control loop with
sufficient levels and durations to provide diagnostic capability.

j. If the fixture resonance characteristics prevent a single point from being
representative of the input, a multi-point control system shall be performed
and the average or the r.m.s. of all control points used.

NOTE In special cases (e.g. sensitive equipment and high disper-
sion of control values), the control may be performed on the
peak value.

5.1.11 Random vibration test, equipment qualification

5.1.11.1 Purpose

The purpose of random vibration testing is to demonstrate the ability of the equip-
ment to withstand the random excitation produced by the launcher, increased by
a qualification margin, and to the transmitted acoustic noise excitation.

5.1.11.2 Random vibration test description

a. The equipment shall be mounted to a rigid fixture through its normalmount-
ing points and tested in each of three mutually perpendicular axes.

b. Any pressurized equipment to be tested (e.g. if pressurized during ascent)
shall be pressurized at the maximum operating pressure and monitored for
internal pressure decay.

c. Resonance search shall be carried out before and after the vibration test for
each axis as specified in table 9:

Table 9: Random vibration test levels

Frequency Level Sweep rate
(5 -- 2 000) Hz 0,5 g 2 octave per minute
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5.1.11.3 Random vibration test levels and duration

The levels for random vibration testing are defined according to the qualification
philosophies:

a. General

The test level shall be the envelope of the maximum expected spectra (for the
different launchers: ARIANE4and 5, and STS) increased by the qualification
margin (see Table 1).

In particular:

1. Equipment with mass M ≤50 kg as specified in table 10 (see additional
information in annex A.2). All axis without notching and any deviations
shall be agreed by the contracting authority.

Table 10: Random vibration test levels and duration for
equipment with mass M ≤≤≤≤ 50kg

Location Duration Levels
Equipment located
on �external
panel a or with
unknown location

Vertical b

2,5
min/axis

(20 -- 100) Hz +3 dB/octave
(100 -- 300) Hz PSD(M) c =

0,12 g2/Hz × (M + 20 kg)/(M + 1 kg)
(300 -- 2 000) Hz --5 dB/octave

Lateral b

2,5
min/axis

(20 -- 100) Hz +3 dB/octave
(100 -- 300) Hz PSD(M) c =

0,05 g2/Hz × (M + 20 kg)/(M + 1 kg)
(300 -- 2 000) Hz --5 dB/octave

Equipment not
located on
�external� panel a

All axes
2,5
min/axis

(20 -- 100) Hz +3 dB/octave
(100 -- 300) Hz PSD(M) c =

0,05 g2/Hz × (M + 20 kg)/(M + 1 kg)
(300 -- 2 000) Hz --5 dB/octave

a Panel directly excited by payload acoustic environment.
b Equipment vertical axis = perpendicular to fixation plane.

Equipment lateral axis = parallel to fixation plane.
c M = equipment mass in kg, PSD = Power Spectral Density in g2/Hz.

2. Apogee motors, tanks, batteries and equipment of mass > 50 kg as speci-
fied in table 11. Notching is possible for tanks and motors, if design loads
can be exceeded at centre of gravity (CoG) in fundamental resonance.
Notching for batteries is to be agreed by the contracting authority.

Table 11: Random vibration test levels and duration for
equipment with mass M >50kg

Frequency Level Remark
(20 -- 110) Hz +3 dB/octave

(110 -- 700) Hz 0,09 g2/Hz 11,12 g r.m.s.

(700 -- 2 000) Hz 3 dB/octave

Duration: all axes -- 2,5 min/axis.

b. Specific

The test level shall be the expected flight level increased by the qualification
margin.
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5.1.11.4 Random vibration test supplementary requirements

a. A functional test should be conducted before and after the random vibration
test (or sinusoidal test, if performed).

b. Detailed visual checks shall be carried out where functional tests are not
performed. (e.g. reflectors and solar panels)

c. Equipment powered during launch, including all redundant circuits, shall be
energized and functionally sequenced through various operational modes
during the test.

d. Perceptive parameters shall bemonitored to detect intermittent or persistent
failures during the test, for each axis.

e. If the equipment is mounted on dynamic isolators in the space vehicle, the
equipment shall:

1. Be mounted on these isolators during the qualification test;

2. Control vibration test levels at the input to the isolators;

3. Perform an additional random vibration test with the equipment hard-
mounted to the test fixture in each axis using the test level and duration
as specified in table 12.

f. Additional random vibration test shall be performed as specified in Table 12
for equipment which use anti-vibration mounts (AVM) to be applied on the
equipment hard-mounted to the test fixture (QAVT):

Table 12: Additional random vibration for AVM

Frequency Level Remark
(20 -- 80) Hz +3 dB/octave

(80 -- 350) Hz 0,067g2/Hz 7,87 g r.m.s.

(350 -- 2 000) Hz 3 dB/octave

Duration: all axes -- 2,5 min/axis -- no notching

g. One ormore control points can be used. In case ofmore than one control point,
the average shall be used. In special cases (e.g. sensitive equipment and high
dispersion of control values), the control can be performed on the peak value.

h. For equipmentwhich is to be re-flown, the test duration per axis shall be 100 s
plus 50 s per mission.

5.1.12 Acoustic test, equipment qualification

5.1.12.1 Purpose

The purpose of the acoustics test is to demonstrate the ability of the equipment to
withstand the qualification level acoustic environment of the launch.

NOTE Acoustic tests are conducted on equipment with large sur-
faces which are likely to be susceptible to acoustic noise ex-
citations; for this type of equipment random vibration test-
ing is not performed.

5.1.12.2 Acoustic test description

a. The equipment shall be installed in a reverberant acoustic cell which is ca-
pable of generating the specified sound pressure levels.

b. Auniformsound energydensity throughout the chamber shall be established.

c. The configuration of the equipment shall be the same as it is subjected to
during flight, such as deployed or stowed.
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d. The test should be performed with the equipment mounted on a flight type
support structure and with ground handling equipment removed.

e. Equipment shall be operating if it is operating during launch.

5.1.12.3 Acoustic test levels and duration

The test levels are hereafter defined according to the qualification philosophies:

a. General

The test level shall be the envelope of the maximum expected spectra (for the
different launchers: ARIANE4and 5, and STS) increased by the qualification
margin (see Table 1).

NOTE The sound pressure levels for qualification are compiled in
Table 13.

b. Specific

The test level shall be the expected flight level increased by the qualification
margin.

Table 13: Acoustic qualification test level and duration
Octaves 1/3 Octaves

Centre
frequency (Hz)

Level (dB) ref.
2 × 10--5 N/m2

Centre
frequency (Hz)

Level (dB) ref.
2 × 10--5 N/m2

31,5 130 31,5
40
50

126
128
129,5

63 135,5 63
80
100

131
132
132,5

125 139 125
160
200

134
136
138

250 143 250
315
400

139
137,5
135

500 138 500
630
800

133
131
129

1 000 132 1 000
1 250
1 600

127
125,5
124,5

2 000 128 2 000
2 500
3 150

123
121,5
120,5

4 000 124 4 000
5 000
6 000

119
117,5
116,5

8 000 120 8 000
10 000

115
113,5

Test overall level: 147 dB
Test duration: 2 min
Spectrum adjustment requirements: the duration shall not exceed 30 s
at full levels
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5.1.12.4 Acoustic test supplementary requirements

a. A functional test should be performed before and following the acoustic test.

b. Detailed visual checks shall be carried out where functional tests are not
performed. (e.g. reflectors and solar panels)

c. During the test, electrical and electronic equipment, including all redundant
circuits, powered during launch shall be energized and functionally
sequenced through various operational modes, and perceptive parameters
monitored to detect intermittent or persistent failures during the test.

d. Calibration runs, with an empty chamber, shall be performed prior to test in
order to obtain the specified spectrum.

e. The levels for calibration runs shall be the same as those planned for the
equipment, i.e. low, intermediate and qualification levels.

f. The low level run shall be repeated after the qualification level run.

g. For large equipment (testing volume > 1 m3), a minimum of three micro-
phones shall be positioned around the test article at a distance away fromany
surface to measure the field sound pressure level without being affected by
surface absorption or re-radiation.

h. For equipment which is to be re-flown, the test duration shall be 120 s plus
50 s per mission.

5.1.13 Shock test, equipment qualification

5.1.13.1 Purpose

The purpose of shock testing is to demonstrate the ability of the equipment to
withstand the shocks induced by the separation of the payload from the launcher,
the booster burn out, the various pyrotechnic events in the payload (e.g. apogee
boost motor ignition and solar array deployment) and shocks from nominal and
emergency landing of reusable vehicles.

5.1.13.2 Shock test description

a. The equipment shall be mounted to a fixture using its normal mounting
points.

NOTE Mounting of the equipment on the actual or dynamically
similar structure provides a more realistic test than mount-
ing on a rigid structure such as a shaker armature or slip
table.

b. The selected test method shall achieve the required shock spectrum with a
transient that has a duration comparable to the duration of the expected
in-flight shock.

NOTE 1 Numerous test techniques are currently applied to perform
shock tests.

NOTE 2 Methods such as shaped pulses, complex decaying sinusoids,
impact devices, and pyrotechnically excited fixture can be
used. Electrodynamic shakers can reproduce shock transi-
ents with a prescribed spectrum.

c. Trial tests using a test configuration shall be conducted to validate the
proposed test method before testing qualification hardware.

d. Adequate number of transducers shall be mounted at the input points for
verification of successful input.

e. The test method shall be acceptable, provided that:

1. a transient with the prescribed shock spectrum is generated within speci-
fied tolerances, and
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2. the applied shock transient provides a simultaneous application of the
frequency components as opposed to a serial application of shock
frequency components.

5.1.13.3 Test levels and duration

a. General

The shock spectrum in each direction of the three orthogonal axes shall be
equivalent to a half sinusoidal pulse of 0,5 ms duration and 200 g (0-peak)
amplitude, see Figure 2.

b. Specific

The test levels shall be the expected flight levels increasedby the qualification
margin.

c. Shock test performance

1. At least three shocks shall be imposed to meet the amplitude criteria in
both directions on each of the three orthogonal axes.

2. If a suitable test environment can be generated to satisfy the amplitude
requirement in all six axial directions by a single application, that test
environment shall be imposed three times.

3. If an imposed shock meets the amplitude requirements in only one direc-
tion of a single axis, the shock test shall be conducted a total of 18 times
in order to get three valid test amplitudes in both directions of each axis.

5.1.13.4 Shock test supplementary requirements

a. A visual inspection should be made before and after the shock test.

b. A functional test shall be performed before and after all shock tests.

c. Detailed visual checks shall be carried out where functional tests are not
performed (e.g. reflectors and solar panels).

d. Equipment, including redundant circuits, powered during launch shall be
energized and monitored.

e. If the equipment is mounted on dynamic isolators in the space vehicle, the
equipment shall be mounted on these isolators during the qualification test.
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Figure 2: Shock spectrum equipment qualification

5.1.14 Corona arcing detection, equipment qualification
a. Equipment that is energized during ascent or descent and which is exposed

to the critical low pressure atmosphere shall be monitored for corona and
multipacting detection, as the pressure is reduced from ambient to 0,1 Pa
within 10 min (minimum) simulating the launch profile.

b. Equipment operating at a voltage >500 V, shall be tested for corona arcing.

5.1.15 Thermal vacuum test, equipment qualification

5.1.15.1 Purpose

The purpose of the thermal vacuum test is to demonstrate the ability of the
equipment to perform in a thermal vacuum environment that simulates the worst
conditions in-orbit, including an adequate margin.

5.1.15.2 General

All equipment temperatures shall refer to reference point temperatures (see
3.1.33).

5.1.15.3 Thermal vacuum test description

a. The equipment shall be mounted in a vacuum chamber, in a thermally con-
trolled environment (see Figure 3).

b. Temperatures shall be controlled, measured and selected such that it can be
guaranteed that the test item experiences actual temperatures equal to or
beyond the minimum and maximum qualification temperatures in the test
environment.

c. The equipment shall be qualified using the type of fixations and mounting as
designed in the equipment specification.
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d. The equipment shall be fixed and mounted in accordance with one of the test
methods specified in subclause 5.1.15.4.

NOTE For equipment not covered in subclause 5.1.15.4 refer to the
contracting authority.

5.1.15.4 Thermal vacuum test methods

5.1.15.4.1 Non-special equipment, internally mounted

The equipment shall be arranged as follows (see Figure 3):

a. The equipment shall be bolted to a mounting panel as specified in the equip-
ment interface specification.

b. With the exception of the mounting contact area, the mounting panel shall be
black-painted.

c. The mounting panel should have the following characteristics:

1. thickness representing standard platforms and sidewalls (if thickness is
not known, a value of 20 mm should be used);

2. length and width approximately equal at least to twice the nominal base
dimensions of the equipment;

3. flatness and stiffness to meet equipment surface requirements.

d. The mounting panel shall be temperature controlled.

e. During the test, the shroud or the panel temperatures shall be controlled to
provide the space vehicle internal environment to give the qualification tem-
perature level on the equipment itself.

f. The reference point temperature shall be selected so as to conform to criteria
below:

NOTE The reference point is defined in the equipment interface
specification.

1. The number of reference points should be kept to a minimum, one point
whenever possible.

NOTE Complex equipment use more than one reference point.

2. The reference point should be locatedat the outer surface of the equipment
on its base plate or near to its mounting feet.

3. The reference point shall be representative of themean temperature level
of the equipment.

4. A temperature sensor shall be locatedat the reference point, as an integral
part of the equipment.
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(Temperature controlled
fluid loop for example)

Figure 3: Equipment thermal vacuum test arrangement

5.1.15.4.2 Special equipment, internally mounted

a. Certain internally mounted equipment shall be subject to special test provi-
sions.

EXAMPLE

* Solar array drive mechanism,
* sensors having viewing apertures seeing space,
* attitude thruster assemblies,
* high power TWTs having direct radiating collectors, and
* high dissipating, direct radiator cooled equipment.

b. For special equipmentasdescribedabove, the testmethodgiven for internally
mounted equipment (see subclause 5.1.15.4.1) should be modified, to give a
reasonable representative test environment.

5.1.15.4.3 Equipment, externally mounted

a. Any equipment mounted outside the main space vehicle body (e.g. antennas,
deployment mechanisms, pointing mechanisms, solar arrays and external
power dumps) shall have special test requirements.
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b. The test arrangement shall be designed to give the specified qualification
temperatures on the equipment, which is representative of heat flows to and
from the environment.

5.1.15.4.4 Thermal radiative equipment

An equipment which is mostly radiative cooled can be suspended inside the test
chamber, in this case no conductive path shall exist between the equipment under
test and the fixation.

5.1.15.5 Thermal vacuum test temperatures

The equipment temperatures shall be defined for the following conditions:

D minimum and maximum operating qualification,

D minimum and maximum non-operating qualification, and

D minimum and maximum start-up qualification.

a. General

The temperature range for an effective qualification should be ±10 ºC with
respect the value defined in subclause 6.1.10.4.

NOTE Standard qualification temperature limits (increased or de-
creased by test tolerances, as indicated in Table 3) are pro-
vided in annex B for various type of equipment.

b. Specific

1. The qualification temperatures shall be defined with a 10 ºCmargin with
respect to the predicted flight temperatures

NOTE For worst cases, refer to annex B.

2. The values above shall be increased or decreased by the test tolerances, as
indicated in Table 3.

5.1.15.6 Thermal vacuum test conditions

a. Equipment shall be tested in a thermal vacuum environment, having a pres-
sure of 10--5 hPa or less.

b. The thermal vacuum test shall start with a pump-down.

c. The adjustment of the first temperature exposure can commence after the
pressure is less than 10--4 hPa.

NOTE For corona and arcing detection equipment qualification see
subclause 5.1.14.

5.1.15.7 Thermal vacuum test cycle and duration

The equipment shall be tested in the thermal vacuum test sequence performing
one thermal cycle as described below and shown in Figure 4.

a. The temperature cycle shall beginwith the initial functional andperformance
test and the chamber at ambient temperature (TAMBIENT).

b. The equipment shall be switched-off and the pressure decreased.

c. At a pressure of 10--4 hPa, the temperature shall be increased up to the
maximum non-operating level (TNO--max).

NOTE The temperature is increased to provide for better outgas-
sing.



ECSS 15 February 2002

ECSS--E--10--03A

65

TNO-max

TSU-high

TQ-max

TAMBIENT

TQ-min

TSU-low

TNO-min

1 Cycle

TAMBIENT

tE

tE

tE

tE

time (hours)

T (ºC) Mode
2

Mode
1

Mode
3

Mode
1

Mode
3

START-UP START-UP

P (hPa)

time (hours)

1 × 10-4

1 × 10-5
VACUUM TEST

AMBIENTAMBIENT

For explanation of symbols see Table 14

Pressure

Temperature

Figure 4: Equipment thermal vacuum test sequence

d. After a dwell time tE, the temperature shall be decreased to the maximum
(hot) start-up level (TSU--high) and then the temperature stabilized at the high
operating temperature (TQ--max).

e. After the time tE, the functional and performance test shall be performed.

f. The equipment shall be switched off and the temperature decreased and
maintained at the minimum non-operating temperature (TNO--min) during a
time tE.

g. The temperature shall be increased to the minimum (cold) start-up tempera-
ture (TSU--low) and the equipment switched on.
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h. When stabilized at the low operating level (TQ--min), and after the time tE, the
functional and performance test shall be performed.

i. The temperature and pressure shall be raised to ambient conditions
(TAMBIENT) and the final functional test performed.

NOTE Characteristic parameters of thermal vacuum test are speci-
fied in table 15.

j. The temperature rate of change < 20 ºC/min shall apply only to equipment
within the space vehicle. For equipment outside the space vehicle, higher
gradients are specified in the appropriate equipment specifications.

Table 14: Legend and symbols for Figures 4, 9 and 10
Symbol Description

T Test item temperature

TAMBIENT Ambient temperature

TNO-max Maximum non-operating temperature (highest design temperature for the equipment to
survive not powered)

TNO-min Minimum non-operating temperature (lowest design temperature for the equipment to
survive not powered)

TSU-high Maximum start-up temperature (highest design temperature of the equipment, at which the
equipment can be switched on)

TSU-low Minimum start-up temperature (lowest design temperature of the equipment, at which the
equipment can be switched on)

TQ-max Maximum qualification temperature (highest design temperature at which the equipment
demonstrates full design ability)

TQ-min Minimum qualification temperature (the lowest design temperature at which the equipment
demonstrates full design ability)

P Pressure

MODE 1 Functionally inert (test item not energized). Normally applicable to the non-operating
condition.

MODE 2 Partially functioning. Conditions as detailed in applicable design specifications, but normally
applicable to conditions during launch.

MODE 3 Fully functioning (test item fully energized and fully stimulated). Normally applicable to
conditions during orbit.

Initial and final �functional and performance test�

Intermediate reduced functional and performance test

tE Dwell time

Switch-on (Start-up)

Switch-off
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Table 15: Thermal vacuum test parameters (qualification)
Parameter Condition / Value

Start cycle Hot (Hot start for outgassing)

n (number of cycles) 1

tE (dwell time at Thot/Tcold) a, b 2 hours

dT/dt (temperature rate of change) < 20 ºC/min

Stabilization criterion 1 ºC/1 hour

a Thot = TQ-max or TNO-max.
b Tcold = TQ-min or TNO-min.

5.1.15.8 Thermal vacuum test supplementary requirements

a. The equipment shall be subjected to functional and performance test before
and after the thermal vacuum test at ambient conditions.

b. Functional and performance tests shall be performed at the minimum and
maximum operating temperature levels.

c. During the remainder of the test, the equipment shall be monitored to detect
intermittent or persistent failures.

d. Monitoring of the RF output for corona shall be conducted during chamber
pressure reduction for those RF units that are energized during launch.

e. RF equipment shall be operated at maximum power and at design frequency.

f. For mechanisms operating in vacuum, a complete verification at the identi-
fied worst cases. of the functional capability shall be included.

g. If thermal gradients play an important role in the functional behaviour of the
mechanisms, they shall be implemented in the test set-up.

h. The force or torque designmargin shall bemeasured at identified worst cases
on moving mechanical assemblies.

i. For equipment with mechanism, the vacuum should be below 10--6 hPa with
a target value of 10--8 hPa pressure and a diffusion pump shall not be used.

j. The partial pressure of oxygen shall be less than 10--7 hPa with a target value
of 10--9 hPa pressure.

k. The decision to perform tests on items such as antennas, solar arrays and any
item made of carbon composites and honeycomb, with relaxed pressure
requirements or tomakeanadditional effort (e.g. bake-out -- to reduce particle
or gas release) shall be made on a case-by-case basis.

NOTE Pressure requirements can be difficult to reachwhen testing
antennas, solar arrays and any itemmade of carbon compos-
ites and honeycomb.

5.1.16 Thermal cycling test, equipment qualification

5.1.16.1 Purpose

The purpose of the thermal cycling test is to demonstrate the ability of the equip-
ment under test to fulfil all functional and performance requirements over the
qualification temperature range at ambient pressure.

5.1.16.2 Thermal cycling test description

a. The equipment shall be mounted in a temperature chamber.

b. Temperatures shall be controlled, measured and selected such that it can be
guaranteed that the test item experiences actual temperatures equal to or
beyond the minimum and maximum qualification temperatures.
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c. This above shall be achieved by adopting one of the following methods in
subclause 5.1.16.3.

5.1.16.3 Test methods

5.1.16.3.1 First test method

a. The equipment shall be bolted to a mounting panel as specified in the equip-
ment interface specification, and as shown in Figure 5 and described in sub-
clause 5.1.15.4.

b. The assembly shall be suspended in a temperature facility and the chamber
flooded with dry air or nitrogen to preclude condensation on and within the
equipment at low temperature.

c. The chamber shall be driven to a fixed temperature.

d. Instrumentation shall be provided to allow accurate temperature control of
the average equipment temperature for comparison with the specified test
levels.

Temperature controlled
dry air flow

Equipment

Temperature cycling
chamber

Reference temperatures

Flight type representative
thermal interface

Mounting panel

Figure 5: Equipment thermal test arrangement with surface temperature
control

5.1.16.3.2 Second test method

The test method shall be as in Figure 5 with the following modifications:

a. The mounting panel shall be replaced by a thermally controlled conductive
heat sink (e.g. cold-plate).

b. The equipment shall be bolted directly to this heat sink (see Figure 6).

c. The chamber air temperature shall be driven to a fixed temperature to repres-
ent the space vehicle internal environment.

d. The heat sink temperature shall be controlled to give the qualification tem-
perature level on the equipment.

e. The temperature adjustments or averaging shall be referred to the reference
point temperature.
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Temperature controlled
dry air flow

Equipment

Temperature cycling
chamber

Reference temperatures

Thermal control heat
sink (or cold plate)

Figure 6: Equipment thermal test arrangement with direct temperature
control

5.1.16.3.3 Third test method

a. This method is project specific,and detailed configuration shall be discussed
with the customer�s technical counterpart.

b. The test item shall be installed in a specially designed test chamber that
simulates the following conditions.

1. Blow air through the test item for forced air cooling.

2. Blow air around the test item housing for surface cooling.

3. Simulate adjacent units to the test item.

4. Adjustable air flow and air temperature through chamber.

NOTE The principle test set-up is shown in Figure 7.

c. The airflow rate shall be adjusted as specified in the interface specification.
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Internal cooled units
inlet or surfaced cooled
units outlet

Temperature
chamber (optional)

Support table

Simulated adjacent units

Test chamberTest
item

Surface
cooled
units inlet

Internal cooled units
outlet

Figure 7: Equipment thermal test arrangement for forced air cooling
(internal or surface cooled unit method)

5.1.16.3.4 Fourth test method

a. Accelerated thermal cycling (ATC) shall be used to simulate several thou-
sands of thermal cycles, for instance for low Earth orbit (LEO) applications,
in a time compatible with project schedule.

NOTE The principle of ATC operation is shown in Figure 8.

b. The test item shall be installed in a specially designed test chamber in which
fans blow alternatively cold and warm dry nitrogen.

c. The chamber temperature control and the measurement of test items tem-
perature shall be independent.

d. The use of this method shall be discussed with the contracting authority for
application to solar cell samples.
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Figure 8: Accelerated thermal cycling test set-up
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5.1.16.4 Thermal cycling test temperatures

The qualification temperature limits shall be in accordance with subclause
5.1.15.5.

5.1.16.5 Thermal cycling test cycles and duration

The equipment shall be tested in the thermal cycling test sequence performing
8 thermal cycles, as shown in Figure 9.

NOTE Characteristic parameters of the thermal cycling test are
given in Table 16.

a. The first thermal cycle begins after the equipment is functionally tested at
ambient temperature.

b. The equipment shall be switched off and the temperature increased up to the
high non-operating level (TNO--max).

c. After a dwell time tE, the temperature shall be decreased to the maximum
(hot) start-up level (TSU--high) and then the temperature shall be stabilized at
the high operating temperature (TQ--max).

d. After the time tE, the functional and performance test shall be performed.

e. The equipment shall be switched off and the temperature shall be decreased
and maintained at the minimum non-operating temperature (TNO--min) dur-
ing a time tE.

f. The temperature shall be increased to the minimum (cold) start-up tempera-
ture and the equipment switched on.

g. When stabilized at the low operating level (TQ--min), and after the time tE, the
functional test shall be performed.

h. The equipment shall be cycled between TQ--max and TQ--min until the number
of cycles specified in Table 16 is achieved.

i. During the last cycle, the equipment shall be functionally tested at TQ--max
and TQ--min.

j. At the end of last cycle, the temperature shall be raised to ambient conditions
and the final functional and performance test performed.

k. The temperature rate of change < 20 ºC/min shall apply only to equipment
within the space vehicle. For equipment outside the space vehicle, higher
gradients are specified in the appropriate equipment specifications.

Table 16: Thermal cycling test parameters (qualification)
Parameter Condition / Value

Start cycle Hot

n (number of cycles) 8

tE (dwell time at Thot/Tcold) a, b 2 h

dT/dt (temperature rate of change) < 20 ºC/min

Stabilization criterion 1 ºC/h

a Thot = TQ-max or TNO-max.
b Tcold = TQ-min or TNO-min.
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Temperature

Figure 9: Equipment thermal cycling test sequence

5.1.16.6 Thermal cycling supplementary requirements

a. The equipment shall be subjected to functional test before and after the ther-
mal cycling test at ambient temperature.

b. Functional tests shall be performed at theminimumandmaximumoperating
temperature levels during the first and the last cycles.

c. During the remainder of the test, the equipment shall be monitored to detect
intermittent or persistent failures, to the maximum extent possible.

d. Compatibility of valves or propulsion equipmentwith their operational fluids
shall be verified at test temperature extremes during thermal cycling tests.
A substitute propellant can be used to ensure operation (open or close) of
propulsion units.

5.1.16.7 Thermal vacuum cycling test

a. For equipment operating in vacuum, the thermal vacuumand thermal cycling
tests can be combined.

b. The equipment shall be tested as shown in Figure 10.

c. For the thermal vacuum cycling test the parameters defined in Table 16 shall
apply.

d. Test conditions and supplementary requirements shall conform to subclauses
5.1.15.4 and 5.1.15.8

e. Functional and performance tests shall be performed at the minimum and
maximum operating temperature levels during the first and the last cycles.
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Figure 10: Equipment thermal vacuum cycling test sequence
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5.1.17 EMC and ESD test, equipment qualification

5.1.17.1 Purpose

The purpose of the EMC and ESD test is to demonstrate that the electromagnetic
interference characteristics (emission and susceptibility) of the equipment under
worst conditions does not result inmalfunction of the equipment and to verify that
the equipment does not emit, radiate or conduct interference that can result in
malfunction of other system equipment.

5.1.17.2 General

a. The performance of the equipment during and after electrostatic discharge
shall be verified both in conducted and radiated modes.

b. The susceptibility margins shall be measured.

5.1.17.3 EMC and ESD test description

a. The test shall be conducted in accordancewithEMCandESD project require-
ments (see MIL--STD--461D for EMC and ESD procedures and levels of test
and MIL--STD--462D for application of the measurement procedures).

b. An evaluation shall be made of each equipment to determine the tests to be
performed.

5.1.18 Life test, equipment qualification

5.1.18.1 Purpose

The purpose of the life test is to demonstrate that the equipment can operate
during its ground and in-flight life without degradation.

5.1.18.2 Life test description

5.1.18.2.1

a. The equipment (one or more) shall be set up to operate in circumstances that
simulate the flight conditions to which they can be subjected.

b. The environmental conditions shall be selected for consistency with end use
requirements and the significant life characteristics of the particular equip-
ment.

c. Environments should be either ambient, thermal, thermal vacuumor various
combinations of these.

d. The test sample shall be selected at random from production units or shall be
a qualification unit.

5.1.18.2.2

a. The test shall be designed to demonstrate the ability of the equipment to
withstand the maximum operating time and the maximum number of oper-
ational cycles predicted during its service life with a suitable margin.

b. For equipment having a relatively low percentage duty cycle, it shall be
acceptable to compress the operational duty cycle into tolerable total test
duration.

c. For equipment that operate continuously in orbit, or at very high percentage
duty cycles, accelerated test techniquesmay be employed if such an approach
can be shown to be valid.
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5.1.18.2.3

a. The testing shall accumulate the fatigue damage expected during the service
life multiplied by a factor of 4.

b. If environmental conditions contribute to accumulateddegradation they shall
be simulated during fatigue tests.

5.1.18.2.4

a. The test specimen shall be instrumented with strain and deflection gauges to
measure strains and deflections at critical locations.

b. Visual inspection of critical areas shall be performed at regular intervals to
confirm that no cracks or flaws initiate (success criteria).

5.1.18.3 Life test levels and duration

a. Pressure

Ambient pressure shall be used except for unsealed units where degradation
due to a vacuum environment is anticipated, in which case a pressure of
10--4 hPa or less shall be used.

b. Environmental levels

The maximum predicted environmental levels shall be used.

NOTE For accelerated life tests, environmental levels may be se-
lected that are more severe than flight levels, provided the
higher stresses can be correlated with life at the predicted
use stresses and do not introduce additional failuremechan-
isms.

c. Duration

The total operating time or number of operational cycles for an equipment life
test shall be 4 times that predicted during the service life, including ground
testing, in order to demonstrate an adequate margin.

d. Functional duty cycle

1. Complete functional tests shall be conducted before the test begins, after
each 168 hours of operation and during the last 2 hours of the test.

2. An abbreviated functional test shall be conducted within specification
limits.

5.1.18.4 Life test supplementary requirements

For statistical type life tests, the duration shall be dependent upon the number of
samples, subject to the demonstration of confidence and reliability.

5.1.19 Microgravity environment compatibility test, equipment
qualification

5.1.19.1 Purpose

The purpose of this test is to verify the microgravity environment compatibility
(MEC) at equipment level, with respect to the specifiedmicrogravity environment
limit response spectrum at the receiver location.

5.1.19.2 General

a. The following measurements shall be performed.

1. Interface dynamic forcing functions of the disturbance source.

2. Mechanical impedance of the test set-up for later system correlation.

3. Unit internal (in case of payload elements) self-induced vibration
responses and transfer functions.
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b. The forcing functions shall be coupledwith the transfer function to predict the
vibration responses at the most critical locations.

c. The resulting acceleration response spectrum from above, shall not exceed
microgravity environment limit acceleration level.

NOTE For additional MEC details see annex A.4.

5.1.19.3 Microgravity compatibility test description

5.1.19.3.1 General

a. The tests should be conducted under similar ambient conditions as during
on-orbit operation with respect to temperature, relative humidity and ambi-
ent pressure, for a most realistic simulation of the test article functions.

b. The test article shall be in its nominal operational configuration similar to the
on-orbit operational conditions.

c. Earth gravitationalmass load compensation devices should be attached to the
test article in order to unload moving mechanisms or non-linear springs.

5.1.19.3.2 Quasi-static interface force and torque measurements

a. The test article shall be installed on either

1. a seismic foundation, or

2. an interface support structure which is stiff enough to measure interface
forces and torques with frequencies below 0,01 Hz.

b. The instrumentation shall consist of force and torque transducerswhich shall
be installed at the interface between the test article and test foundation.

c. The instrumentation shall be able to resolve forces of up to 10--3 N and torques
up to 10--2 Nm from quasi static up to about 0,01 Hz.

d. The test shall consist of, measuring the interface reaction force time histories
with frequencies below 0,01 Hz at the test article mounting locations while it
is operated according to a selected motion profile, and calculating the result-
ing disturbance force and torque caused during the test article motion profile.

5.1.19.3.3 Structure-borne vibration-interface force measurements

a. The instrumentation shall consist of force transducer and accelerometer
installed at the mounting interface connection points of the test article.

b. The measurement instrumentation should be able to resolve forces of up to
10--4 N and accelerations of up to 10--4 m/s2 in the frequency range from
0,01 Hz to 500 Hz.

c. The test article shall be operated according to its operational time line, select-
ing critical time slices.

d. The test shall be performed according to one of the following methods.

1. Direct interface force measurement

Two different set ups shall be used, one with the test article mounted on
a seismic foundation, the other one with the test article softly suspended.

2. Indirect interface force measurement

(a) Two different set ups shall be used, one with the test article mounted
on a reference structure, the other one with the test article dis-
mounted from the reference structure.

NOTE The reference structure may have any structural property
with a high flexibility and high modal density, which can fix
the test article mounting interfaces and can carry the test
article loads.
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(b) The reference test structure shall be softly suspended in order to
assure dynamic free or free boundary conditions.

5.1.19.3.4 Airborne vibration-radiated sound power measurements

The measurements shall be performed as specified below:

NOTE This method follows the recommendations given by ISO
3744.

a. The source to be tested should be installed and mounted with respect to the
reflecting plane in one or more positions that are typical of the normal usage.

b. The sound pressure level shall be observed over a typical period of operation
of the source.

c. Readings of the sound pressure level shall be taken at each measurement
point for each frequency band within the frequency range from 31,5 Hz up to
500 Hz.

5.1.19.4 Microgravity environment compatibility test levels and duration

The test level results shall be presented in terms of:

a. Resulting interface force and torque time history with frequency below
0,01 Hz, as a function of the test article operational modes.

b. Frequency spectra with a log-log scale over the frequency range 0,01 Hz to
500 Hz and as 1/3-octave band centre frequency within a dynamic range of
60 dB (three decades).

c. Surface pressure level and sound pressure power level in dB.

5.1.19.5 Microgravity environment compatibility test supplementary
requirements

a. The test condition shall be selected depending on the type and function of the
disturbance mechanism.

b. The following tests can be omitted:

1. Quasi-static interface force or torquemeasurements if no force and torque
momentum exchange exist or if the test article is operated under steady
state conditions only.

2. Airborne vibration-radiated sound power measurements if no noise is
radiated or if the test article is operated in orbit under vacuum.

5.1.20 Audible noise test, equipment qualification

5.1.20.1 Purpose

The purpose of this test is to verify that the audible noise generated by any
equipment inside a manned space vehicle does not exceed the specified noise
rating curve.

5.1.20.2 Audible noise test description

5.1.20.2.1 General

a. The equipment induced sound pressure level (Lp) shall bemeasuredwhen the
equipment is fully integrated into the space vehicle.

NOTE The sound pressure level (Lp) inside a space vehicle, as gen-
erated by the equipment,is a function of the equipment total
sound power (LWT) delivered to the space vehicle and of the
sound absorption.
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b. For equipment tests, the equipment induced total sound power level (LWT)
shall be determined.

NOTE The total sound power delivered by the equipment is the sum
of two contributions: the sound power transmitted to the
space vehicle via airborne transmission path (see subclause
5.1.20.2.2) and via the structure borne transmission path
(see subclause 5.1.20.2.3)

5.1.20.2.2 Equipment airborne sound pressure measurement

a. The equipment sound power measurement should be performed in accord-
ance with the ISO 3740.

b. The airborne sound power levels, as generated by the equipment, shall be
determined in octave bands.

c. The noise level and exposure time shall be given for each operational mode of
the equipment.

d. The sound level shall be converted into cabin pressure level.

5.1.20.2.3 Equipment structure-borne noise measurement

a. The equipment structure borne noise measurement shall be performed by
measurement of the equipment interface disturbance levels.

b. The sound pressure levels shall be converted into cabin pressure levels.

c. The equipment interface disturbance force levels shall be measured both
directly or indirectly.

NOTE The indirectmeasurementmethod ismore favourable, if low
levels aremeasured and themounting interfaces are compli-
cated.

5.1.20.3 Audible noise test supplementary requirements

The equipment shall be operated during airborne and structure borne noise
measurements with the same modes as during the mission phases of the manned
space vehicle.

5.2 Subsystem test requirements

5.2.1 Overview
The systematic approach used for equipment testing, defining for each type of
equipment a series of required and optional tests, is not feasible for subsystems.

Subsystem testing depends on subsystem type, on project characteristics and
verification approach, therefore only general guidelines are given in this sub-
clause.

NOTE With the objectives to increase project flexibility and control,
and to reduce cost and schedule, functional qualification of
the subsystem may become part of the functional qualifica-
tion of the element or system, in which they are verified as
�functions� of the whole element or system.

5.2.2 General
a. The subsystem qualification should include both functional and performance

testing.
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b. For the qualification of structures and thermal control subsystems, environ-
mental testing shall be performed.

NOTE These subsystemsmay be qualified at a higher level, in com-
bination with other subsystems during environmental test
campaign.

c. Environmental qualification tests should be conducted at subsystem level
where this level of testing provides a more realistic or more practical test
simulation (e.g. qualification of optical and telecommunication payloads).

d. For functional testing, each subsystem shall be assembled on a test bench
which provides a flight representative environment (hardware and software)
in terms of function, interfaces and performances.

e. Dedicated simulators of the external services utilized shall be used.

f. Dedicated simulators should be designed to allow their reuse for higher level
testing.

5.2.3 Specific subsystems
a. Communication subsystem

1. Antenna pattern tests should be performed on dedicated spacecraftmock-
ups.

2. Performance test of a telecommunication payload shall be carried out in
a compact test range facility.

b. Landing subsystem

Qualification tests shall be performed on dedicated space vehicle models or
part of them, which shall fully represent the mass properties and landing
subsystem.

c. Thermal control subsystem

1. The qualification functional tests shall be conducted on dedicated an ac-
tive thermal control (ATC) bench.

2. The passive thermal control (PTC) should be qualified at a higher level.

d. Environmental control and life support (ECLS) system

Qualification tests shall be conducted on subsystem dedicated test bench and
on boiler plate mock-up.

5.3 Element test requirements

5.3.1 General
Element level testing shall be performed on the following items:

a. Space vehicle,

b. Launcher, and

c. Ground segment.

NOTE Ground segment tests are described in subclause 4.9.

5.3.2 Space vehicle test requirements
a. The space vehicle qualification tests should be performed on ground.

b. When re-entry, aero-thermodynamics characteristics are fundamental for the
mission success, in-orbit testing should be performed (see clause 9).

c. The space vehicle qualification test baseline shall consist of the tests specified
in Table 17.
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d. The optional tests shown in the test baseline (see Table 17) should be con-
sidered as required tests, as determined from considerations of design fea-
tures, required lifetime, environmental exposure, and expected usage.

e. In addition to the tests listed in Table 17, other special tests shall be per-
formed depending upon the project characteristics and life cycle.

f. The following general rules shall be taken into account in defining the space
vehicle qualification test program:

1. The functional verification of the space vehicle shall be performed by
means of the integrated system test (IST) and the integrated system check
(ISC) as follows.

(a) The IST shall be performed at the start and end of the test campaign.

(b) The ISC shall be conducted before and after each environmental test,
providing the criteria for judging successful survival of the space
vehicle in a given test environment.

(c) The ISCshall also be performedduringenvironmental tests,i.e.while
the environment is being imposed.

NOTE ISC is performed during thermal tests, since the space
vehicle is expected to be operative under these conditions.

2. During acoustic or vibration tests the vehicle should be in an operating
mode representative of launch and ascent phases.

3. For a small compact space vehicle, acoustic testing does not provide ad-
equate environmental simulation, and random vibration shall substitute
the acoustic test.

4. Alignment verifications, for all equipment having alignment require-
ments, shall be performed throughout the vehicle test campaign, to keep
track of any degradation or to ensure that variation of equipment align-
ment in relationship with the reference axes remains within the specified
limits.

5. All deployable items shall be subjected to deployment tests to verify the
correct functioning of deploymentmechanisms after integration and envi-
ronmental exposures.

6. Aero-thermodynamic tests shall be used for manned and unmanned
vehicles whose missions include re-entry phases.

7. Audible noise, toxic offgassing andhuman factors engineering (HFE) tests
shall be used for manned projects.

5.3.3 Structural qualification tests

5.3.3.1 General

a. The structural qualification tests detailed below shall be complemented with
functional tests, alignment checks, visual inspections and leak tests.

b. If the space vehicle has propellant storage tanks these should be filled and
pressurized to flight conditions during testing.

NOTE Simulated propellant may be used.

5.3.3.2 Static load tests

5.3.3.2.1 Purpose

a. The purpose of static load tests is to demonstrate by application of static or
quasi-static loads that the space vehicle design is capable of sustaining the
launcher, apogee motor, and spin induced static and dynamic accelerations
without suffering permanent deformation or failure.
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b. There are three methods to impose static loads on a test article:

1. whiffle tree tests (see subclause 5.3.3.2.3),

2. centrifuge tests (see subclause 5.3.3.2.4),

3. acceleration tests (see subclause 5.3.3.2.5).

Table 17: Space vehicle qualification test baseline

Test
Reference
subclause

Recommended
sequence

Space
vehicle

Optical alignment
Functional and performance
HFE
Physical properties
Pressure
Leakage
Boost pressure profile
Modal survey
EMC
Shock
Static load
Spin
Acoustic
Random vibration
Sinusoidal vibration
Transient
Ambient pressure
temperature cycling
Thermal balance
Vacuum temperature cycling
Toxic offgassing
Aero-thermodynamics
Magnetic field
Life
Mission simulation
End-to-end communication
Audible noise
Mission specific

5.3.4.5
5.3.8.1,5.3.8.2

5.3.9.3
5.3.4.4
5.3.4.1
5.3.4.2
5.3.4.3
5.3.3.7
5.3.7.1
5.3.3.6
5.3.3.2
5.3.3.3
5.3.3.4
5.3.3.5.3
5.3.3.5.4
5.3.3.5.5

5.3.5.3
5.3.5.2
5.3.5.1
5.3.9.1
5.3.6
5.3.7.2
5.3.8.5
5.3.8.3
5.3.8.4
5.3.9.2
5.3.10

1 a

2 a

3
4
5
6 a

7
8 c

9
10
11
12
13 b

13 b

14 c

14 c

15
16 d

17 d

18
19
20
21
22 e

22 e

23
24

R
R
R f

R
R
R
O
O
R
R
R
R
R b

R b

O
O

O
R
R
R f

R
R
O
R
R
R f

R

R = Required
O = Optional

Notes
a At the start and end of the sequence and before and after environmental tests.
b Acoustic or random vibration test.
c Transient combined with modal survey can replace sinusoidal vibration.
d Can be combined.
e Can be combined with functional and performance tests at the end of the sequence.
f For manned vehicle.
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5.3.3.2.2 General

a. The quasi-static acceleration test levels to be applied shall be derived fromthe
maximum quasi-static loads specified in the respective launcher user�s man-
ual or apogee motor manual multiplied by the qualification factor.

b. The static loads to be applied in the whiffle tree tests shall be the same values
multiplied by the respective mass which is supported by the structure.

c. Loads in excess of those above shall be applied locally to representquasi-static
loading due to appendages and take into account the qualification factor.

d. If the mission profile indicates thermal stresses during the high acceleration
periods, such stresses shall be determined analytically and consider super-
position of equivalent stresses.

e. The qualification factor shall be at least 1,25.

5.3.3.2.3 Whiffle tree tests

a. Whiffle tree tests shall be performed for space vehicles that due to its size or
mass cannot be acceleration tested.

b. Whiffle tree tests shall be conducted on fully representative structural qualifi-
cation models as follows:

1. The model shall be supported by a test fixture that simulates the flight
adapter.

2. The loads shall be applied with a test rig.

3. Static loads of 100 % (limit load), 110 % (yield load), and 125 % (ultimate
or qualification load) of the maximum predicted flight loads should be
applied in steps.

4. Deformations and strains shall be measured at each step of the loading
cycle.

5.3.3.2.4 Centrifuge tests

a. For centrifuge tests, the test article shall be mounted in a test fixture that
simulates the characteristics of its flight attachment.

b. The capacity of the centrifuge, and themounting of the test article on it, shall
be such that the qualification loads are applied to all relevant parts of the
space vehicle structure.

c. Loads of 100 % (limit load), 110 % (yield load), and 125 % (ultimate/qualifica-
tion load) of the maximum predicted flight loads should be applied in steps.

5.3.3.2.5 Acceleration tests

a. In acceleration tests the test item shall be subjected to a sinusoidal dwell
dynamic test at a frequency lower than the frequency of its first mode (i.e.
non-resonant response).

b. The test article shall bemounted ina test fixture that simulates the character-
istics of its flight attachment.

5.3.3.3 Spin tests

a. If flight operations include a spin that impose acceleration levels of 2 g ormore
to any part of the space vehicle, a spin test shall be performed.

b. The spin test should envelop the flight case with a qualification margin.
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5.3.3.4 Acoustic tests

5.3.3.4.1 Purpose

The purpose of acoustic tests is to demonstrate that the space vehicle can with-
stand the acoustically induced vibration environment encountered during rel-
evant mission phases.

5.3.3.4.2 Acoustic test description

a. Acoustic tests shall be conducted in a reverberate acoustic chamber, with the
test article in the launch configuration mounted on a test fixture simulating
the dynamic flight mounting conditions, but being low frequency decoupled
from chamber floor and wall structure born vibration.

b. Equipment, that operates during launch, shall be operated and monitored
during the test.

c. If equipment is substituted by representative structural dummies, vibration
levels shall be measured at the interface between the equipment and struc-
ture and compared with the equipment qualification spectra.

d. The qualification test spectrum shall exceed the flight spectrum by 4 dB
throughout the frequency range, unless specified differently in the respective
launcher user�s manual.

NOTE The sound pressure spectra and overall levels to impose dur-
ing the acoustic test depend on the launcher; the measured
or predicted flight levels and durations are specified in the
launcher user�s manual.

e. The test duration shall derive from the fatigue equivalent duration in flight,
(which depends on the launcher), multiplied by a factor of 4.

NOTE The test duration is in general 2 minutes.

f. Each qualification level run should be preceded and followed by low level
runs,which are used to identify possiblemodifications of the structural status
during the test.

5.3.3.5 Vibration tests

5.3.3.5.1 Purpose

The purpose of vibration tests is to demonstrate that the space vehicle withstands
the vibration environment encountered during launch or other high vibration
exposures.

There are three types of vibration tests that can be performed for space vehicle
qualification:

a. Random vibration tests (see subclause 5.3.3.5.3,)

b. sinusoidal vibration tests (see 5.3.3.5.4), and

c. Transient vibration tests (see 5.3.3.5.5).

5.3.3.5.2 General

a. For launch vibration tests, the test article in its launch configuration shall be
mounted on a test table via an adapter that is stiff enough to prevent the
generation of anti-resonance.

b. Space vehicle equipped with apogee or retro motors shall be tested for the
vibration environment of the motor if

1. the environment is not enveloped by the launch boost environment, or

2. the configuration during the apogee is different from the launch configur-
ation, or
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3. retro motor burn is different from the launch configuration.

c. Equipment that operates during launch, or during apogee or retro motor
burn, shall be operated and monitored during the test.

d. If the equipment is substituted by representative structural dummies, vibra-
tion levels shall be measured at the interface between the equipment and
structure, and compared with the equipment qualification spectra.

e. Each qualification level run should be preceded and followed by low level
runs,which are used to identify possiblemodifications of the structural status
during the test.

5.3.3.5.3 Random vibration tests

a. For random vibration tests, at least one control accelerometer shall be
attached to the base of the adapter on which the test article is mounted.

b. With Gaussian random excitation applied at the base of the adapter, the
spectrum, as measured by the control accelerometer(s), shall be equalized
such that the power spectral density, throughout the frequency range, lies
within (--1/+3) dB of the levels specified in the qualification test specification.

NOTE The success criteria is that the overall root mean square
acceleration level is within ±10 % of the specified value.

c. Random excitations shall be applied in three mutually orthogonal directions,
one being parallel to the thrust axis.

d. The test duration shall be twominutes per axis (unless specified otherwise in
the launcher user�s manual).

e. The qualification test specification shall as a minimum cover the relevant
launcher user�s manual qualification test requirements.

f. Random tests may be waived if acoustic tests are performed that envelop all
critical environments and if this is in agreement with the launcher user�s
manual.

5.3.3.5.4 Sinusoidal vibration tests

a. For sinusoidal vibration tests, at least one control accelerometer shall be
attached to the base of the adapter on which the test article is mounted.

b. Sinusoidal excitations shall be applied at the base of the mounting adapter,
and shall be swept through at a sweep rate of 2 octaves/min.

c. The test level should be limited in the low frequency range by the physical
travel limits (amplitude limitation) of the vibration table.

d. For the higher frequencies, the acceleration levels shall be at least as specified
in the launcher user�s manual.

e. Vibrations shall be applied in threemutually orthogonal directions, one being
parallel to the thrust axis.

f. Sinusoidal vibration qualification tests should be performed between 4 Hz
and 150 Hz (Ariane Apex) or 5 Hz and 100 Hz (Ariane 4 and Ariane 5).

g. Low level sinusoidal vibration tests should be performed between 5 Hz and
2 000 Hz.

h. The excitation levels specified in the launcher user�s manual can be reduced
in certain limited frequency bands to avoid overstressing of the test article,
subject to the following:

1. A procedure for such a reduction (notching procedure) is agreed with the
launcher authority, on the basis of the latest dynamic coupled load analy-
sis available.
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2. This analysis is performedwith amathematicalmodel of the space vehicle
verified by dynamic test (shaker ormodal survey, the secondmethod being
preferred).

3. Launch vehicle forcing function variations are taken into account in the
analysis.

4. A safety factor of 1,25 is applied in order to determine the maximum
allowable notching levels for protoflight or qualification tests.

5.3.3.5.5 Transient tests

a. As a replacement for sinusoidal vibration tests, transient tests in combination
with a modal survey should be used for a more realistic dynamic excitation.

b. The transient excitation signals shall be derived from the space vehicle and
launcher loads coupled dynamic analysis (LCDA)

c. The modal survey shall verify the space vehicle mathematical model.

NOTE Although transient test methods are fairly advanced, a
number of problems with respect to uncertainties resulting
from the analytical process on the test input functions and
statistical variations are still to be resolved. Transient tests
can relatively easily replace longitudinal tests, but experi-
ence is very limited in lateral testing.

5.3.3.6 Shock tests

5.3.3.6.1 Purpose

The purpose of shock testing is to demonstrate that the space vehicle withstands
shock levels and frequency spectra as predicted for flight.

Shocks encountered during mission originate from shroud jettison, separation of
the launcher and the space vehicle, pyrotechnic devices actuated release of covers
or appendages, as well as from the latching of such appendages.

5.3.3.6.2 Shock test description

a. Separation shock tests shall be conducted by actuating the pyrotechnic
devices and then verifying the separation, e.g. by suspending the space
vehicle together with flight type launcher attachment hardware in a manner
that allows separation to occur.

b. Shocks induced by release or latching of appendages should be tested by
performing the shock inducing function, for the separation shock test.

c. All explosive devices and other potentially significant shock-producing de-
vices or events, including those fromsourcesnot installed on the vehicleunder
test, shall be activated at least once or simulated.

NOTE Significant shock sources are those that induce a shock re-
sponse spectrum at any equipment location that is within
6 dB of the envelope of the shock response spectra from all
shock sources.

d. The significant shock producing sources shall be activated two additional
times to provide variability in the vehicle test and to provide data for predi-
cation of maximum and extreme expected shock environments for units.

e. Activation of both primary and redundant devices shall be carried out in the
same sequence as they are intended to operate in service.

f. All equipment operating during the shock inducing occurrence shall be oper-
ated and monitored during the test.
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5.3.3.7 Modal survey

5.3.3.7.1 Purpose

The purpose of the modal survey is to determine experimentally the natural
frequencies,mode shapes, anddamping factors of the spacevehicle throughout the
dynamically relevant range, i.e. up to 100 Hz.

The modal survey is not a test in the sense of having acceptance or rejection
criteria; its successful completion doesnot indicate conformance to design require-
ments, except for the case in which one of the design objectives is to keep certain
frequency ranges free from natural frequencies of the space vehicle.

5.3.3.7.2 Modal survey description

a. The modal survey shall be conducted on a structural model, as follows:

1. Equipment and subsystems can be replaced by dummies which are
dynamic representatives of the flight hardware.

2. Dynamical representativeness shall be provided for the main modes of
equipment and subsystems, showing frequencies lower than 100 Hz.

b. Experimental determination of the natural frequencies, mode shapes, and
damping factors of the space vehicle shall be accomplished by exciting the
naturalmodes either by single-point or multi-point excitation with transient,
random or sinusoidal characteristics and with accelerometers strategically
distributed throughout the test article to monitor the response.

c. The results of a modal survey shall be used:

1. to check whether any natural frequencies fall into an undesirable range,
e.g. pogo resonance of the launcher (as mentioned in 5.3.3.7.1), and

2. to check or adjust the natural frequencies andmodes determined analyti-
cally with the help of a finite element mathematical model of the struc-
tural system.

NOTE Once themathematicalmodel is in agreementwith thephysi-
cal system, it can be used to predict structural responses such
as displacements, accelerations, and stresses for any force
input for the structural system alone, or, if the adjacent el-
ement (e.g. launcher, orbital transfer or other motor) is com-
patibly represented, for the combined structural system.
Superimposing of thermal stresses can also be performed.

5.3.3.8 Correlation of structural mathematical model and test results

5.3.3.8.1 General

The correlation of structural mathematical models accounts for frequencies,
modes and responses, and strain and deformations when static load tests are
performed.

5.3.3.8.2 Frequencies and modes

a. Themodal survey configuration and the space vehicle should be supported at
the launcher interface to provide information relative to the space vehicle
launch configuration.

b. The correlation shall be considered successfully achieved when:

1. Basic modeswith large effective modalmasses (> 10 % of total mass) have
a frequency deviation of ≤3 %.

2. Other modes up to 50 Hz with dominant responses have a frequency
deviation of ≤5 % or 2 Hz maximum (whichever is the less).
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NOTE Modes having low responses to a base excitation are disre-
garded in the correlation exercise.

c. If the modal survey is performed in other conditions, the correlation shall be
considered successfully achieved when for modes normalised to unit transla-
tion displacement:

1. Basic modes with large generalized mass (> 5 % of total mass) have a
frequency deviation of ≤3 %.

2. Other modes up to 50 Hz with dominant relative responses have a fre-
quency deviation ≤5 % or 2 Hz maximum (whichever is the less).

NOTE Modes having low relative responses and low generalised
mass are disregarded in the correlation exercise.

5.3.3.8.3 Strain and deformations

For any position where the measured values have significant amplitude, the cor-
relation shall be considered successfully achievedwhen thedifference between the
predicted and the measured strain values does not exceed 5 % of the allowable at
yield.

5.3.4 Structural integrity

5.3.4.1 Pressure test

5.3.4.1.1 Purpose

The purpose of pressure tests on space vehicle level is to demonstrate that the
integrated pressurized (e.g. pneumatic and hydraulic) subsystems achieve the
specified requirements for pressure integrity and leakage rate.

5.3.4.1.2 Pressure test description

Pressure tests shall be performed on prototype (qualification models) and proto-
flight items as follow:

a. The respective subsystems shall be pressurized to proof pressure for at least
5 minutes.

b. The proof pressure shall be 150 % of the maximum design pressure.

c. The pressure shall be reduced to the maximum design pressure.

d. The above sequence shall be performed three times.

5.3.4.2 Leakage test

a. Leakage tests shall be performed by pressurizing the system to its maximum
design pressure and holding this pressure for at least 20 minutes.

b. The leak rate shall be established from pressure monitoring.

c. All lines, joints and fittings shall be checked for external leaks.

d. Method for checking leaks include:

1. Using chemically compatible bubble-forming agents, or

2. Using the �tent method� in which the test article is enclosed hermetically
during the test and the enclosure content is monitored to determine how
much of the trace gas with which the system is pressurized has escaped
from it.
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5.3.4.3 Boost pressure profile test

5.3.4.3.1 Purpose

The purpose of the boost pressure profile test is to demonstrate that the space
vehicle can survive the pressure drop during ascent and the pressure build-up
during re-entry.

5.3.4.3.2 Boost pressure profile test description

a. The tests shall be conducted by exposing the test article in the launch and
re-entry configuration, respectively, to the pressure profile simulating the
analytically determined launch and re-entry histories.

NOTE The test article may be a protoflight, prototype, or a struc-
tural model provided all pressure sensitive components are
representative of the flight hardware.

b. A protoflight unit shall not be subjected to a boost pressure profile test more
than once.

c. The pumping capability of the test facility shall maintain the pressure within
the specified limits at all times.

5.3.4.4 Physical properties measurements

5.3.4.4.1 Purpose

The purpose of the physical properties measurements is to determine the space
vehicle mass, centre of gravity location, and moments of inertia around its three
co-ordinate axes.

5.3.4.4.2 Physical properties measurement description

a. The principal configurations should be the launch and orbit insertion con-
figurations.

NOTE Depending upon the mission profile other configurations
may be used

b. The tolerances should be the minimum values specified in either Table 18 or
in the launcher user�s manual.

Table 18: Tolerances for physical properties
Physical property Tolerance

Mass 0,25 %

Centre of gravity location 10 mm

Moments of inertia (w.r.t. spacecraft centre of
gravity)

2,5 %

c. The measurements shall be made using precision scales and balancing
benches.

NOTE Launch configuration balance requirements are stated in
the launcher user�s manual.

d. For a large space vehicle, element parameters can be calculated from compo-
nent measurements providing the specified accuracy can be met.

e. Spin balance tests shall be used for spin stabilized systems.

f. If spin balance tests are specified with an empty tank, a correlation with the
analytical model (tank full) shall be performed.

NOTE Operational spin balance requirements vary widely depend-
ing on themission profile and rate of spin; therefore, specific
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balance requirements and procedures are stated in the space
vehicle specifications.

5.3.4.5 Optical alignment

5.3.4.5.1 Purpose

The purpose of optical alignment measurements is to ascertain that space vehicle
and experiment sensors alignments are within the tolerances specified for the
space vehicle.

5.3.4.5.2 Optical alignment description

The measurements, conducted in a suitable optical alignment facility, shall be
performed prior and subsequent to all environmental tests that can affect the
alignment, such as thermal vacuum and vibration tests, or after transports.

5.3.5 Thermal qualification tests

5.3.5.1 Vacuum temperature cycling tests

5.3.5.1.1 Purpose

The purpose of vacuum temperature cycling (VTC) tests is to demonstrate that the
space vehicle is capable of achieving its design and performance requirements in
its operational modes under the vacuum and thermal conditions encountered
during the mission.

5.3.5.1.2 Vacuum temperature cycling tests description

a. The test shall be carried out at upper and lower temperature extremes equal
to the qualification limits and during transients.

b. A proper selection of test set-up, test modes, and methods shall be made, in
order to obtain these limits for selected units.

c. The pressure shall be ≤ 1 hPa.

d. The test sequence should start with the hot exposure (as shown in Figure 11)

NOTE 1 Starting the sequence with a hot exposure accelerates the
outgassing and prevents elevated pressure levels in subse-
quent hot exposures.

NOTE 2 The test sequence shown inFigure 11 is givenas anexample.

e. For protoflight units, an abbreviated sequence with only one hot and one cold
12 hour exposure prior to the extended exposures can be used.

f. In addition to the temperature cycles, the chamber shall be programmed to
simulate the various mission phases, and the applicable operational
sequences performed by running through a complete cycling of all equipment,
including redundant equipment and paths.

g. Cold starts shall be performedat least three times for all componentswith this
capability (one time for protoflight models).

h. The pumping, cooling, and heating speeds should be, as closely as possible,
equal to those projected for the mission.

i. Equipment susceptible to corona or other high voltage effects shall be pro-
tected bymonitoring the pressure and by applying high voltage below critical
pressures.

j. Vacuum temperature cycling chambers shall be equipped with cryo-surfaces,
which operate at cryogenic temperatures throughout the test to prevent space
vehicle contamination.
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time
(days)

Funct.
tests

Funct.
tests

10 ºC above
maximum
design
temperature

10 ºC below
maximum
design
temperature

Tambient

Pambient

≤10-5 hPa

Cryo-surface operation

1 2 3 5 6 7 8 9 10 11 12 13 144 15 16

Note:
The short hot and cold exposures are determined by the duration of the relevant space vehicle tests. The
heat-up and cool-down periods are shown to take 12 hours; they can be shorter or longer depending on
test item, test equipment and facility.

Pressure

Temperature

Figure 11: Example of schematic vacuum temperature cycling test
sequence

5.3.5.2 Thermal balance test

5.3.5.2.1 Purpose

The main purpose of thermal balance testing is to demonstrate the ability of the
thermal control system tomaintain temperatures inside the specified operational
limits and to verify that the system performs correctly under vacuum and thermal
conditions expected to be encountered during the mission. The test is also used to
validate the analytical thermal model of the space vehicle.

5.3.5.2.2 Thermal balance test description

a. The test article shall be placed in a thermal vacuum chamber capable of
simulating the thermal and vacuum environments expected during the
mission.

b. The thermal state of the test article should be obtained by:

1. simulating the incident radiation (with the help of radiation sources
producing the solar and albedo radiation spectra and intensities),

2. simulating the heat absorbed by the test article (with the help of heater
blankets and infrared lamps), or

3. combining these two methods.

NOTE The selection of the method, or the degree to which methods
are combined depends on the test article configuration and
geometry, the relation of internally produced heat to the
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external heat influx, and the thermal characteristics of the
external surfaces.

c. The test article shall be instrumented with suitable temperature measuring
devices at critical components and key thermal nodes of the analytical ther-
mal model.

d. The two extreme conditions described below shall, as a minimum, be simu-
lated and evaluated:

NOTE Test conditions and durations for this test depend strongly
on the mission profile and on the details of the analytical
thermal model to validate.

1. �hot case�, i.e.maximumabsorbedheat combinedwithmaximuminternal
power dissipation, and

2. �cold case�, i.e.minimumabsorbed heat combinedwithminimum internal
power dissipation.

e. The thermal vacuum chamber should be programmed to:

1. simulate all critical thermal mission phases,

2. execute the corresponding operational sequences, and

3. monitor and record temperatures continuously.

f. Success criteria for the thermal balance test shall be:

1. a demonstration of satisfactory operation of the space vehicle within the
specified temperature limits; and

2. a satisfactory degree of correlation between temperature measurements
and thermal model predictions.

5.3.5.3 Ambient pressure temperature cycling (APTC) test

5.3.5.3.1 Purpose

The purpose of the ambient pressure temperature cycling (APTC) test is to demon-
strate the functionality of the test article under ambient pressure conditions and
temperature extremes, whilst exceeding the design temperatures by a qualifica-
tion margin.

NOTE Although components with large power dissipation cannot
reach their operational temperature extremes due to
convection, these tests are very useful to identify design
weaknessesprior to themore complex thermal vacuumtests.

5.3.5.3.2 Ambient pressure temperature cycling (APTC) test description

a. The test should be carried outat upper and lower temperature extremesequal
to the qualification limits and during transients.

NOTE Since it is in practice impossible to achieve these levels on all
units, a proper selection of test set-up, test modes, and
methods is essential in order to obtain these limits for
selected units.

b. The test duration shall be at least six hours at stabilized temperatures.

c. Throughout APTC tests, humidity control shall be exercised to maintain the
dew point temperature of the test chamber air below the test temperature in
order to avoid condensation.

d. Functional tests of all mechanical and electrical components that are
expected to operate in the respective environments shall be performed prior
to the test, during the temperature stabilized period of the test, and
subsequent to the test.
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5.3.6 Aero-thermodynamic tests

5.3.6.1 Purpose

The purpose of the aero-thermodynamic test is to verify the aerodynamic and
thermal loads on the space vehicle.

5.3.6.2 Aero-thermodynamic test description

The tests shall be performed on dedicated scaled models in wind tunnels for
different conditions (e.g. hot and cold hypersonic, low supersonic and subsonic).

5.3.7 Electromagnetic qualification tests

5.3.7.1 Electromagnetic compatibility tests

5.3.7.1.1 Purpose

The purpose of electromagnetic compatibility testing is to determine whether any
space vehicle operations can be adversely affectedby electromagnetic interference
from external sources, and whether the space vehicle itself emits any electromag-
netic signals that can adversely affect its own operations, those of its payload, or
of external elements.

5.3.7.1.2 Electromagnetic compatibility test description

The space vehicle shall be subjected to electromagnetic susceptibility andemission
tests, stated in the EMC specification for the:

a. launch configuration,

b. return configurations, and

c. the most critical and sensitive modes of operation .

5.3.7.2 Magnetic field measurements

The purpose of conducting magnetic field measurements is to determine the per-
manent, induced, and straymagneticmoments of the space vehicle, and to demon-
strate conformance to magnetic cleanliness requirements.

NOTE If there are no stringentmagnetic cleanliness requirements,
verification by analysis may be sufficient.

5.3.8 Functional qualification tests

5.3.8.1 Mechanical functional tests

5.3.8.1.1 Purpose

The purpose ofmechanical functional tests is to check the operation of allmechan-
isms, deployables, valves, and any other mechanical devices.

5.3.8.1.2 Mechanical functional test description

a. For all mechanical operations that cannot be tested in the Earth�s gravity
field, suitable ground support fixtures shall be employed to enable operation
and evaluation of the devices.

b. If items cannot be tested at element level (e.g. solar arrays) the mechanical
functional test shall be performed at subsystem level.

c. Mechanical functional tests shall be performed prior and subsequent to all
environmental tests and if specified, during all environmental tests.
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5.3.8.2 Electrical functional tests

5.3.8.2.1 Purpose

The purpose of the electrical functional test is to verify the integrity of all electrical
circuits and components, as well as their related software.

5.3.8.2.2 Electrical function test description

a. During the electrical functional tests, all components shall be operated,
including redundant equipment and paths.

NOTE Pyrotechnic devices may be replaced by simulators that can
be energized and monitored.

b. All commands and telemetry parameters shall be exercised based upon the
actual database that is used to operate the space vehicle.

c. Preconditioned commands shall be demonstrated that they are not performed
unless the relevant preconditions are met.

d. Autonomous functions shall be verified that theyare performedonlywhen the
conditions for which they are designed are present.

e. Autonomous lockout or shutdown sequences shall be verified to ensure that
they do not adversely affect other system operations during or subsequent to
the intended lockout or shutdown.

f. Electrical functional tests shall be performed before and after all environ-
mental tests and if specified during all environmental tests

g. At least one complete electrical functional test should be run at both the
minimum and maximum bus voltage level.

h. Other equipmentperformancemarginswith respect to frequencies, command
and data rates, gain and voltage, shall be established.

i. Actual tests of pyrotechnic devices can be conducted at levels below element
level.

j. The functional verification of the space vehicle shall be performed by inte-
grated system tests (IST) and integrated system checks (ISC).

k. The IST and ISC should be designed to verify that the performance of the
space vehicle conforms with the specification requirements for correct oper-
ation in all operational modes, including back-up and degraded modes, and
all transients.

l. The IST activities should follow the expected mission sequence, properly
involving the interested functions, with the vehicle correct configuration for
the particular mission phase.

m. The functional verification should includenegative logic testing to assure that
no function other than the intended function is performed and no spurious
signals or effects are present.

n. The IST should be designed so that a database of critical parameters can be
established for trend analysis.

o. The IST shall be performed at the beginning and at the end of the test
campaign.

NOTE The IST terminology is used on some projects to identify the
integrated subsystem tests (ISST) defined in subclause 6.1
and is known as the system functional test (SFT).

p. The ISC shall:

1. be a sub-set of the IST which can involve all major functions, at the
maximum extent automatically performed;
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2. be conducted before and after each environmental test, providing the
criteria for judging successful survival of the space vehicle in a given test
environment;

3. give evidence, with a high degree of confidence, of the correct operation of
the space vehicle, in a relatively short time (comparedwith that one of the
IST);

4. provide also data for trend analysis, in order to point out any degradation
or trends which can indicate a potential failure.

NOTE In projects using the terminology SFT, the ISC is known as
the abbreviated functional test (AFT).

q. Functional verification of the space vehicle shall be performed by means of
ISC, while the environment is being imposed.

r. Functional verification shall be performed for thermal tests, since the space
vehicle is expected to be fully operational under these conditions.

5.3.8.3 Mission simulation tests

5.3.8.3.1 Purpose

The purpose of the mission simulation tests are to verify the operation of all space
vehicle systems and operations throughout the projected mission.

NOTE Mission simulation tests are a combination of mechanical
and electrical functional tests, including flight software, for
all mission phases

5.3.8.3.2 Mission simulation test description

During mission simulation tests, the space vehicle shall be put through a simula-
tion of all operations of the entire mission profile with all events occurring in the
actual flight sequence, including:

1. final count-down,

2. launch,

3. ascent,

4. separation,

5. orbital operations,

6. apogee motor operations

7. mission operations, and

8. return operations.

5.3.8.4 End-to-end communication tests

The purpose of end-to-end communication testing is to test all space vehicle com-
munication links by simulating the mission communication environment.

NOTE The end-to-end communication test may be performed on
payload level if the capacity of existing facilities does not
permit test at element level.

5.3.8.5 Life tests

a. Life tests shall be conducted on levels below element one

NOTE Life tests include fatigue tests, mean-time-to-failure tests
and the burn-in tests for electronic components
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b. Where a mechanism performs a critical task for the system, life testing shall
be performed on a level, where the mechanism function can be performed
realistically.

5.3.9 Manned space vehicle specific tests

5.3.9.1 Toxic offgassing test

5.3.9.1.1 Purpose

The purpose of the toxic outgassing test is to verify that flight hardware does not
emit toxic vapours that can build up to harmful levels for the crew in the closed
loop life support system.

5.3.9.1.2 Toxic offgassing test description

a. The toxic gas test shall be performed in thermal chamber.

b. The test article shall be heated and maintained in temperature conditions,
while the emitted gasses and vapours are detected.

c. Appropriate toxic gas markers shall be used on the basis of the materials
composing the test article.

5.3.9.2 Audible noise test

5.3.9.2.1 Purpose

The purpose of the audible noise test is to predict that flight hardware does not
produce audible noise levels that are detrimental to the crew health and safety.

5.3.9.2.2 Audible noise test description

a. The audible noise test shall be performed in an acoustic shielded chamber.

b. After a background noisemeasurement, the noise emission during test article
operation shall be measured using microphones.

c. The noise measurements shall be performed for the worst-case emission
conditions.

5.3.9.3 Human factor engineering (HFE) tests

5.3.9.3.1 Purpose

The purpose of the test is to verify requirements related to human factor engineer-
ing (e.g. man-machine interfaces, crew interfaces and accessibility).

5.3.9.3.2 HFE test description

a. The HFE tests shall be performed on:

1. mock-ups (for accessibility demonstration, layout and verification), and

2. the engineering model (for man-machine interface and crew operation
verifications).

b. HFE tests shall be used for HFE requirement verification in conjunction with
analyses.

5.3.10 Mission specific tests
In addition to the space vehicle qualification tests of preceding subclauses, qualifi-
cation tests should be performed to demonstrate conformance to specific mission
requirements such as landing, docking or berthing which, due to their potential
variety and complexity, are not covered in this Standard.
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5.3.11 Launch vehicle (LV) test

5.3.11.1 General

LV testing specifications depend on the LV type, engine concept, mission and
performance definition.

NOTE For a given launcher stage, test specifications can bedepend-
ent on materials and equipment characteristics.

5.3.11.2 LV test description

a. Qualification tests should be conducted at both equipment and subsystem
level.

b. Complete LV stages shall be submitted to functional qualification tests.

c. The overall approach for equipment qualification tests described in subclause
5.1 should be applied for various categories of LV. However, test levels,
duration and cycles should be tailored to the envelope of the LV flight
conditions with the addition of specific launch vehicle qualification factors.
These parameters are normalized for most equipment.

d. The qualification of LV structures shall conform to the requirements orig-
inated from the development phase as follows:

1. Static tests shall be conducted to qualify themain structures (external and
internal loaded structures) and elastomer-base structures.

(a) One test should be conducted up to effective fracture for each struc-
ture.

(b) For pressurized tanks, effective fracture under internal pressure
should be used.

(c) Thermal conditions applicable in flight shall be taken into account.

2. Dynamic environment tests (e.g. sinusoidal, acoustic, random and shock)
shall be conducted in order to qualify structures including equipment or
elastomer-base systems.

(a) Vibration levels and related fatigue shall be adjusted in order to
reflect flight conditions (plus qualification margin).

(b) Levels applied on equipment supports shall be limited in order to
respect the corresponding equipment qualification level.

NOTE Amodal survey test can be conducted on a complete LV stage
in order to validate the corresponding dynamic model.

e. Functional qualification tests applicable to major subsystems and to LV
stages shall be compatible with the general approach of subclause 5.3.

f. Functional qualification of the whole LV shall be performed:

1. by ground tests on the launch range, and

2. by one or several flights with dummy or actual payloads.

5.4 System qualification test

5.4.1 General
System qualification tests cover those aspects relevant to the interrelationship
between two or more elements which constitute the system (i.e. space vehicle,
launcher and ground segment) and to interfaces with other systems and projects.

5.4.2 System qualification test description
a. Major test requirements for the system qualification shall be included in the

lower level product test requirements on elements.
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NOTE The qualification tests may be performed at element level.

EXAMPLE See subclause 4.9.5.3 as an example of the compatibility
tests between ground segment and space vehicle.

b. The following rules should be applied in performing system qualification
tests:

1. Only functional (and software) tests should be performed at this level.

NOTE In general the elementsarenot completemodelsbut they can
be simulators fully representative of the interfaces to be
tested.

2. Qualification tests should be performed at system level only for very com-
plex and new systems and then a better representative of the interfaces
should be used.

EXAMPLE For a new ground segment together with a new complex
space vehicle such as a re-entry capsule.

c. System qualification tests shall be performed in a realistic environment to
fully demonstrate the capability to meet specific system requirements.
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6

Acceptance testing

6.1 Equipment test requirements

6.1.1 Introduction
The requirements provided in this subclause are of two types:

a. General

The general acceptancemethodology provides requirements formulti-project
utilization (i.e. different launchers and different missions).

With this methodology the equipment is accepted independently from the
specific project, assuring the compatibility with the requirements of a speci-
fied set of launchers (e.g. ARIANE 4 and 5, and STS) and with a wide range
of mission types.

The general methodology makes use of :

1. standard spectra for structural tests, and

2. standard temperature limits for each category of equipment.

b. Specific

The specific acceptance methodology provides requirements tailored for each
specific project.

With this approach the equipment acceptance is limited to the requirements
of a particular project (e.g. launcher and mission).

The methodology specifies the criteria for the determination of test levels
margins to be applied. In principle, the test durations are the same as those
specified in the general approach.

6.1.2 General
a. The equipment acceptance test baseline consists of the tests specified in

Table 19.

NOTE The categorization of tests into �required� and �optional� is
guided by the sensitivity of the type of the equipment to the
specific environment and by the probability of encountering
the environment.
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b. The test baseline and sequencing shall be tailored to the specific item char-
acteristics for each project, giving consideration to both the required and
optional tests.

c. Deviations from the baseline requirements for the required tests shall be
decided on a case-by-case basis.

NOTE For special items, (e.g. some tape recorders and certain bat-
teries), the specifiedacceptance test environments canresult
in physical deterioration of materials or other damage. In
those cases, less severe acceptance test environments that
still satisfy the system operational requirements are used.

d. All equipment, irrespective of its category, shall be acceptance tested.

e. The test sequence shall include functional tests before and after each environ-
mental test.

f. Specific functional tests shall be performed during the environmental tests.

g. The acceptance test sequence given in Figure 12 should be followed.

NOTE The sequencing is based on a combination of the order in
which the environments are encountered during flight and
to detect defects as early in the test sequence as possible.
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Table 19: Equipment acceptance test baseline

Test Reference Recommended Category/type of equipment
Test Reference

subclause
Recommended
sequence a b c d e f g h I j k I

Physical properties 6.1.3 1 R R R R R R R R R R R R

Functional and performance 6.1.4 21 R R R6 R R R R R R - R R

Leak 6.1.5 3,5,8,11 R3 - R3 R R R O - - - - -

Pressure 6.1.6 4 - - R3 R R R O - - - - -

Random vibration 6.1.7 6 R R3 R R R R R R R R R -

Acoustic 6.1.8 6 O9 R4 - - - - - - - O O R11

Shock 6.1.9 7 O - - - - - - - O - - -

Thermal vacuum5 6.1.10 96 R2 O R6 R R O R R R O R R11

Thermal cycling5 6.1.11 96 R O R6 R R O R R R O R O

Burn-in10 6.1.12 10 R - - O - - O - - - - -

Microgravity7 6.1.13 12 R - - R - - - - - - - -

Audible noise8 6.1.14 13 R R - R R - R - - R R -

Categories

a = Electronic or electrical equipment

b = Antennas

c = Batteries

d = Valves

e = Fluid or propulsion equipment

f = Pressure vessels

g = Thrusters

h = Thermal equipment

i = Optical equipment

j = Mechanical equipment

k = Mechanical moving assemblies

l = Solar arrays

Legend

R = Required O = Optional - = Not required

Notes

1. See subclause 6.1.2 e.

2. Required only on unsealed units and on high power, RF equipment.

3. Required only on sealed or pressurized equipment.

4. Either random vibration or acoustic test required with the other optional.

5. Can be combined in thermal vacuum cycling test.

6. Not required for batteries that cannot be recharged after testing.

7. Mission dedicated for in-orbit active mechanical assemblies.

8. Required for equipment for manned spacecraft.

9. If the equipment is sensitive to acoustic environment, the test is performed instead of random vibration test.

10. The test is performed in parallel with other functional and environmental tests.

11. Unless included in element tests.
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Physical
properties

Leak

Pressure

Leak

Microgravity 2

Thermal
cycling

Random
vibration

Acoustic

Shock

1 These tests can be combined.

2 Mission dedicated for in-orbit active mechanical assemblies.

3 To be performed in case of manned space vehicle.

Leak

Thermal
vacuum

Leak

Audible
noise 3

1

Figure 12: Equipment acceptance test sequence
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6.1.3 Physical property test, equipment acceptance
The physical property test shall be performed according to subclause 5.1.4.

6.1.4 Functional and performance tests

6.1.4.1 Purpose

The purpose of functional and performance tests is to verify that the electrical and
mechanical performance of the equipmentmeet the requirements of the specifica-
tions to detect any anomalous condition.

6.1.4.2 Functional and performance test conditions

The electrical and mechanical functional tests shall be performed at nominal
operational conditions.

6.1.5 Leakage test, equipment acceptance

6.1.5.1 Purpose

The purpose of the leakage test is to demonstrate the ability of pressurized equip-
ment to conform to the leakage rates stated in the equipment specifications.

6.1.5.2 Leakage test description and alternatives

a. The equipment leak tests shall be performed before and after exposure to each
environmental acceptance test.

b. The test method employed shall have sensitivity and accuracy, consistent
with the equipment specified maximum allowable leak rate.

c. One of the methods specified in subclause 5.1.7.2 shall be used.

6.1.5.3 Leakage test levels and duration

The test levels and duration for the leakage test shall conform to subclause 5.1.7.3.

6.1.6 Pressure test, equipment acceptance

6.1.6.1 Purpose

The purpose of the pressure test is to detect material and workmanship defects
that can result in failure of the pressure vessel or valves in usage.

6.1.6.2 Pressure test description

The pressure test shall conform to subclause 5.1.8.2 a. and 5.1.8.2 b. with the
exception that only one cycle shall be performed and the test at an elevated
temperature need not be performed.

6.1.6.3 Pressure test Levels

The test levels for the pressure test shall conform to subclause 5.1.8.3 a. and
5.1.8.3 b.

6.1.6.4 Pressure test supplementary requirements

Safety standards shall be followed in conducting all tests.

6.1.7 Random vibration test, equipment acceptance

6.1.7.1 Purpose

The purpose of the random vibration test is to detect material and workmanship
defects prior to installation of the equipment into a space vehicle, by subjecting the
unit to a dynamic vibration environment.
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6.1.7.2 Random vibration test description

The random vibration test shall conform to subclause 5.1.11.2.

6.1.7.3 Random vibration test levels and duration

a. General

The random vibration test levels for equipment of any mass shall be the
minimum envelope between acceptance vibration test (AVT) spectrum given
in Table 20 and the qualification spectrum of subclause 5.1.11.3 divided by
2,25 (1,52 see annex A2)

b. Specific

The test levels shall be the minimum envelope between acceptance vibration
test (AVT) spectrum given in Table 20 and the expected flight spectrum.

NOTE No notching for batteries, however, notching is possible for
tanks and motors, if the limit load is exceeded at centre of
gravity (CoG) in fundamental resonance.

Table 20: AVT spectrum

Mass Frequency Level Remark

M 50 k
(20 -- 80) Hz + 3 dB/octave

M ≤ 50 kg (80 -- 350) Hz 0,04 g2/Hz 6,06 grms
(350 -- 2 000) Hz --3 dB/octave

(20 -- 80) Hz + 3 dB/octave

M > 50 kg
(80 -- 350) Hz PSD(M) =

[0,05×(M+50)/(M+1)] / (1,5)2]
(350 -- 2 000) Hz --3 dB/octave

Where: PSD is in g2/Hz,
M is in kg.

Duration: all axis, 2 minutes per axis.

6.1.8 Acoustic test, equipment acceptance

6.1.8.1 Purpose

Thepurpose of the acoustic test is to detectmaterial andworkmanshipdefects that
are not detected in a static test condition.

6.1.8.2 Acoustic test description

The acoustic test description shall conform to subclause 5.1.12.2.

6.1.8.3 Acoustic test levels and duration

a. General

The test levels shall conform to those provided in Table 21

NOTE The test levels are -- 4dB with respect to qualification levels
in Table 13.

b. Specific

The test levels shall be the expected flight levels.

6.1.8.4 Acoustic test supplementary requirements

Supplementary requirements defined in subclause 5.1.12.4 shall be applied to
acoustic tests for equipment acceptance.



ECSS 15 February 2002

ECSS--E--10--03A

105

Table 21: Acoustic acceptance test level and duration
Octaves 1/3 Octaves

Centre
frequency (Hz)

Level (dB) ref.
2 × 10--5 N/m2

Centre
frequency (Hz)

Level (dB) ref.
2 × 10--5 N/m2

31,5 126 31,5
40
50

122
124
125,5

63 131,5 63
80
100

127
128
128,5

125 135 125
160
200

130
132
134

250 139 250
315
400

135
133,5
131

500 134 500
630
800

129
127
124

1 000 128 1 000
1 250
1 600

123
121,5
120,5

2 000 124 2 000
2 500
3 150

119
117,5
116,5

4 000 120 4 000
5 000
6 000

115
113,5
112,5

8 000 116 8 000
10 000

111
109,5

Overall level: 143 dB

Duration: 2 min

Spectrum adjustment duration, not to exceed 30 s at full levels

6.1.9 Shock screening test, equipment acceptance

6.1.9.1 Purpose

The purpose of the shock screening test is to detect intermittent or persistent
failures due to conducting particles in electronic equipment.

NOTE 1 The shock screening test is effective for particle detection
since shock can dislodge the particle and the extended dur-
ation vibration allows the particle to move to a position
where a shock may occur and permit detection.

NOTE 2 The shock screening test can detect failures due to cracked
or loose dies in electronic parts that are not found in normal
acceptance tests.
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6.1.9.2 Shock screening test description

a. The shock screening test shall consists of a pyro shock followed by dwell and
vibration burst testing.

b. The equipment shall be mounted to a rigid fixture through its normalmount-
ing points.

c. The equipment shall be tested in each direction, on each of the threemutually
perpendicular axes (6 tests).

d. The equipment shall be electrically energized and functionally sequenced
through all possible operating modes, including redundancy, during testing.
Circuits should be monitored to detect failures.

e. A functional test shall be conducted before and after the pyro shock test and
after the vibration screening test for each 6 axes.

6.1.9.3 Shock screening test levels and duration

a. A pyro shock test shall be performed once in both directions on each of three
mutually perpendicular axes at maximum predicted levels as defined in sub-
clause 5.1.13.3.

b. The screening vibration test level shall be 3 dB below the acceptance test
levels specified in subclause 6.1.7, but not lower than 4,5 g r.m.s.

c. Each shock screening test shall consist of a 5 minutes dwell test followed by
vibration bursts consisting of 10 s �on� and 10 s �off�.

d. The number of vibration bursts shall be such that all circuits are monitored
at least 10 times during the burst sequence with a minimum number of 20
bursts.

6.1.9.4 Shock screening supplementary requirements

a. The shock screening test should be performedwhere the equipment is critical
to mission success.

NOTE This test has proved to be a good method for detecting fail-
ures in guidance equipment.

b. A special purpose spectrum can be developed instead of basing the screening
vibration test on the expected flight vibration spectrum shape.

c. The screening vibration spectrum imposed on the equipment should cause
circuits boards to vibrate at a level of 5 g r.m.s. to 10 g r.m.s. with a flat
spectrum from 10 Hz to 450 Hz.

NOTE Input spectrum can be defined from the results of develop-
mental vibration survey tests or analytic response predic-
tions.

d. The equipment qualification vibration levels and durations specified in this
Standard shall be assessed to assure that they provide a sufficient margin to
safely conduct the screening test.

NOTE 1 The screening test incurs exposure of the equipment to
vibration in addition to that experienced in the acceptance
vibration test.

NOTE 2 The additional exposure is defined by the screening spec-
trum based on the expected flight shape, or by the specially
developed spectrum.
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6.1.10 Thermal vacuum test

6.1.10.1 Purpose

The purpose of the thermal vacuum test is to detect material and workmanship
defects by subjecting the equipment to a thermal vacuum environment.

6.1.10.2 Thermal vacuum test description

The thermal vacuum test description shall conform to subclause 5.1.15.3 with the
exception that the temperatures shall be controlled, measured and selected such
that the test item experiences actual temperatures equal to or beyond the mini-
mum and maximum acceptance temperatures in the test environment.

6.1.10.3 Thermal vacuum test methods

The thermal vacuum test method shall conform to subclause 5.1.15.4.

6.1.10.4 Test temperatures

The equipment temperatures for the minimum and maximum operating accept-
ance, non-operating acceptance and start-up are defined, according to the follow-
ing qualification methodologies:

a. General

1. The standard acceptance temperature limits provided in annex B shall be
used for various types of equipment and increased or decreased by test
tolerances, as indicated in Table 3.

2. The range temperature for an effective workmanship screening of electri-
cal and electronic equipment should be at least 56 ºC.

b. Specific

The acceptance temperatures shall be defined, as referenced, in annex B.
These values shall be increased or decreased by test tolerances, as indicated
in Table 3.

6.1.10.5 Test conditions

The thermal vacuum test conditions shall conform to subclause 5.1.15.6, excluding
corona and arcing detection.

6.1.10.6 Test cycle and duration

The thermal vacuum test cycle and duration shall conform to subclause 5.1.15.7.
with the exception that TAMBIENT is used instead of TQ.

6.1.10.7 Supplementary requirements

The thermal vacuumtest supplementary requirements shall conform to subclause
5.1.15.8, with the following additions:

a. Thermal vacuum test can be deleted for equipment acceptance and thermal
cycling performed at ambient pressure, provided that the lack of vacuumdoes
not compromise equipment acceptance, and these equipment are designed for
operation in pressurized modules.

b. If separate thermal cycling and thermal vacuum tests are performed, the
thermal vacuum shall follow the cycling test.
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6.1.11 Thermal cycling test, equipment acceptance

6.1.11.1 Purpose

The purpose of the thermal cycling test is to detect material and workmanship
defects by subjecting the equipment to thermal cycling.

6.1.11.2 Test description

The thermal cycling test description shall conform to subclause 5.1.16.2 with the
exception that the temperatures shall be controlled, measured and selected such
that the test item experiences actual temperatures equal to or beyond the mini-
mum and maximum acceptance temperatures in the test environment.

6.1.11.3 Test methods

The thermal cycling test method shall conform to subclause 5.1.16.3.

6.1.11.4 Test temperatures

The thermal cycling test temperatures shall conform to the acceptance tempera-
ture limits defined in subclause 6.1.10.4 and Table 3.

6.1.11.5 Test cycles and duration

The thermal cycling test cycles and duration shall conform to subclause 5.1.16.5.
Characteristic parameters are defined in Table 22.

Table 22: Thermal cycling test parameters (acceptance)
Parameter Condition or value

Start cycle Hot

n (number of cycles) 4

tE (dwell time at Thot/Tcold) a, b 2 h

dT/dt (temperature rate of change) < 20 ºC/min

Stabilization criterion 1 ºC/1 h
a Thot = TA-max or TNO-max.
b Tcold = TA-min or TNO-min.

6.1.11.6 Supplementary requirements

The thermal cycling test can be combined with thermal vacuum test described in
subclause 6.1.10.

6.1.12 Burn-in test, equipment acceptance

6.1.12.1 Purpose

The purpose of the burn-in test is to detectmaterial andworkmanship defects that
occur early in the equipment life.

6.1.12.2 Burn-in test description

a. A modified thermal cycling test shall be used to accumulate the additional
operational hours required for the burn-in test of electrical components as
follows:

1. While the equipment is operating (power-on) and while parameters are
being monitored, the temperature of the unit shall be reduced to the
specified low temperature level for 1 hour or longer.

2. The unit temperature shall be increased to the specified high temperature
level and operated for 1 hour or longer.
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3. The temperature shall be reduced to ambient to complete one cycle of the
burn-in test.

4. The transitions between low and high temperatures shall be greater than
1 ºC per minute (average rate).

b. For items such as valves and thrusters, the number of cycles of operation
rather than hours of operation shall be used to ensure detecting early failures
and functional cycling conducted at ambient temperature.

NOTE For thrusters, a cycle is a hot firing which includes a start,
steady-state operation and shut-down.

c. For hot firings of thrusters utilizing hydrazine propellants, flight valves shall
be thoroughly cleaned of all traces of hydrazine following the test firings.

d. Devices that have extremely limited life cycles shall be excluded fromburn-in
test requirements (e.g. positive expulsion tanks).

6.1.12.3 Burn-in test levels and duration

6.1.12.3.1 Pressure

Ambient pressure should be used during the burn-in test.

6.1.12.3.2 Temperature

For cycling of electrical equipment, the extreme temperatures specified in
subclause 6.1.10.4 and Table 3 shall be used.

6.1.12.3.3 Duration

a. The total operating time for electrical equipment burn-in shall be 250 hours
including the operating time during the thermal cycling and thermal vacuum
environment.

b. The minimum number of temperature cycles shall be 18, including those
conducted during the thermal cycling acceptance test.

c. Additional test time beyond that required for thermal cycling shall be con-
ducted at either maximum or minimum operating temperature.

d. A 48 hours high voltage test, performed at maximum operating voltage and
maximum operating temperature, shall be part of the burn-in procedure.

e. The test shall be considered successful providing the the last 100 hours of the
equipment burn-in test are free of failures.

f. For valves, thrusters and other components where functional cycling testing
is a better burn-in method, a minimum of 100 cycles shall be conducted.

6.1.12.3.4 Functional test

a. Functional tests shall be conducted at the start of the burn-in test to provide
a baseline reference for determining if performance degradation occurs.

b. The functional test shall be repeated after:

1. 150 hours of operation, and

2. during the last 2 hours of the thermal cycling test.

c. Parameters for all circuits, including all redundancy, shall be monitored dur-
ing the entire test sequence.

d. On-off cycling of the electronic equipment shall be conducted during the test
to simulate operational usage.

NOTE The reduction of system level failures by burn-in at the
equipment level has a favourable impact on costs and sched-
ules by stabilising the failure rate at or near its minimum
and ensuring the highest probability of mission success.
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6.1.13 Microgravity environment compatibility test, equipment
acceptance

The microgravity environment compatibility test shall conform to subclause
5.1.19.

6.1.14 Audible noise test, equipment acceptance
The audible noise test shall conform to subclause 5.1.20.

6.2 Subsystem test requirements
a. Subsystem level acceptance tests need not be performed.

NOTE Subsystem level acceptance is performed at equipment and
element levels.

b. Acceptance tests should be conducted at the subsystem level when the tests
at this level provide a better perception of defects than the higher level tests.

c. The suitability of conducting subsystem level acceptance tests should be
evaluated considering the relative accessibility of the subsystem and its
equipment and the retest time at higher level.

NOTE Often items, suchas solar arrayandapogee boostmotors, are
identified as subsystems.However, in this Standard they are
considered as equipment and follow the requirements of sub-
clause 6.1.

6.3 Element test requirements

6.3.1 General
Element level testing shall be performed on the following items:

a. Space vehicle,

b. Launcher, and

c. Ground segment

NOTE Ground segment tests are described in subclause 4.9.

6.3.2 Space vehicle test requirements
a. The space vehicle acceptance test baseline shall consist of all the required

tests specified in Table 23.

b. The test baseline shall be tailored for each project, giving consideration to
both the required and optional tests.

NOTE Optional tests are performed when they are considered ap-
propriate with the goals and characteristics of the project.

c. For projects with a prototype model methodology, acceptance testing shall be
performed on the vehicle flight models.

d. If protoflight or hybrid model methodologies are used, the protoflight qualifi-
cation test campaign shall cover the acceptance objectives.
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Table 23: Space vehicle acceptance test baseline

Test
Reference
subclause

Suggested
sequence

Space
vehicle

Optical alignment
Functional and performance
Physical properties
Pressure and leakage
EMC
Acoustic
Random vibration
Vacuum temperature cycling
Ambient pressure
temperature cycling
Toxic offgassing
Magnetic field
End-to-end communication
Audible noise
Mission specific

6.3.4.4
6.3.7.1, 6.3.7.2

6.3.4.3
6.3.4.1, 6.3.4.2

6.3.6.1
6.3.3.3
6.3.3.4.2
6.3.5.1

6.3.5.3
6.3.8.1
6.3.6.2
6.3.7.4
6.3.8.2
6.3.9

1 a

2 a

3
4 a

5
6 c

6 c

7 d

7 d

8
9
10 g

11
12

R b

R
R
R
O
R c

R c

R

O
R e

R f

R
R e

R b

R = Required
O = Optional

Notes
a At the beginning and end of the sequence and prior and after environmental tests.
b If applicable.
c Acoustic or random vibration test.
d Can be combined.
e For manned vehicle.
f If applicable and in case of stringent requirements.
g Can be combined with functional and performance tests at the end of the sequence.

e. The following general rules shall be taken into account in defining the space
vehicle acceptance test program.

1. Thermal tests, which disclose latent defects, should be run towards the
end of the sequence.

2. The functional verification of the space vehicle shall be performed by
means of the integrated system test and the integrated system check (see
5.3.8.2.2 q.).

3. Functional verification shall be conducted before and after each environ-
mental exposure, by means of the ISC.

4. The IST shall be carried out at the beginning and at the end of the test
campaign.

5. The ISC shall be performed while the environment is being imposed,
especially during thermal tests, since the space vehicle is expected to be
operative under these conditions.

6. Alignment verifications, for all equipment having alignment require-
ments, shall be repeated during space vehicle acceptance test campaign.

NOTE Alignment verification is repeated to track any degradation
or to ensure that variation of equipment alignment in rela-
tionship with the reference axes remain within the specified
limits.
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7. All deployable items shall be subjected to deployment tests to verify the
correct functioning of deploymentmechanisms after integration and envi-
ronmental exposures.

8. Audible noise and toxic offgassing tests shall be performed only for
manned projects.

f. The environments used during acceptance tests shall be the maximum envi-
ronmental exposures expected in service (see 4.8.1.3).

6.3.3 Structural acceptance tests

6.3.3.1 Static load tests

Static load tests need not be performed for space vehicle acceptance.

6.3.3.2 Spin tests

Spin tests need not be performed for space vehicle acceptance.

6.3.3.3 Acoustic tests

a. For acoustic acceptance test operations, the same requirements as for qualifi-
cation tests (see 5.3.3.4) shall apply with the exception that the acceptance
sound pressure spectrum shall be imposed as specified in the relevant
launcher user�s manual (if not defined, qualification levels minus 4 dB shall
be applied).

b. The test duration shall be one minute (unless specified otherwise in the
launcher user�s manual).

6.3.3.4 Vibration tests

6.3.3.4.1 General

a. Low level vibration tests (also known as �signature tests�) should be per-
formed in order to detect latent materials or workmanship defects, and to
compare the resonance frequency distribution with that of the mathematical
model or modal survey.

b. Automatic notching shall be employed to prohibit excessive resonance build-
up.

NOTE Any significant shift in resonance frequencies from those
analytically determined is an indication of improper assem-
bly or materials defects.

6.3.3.4.2 Random vibration tests

a. For random vibration acceptance test operations, the same requirements as
for qualification tests shall apply (see 5.3.3.5.3) with the exception that the
power spectral density shall be adjusted to the acceptance spectrum as speci-
fied in the relevant launcher user�smanual (if not defined, qualification levels
minus 6 dB shall be applied).

b. The test duration shall be one minute per axis (unless specified otherwise in
the launcher user�s manual).

6.3.3.4.3 Sinusoidal vibration tests

Sinusoidal vibration tests need not be performed for space vehicle acceptance.

6.3.3.4.4 Transient tests

Transient tests need not be performed for space vehicle acceptance.

NOTE Acoustic or random vibration tests are considered to provide
sufficient relevant confirmation.
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6.3.4 Structural integrity

6.3.4.1 Pressure and leakage

For acceptance pressure tests, the subsystems of the space vehicle shall be pres-
surized to the maximum expected operating pressures and kept at this pressure
for a duration sufficient to establish that the leak rates are within the specified
limits.

6.3.4.2 Boost pressure profile

Boost pressure profile tests need not be performed for space vehicle acceptance.

6.3.4.3 Physical properties

The physical property requirements of subclause 5.3.4.4 shall apply with the
exception that the moment of inertia determinations need not be performed for
space vehicles that are not spin stabilized.

6.3.4.4 Optical alignment

The optical alignment requirements of subclause 5.3.4.5 shall apply.

6.3.5 Thermal acceptance tests

6.3.5.1 Vacuum temperature cycling test

6.3.5.1.1 Purpose

The vacuum thermal cycling test detects material, process, and workmanship
defects that respond to vacuum and thermal stress conditions and verifies the
thermal control.

6.3.5.1.2 Vacuum temperature cycling test description

For the vacuum temperature cycling acceptance test, the qualification require-
ments (see 5.3.5.1) shall apply with the following modifications:.

a. The test temperatures shall be at the maximum and minimum design
temperatures without any margin.

b. Cold start tests shall be performed only once.

c. Thepumping, cooling, andheating speeds should be, as closely as possible, the
same as those projected for the mission, but not exceed them.

6.3.5.2 Thermal balance tests

a. Thermal balance tests shall be performed on the flight article for the accept-
ance under the requirements and conditions defined for qualification testing
in subclause 5.3.5.2.

b. Thermal balance tests need not be done for space vehicle acceptance provided
such testing has been conducted as part of space vehicle qualification.

6.3.5.3 Ambient pressure temperature cycling test

6.3.5.3.1 Purpose

The purpose of the ambient thermal cycling test is to detectmaterial, process, and
workmanship defects by subjecting the vehicle to a thermal cycling environment.

6.3.5.3.2 Ambient pressure temperature cycling test description

For the ambient temperature cycling acceptance test, the qualification require-
ments (see 5.3.5.3) shall apply with the following modifications.

a. The test temperatures shall be at the maximum and minimum design tem-
peratures without any margin.
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b. Cold start tests, shall be performed only once.

c. The pumping, cooling, and heating speeds shall be, as closely as possible,
equal to those projected for the mission, but not exceed them.

d. Only one cycle shall be performed in the thermal vacuum acceptance test.

6.3.6 Electromagnetic acceptance tests

6.3.6.1 Electromagnetic compatibility tests

a. If electromagnetic compatibility tests were performed during the qualifica-
tion process, tests need not be performed for space vehicle acceptance.

b. If no space vehicle level electromagnetic compatibility testing is performed for
its qualification, the requirements of subclause 5.3.7.1 shall apply to the
acceptance procedure of the space vehicle with the exception of those tests
that reduce the life of space vehicle equipment. In which case sufficient verifi-
cation at lower level shall be performed.

6.3.6.2 Magnetic field measurements

Magnetic field measurements are performed on the space vehicle to demonstrate
conformance to magnetic cleanliness requirements.

NOTE If there are no stringentmagnetic cleanliness requirements,
verification by analysis may be sufficient.

6.3.7 Functional acceptance tests

6.3.7.1 Mechanical functional tests

a. In addition to the functional tests performed with the vacuum temperature
cycling test, a final functional test shall be performed under ambient environ-
mental conditions for space vehicle acceptance prior to shipment to the launch
site.

b. The final functional test shall conform to subclause 5.3.8.1 with the exception
that only testing with nominal operational conditions shall be performed, i.e.
no margin testing.

6.3.7.2 Electrical functional tests

a. A final ambient environment electrical functional test shall be performed for
space vehicle acceptance prior to shipment to the launch site.

b. The final functional test shall conform to subclause 5.3.8.2 with the exception
that only testing at nominal operational conditions shall be performed, i.e. no
margin testing, and no testing at minimum and maximum voltage levels.

6.3.7.3 Mission simulation tests

Mission simulation tests shall be performed for space vehicle acceptance if flight
software changes were implemented after qualification.

6.3.7.4 End-to-end communication tests

End-to-end communication tests under nominal operational conditions shall be
performed for space vehicle acceptance according to the requirements of subclause
5.3.8.4.

6.3.8 Manned space vehicle specific tests

6.3.8.1 Toxic offgassing test

a. The purpose of the toxic offgassing test is to verify that the flight hardware
does not produce toxic vapours that can build up to harmful levels for the crew
in the closed loop life support system.
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b. The toxic offgassing test shall be performed in accordance with subclause
5.3.9.1.

6.3.8.2 Audible noise test

a. The purpose of the audible noise test is to verify that the flight hardware does
not produce audible noise levels that are detrimental to the crew health and
safety.

b. The test shall be performed in accordancewith the requirements in subclause
5.3.9.2.

c. The noise measurements shall be performed in nominal emission conditions.

6.3.9 Mission specific tests
a. For qualification see subclause 5.3.10.

NOTE Specific mission requirements can make additional system
acceptance tests essential.

b. Due to the potential variety and complexity of mission specific tests they are
not covered in this Standard.

6.3.10 Launcher tests requirements
a. Acceptance tests shall be conducted at equipment level in agreementwith the

general description of subclause 6.1 with the exception that test parameters
(e.g. levels, duration and cycles) shall be tailored to the LV flight conditions.

b. Acceptance tests shall be conductedat subsystem level in linewith thegeneral
approach of subclause 6.3.2 with the exception of the test parameters.

NOTE The LV equipment bay is the best example of the �element
test� approach described in subclause 6.3.2.

c. Acceptance procedures shall be applied to every structural sub-assembly
delivered for flight.

NOTE Tests on structural sub-assemblies include:

* proof pressure and tightness tests on pressurized tanks, pipes
and valves,

* tests in dynamic environment on sub-assemblies,
* functional tests on mechanisms and access doors, and
* tightness tests on common tank bulkheads.

d. At element level, extensive acceptance functional tests shall be conducted
according to the general principles of subclause 6.3.7 and conducted before
delivery and during the launch campaign.

6.4 System test requirements

6.4.1 Purpose
The purpose of system acceptance tests is to cover aspects relevant to the interre-
lationship between two or more elements which constitute the system (i.e. space
vehicle, launcher, ground segment) and to interfaces with other systems and
projects.

6.4.2 System acceptance tests description
a. System acceptance tests include end-to-end tests between the launcher

vehicle and the space vehicle, and space vehicle to ground segment
compatibility (see clause 8).
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b. Compatibility of all hardware and software elements of the overall command
and control network, including the ground station(s), shall be demonstrated
by a series of tests with the space vehicle in the various operative configur-
ations.

c. System tests shall verify:

1. the capability of the ground station(s) to command and control the space
vehicle;

2. the capability of the ground station(s) to perform tracking and ranging of
the space vehicle;

3. the capability of the ground station(s) to receive and process the space
vehicle telemetry data.

NOTE Details of the above tests are included in subclause 4.9.
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7

Protoflight testing

7.1 Equipment test requirements
a. If the qualification equipment is planned for flight use, a protoflight approach

shall be applied.

b. The equipment qualification testing shall be modified from that specified in
subclause 5.1 to reduce cyclic stress levels.

c. For protoflight testing, the equipment acceptance tests defined in this Stan-
dard need not be used with the exception of the burn-in acceptance tests (see
subclause 6.1.12) and the qualification test baseline (see subclause 5.1) shall
be applied with the following modifications:

1. For the equipment thermal vacuum test (see 5.1.15), the temperature
extremes shall be 5 ºC greater than the minimum and maximum accept-
ance temperatures (see 6.1.10).

2. For the equipment thermal cycling test (see 5.1.16), the temperature
cycles shall be performed at 5 ºC greater than the minimum and maxi-
mum acceptance temperature (see 6.1.11).

3. For the equipment sinusoidal vibration test, the test levels shall conform
to subclause 5.1.10 with the exception that the number of sweeps shall be
one sweep up and the sweep rate shall be 3 octave/min.

4. For the equipment random vibration test, the test levels shall conform to
qualification levels in subclause 5.1.11 with the exception that the test
duration shall be those for acceptance testing on each axis.

5. For the equipment acoustic test, the test level shall conform to qualifica-
tion levels in subclause 5.1.12 with the exception that the test duration
shall be those for acceptance testing (i.e. one minute).

6. For the equipment pyro shock test, the shock spectrum shall conform to
subclause 5.1.13with the exception that the number of shocks shall be one
per direction.

7. For the equipment pressure test (see 5.1.8), only proof pressure tests as
defined in subclauses 5.1.8.3 a. and 5.1.8.3 b. shall be conducted.

8. A burn-in test shall be performed if the total duration of the protoflight
qualification test sequence is insufficient to detectmaterial andworkman-
ship defect occurring in the equipment life. The total duration time shall
be 250 hours minimum.
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7.2 Subsystem test requirements
a. Subsystem protoflight testing should be performed according to subclause

5.2.

b. Environmental testing shall be performed for the qualification and accept-
ance of the structure and thermal control subsystems but may be replaced by
protoflight tests of these subsystems at a higher level, in combination with
other subsystems during environmental test campaign.

c. Environmental protoflight test campaign canbe conductedat subsystem level
where this level of testing provides a realistic or practical test simulation (e.g.
design qualification of optical and telecommunication payloads).

d. Functional testing shall be performed with each subsystem assembled on a
test benchwhich provides a flight representative environment (hardware and
software) covering function, interfaces and performances.

7.3 Element test requirements

7.3.1 Space vehicle tests
The requirements of subclause 5.3 and Table 17 shall apply for the protoflight
testing of space vehicle, with the following modifications:

a. The shock test shall be conducted according to subclause 5.3.3.6, with the
exception that only 2 repetitions of activated events shall be performed.

b. The acoustic or random vibration tests shall be conducted according to sub-
clauses 5.3.3.4 and 5.3.3.5.3, with the exception that:

1. the duration factor shall be 2 (instead of 4),

2. the duration shall be not less than one minute, and

3. the level margin for the flight environment shall be 3 dB.

c. The thermal vacuum test and the ambient thermal cycling test shall be per-
formed according to subclauses 5.3.5.1 and 5.3.5.3,with the exception that the
hot and cold temperature extremes shall be those used for qualification and
the number of cycles shall be those used for acceptance (see Table 2).

7.3.2 Launcher tests
a. Protoflight test requirements should be applied at lower level than at the

launch vehicle element level and subclauses 7.1 and 7.2 shall apply.

b. Element level tests should not be regarded as protoflight tests.

7.4 System test requirements
Protoflight test requirements need not be applied to systems.

NOTE System tests are not fundamentally environmental tests.
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8

Pre-launch testing

8.1 General

8.1.1 Purpose
The purpose of pre-launch testing is to verify by end-to-end tests that each critical
path in the system before launch is satisfactory, i.e. there are no out-of-tolerance
conditions or anomalous behaviour, and to demonstrate successful integration of
the space element with the launch element.

NOTE The pre-launch tests mainly affect space vehicles and
launcher elements.

8.1.2 Pre-launch test objectives
a. Pre-launch tests shall verify that:

1. no damage or performance degradation of the space vehicle and its con-
stituents has occurred during shipment or handling;

2. all launch site assembly activities are completed properly, all associated
interfaces are verified, and their parameters are within the specified
limits;

3. mating with the launch vehicle are completed successfully, i.e. all inter-
faces between the space vehicle and the launch element, and between the
launch element and the ground support facilities are verified.

b. The pre-launch tests shall provide data for trend analysis.

NOTE Trend analysis data can give evidence of a problem, even
though all measurements were within tolerances.

c. The pre-launch test flow shall follow a progressive growth pattern to ensure
the correct operation of each element involved (e.g. flight, launch and ground)
prior to progressing to a higher level of assembly and test.

d. Pre-launch testing should consist of a partial repetition of acceptance test
activities.
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e. In cases where end-to-end testing cannot be performed with the flight hard-
ware, simulation devices can be used to exercise the flight hardware to the
maximum extent possible.

NOTE Not all end-to-end tests can be performed with only flight
hardware (e.g. pyro devices and apogee burst motors).

f. Simulation devices should be carefully controlled and used only when there
is no feasible alternative for conducting the test.

g. Redundancies shall be verified.

NOTE The extent of pre-launch testing, the appropriate test se-
quences and the test procedures are unique for each
launcher and for each project.

8.2 Functional tests

8.2.1 General
The functional tests performed during pre-launch phase should repeat the mech-
anical and electrical functional tests performed for acceptance.

8.2.2 Retesting
a. The assembly at launch site shall be retested if it was disassembled for trans-

port or other reasons (e.g. batteries).

b. Comparison with the correspondent results recorded during acceptance test-
ing shall be performed to check for any degradation of the system.

8.2.3 Pyro devices
a. Verification that the correct ignition energy levels are present at each pyro

device shall be performed prior to final connection of the firing circuit to the
device.

b. A simulator of the pyro device characteristics shall be used during these tests.

c. Circuit continuity and stray energy checks shall be made prior to connection
of any firing circuit to any pyro device.

d. Circuit continuity checks shall be repeated whenever that connection is
opened and prior to re-connection.

8.3 Propulsion tests

8.3.1 Purpose
The purpose of the functional tests of propulsion subsystem is to verify the correct
operation of all equipment after the propellant filling.

8.3.2 Leakage rates
Propulsion subsystem leakage rates shall be verified to be within specified limits
by pressure monitoring.

8.4 Integrated launch system test
a. Launch readiness of the system shall be verified by a fully integrated launch

system test.

NOTE The functional tests to be performed during this test are
generally determined by launch vehicle requirements.
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b. The integrated launch system test shall include an evaluation of radio fre-
quency interference between system elements, electrical power interfaces,
command and control functions.

8.5 Manned related tests
Final crew interface verification in all operational configurations shall be per-
formed.
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9

In-orbit testing

a. The in-orbit testing shall be performed for projects whose characteristics (e.g.
mission and flight operations) require in-orbit verification.

NOTE In-orbit tests supplement ground testing by providing oper-
ating conditions that cannot be fully or cost effectively dupli-
cated or simulated on ground.

b. In orbit test shall :

1. Verify the flight performances with the mission requirements and ground
element interface performances.

2. State at the end of the tests, the operational readiness of the system
together with the recommendations for further actions to achieve the full
operational status.

NOTE For particular types of space vehicles this is known as the
commissioning process.

3. Verify particular mission phases, e.g. orbital and re-entry.

4. Verify the requirements prior to the flight using different methods.

NOTE The flight test is performedonly after the groundverification
has shown that the in-orbit verification can be successful.

5. Verify crew operations.

6. Verify functional paths not normally used (at periodic intervals).

7. Verify the system after any replacement or repairs.

8. Verify the compatibility for infrastructure elements if not already
achieved (e.g. elements developed in different phases of the infrastructure
project).

9. Provide the following data to validate mathematical models and simula-
tions for subsequent analysis verification completion using dedicated
instrumentation for data collection:

(a) thermal and structural data for thermal and structural mathemat-
ical models updating,

(b) data on aero-thermal behaviour during re-entry,

(c) aerodynamic and inertial load data, and

(d) landing load data.
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10

Post-landing testing

a. Post-landing testing shall be performed for:

1. multi-mission projects, and

2. for re-entry vehicles.

b. Post-landing tests should be performed to acquire statistical data on element
performances and its degradation (lesson learnt).

c. In the event of long duration storage, the post-landing tests shall verify the
items that are recycled between missions.

NOTE Long duration storage is covered by subclause 4.7.4.

d. The recycled items shall be re-verified betweenmissions to assure their readi-
ness for the subsequent flight as follows:

1. High level (system or element) functional testing, at the maximum extent
possible, should be performed instead of individual low level tests.

2. All safety critical functions shall be re-verified.

3. Equipmentwhichwas disturbed shall be functionally and environmental-
ly tested (e.g. connectors mated or de-mated and modifications).

e. Items that are not reusable and that have failed or degraded while in orbit,
shall be examined, analysed and tested to determine why failure or degrada-
tion occurred.

f. Items that failed shall be analysed to determine what can be changed to
prevent a recurrence (see subclause 4.7).
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Annex A (informative)

Mechanical and vibration testing for space

equipment

A--A--

A.1 Derivation of qualification test levels for units from mechanical
test data analysis

A.1.1 Introduction
For equipment integrated in hardware to be launched on ARIANE or on STS, a
first evaluation of test levels based on scrutiny of environmental test specifications
and also of NASA Standards was performed (see references. A.1.4.1) in order to
construct an �envelope�.

To improve the specifications for sinusoidal and random testing at unit level, a
second evaluationwas based on a statistical analysisusing test data obtained from
sine, random and acoustic testing at system level (see references A.1.4.2 and
A.1.4.3).

For the latter purpose, a databasewas first prepared using ITS-DIVA software, for
which seven major European satellite projects (METEOSAT, MARECS, ISPM,
ECS, GIOTTO, TELECOM 1 and SPOT) provided approximately 1500 response
curves and associated information.

For the random and acoustic test results, the random response spectrum (RRS)
concept was used extensively. A statistical evaluation was then made on the basis
of a log-normal distribution for various selections of curves using the parameters
available in the database.

The final equipment classification was deduced from these results and the corre-
sponding specifications based on a 95 % confidence level (see Figure A--1) were
defined.

The acoustic investigation results highlighted the importance of two particular
parameters for unit-level random testing:

D the equipment mass, and
D the external panel in bending compared to other results.
In order to have a limited number of classes, the masses were divided in two
categories, leading to four basic classes.

A coefficient of four (4) appeared with the power spectral density(PSD) specifica-
tions between smaller masses (less than 3 kg) and the higher ones.
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Figure A--1: Data processing arrangement

For unit level sinusoidal testing, statistics for all responses parallel to the excita-
tions showed relatively limited levels in the vicinity of first satellite global mode
(longitudinal or lateral) due to the notching procedures, and lower levels at the
other frequencies. The specifications were given for the same categories of mass
as previously, assuming that the effects of the first satellite mode are limited to
30 Hz for the first lateral mode and 60 Hz for the first longitudinal mode.

All of these resultswere updated using the database supplementedwith data from
the HIPPARCOS and OLYMPUS projects (about 300 response curves) and
improved data processing (see references A.1.4.2 and A.1.4.4), mainly:

a. a statistical analysis specifically adapted to the sinusoidal test data in the
vicinity of the satellite first resonant frequency, for which the previous
approach was found to be not well adapted;

b. analysis in more detail of the impact of the main parameters governing the
equipment responses, particularly the equipmentmass forwhich itwas inter-
esting to extrapolate in the 20 to 50 kg range for the next generation of
satellites.

A detailed analysis of the HIPPARCOS and OLYMPUS acoustic response curves
showed that only equipment directly mounted on honeycomb panels and in areas
with sufficient equipment density can be specified with reasonable reliability in
the present context. Equipment located on small brackets (such as thruster, sen-
sor) or isolated from the others on large panels can have higher levels generated
by local resonances. The conclusion was to remove all �non-panel� accelerometers
from statistical analyses. It was also noted that the test data were clearly valid for
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equipment qualification purposes only if the accelerometers were very close to the
equipment fixation on thepanel. Accelerometersmounted on the equipment itself,
between equipment items or between distant fixations tended to produce ques-
tionable data.

A studywas placed byESAwith INTESPACE, with the objective of improving and
analysing the mechanical database (see reference A.1.4.5).

Themechanical database was providedwith data related to SOHO sinusoidal and
acoustic test results and associated data. A statistical analysis was performed on
the whole database (13 specimens from 12 satellite projects). The results globally
confirmed the validity of the equipment classes selected for specifications in ran-
dom: �external bending� and �other�, and continuous function ofmass. In addition,
both sinusoidal and random levels results were significantly changed, mainly due
to the data from generally heavier satellites.

Evaluation based on the complete database, according to the previous consider-
ations led to the results explained in subclauses A.1.2 and A.1.3.

A.1.2 Unit level random testing

A.1.2.1
For each of the two classes: �external panels in bending� and �others�, a statistical
analysis on acoustic test data was performed to derive specifications in the form
of continuous function of mass. Two complementary approaches were used for
better reliability:

a. a method using close masses: for a given mass, statistics were performed
using curves corresponding to masses close to the considered value;

b. a method using normalization: statistics were performed on all the curves
normalized by a function of the equipmentmass representing the dependence
of the PSD level; this function was selected from various considerations:

1. energy and extrapolation techniques,

2. asymptotic value representing the minimum PSD for large masses,

3. plots showing levels versus mass,

4. results from the first method, and

5. simplicity.

leading to:

PSD(M) = PSD(1 kg) × f(M)

where

f(M) = [(1 + m)/(1 + k×m)] × [(M + k×m)/(M + m)]

m = driven mass from the panel

k = PSD(0)/PSD(∞)>1 ratio between extreme values.

A.1.2.2
Data evaluation using the method above (A.1.2.1 b.) corroborated by the first
method (A.1.2.1 a.) led to m = 1 kg and k = 20, giving the specifications of sub-
clause 5.1.11.3.

These specifications apply only to equipment directly mounted on honeycomb
panel and in areas with sufficient equipment density (if not, adequate corrections
are used to come to this case).

This represents a significant improvement on the qualification of units by random
vibration testing and it is very easy to use. It can be seen that, for lateral axes of
equipment located on �external panels� and for all axes of �other� equipment:
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a. The maximum values for very small masses, less than 0,5 kg, are close to the
relatively high value of 1 g2/Hz.

b. Formediummasses, between1kgand 10kg, the specifications are decreasing
significantly (factor of 4 between 1 kg and 10 kg).

Extrapolation to large masses gives a slow convergence towards the asymptotic
PSD value of 0,05 g2/Hz (e.g. .a mass of 30 kg gives 0,08 g2/Hz). However, the
approach is valid only if the equipment is rigid. If some very flexible parts are
included in the unit,M does not include the correspondingmasses and represents
the rigid part driven by the fixations. 50 kg seems to be an extreme limit in the
present context, giving a minimum value of 0,07 g2/Hz.

Significantly higher values exist in vertical axis for equipment located on �exter-
nal panels� (asymptotic value of 0,12 g2/Hz).

A.1.3 Unit level sinusoidal testing
During sinusoidal tests at system level, as opposed to random or acoustic tests, the
responses dependmainly on the overall characteristics of the satellite and also on
the notching criteria. Consequently, a very large number of parameters are
involved in the equipment behaviour and a statistical approach can only give
global results, which were treated with caution in the present context.

Concerning the influence of notching on the satellite responses, leading to a seri-
ous problem for database normalization, among the possible assumptions, the
following one was selected for its logic and its simplicity: �the levels occurring
during notching cannot be exceeded�, leading to relatively limited levels in the
vicinity of the first satellite global mode. In these frequency bands (up to 30 Hz in
lateral and 60 Hz in longitudinal), selecting the resonance levels and performing
statistics on these particular data was found to be a better approach than using
statistics at each sampled frequency (better log-normality and more efficient
analysis).

Data evaluation led to the specification of subclause 5.1.10.3. The 20 g below
60 Hz, independent of the equipment mass, are governed completely by the first
satellite longitudinal mode.

In addition, thenormalizationapproachwasused to determine the influence of the
parameters on the resonance levels. The only case showing no ambiguity was the
distance to interface for lateral levels. If specifications had to be derived in that
case for equipment having a known location, it can be the following:

Distance z < 1 m 6 g

Distance z ≥ 1 m 7 g × z

In fact, extrapolation above 3 m, and even 2 m, can be pessimistic: the available
results show limited levels above 2 mwhich can be a direct effect of notching. The
levels at large distances from interface strongly depend on the design of the
payload and on its notching philosophy.

A.1.4 References
A.1.4.1 M. MAAGER �Summary on Derivation of Mechanical Test

Level (qualification) for General Environmental Test Spec-
ification for Spacecraft Equipment�
MBB/ERNO -- AIV STUDY -- July 26, 1984.

A.1.4.2 A.GIRARD �Mechanical TestDataEvaluation forEnviron-
mental Test Specification -- Final Report�
INTESPACE N.T. 86.596/EI/ET, April 18, 1986.

A.1.4.3 A. GIRARD, D. MOREAU �Derivation of Satellite Equip-
ment Test Specification from Vibration and Acoustic Test
Data�
ESA Journal 1986, Vol. 10--3.
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A.1.4.4 A. GIRARD, D. MOREAU �Elaboration of a Continuous
Function of the Unit Mass for Vibration Testing�
ESA Journal 1987, Vol. 11--4/1988, Vol. 12--1.

A.1.4.5 A. GIRARD, P.E. DUPUIS �Improvement and Analysis of
the Mechanical Test Database at INTESPACE -- Final Re-
port�
INTESPACE DO 94.186 EI/ED, December 16, 1994.

A.2 Vibration test philosophy
The random acceptance vibration spectrum (AVT) is derived from the successful
test approach used for GEMINI and APOLLO, applying standard qualification
(QAVT) and acceptance (AVT) test levels. This approach was used on shuttle and
Spacelab with success1). The philosophy is to use for acceptance a standard ran-
dom vibration flight environment.

The AVT approach is different to the ARIANE test approach where flight accept-
ance test levels are as high as the expected flight environment.

For the GEMINI and APOLLO programmes the qualification level (QAVT) were
higher by an appropriate factor, see the Table A--1 and the Figure A--2.

Table A--1: QAVT and AVT levels
Frequency (Hz) QAVT AVT

20
20 � 80
80 � 350
350 -- 2000
2000

0,017 g2/Hz
3 dB/octave
0,067 g2/Hz
--3 dB/octave
0,012 g2/Hz

0,01 g2/Hz
3 dB/octave
0,040 g2/Hz
--3 dB/octave
0,007 g2/Hz

Test levels (r.m.s.) 7,87 gr.m.s. 6,06 gr.m.s.

TheQAVTwas slightlymodified for Spacelab, the expected vibration levels,which
were based on the Orbiter generated acoustic noise of 145 dB, were calculated by
using the extrapolationmethod of �Barret� and theQAVTswere considered for the
different zones within Spacelab. In the case where the calculated level was below
the QAVT and the QAVT remained valid. Figure A--3 shows an example of the
calculated test level for the zone �pallet hardpoints� plus the QAVT on Spacelab.

The random acceptance vibration test (AVT) has no relationship to the expected
mission. The test level (6,06 gr.m.s.) and test time 2minutes per axis were selected
since experience fromGEMINI, APOLLO and Spacelab programmes showed that
equipment exposed to these levels incurred a minimum number of check-out and
flight problems and is sufficient to verify the workmanship.

As a compromise it is proposed that anAVT level of 0,04 g2/Hz is theminimum test
level limited to the qualification levels given in subclause 5.1.11.3 divided by the
qualification factor (1,5)2. These levels are sufficient to detect failures in work-
manship as it was proved on the verification studies of the Spacelab program.

1) Study on Spacelab AIV programme generally applicable to other spacecraft programmes.
ESTEC Contract number 4980/82/NL/PP(sc), November 1982.
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A.3 Technical information on mechanical test factors

A.3.1 Introduction
This Standard is not intended for design but it is worth explaining the definition
and approach on mechanical test factors used at system level.

For example in ESA the mechanical design requirements are defined by the sys-
tem project engineers in a document called generally: �Mechanical and thermal
design requirements specification�. This document states the design philosophy
adopted and the references.

In ESA, spacecrafts are designed to quasi-static loads, but this can change due to
the evolved complexity in payloads and the structural components leading to a
decrease in the stiffness.

With the present methods, designers defined for flight components the most criti-
cal quasi-static loads, which are the superposition of static loads and maxima or
minima of the dynamic loads in the different directions. The validity of the dimen-
sioning to the load is verified by a coupled satellite and launcher analysis. The
following subclauses define the references, loads and margin of safety.

A.3.2 References
As a consequence of this design philosophy, designers consider a reference for
quasi--static loads and a different reference for dynamic loads. The starting point
is to consider the limit loads defined as:

Limit Load = Ql
Where Ql is the maximum expected load during the satellite life on the ground,
during launch and in orbit. If a Gaussian law is assumed for the load distribution,
the limit load is at least equivalent to a load having a probability not exceeding
99 % (2,3 σ) The limit loads are deducted from the first payload and launcher
coupled analysis.

The launcher user�s manual considers the flight worst case load which is the
extreme flight load due to the launcher. If ARIANE 4 or 5 User�s Manual is used,
it is defined as:

Flight worst case loads = Qf
WhereQf is extreme flight loads which are applied to a payload and are evaluated
as being the loads, which are not exceeded with a probability of 97,7 % at 2 σ
estimates considering a Gaussian distribution for the loads.

In the case of ARIANE for dynamic testing, it appears that the flight worst case
loads are considered to be the flight acceptance loads (Qa).

NOTE The definition of Qf can change with launchers other than
ARIANE 4 or 5. Problems can happenwhen determining the
flight loads to be applied on a payloadwhich can be launched
by different launchers. It becomes very important to state
the approach taken for the reference.
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A.3.3 Loads
Starting with the limit loads, the following loads are defined:

The qualification loads Qq = Kq Ql
There are the loads for testing for qualification of design.

The yield loads Qy = Ky Kq Ql
The ultimate loads Qu = Ku Kq Ql
where

Kq is the safety factor for qualification

Ky is the safety factor for yield

Ku is the safety factor for ultimates

NOTE 1 Nodeformation above 0,2 % is introducedwhen applying the
yield loads, no buckling or rupture is introducedwhen apply-
ing the ultimate loads.

NOTE 2 In the relevant cases Ky and Ku for the secondary structure,
an additional factor is applied.

NOTE 3 It is generally accepted that Kq = 1,5, Ky = 1,1, Ku = 1,25 for
design and testing of the primary structure.

NOTE 4 For the dynamic testing it is generally adopted in ESA that
Ql = Qa and therefore:

Qq = Kq Qa with Kq = 1,5.

A.3.4 Margin of safety
All structural elements are designed to exhibit a positive margin of safety (MS)
with respect to yield andultimate loads.Themargin of safety is definedas the ratio
of the allowable load (or stress) to the applied load (or stress):

MS = [(Allowable load (or stress))/(Applied load (or stress))] -- 1

A.4 Microgravity environment compatibility (MEC)

A.4.1 Introduction
Themicrogravity environment is created by inertial forces due to residual acceler-
ations. These accelerations are caused by natural perturbations (such as the
gravity gradient field and the remaining atmospheric drag) and self-induced per-
turbations (such as the attitude control, orbital manoeuvre, on-board machinery
operation and crew handling and motion).

Self-induced accelerations can also be caused by the operation of mechanisms via
momentum exchanges and other perturbation forcing functions interacting with
the spacecraft system.

The spacecraft (system, subsystemandequipment) andpayloaddesignated for the
performance of experiments and processes in microgravity environment are
designed such that the natural and induced acceleration levels do not exceed the
specified limit acceleration level at sensitive micro-g payload locations during
their operation.

A.4.2 Disturbance source definition

A.4.2.1 Mechanisms
The operation ofmechanisms duringmicrogravity sensitive periods can introduce
disturbance forcing functions which drive the spacecraft rigid body and the flex-
ible structurewith quasi-static and dynamic acceleratedmotions. Anymechanical
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component which changes its velocity creates a reaction force according to the
basic Newton�s law:

F = m a

In addition to the momentum exchange during accelerated motions, parasitic
forces exist, created by for example friction effects, non-linearity, hysteresis,
unbalances, misalignments of drive elements and torque variations.

The mechanism disturbance sources are grouped in three categories:

a. Category A: rotating mechanisms (e.g. motors and centrifuges);

b. Category B: mechanisms with dominating translation motion (e.g. sample
exchange and manipulator);

c. Category C: mechanisms for support functions (e.g. cooling fluid and air sys-
tems).

A.4.2.2 Crew operations
The typical crewhandling activities (e.g. reconfiguration, servicing andmain-
tenance) can introduce disturbances to the microgravity environment.

A.4.3 MEC control approach

A.4.3.1
The payload design parameters that have an impact on the microgravity quality
are primarily:

a. accelerated motion interaction with the spacecraft rigid body;

b. internal mechanism forcing functions due to mechanical and fluid sources,
exciting flexible spacecraft structural vibrations with harmonic, stochastic
and transient accelerations;

c. mechanismdirect acoustic radiation exciting vibro-acoustic susceptible struc-
tures within pressurized compartments of the spacecraft with stochastic
vibrations.

A.4.3.2
The MEC verification is based on standard methods, such as:

a. review of design,

b. analysis, to be performed where applicable, and

c. test, to be performed where required.

The tests are performed in any case when other verification methods do not pro-
vide reliable results.

The outputs of single source impacts gained in the time domain and in the fre-
quency domain are superimposed separately. Time domain superimposition is
made with linear superimposition, considering the phase, if possible.

Frequency domain superimposition is made on the basis of the root-sum-squared
(RSS) values.

Quasi-static micro-g disturbance impacts in the time domain are analysed con-
sidering the interaction of disturbance forces and torques with the spacecraft as
a rigid body at frequencies below 0,01 Hz.

Microgravity dynamic disturbances are controlled in the frequency domain over
a range from 0,01 Hz to 500 Hz. The transmission of dynamic disturbanceswithin
the spacecraft from the source to the receiver locations is described by input to
output transfer functions, covering both the structure-borne and the air-borne
transmission paths between the source and the receiver locations.
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The definition of source interface forces and torques in the time and frequency
domain, togetherwith the radiated soundpower limit, as derived from the acceler-
ation budget limits after application of spacecraft system transfer functions, sim-
plifies the design and verification process for the source.

Transfer functions are given as accelerations to force relations for structure-borne
vibration transmission paths or acceleration to sound power relations for air-
borne transmission paths as worst case envelope functions between any source
and any receiver location.

The vibro-acoustic disturbance transfer functions are under spacecraft system
level control and need update when first dynamic response calculations are avail-
able or first structural test models are prepared for transfer function measure-
ments.

The determination of disturbance sources forcing functions is the most important
aspect of the microgravity environment control approach , and are determined by
analysis or test.

Analysis can select design and performance parameter and calculate interface
reaction forces and torques.

MEC tests provide measurements of interface forcing functions from quasi-static
up to higher frequencies, as far as structure-borne transmissionpath is concerned,
and the measurements of radiated sound power, as far as the air-borne trans-
mission path is concerned.

Microgravity dynamic disturbance forcing functions in the frequency domain
0,01 Hz to 500 Hz are summed over the source mounting feet according to

Fi(f)= F2i (f)
such that a root-sum-squared (RSS) level results for the source over all mounting
feet and directions.

The dynamic disturbance acceleration spectrum due to source excitation and a
single transmission path results aftermultiplicationwith the transfer function for
a forced vibration response:

ai(f) = Hi(f) Fi(f)

and for a vibration response due to sound power:

awi2(f) = Hwi
2(f) Lwi(f)

Superposition of single source responses applies the root-sum-square (RSS) ap-
proach:

a(f)= (ai,w)2(f)
The inverse application of transfer function approach with the allowable acceler-
ation limits as input leads to the derivation of allowable interface force spectraand
the allowable radiated sound power of the disturbance source.

The spacecraft system transfer functions to take be considered are:

D Acceleration-to-force functions for structure borne vibration transmission
paths, valid for any source-to-receiver location and direction. It represents a
worst case envelope over any transfer function, with equal input and output
point impedances.

D Acceleration-to-sound power functions for airborne vibration transmission
paths, valid for any source-to-receiver location and direction.



ECSS 15 February 2002

ECSS--E--10--03A

137

Annex B (informative)

Temperature limits and test levels for space

equipment

B--B--

B.1 Introduction
Several studieswere performed in the field of the thermal environment for system
and equipment tests.

The objectives of these studies were to standardize the test conditions for equip-
ment thermal vacuum and cycling test with the goal to reduce failure rates at
system level tests and in orbit and qualify equipment independently from their
application in later programmes.

In order to achieve the objectives and to produce a standard environment test
specification, two main tasks were considered:

a. The analysis of the influence of the temperature limits on the thermal design
and the philosophy of temperature uncertainty application and determina-
tion.
An approach for standard unit temperature limits wasmade, with the goal to
extend the thermal control design margins and allow a reduction of the
thermal verification test at system level in combination with other precondi-
tions.

b. An approach was made to standardize the test conditions. The test para-
meters investigated were:

1. temperature test duration imposed by the number of cycles and dwell
time, and

2. test environment conditions.

B.2 References
B.2.1 J. WEYDANDT �Standardization of Temperature Limits

and Test Levels for Spacecraft Equipment�
MBB/ERNO -- AIV STUDY -- April 6, 1984.

B.2.2 J.WEYDANDT, L. KERSTEIN �Applicability of the Space-
lab Approach for Equipment and System Test for Ariane 4
Class Satellites�
MBB/ERNO -- AIV STUDY -- Prepared for ESA -- 1983.
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B.2.3 Institute of Environmental Sciences
Environmental Stress Screening Guidelines
ESSEH 1981.

B.2.4 USAF
MIL--STD--1540 B
Military Standard: Test Requirements for Space Vehicles.

B.3 Influence of equipment temperature limits on thermal design
The general definition of temperature limits and margins of a spacecraft thermal
design are summarized in Figure B--1. The bandwidth between the upper and
lower temperature limitsdefines the thermaldesign range and the type of thermal
design to be used. The smaller the bandwidth, the greater the analytical effort is
performed to ensure the limits, and the more likely the requirement for an active
or semi-active control.

The approach in defining limits in certain cases is very different between US and
European programmes, with European programmes usually having the more
restrictive temperature limits. Further complications arise when a programme
uses certain equipment from a previous project that cannot exactly complement
the limits pertaining to the other equipment.

Ideally, a trade-off is made early in each project, either to

a. allow large temperature limit bandwidths, with the resulting costs and effort
to qualify the components, in conjunction with a simple passive thermal
control subsystem, or

b. to impose a narrow temperature limit bandwidth and transfer the costs and
the effort to the thermal control subsystem to provide an active control system
to maintain equipment within limits.

Environmental design margin 10 ºC

Residual margin

Predicted temperature
range during service life

Thermal control uncertainty 10 ºC or 15 ºC

Thermal control uncertainty 10 ºC or 15 ºC
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Maximum qualification test temperature

Minimum qualification test temperature

Upper temperature limit (max. flight acceptance test temp.)

Maximum expected temperature

Upper predicted temperature (worst case)

Minimum expected temperature

Lower predicted temperature (worst case)

Lower temperature limit (min. flight acceptance temp.)

Notes
b Thermal control uncertainty depends on type of equipment:

10 ºC uncertainty for thermal control verified by test,
15 ºC uncertainty for thermal control unverified.

3. Residual thermal design margin can be zero.

4 10 ºC margin does not include test condition tolerances

Figure B--1: Temperature limits and margins definitions
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B.4 Verification by analysis concerning accuracy and level of
confidence

B.4.1 General philosophy of uncertainty application
Performance of electronic and electromechanical spacecraft equipment and sub-
systems can be verified on the ground, by measurements of input and output
signals.

The performance of the thermal control, i.e. its capability to maintain tempera-
tures of the spacecraft subsystems within the desired limits, under all operating
and environmental conditions, can only be predicted by thermal analytical
methods and is verifiable only in orbit.

Consequently any thermal design can provide only a limited assurance that the
predicted temperatures encompass all the events and conditions of the spacecraft
lifetime. To minimize this uncertainty thermal engineers apply analysis tech-
niques involving the simulation of the satellite by a thermal mathematical model
which is usually �tuned� by a series of ground tests to a specific level of accuracy
before being adapted for predicting in-orbit performance. The limitations of this
method are recognized and accepted by the aerospace industry as the uncer-
tainties with the input parameters.

The input parameters can be categorized in three main classifications:

a. Environmental parameters

The environment of the spacecraft (which is temperature controlled) during
its life from launch to end of operation is not perfectly known due to the
uncertainty of solar intensity.

b. Spacecraft physical parameters

The temperature of spacecraft is controlled through conductive and radiative
heat transfer paths. All parameters that describe these transfer paths are
subject to uncertainties that are due either to

S measurement tolerances, or
S fabrication tolerance, or
S measurement and fabrication tolerances.
The uncertainties range from tolerances of thermal conductivity of material
lots to measurement accuracy of thermo-optical properties through cross sec-
tion and dissipation tolerances.

Whereas these uncertainties can be limited by applying boundary require-
ments at the beginning of a project (e.g. sheet thickness tolerances), other
groups of parameters cannot be predetermined at all for a particular
spacecraft. Instead they are deduced from experiences with previous
spacecraft and from tests conducted, e.g. the overall thermal conductance
through MLI assemblies and the interface conductance from units to
structures.

Arguably the most important uncertainty for satellites in orbit is the change
of material thermo-optical properties during the mission life.

c. Mathematical model uncertainties

The heat balances of components within the spacecraft are governed by a set
of nonlinear differential equations for which no closed integration solution is
available. Therefore numerical solutions are employed based on finite differ-
ence methods.
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The employed techniques induce a wide variety of uncertainties including:

S The definition of finite, isothermal elements is physically incorrect.
S Themethods to determine the conductive and radiative exchangebetween

these isothermal elements are only approximate.
S The numerical solution to the system of differential equations has only a

finite accuracy.
In addition, a special set of uncertainty parameters is allocated to account for test
conditions during and after solar simulation test (SST) when correlation and
mathematical evaluation of the thermal mathematical model (TMM) is per-
formed.

These uncertainty figures are mainly the result of assumptions for the chamber
wall temperature and for example:

S its thermo-optical properties,
S solar simulation intensity,
S distribution and spectrum composition,
S test adapter temperatures, and
S temperature sensor reading accuracy.

This uncertainty figure is replaced after test evaluation by the orbit uncertainties
for improved orbit temperature predictions.

It is difficult to determine with high accuracy the magnitude of each individual
uncertainty, and even given this information, the accumulation of these individual
contributors to the overall uncertainty still remains uncertain.

One of the main tasks in thermal design is to make the unit as insensitive to these
parameter uncertainties as possible, and to set up a verification programme that
defines and reduces uncertainties bymeasurement of important parameters. It is
equally apparent, that to determine the total uncertainty, only the statistical
approach can be reasonably adopted.

B.4.2 Temperature uncertainty determination
At the start of a project, uncertainties are large, since much of the data used is not
secured and still under development together with the spacecraft.

The thermal designer at this stage determines which uncertainty parameters can
have amajor influence on the temperature, and sets up a development planwhich
allows, through a programme of tests and measurements, a successive reduction
of the uncertainties (see Figure B--2).

A prerequisite for this technique, is to incorporate into the initial spacecraft ther-
mal design the capability to trim the temperatures in either direction in order to
compensate for those initial errors.

Based on European space industry experience and information, the total uncer-
tainty for 1,6 σ (90 % probability) for unverified TMM temperature predictions is
at least ±15 K.

Experience has shown that this value can normally be reduced to ±(8 to 10) K
following a thermal verification programme. In some special cases where these
reduced values are still too large to guarantee aunit to staywithin specified limits,
extended supporting tests are performed, possibly on a component basis or very
detailed analysis in order to reduce the analytical uncertainty. The minimum
achievable value appears to lie at ±5 K at least for spacecraft in geostationary
orbit ( based upon the long experience with this type of spacecraft).

The classical approach has up until now, almost always been a space simulation
test at spacecraft level on which the final clearing up of uncertainties which can
be reduced on the ground is performed in the TMM.
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The following alternative design and verification methods are a minimum pre-
requisite for the approach to have no space simulation test at spacecraft level:

a. Alternative test methods to validate the TCS design as there are modular
tested or IR tested on the entire spacecraft.

b. Active thermal control design using fluid loops, heat pipes, louvers and auto-
matic heater control systems in order to make the TCS design insensitive to
analytical uncertainties.

c. Standard temperature limits which are larger and more unified than before
to suit thermal requirements and provide a wide thermal design range for
spacecraft TCS. Also standard thermal environment tests for equipment,
which makes the application and allocation within space programmes less
critical.

B.4.3 Quantification of uncertainty values
To understand the various associated uncertainties in the modelling parameters
Figure B--1 contains some typical general values based on reference B.2.1.

As a general rule, the uncertainty of the individual parameters are accumulated
in a statistical nature to provide an overall temperature uncertainty with the
exception of mathematical modelling errors, some of which can be considered as
systematic.

Themethod of statistically determining uncertainties is alreadywell-documented
in the technical library and is not reproduced here. Each different spacecraft or
system design reacts differently to variances in parameters, however, experience
has shown that in specific terms the major effects are likely induced by:

a. uncertainty in external MLI conductances (effective emissivity),

b. effects of thermo-optical material property of external radiator materials
(lack of reliable degradation data over long mission life, e.g. > 5 years),

c. interface conductance unit/structure, and

d. uncertainty in certain dissipations, e.g. TWTA, batteries.

The first two have a global effect on the spacecraftwhereas the lattermainly affect
individual units and equipment. The uncertainty associated with the latter two
parameters can be further refined in combinations of conductance and dissipation
values over the full range found in spacecraft TCS.

It is then a normal procedure to select at least one of the units from each of the
combinations and subject it to a sensitivity analysis in which the applicable para-
meters are independently varied, such as:

D contact conductance,
D dissipation,
D radiating surface,
D local limit environment temperature, and
D thermal capacity of unit.
This computation can be carried out for example by a simple TMM of the unit and
local structure and environment in which the different parameters are separately
varied and the results then compared with the nominal case results.

To arrive at a value for the cumulated uncertainty, statistical methods are
employed in so much as the environmental and physical parameters (see
Table B--1) are usually combined in a RSS fashion with the mathematical model-
ling errors arithmetically added, i.e.:

Uncertainty ∆T=

n
I=1

(∆Ti )2

(n− 1) + ∆Tmodelling uncertainty
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Initial uncertainty1

Calculated uncertainty2

Reduced calculated uncertainty3

Pre-test prediction uncertainty4

Test results after evaluation5

Post-test uncertainty6

Orbit prediction uncertainty7

50 %

Correlation between test
temperatures and TMM

SST

Final orbit predictions

I Analysis campaign

II Analysis campaign

III Analysis campaign for CDR

TMM
uncertainties

Orbit
uncertainties

Test
uncertainties

Physical
uncertainties

Test temp.
error

Notes
c Assessment based on experience.

5. These figures are calculated as described in A.4.3.

6. In order to prevent temperature excursions due to the relatively large initial uncertainties, the band width
has been reduced by the expected uncertainty reduction during test evaluation. This procedure is a common
practice and was confirmed during several satellite projects.

7. Made up of reduced calculated predictions � orbit uncertainties and test uncertainties.

8. This temperature band represents the residual temperature differences between test temperatures and
analytical predicted temperatures.

9. As a useful rule during various satellite projects the following uncertainty modification has been established
and confirmed by orbit temperature evaluation for various communication satellites: to add to the test
temperature band (5) half of the calculated uncertainty band (3).

10. This figure is obtained by replacing the test uncertainty by the previous estimated orbit uncertainty.

Figure B--2: Typical progression of uncertainty in
spacecraft programmes
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Table B--1: Example of typical parameter uncertainties
for 1,6 σ (90 %) value

Parameter
Initial
uncertainty
variation a

A. Environmental parameters
Solar intensity
Earth radiation
Albedo factor

±5 W/m@
±65 W/m@
±0,1

B. Spacecraft physical parameters
Radiation absorbance b

Radiator emittance
Radiator emittance (< 0,2)
Radiating area
Effective MLI conductance
Thermal conductivity
Shape (view) factors c (simple geometry)
Shape (view) factors c (complex geometry)
Contact resistance unit-structure (by similarity)
Contact resistance for units supported by
conductance tests
Dissipation (for absolute value > 10 w)
Dissipation (for absolute value < 10 w)
Thermal capacity of electronic boxes

+0,04/--0,02
±0,03
±002
±5 %
±50 %
±10 %
±10 %
±50 %
+100 %/-- 50 %

±25 %
±20 %
±10 %
±15 %

C. Test parameters
Chamber wall temperature
Chamber wall emittance
Test adaptor temperature (mean value)
Test adaptor interface conductance
Solar intensity distribution and spectrum
Test configuration effect
Temperature sensor measurement accuracy
Nodel and sensor position error

±10 ºC
±0,03
±2 ºC
±50 %
±3 %
±1 ºC
±1,5 ºC d

±1 ºC d

a These parameter variances are considered to present a 90 % probability or a 1,6 σ value.
b Applicable for ground tests, certain mechanisms causing degradation of materials in the spatial

environment are not completely understood.
c Not including effect of inter-reflection.
d Added to the test uncertainty figure.

B.4.4 Test correlation criteria
The verification of the TMM is performed by a thermal test that normally reduces
the initial uncertainties in the area of the spacecraft physical parameters. The
uncertainties resulting from the environment and from the mathematically
modelling are naturally unchangeable. Aminimum correlation between test tem-
perature results and TMMcanassure to some extent an improvement of the above
mentioned uncertainties.

Based on the experience in this area statistical correlation criteria can be defined
which fulfils, from the engineering point of view, with sufficient accuracy the
conformity between test results and analytical predicted temperatures.
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As an adequate correlation criteria, an acceptable difference in the maximum
temperature level between test temperatures (selected sensors) and TMM (corre-
sponding nodes), a value for the mean deviation is:

∆To = 1n
n

1

∆Ti

of between 1 ºC and 2 ºC, and a standard deviation

∆Ts= n
1

∆T2i
n− 1

of between 3 ºC and 5 ºC is normal practice.

B.5 Standardization of equipment temperature limits

B.5.1 Evaluation and classification of equipment data
The equipment thermal data of several spacecraft projects were evaluated in the
frame of the study in reference. B.2.1, such as ECS, MCS, L-SAT, HIPPARCOS,
ERS-1 DFS, TV-SAT/TDF 1, SPACELAB and, EURECA.

The classification was made in close approach with the type and function of the
units in the spacecraft system, associated with the subsystems, and the unit
location in the spacecraft plus thermal aspects. The classification is a guide line
and overlooks for the �standardization� of so many different units, therefore some
exceptions exists, that are discussed in more details in reference B.2.1.

The classification of equipment concerning temperature limits covers:

a. Servicing equipment (e.g. power, AOCS, TT&C and data handling),

b. Payloadunits (e.g. repeater, TWTamplifier and remote sensing instruments),

c. Externally located equipment (e.g. antennas and solar arrays), and

d. Propulsion units.

B.5.2 Standardization approach
The evaluation of the satellite programme thermal data was made under the
aforementioned classification guidelines and the equipment temperature limits
for:

a. operational mode in orbit,

b. non-operational mode, and

c. qualification level in test.

The bandwidths of temperature limits of all equipment per subsystems were
plotted in summary sheets (see reference B.2.1).

The best approach, to establish a common temperature limit for all units, was
made.Theassumptionwas thatprogrammesunderdevelopmentat the time of the
study, such as MCS, ECS and HIPP, were �conservative�, and programmes under
design, such as L-SAT, TV-SAT and DFS, were more progressive in defining more
unified and wider temperature limit bandwidths (e.g. the ECS SHF transponder
was qualified for OTS and does not fit in the established bandwidth).

The results are presented in Table B--2 in the order of the above classification.

The detailed thermal data of all equipment are also presented in reference B.2.1
for the above mentioned space programs.
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Table B--2: Nominal temp. limits for various space vehicle equipment
TQ--OP
Qualif.

limits (ºC)a

TA--OP
Accept.

limits (ºC)b

TSU
Start-up

temp. (ºC)c,d

TNO
Non-oper.
limits (ºC)e

Equipment min max min max min max min max

1.1 TT&C electronic units --35 +70 --25 +60 --45 +80 --45 +80

1.2.1
1.2.2
1.2.3
1.2.4

AOCS El. units + sensors
AOCS wheels
AOCS SAS sensors
AOCS gyro packages

--30
--20
--40
--20

+60
+55
+80
+55

--20
--20
--30
--10

+50
+45
+70
+45

--40
--25
--80
--25

+70
+60
+80
+60

--40
--25
--80
--25

+70
+60
+80
+60

1.3.1

1.3.2
a)
b)

1.3.4
a)
b)

Power subsystem units
Power subsystem shunt electr.
Batteries
short term operation f

long term operation g

Power
subsystemBAPTA(SADM)
Drive mechanism flange
Motor housing

--35
--35

--10
N/A

--60
N/A

+70
+70

+30
N/A

+100
N/A

--25
--25

--5
--5

--50
--25

+60
+70

+25
+20

+90
+55

--45
N/A

N/A
N/A

N/A
--25

+80
N/A

N/A
N/A

N/A
+55

--45
--40

stor.
--5

--50
--25

+80
+80

stor.
+25

+90 h

+55 h

1.4 Any other equipment --35 +70 --25 +60 --45 +80 --45 +80

2.
2.1
2.1.1
2.1.2

a)
b)

2.1.3

Payload equipment
Communication S/S units
Repeater TWT�s low power
Repeater TWT�s high power
Collector radiating
Body/helix
Repeater units, general incl.
waveguides at repeater units

--20

--55
--20
--35

+90

+350
+80
+70

--10

--45
--10
--25

+80

+340
+70
+60

--40

--60
--40
--40

+90

+340
+70
+70

--40

--60
--40
--40

+90

+340 i

+70 i

+70

2.2 Remote sensing instruments --15 +50 --5 +40 --45 +80 --45 +80

2.3 Data handling units --35 +70 --25 +60 --45 +80 --45 +80

2.4 Any other equipment --35 +70 --25 +60 --45 +80 --45 +80

3.
3.1

Externally located units
Waveguides at antennas --180 +110 --170 +100 N/A N/A N/A N/A

4. Propulsion subsystem units

4.1 Hydrazine system (excl. thrusters) +4 +65 +9 +50 +9 +50 +9 +50 h

4.2
4.3
4.4

Cold gas system
Bi-propellant system
Solid ABM

--35
--7
--10

+70
+50
+40

--25
0

N/A

+30
+40
N/A

--45
0

N/A

+80
+40
N/A

--45
0
0

+80 h

+40 h

+30

a Qualification limits are qualification test temperatures for operating equipment.
b Acceptance limits are acceptance test temperatures for operating equipment.
c The start-up temperatures are equal to the non-operating temperature as long as possible. A special switch-on temperature is

defined for equipment intended for full performance immediately after switch-on.
d The high start-up temperature cannot be adequate to ensure a proper functioning at high qualification temperature due to

overheating. In this case to start the equipment at a temperature slightly less than the high qualification temperature is a good
practice.

e Non-operating limits are qualification and acceptance test temperatures for non-operating equipment.
f Battery short-term operation ≤ 100 h (during qualification test and transfer orbit).
g Battery long-term operation > 100 h (during mission life time).
h Due to intermittent operation or physical limitations, the non-operating is identical to the operating limits.
i Due to high dissipation, the upper non-operating limits are below the maximum qualification limits with the operating unit.
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B.6 Standardization of thermal vacuum and cycling test conditions

B.6.1 Evaluation of test requirements
The environmental test requirements were evaluated concerning temperature
test parameters of eight European space programmes and of different organiz-
ations.

The purpose was to find out the practice of temperature test conductance with
respect to:

a. number of cycles,

b. dwell time at extreme temperatures,

c. temperature rate of change, and

d. overall test sequence and temperature profile.

The results are summarized in reference B.2.1 and compared with the standard-
ized parameters. The parameters differ much from one project to another and no
common test philosophy is evident. In general all parameters are tailored to the
project requirements and contractors experience. Therefore the different environ-
ments in which the equipment operates (active or passive thermal control), the
duration of the mission (e.g. Spacelab: 10 days and communication satellite:
10 years), and the location of the equipment on the spacecraft (internally or exter-
nally of the spacecraft) are parameters to consider by evaluation.

B.6.2 Standardization approach
The sampling and summarizing of programmeparameters only doesnot allowany
conclusions how effective these test parameters were to uncover failures during
equipment tests and to reduce the failure rate at system level testing. The total
failure history and test effectiveness of those programmes are evaluated. There-
fore, an existing study of test effectivenesswas evaluated concerning temperature
test parameters that provide the optimum of failure detection at equipment level
testing (see reference. B.2.2).

To support the specification of standard temperature test requirements the recom-
mendations of the environmental stress screening guidelines (ESSEH1981, refer-
ence B.2.3, sponsored by the Institute of Environmental Science) were investi-
gated in detail. The results of this investigation indicate unit screening
parameters for the temperature range, the number of cycles (Figure B--5), the
dwell time at the extreme temperatures (Figure B--4) and temperature rate of
change. The parameters cover the range betweenminimumandmaximumrecom-
mended stresses for the temperature cycle test with the optimum of failure rate
reductions. These parameters were used as a guideline (plus other projects) for
defining the test levels for the standard environment test specification excluding
the temperature level ranges. These are defined in reference B.2.1.

No thermal vacuum requirements were investigated in reference B.2.3. A practi-
cal method to compare the various project test parameters is to calculate the test
duration, which is the time when the equipment is exposed to the extreme tem-
peratures. The test time was calculated:

t = 2 n tE (hours)

where

tE = dwell time of temperature extreme;

n = number of cycles.

NOTE t does not include the transient time.

In general, the maximum requirements of ESSEH guideline were not used,
because it covers mainly military, airborne avionics equipment with higher
screening stresses than for standard spacecraft equipment. The temperature
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profile and test sequence of the ECS,MCS, L--SAT andHIPPARCOS programmes
were adapted as standard procedure because of the good experience accumulated
with it.

The classification of the equipment and the applicable test parameters are made
with regard to the environment of the equipment in which it is located. The
environment conditions can be vacuum or atmospheric pressure depending upon
the spacecraft location (satellite and SL pallet of SL module and IGLOO con-
tainer). The temperature environment can be actively controlled with negligible
temperature fluctuations (e.g. fluid loop and heat pipes) or passive by controlled
spacecraft interior with nominal temperature variations. For special, externally
located equipment it can result in large, frequent temperature fluctuations (e.g.
solar arrays and antennae). The matrix in Figure B--3 gives an indication which
type of test and parameters are applicable. This is a guideline only, the final
allocation depends on the type of equipment and mission and specified in the
equipment test matrix.

Equipment temperature test parameters
(2 × number of cycles × dwell time)

Atmospheric environment
Thermal environment Test level Atmospheric

pressure Vacuum
Active controlled Cycling test TV test only

2 × 8 × 4 h
2 × 4 × 4 h 2 × 1,5 × 12 h

Passive controlled
spacecraft interior

Qualification
Acceptance

Cycling test

2 × 8 × 4 h
2 × 4 × 4 h

Combined cycling + TV
test
2 × 8 × 4 h
2 × 4 × 4 h

Passive controlled exterior

Qualification
Acceptance

N/A

Combined cycling + TV
test
2 × 12 × 2 h
2 × 4 × 2 h

Figure B--3: Equipment thermal test matrix
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Figure B--4: Example of a typical temperature profile for
unit level thermal cycling
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Figure B--5: Percent fall--out vs. number of cycles increased for
unit level screening

B.7 Conclusions
The verification method for a given satellite is dependent on the overall project
aspects such as the number of spacecrafts to be manufactured, the payload func-
tion, the spacecraft configuration and the state-of-the-art technology. The evi-
dence collected fromprevious satellite projects indicated that in almost every case,
anomalies were detected in the spacecraft thermal design, which if undetected,
can lead to a major reduction in the spacecraft performance or part failure.

The present status and future trends in the design and production of satellites is
tending towards higher payload densities andmore specialized equipment, which
in general leads to greater attention to thermal aspects.

Thermal control design is also still mostly based on passive methods and only
when relatively large excesses of energy aremade available, a heater based active
control system can further reduce the residual uncertainties from thermal verifi-
cation. Without a definite move to more active thermal control systems and more
relaxed operational temperature limits the dependence on verification of thermal
environment by testing at system level is maintained, for at least projects in the
near future.

In conclusion it can be stated that sufficient analytical methods exist so that it is
theoretically possible to perform a purely analytical verification of a satellite. A
thermal control design relying mainly on active control methods and large band-
width between equipment temperature limits is essential. In practice, however,
there is no alternative to the thermal vacuum test for determining workmanship
defects or local anomalies in the thermal control hardware. Purely analytical
verification is therefore considered unsuitable, however, it is obvious that the
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effort devoted to thermal testing can be in future significantly reduced to the level
of one or two steps at equipment and sub-assembly level.

The standardization of equipment temperature limits as proposed, significantly
improves the thermal control design margin and makes the design less sensitive
to temperature uncertainties.

The extension of the operating temperature bandwidth to the current possible
limits (example L-SAT) and the unification of the temperature limits (e.g. all units
of a unit functioning in one compartment are at same minimum and maximum
temperature level) result in a considerable improvement of the thermal control
bandwidth. Compared to the past projects, an improvement by a factor of 1,5 to 2
is achieved, based on the study in reference B.2.1, the thermal control bandwidth
(range between highest minimum temperature and lowest maximum tempera-
ture within a unit) is increased for the unit equipment.

The standardization of temperature test levels and conditions leads to unified test
procedures for qualification and acceptance of �standard� equipment indepen-
dently of its further application in space programs. The extended temperature
ranges, the increased test durations (number of cycles × dwell time at extreme
temperature) and more rapid temperature rate of change are considered as a
result of following investigations:

D U.S. long experiencewith amultitude of space programmes thatwere studied
for their test effectiveness (see references B.2.3, B.2.4).

D The (future European) approach to delete or to decrease the effort on the
system test (e.g. SPACELAB and EURECA) and to qualify the equipment
without the consideration of a later system test. (see reference B.2.1).

D The extended mission life-time of spacecraft up to 10 years and the conse-
quent higher reliability.

The test description is based on the accumulated equipment test experience in the
European space industry with the successful European communication satellite
and Spacelab programmes.
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Annex C (normative)

Test requirement specification � DRD

C--C--

C.1 Introduction
This document provides the main rules for the preparation of a general test
requirement specification for test activity(ies) by tailoring this Standard
(ECSS--E--10--03) for a specific project.

This document ensures a homogeneous common basis to the overall test processes
definition from the lower level activities to the higher ones.

C.2 Scope and applicability

C.2.1 Scope
This document requirements definition (DRD) establishes the content for the test
requirement specification.

This DRD does not define format, presentation or delivery requirements for the
test requirement specification.

C.2.2 Applicability
This DRD is applicable to all projects using the ECSS Standards.

C.3 References

C.3.1 Glossary and dictionary
This DRD uses terminology and definitions controlled by:

ECSS--P--001 ECSS Glossary of terms

ECSS--E--10--02 Space engineering � Verification

C.3.2 Source document
This DRD defines the data requirements of a test requirement specification as
specified in this Standard

C.4 Definitions, abbreviations and symbols

C.4.1 Definitions
For the purposes of this DRD the definitions given in ECSS--P--001A, in the
ECSS--E--10--02 and in this Standard apply.
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C.4.2 Abbreviations
The following abbreviations are defined and used within this DRD.

Abbreviation Meaning

AIV assembly integration and verification

DRD document requirements definition

GSE ground support equipment.

C.5 Description and purpose
The test requirement specification describes the general methodological test
requirements applicable to a specific project. For the various tests it defines the
general constraints, conditions and sequence that can be considered programme
dependent.

The document, togetherwith the system test specifications, is used as input for the
system test procedures, as applicable requirement document. It also provides the
specific requirements for the lower level subcontractors, as applicable document
for the lower level test activities.

The document provides evidence to the customer and an overall picture of the
complete testing approach at all levels of the project with some details of the test
activities in advance of the activity itself.

C.6 Application and interrelationship
The document contains the general requirements for all tests of every verification
level.

The DRD is generated using the information contained in this Standard taking
into account the detailed information contained in the other specific project docu-
mentation (e.g. drawings and ICDs).

This DRD is used to write the test specification (DRD), see ECSS--E--10--02A
Annex F and test procedures (DRD) see ECSS--E--10--02A Annex G.

C.7 Test requirement specification preliminary elements

C.7.1 Title
a. This document shall be titled �[insert a descriptivemodifier] test requirement

specification�.

b. The descriptive modifier shall be selected to clearly identify the program.

EXAMPLE �Columbus test requirement specification�.

C.7.2 Title page
The title page for this document shall identify the project document identification
number, title of the document, date of release and release authority.

C.7.3 Contents list
The content list shall identify the title and location of every clause and major
subclause, figure, table and annex contained in the document.

C.7.4 Foreword
A foreword shall be included in the document that describes the following items:

a. identification of which organizational entity prepared the document;

b. information regarding the approval of the document;

c. identification of other organizations that contributed to the preparation of the
document;
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d. a statement of effectivity identifying which other documents are cancelled
and replaced in whole or in part;

e. a statement of significant technical differences between this document and
any previous document;

f. the relationship of the document to other standards or documents.

C.7.5 Introduction
An introduction may be included to provide specific information or commentary
about the technical content.

C.8 Content

C.8.1 Scope and applicability

C.8.1.1 Introduction
This clause shall be numbered 1, and shall describe the scope, purpose and applic-
ability of the test requirement specification.

C.8.1.2 Scope
This subclause shall be numbered 1.1, and shall contain the following statements:

�This test requirement specification defines the test methodol-
ogy and the general test requirements for the [insert project
identifier] project�.

C.8.1.3 Purpose
This subclause shall be numbered 1.2, and shall contain the following statements:

�This test requirement specification is aimed to specify the gen-
eral test conditions and requirements representing the mini-
mum set to associate to the various stages and levels of the test-
ing process.�

NOTE 1 The document is used as input for the test specifications and
procedures, as applicable requirement document, and for
lower level subcontractor.

NOTE 2 It provides evidence to the customer of the overall picture of
the complete testing approach at all levels of the projectwith
some details of the test activities in advance of the activity
itself.
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C.8.2 References

C.8.2.1 Introduction
This clause shall be numbered 2 and shall contain the subclauses C.8.2.2 and
C.8.2.3.

C.8.2.2 Normative references
This subclause shall be numbered 2.1 and shall contain the following statements
followed by the list of normative references:

�The following normative documents contain provisionswhich,
through reference in this text, constitute provisions of this
document. For dated references, subsequent amendments to,
or revisions of any of these publications do not apply. However,
parties to agreements based on this document are encouraged
to investigate the possibility of applying the most recent
editions of the normative documents indicated below. For
undated references, the latest edition of the normative docu-
ment referred to applies.

[insert document identifier] [insert document title]�.

NOTE The reference documents are usually the AIV plan and the
product specification.

C.8.2.3 Informative references
This subclause shall be numbered 2.2 and shall contain the following statement
followed by the list of informative references:

�The following documents, although not a part of this test re-
quirement specification, amplify or clarify its contents:

[insert document identifier] [insert document title]�.

C.8.3 Definitions and abbreviations

C.8.3.1 Introduction
This clause shall be numbered 3 and shall contain the subclauses C.8.3.2 and
C.8.3.3.

C.8.3.2 Definitions
This subclause shall be numbered 3.1, and shall list any project dictionary or
glossary, and all unusual terms, or terms with a meaning specific to the test
requirement specification, with the definition for each term.

a. If a project dictionary or glossary is applied, insert the following sentence:

�The definitions of [insert title and identifier of applicable dic-
tionaries or glossaries] apply to this document�.

b. Insert the following sentence:

�The following terms and definitions are specific to this docu-
ment:

[insert term] [insert definition]�.

C.8.3.3 Abbreviations
This subclause shall be numbered 3.2, and shall list all abbreviations used in the
test requirement specificationwith the full spelled-outmeaning or phrase for each
abbreviation.
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C.8.4 General test conditions and requirements
This clause shall be numbered 4 and shall specify the general test conditions
(includingambient conditions, cleanliness levels, accuracy of instrumentsand test
equipments) and test condition tolerances.

C.8.5 Qualification testing
a. This clause shall benumbered5and shall provide theminimumset of require-

ments for qualification tests with the application to all levels (e.g. equipment,
subsystem and system) of the testing process.

b. The following categories of tests shall be considered:

1. functional tests,

2. environmental tests (e.g. thermal vacuum, thermal cycling, vibration,
pyrotechnic shock, acceleration, humidity, pressure, leakage and EMC),

3. static structural load,

4. modal survey, and

5. physical properties.

c. For each test,the purpose of the test shall be stated, followed by a test descrip-
tion that illustrates the sequence of the events including test levels and dur-
ation. This includes also considerations on the various supplementary re-
quirements to obtain themaximum information from the test (e.g. performing
a functional test or monitoring before, during and after thermo-mechanical
tests).

C.8.6 Acceptance testing
a. This clause shall be numbered 6 and provide the minimum set of require-

ments for acceptance tests in the application to all levels (e.g. equipment,
subsystem and system) of the testing process.

b. The following categories of tests shall be considered

1. functional tests,

2. environmental tests (e.g. thermal vacuum, thermal cycling, vibration,
pyrotechnic shock, pressure and leakage), and

3. physical properties.

c. For each test,the purpose of the test shall be stated, followed by a test descrip-
tion that illustrates the sequence of the events including test levels and dur-
ation. This includes also considerations on the various supplementary re-
quirements to obtain themaximum information from the test (e.g. performing
a functional test or monitoring before, during and after thermo-mechanical
tests).

C.8.7 Protoflight testing
This clause shall be numbered 7 and shall define, for the various verification
levels, the variations to be applied to the verification philosophy in order to reduce
stress levels for qualification assemblies that are planned for flight use, combining
acceptance and qualification campaign.

C.8.8 Re-testing methodology
This subclause shall be numbered 8 and shall define the methodology for failure
analysis and repetition of the test due to a discrepancy or other factors, such as
design changes, related to the items previously tested.
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C.8.9 GSE testing
a. This clause shall benumbered9and shall provide theminimumset of require-

ments for tests of the ground support equipment used in integration and
testing process.

b. The following categories of tests shall be considered

1. functional tests,

2. environmental tests (e.g. vibration, drop shock, pressure, leakage, rain
and solar),

3. static proof, and

4. physical properties.

c. For each test,the purpose of the test shall be stated, followed by a test descrip-
tion that illustrates the sequence of the events including test levels and dur-
ation. This includes also considerations on the various supplementary re-
quirements to obtain themaximum information from the test (e.g. performing
a functional test or monitoring before, during and after thermo-mechanical
tests).
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