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FOREWORD

CGeneral mlitary specifications and mlitary standards are
top-level DoD standardization docunents. They are Frepared in
accordance with DoD directives to establish a formal corporate
menory of good practices and requirenents. In some cases they
are referenced in governnent regulations to inpose internal
conpl i ance on government organizations. Mre typically. these
DoD standardi zati on docunents are intended for reference in
contracts as conﬁllance documents for inposing the good
practices and other stated requirenents on contractors.

Al though these roles are broad, many facets of engineering
technical data that are inportant t0o program success are not
appropriate for inclusion in these formal DoD standardization
docunents.  These added facets of information may be docunent ed
in technical reports or, as in this case, in mlitary handbooks.

This mlitary handbook is intended to docunent additional
facets of engineering technical information pertinent to the
requirenents stated in ML-STD 1540B, “Test Requirenents for
Space Vehicles. " As a technical reference, this handbook shoul d
PrOV|de the basis for achieving a consistent technical approach

or tailoring M L-STD-1540B requirenments, where appropriate, and
may al so provide the bases to justify deviations or alternative
aﬁproaches where they are appropriate. Each major subsection of
t hi s handbook addresses a subject taken from M L- STD 1540B.
Remenber that the information included herein is for general
guidance; it need not be followed if it does not accommodate the
requirements of the program In the case of difference between
t hi's handbook and the requirements of ML-STD 1540B, the

requi rements of M L-STD 1540B shoul d take precedence.

Some gui dance regardin%ffornat, presentation, and
organi zation of material in this mlitary handbook seems

advi sable.  The handbook has the sane organization as a mlitary
standard, i.e., the first three sections are: Section 1, Scope
Section 2, Referenced Docunents, and Section 3, Definitions.
Sections 4 through 12 generally follow the sequence of materi al
in ML-STD-1540B, al though two or nore subjects or paragraphs of
M L- STD- 1540B are often I'inked and di scussed in one najor
section or subsection of this handbook. Thus, the section,
subsection, and paragraph nunbers of this handbook do not
correspond to the paragraph numbers of the standard. However
exact references are given in the handbook to the corresponding
par agraph nunbers of M L-STD 15408B.

(Cont i nued)
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FOREWORD ( Conti nued)

_ For the convenience of the users of M L-STD 1540B, Table XX
in Section 13 of this handbook provides a cross-reference from
the primary M L-STD 15408 aragraﬁh nunbers to the corresponding
paragraph nunbers of this handboo

Each major subsection of this handbook addresses a subject
area of interest. Each subject area is organized into three
maj or paragraphs. The first paragraph is titled “Standard
Criteria,” and it quotes the text of the ML-STD 1540B
paragraphs which are discussed. This allows the reader to use
thi s handbook w thout constant reference to the standard, making
It easier and nmore efficient to use. Aso. for the convenience
of the reader, the text quoted from ML-STD 1540B is printed in
italics to distinguish it fromthe text of the handbook. The
second na%or paragraph is titled “Rationale for . ...” and it
contains background information such as the purpose or reasons
for the subject area requirements in the standard. The third
najor.para%raph Is titled “CGuidance for Use of . ...” and it
contains the information intended to aid the reader in the
detailed application of the ML-STD 1540B requirenents for that
subj ect area.
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SECTION 1
SCOPE

1.1 GENERAL

Thi s handbook provides additional information pertaining to

the test requirenents of ML-STD-1540B, "Test Requirements for
Space Vehicles.” This handbook includes information Only on
those test requirements for which additional explanations and
gui dance have been devel oped beﬁpnd that given in .
M L- STD- 1540B.  Section 13 of this handbook provides an index
and a cross reference from M L- STD- 1540B paragraph nunbers to
the correspondi ng paragraph nunbers of this handbook. Further
i nformation and additional sections may be devel oped and added
to the handbook in future revisions.

1.2 PURPOSE

~ This handbook was witten to Erovide expl anati ons and
guidance to the users of ML-STD 1540B. The infornation
presented herein is intended to aid in the formulation and
review of the detailed test requirements for space vehicles
i ncluding the tallorln?_of.NIL-STD-154OB requirements into
speci fic program specifications or contracts.
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SECTI ON 2
REFERENCED DOCUMENTS

2.1 GOVERNMENT DOCUMENTS

2.1.1 Specifications, Standards, and Handbooks. Unless
ot herwi se specified, the followng specifications, standards,
and handbooks of the issue listed in that issue of the
Depart nent of Defense Index of Specification and Standards
(DoDI SS) Specified in the solicitation forma part of this
standard to the extent specified herein.

SPECI FI CATI ONS:
STANDARDS
Mlitary
M L- STD- 810 Envi ronment al Test Methods and
Engi neering Cui delines
M L- STD- 1522 Standard Ceneral Requirenents for Safe
Desi gn and Operation of Pressurized
Mssile and Space Systens
M L- STD- 1540B Test Requirements for Space Vehicles
2 2.1.2 ther Governnment Docunments, Drawings. and
Publ i cation . rhe_fol!omnn? other Government docunents,
draw ngs, and publications forma part of this standard to the

extent specified herein.
NASA S-69-1117 Leakage Testing Handbook

(CbPies of specifications, standards, handbooks, draw ngs, and
publication required by contractor in connection wth
specified acquisition functions should be obtained fromthe
contracting activity or as directed by the contracting officer.)

2.2 ORDER OF PRECEDENCE

In the event of a conflict between the text of this
handbook and M L-STD 1540B, the M L-STD 1540B requirements shal
t ake precedence.
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SECTION 3
DEFI NI TI ONS

The definitions of terms used in this handbook are the sane
as in ML-STD-1540B. Additional ternms are as defined in
M L- STD- 1522.
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SECTI ON 4
APPLI CATI ON OF TEST REQUI REMENTS

4.1 APPLI CATI ON TO OTHER VEH CLES

4.1.1 Standard Criteria. Contents of Para?raph 1.2 of
?Qf[STD-154OB (the I ntended application of the standard), are as
ows:

1.2 APPLI CATI ON

The tailored application of these test requirenents
to a particular space progranlls Intended to assure a high
| evel of confidence in achieving a successful space
mssion. This standard is Intended for use in the
procurenent of space vehicle hardware. including space
vehicles and airborne support equipment that remain in the
space shuttle orbiter during orbital flight, as well as
orbital satellites.

4.1.2 Rationale for Application of Test Requirenents.
The test requirenents specified are a conposite of those tests
currently used in achieving successful mlitary space m ssions.
M L- STD- 1540B t herefore established a standard test baseline
aRpllcabIe to all space vehicles. However, it is intended that
the test requirements for use on a particular space program
should be tailored to the specific vehicle or project, |
considering the realistic environnental |ife cycle, design
conplexity, state of the art, mssion criticality, and .
acceptable risk. O course, any programmay find it revealing
to make conparisons of its planned test programto these
establ i shed baselines, regardless of the contractua
requirements.

4.1.3 CGuidance for Application of Test Requirenents to
QO her Vehicles. In addition to the use of the stated basellne
test requirements for mlitary space vehicle and airborne
support equi pment, the tests in ML-STD 1540B are stated in
terms of design and operat|n% environments. That means that the
test requirements often can be applied directly to other types
of vehicles, or they can be easily nodified to apply to other
thes of equipnment requiring high reliability. 1In particular,
the qualification and acceptance test requirements for
components of space vehicles (Paragraphs 6.4 and 7.3 of
M L-STD-154OB% often are directly aPp i cable to conmponents of
other types of vehicles. For exanple, the conponent test
basel i nes usually can be applied directly to testing conponents
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of mssiles, launch vehicles, and injection stages. The space
vehicle tests (Paragraphs 6.2 and 7.1 of ML-STD-1540B) may also
be tailored for testing of |aunch Vehicles and injection

stages. The mmjor considerations in these cases are the .
difrerences in the environnental life cycle and the service life
of the different vehicles. For exanple, the service life of an
|n’ect[on stage is from several mnutes to several days versus
only mnutes for expendable |aunch vehicles, while the service
life of a mlitary space vehicle my be 10 years or nore.

4.2 QUALIFICATION BY SIMLARITY

4,2.1 Standard Criteria, ~ML-STD 1540B does not directly
address criterta for the qualification of items by simlarity;
however, it does provide the standard test baselines for
conparison

4.2.2 Rationale for Qualification by Simlarity. The
continued production and use of Itens designed for space _
vehi cl es of one program on space vehicles of another programis
of interest to every program office. Not only are the design
tooling, and qualification costs elimnated for subsequent
Progransh but the continuing usage of the sane item increases

he confidence in the itenis relrability. O course, to
acconmodate specific requirements of another program it may not
be possible to use the same exact item so there naﬁ be changes
required in the itemor inits testing. [If those changes are
within reasonabl e bounds, then qualification of the revised item
by simlarity should be considered.

4.2.3 @idance for Qualification by Simlarity

4.2.3.1 Conponent Criteria. |If conponent “A’ is to be
considered as a candidate for qualification by simlarity to a
conponent “B’ that has already been qualified for space use,
then all of the follow ng conditions should apply:

a. Conponent “A” should be a mnor variation of
conponent “B.” Dissimlarities will require
understanding and evaluation in ternms of weight,
mechani cal configuration, thermal effects, and
dynam ¢ response. Mnor design changes involving
substitution of piece parts and materials wth
equivalent reliability items can generally be
tolerated. Design dissimlarities resulting from
addition or subtraction of piece parts and
particularly moving parts, ceramc or glass
parts, crystals, magnetic devices, and power
conversion or distrrbution equipment should be
given priority attention in the evaluation.
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b. Components “A" and “B” should perform sinilar
functions, with "B' having equivalent or greater
operating life with variations only in terms of
Perfornance such as accuracy, sensitivity,

ormatting, and input-output characteristics.

C. Conponents “A’” and “B” should be produced by the
same manuf acturer using identical tools and
manuf act uring processes.

d. The environnments encountered by component “B’
durln% its qualification or flight history should
have been equal to or nore severe than the
,qKaLlflcatlon environments intended for conponent

. Component  “B" shoul d have successfully passed a
post-environnental functional test series
I ndicating survival of the qualification stresses.

f. Component “B" shoul d have been a representative
flight article.

g. Conponent  “B” shoul d not have been qualified by
simlarity or analysis.

_ 4.2.3.2 Citeria for Qther Iltems. In some cases, the
itemto be qualified by simlarity 1s not a conponent but is
some other level of asSenbly, such as a subsystem In that

case, the criteria for the itemto be qualified by simlarity
woul d be the sane as though the itemwere a conponent (see
Paragraph 4.2.3.1).

4,2.3.3 Partial Testing. It is recognized that in some

cases, where all the criteria in Paragraph 4.2.3.1 are not
satisfied, qualification based on engineering analysis plus
artial testing may be permissible. In this case, negotiation
etween the contracting officer and the contractor may result in
an abbreviated testing programsatisfactory for qualification of
the conponent or itemin question. The acceptab|I|t¥ of
qualification by simlarity should be documented by test

reports, draw ngs, and analyses. This justification or proof of
qualification shoul d be prepared in data packages and submtted
to the contracting officer as required by the contract. The
contracting officer usually has the final decision as to the
acceptabilrty of qualification by simlarity, and the burden of
proof of qualification is the responsibility of the contractor
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SECTION 5
DEFI NI TI ON COMMVENTS

5.1 DESIGN ENVI RONMVENTS

5.1.1 Standard Criteria. Contents of Paragraphs 3.8
3.9, 3.12, and 4.2.2 of ML-STD 1540B (definition of design
environnents, design margins, and requirenents for tolerances)
are presented in order to provide gU|dance regarding the
interaction of these paraneters and their effect on the test
requi rements of space vehicles and conponents.

3.8 DESIGN ENVI RONVENTS, SPACE VEH CLE

The design environnents for a space vehicle are the
composite of the various environnental stresses to which
the space vehicle mst be deslﬁned. Each of the design
environnents for a space vehicle is based upon

a. The maxinum and nininum predicted environnents
during the operational life of the space
vehicle, plus

b.  An environmental design margin (see 3.12) that
Increases the environmental range to provide an
acceptable level of confidence that a failure
wi Il not occur during the service life of the
space vehicle.

3.9 DESIGN ENVI RONMENTS, SPACE VEH CLE COVPONENTS

The design environments for space vehicle conponents
are the conposite of the various environmental stresses to
whi ch the space vehicle hardware conponents nust be
designed. Each of the design environnents for a space
vehicle conponent is based upon:

8. The maxi numand m ni num predicted environnents
during the operational |i1fe of the conponent, or
for tenperature. a standard thermal range
between -24 deg C and +61 deg C when the
predicted range is less severe, plus

b.  An environmental design margin (see 3.12) that
increases the environnental range to provide an
acceptabl e | evel of confidence that a failure
w1 not occur during the service life of the
conponent (see 3.37).
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3.12 ENVI RONVENTAL DESIGN MARG N

An environnental design margin for anitemis an
Increase in the environmental range used for the design
(and for the qualification testing) of an itemto reduce
the risk of an operational failure. It may include
Increases In the maxi num|evels, decreases in the mninum
| evel s. and Increases In the tine exposure to the extrenme
levels.  The environnental design margin is intended:

a.  To accormodate differences among qualification
and flight units due to variations in parts,
materials, processes, manufacturing. testing,
and degradation during useage;

b.  To incorporate the allowable test condition
tol erances;

¢. To avoid qualification test levels that are |ess
severe than the acceptance test ranges or
operating ranges;

d.  To help assure against fatigue failures due to
repeated testing and operational use.

Unl ess ot herwi se sgecified. the test condition
tolerances allowed by this standard are assuned to be
|ncorPorated In the environmental design margin. For
exanpl e, space vehicle itens are designed, unless
otherwi se specified, to thermal environments 10 deg C

hi gher and 10 deg C | ower than the maximum predi ct ed
thermal ranges (see 3.25). This 10 deg C environnental
design margin includes a + 3 deg C tol erance for
acceptance test conditions and a + 3 deg C tolerance for
qual Ification test conditions.

Unl ess otherwi se specified, space vehicle items are
al so designed to acoustic noise and random vibration
environnents that are 6 dB above the maximum predicted
levels. This 6 dB environnental design margin for
acoustic noise and random vl bration includes a + 1.5 dB
tolerance In the overall level (Integrated root mean
square value over the total frequency range of the test
spectrum for acceptance test conditions and a + 1.5 dB
tolerance for qualification test conditions.

\Wen the qualification or acceptance tests are

control | ed u3|n?.test condition tol erances w th magnitudes
| ess than specified herein (3 deg Cor 1.5 dB), the

10
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environnental design margins (10 de? Cor 6 dB) may be

reduced accordin?ly. For exanple. Tf qualification and
acceptance acoustic tests were both controlled to + 1.0
dB, the design margin would be 5 dB instead of 6 dB. If

| arger test condition tolerances are allowed, then t he
design margins would be Increased accordingly.

QG her environnental design margins aEpllcabIe to
space vehicle Items include 6 dB for shock, 6 dB for
sinusoi dal vlbration, a factor of 2 for launch or
injection acceleration, and a factor of 1.25 for maxinum
acge”erat|on of depl oyed conponents on a spinning space
vehicle,

. Anot her el ement of the environnental design margin
is the the the Itemis exposed to the design
environmental levels. Anincrease in exposure time or
number of cycles over that expected in operation is
usual I'y specified for vibration and acoustic design
environnents to increase confidence that wearout or
fatigue failures will not occur. of course. the
environnental design margins may be changed to either

hi gher or |ower levels, or to longer or shorter exposure
times, depending upon specific programrequirenments and
al | onabl e ri sk.

4.2.2 Test Condition Tol erances

The test condition tolerances allowed by this
standard shal | be apPI|ed_to the nomnal test val ues
specified.  Unless otherw se specified, the followng
maxi mum al | owabl e tol erances on test conditions shal

apply.

Tenperature + 3deg C
Pressure 2
Above 1.3 x 10°pascals (1 Torr) + 10 percent
1.3 x 10°to 1.3 x_10’pascal s + 25 percent
(0.001 Torr to 1 Torr)
Less than 1.3 x 10" pascal s + 80 percent
(0.001 Torr)
Relative Humdity + 5 percent
Accel eration + 10 percent

11
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Vibration Frequency + 2 percent
Sinusoidal Vibration Anmplitude + 10 percent
Random Vibration Accel eration
Power Spectral Den8|t¥t
20 to 500 Hz (25 Hz or narrower) + 1.5 dB
500 to 2000 Hz (50 Hz or narrower) +3.0dB
Random overal | grins + 1.5 da
Sound Pressure Leve
1/3 Cctave Band + 3.00dB
Overal | + 1.5 0dB
Shock Response Spectrum (Q = 10) .
1/6 Cctave Band Center + 6 dBwith 30 percent
Frequency Anplitude of the response spectrum
center frequency anplitudes
greater than nomnal test
specificati on
Static Load + 5 percent

5.1.2 Rationale for Definition of Design Environnments.
The environmental levels to which an item should be qualified
are the same as the design environnental levels for the item
These design environnental levels are typically based upon the
maxi mum and m ni num predi cted environnental |evels for an item
during its operational |ife plus the appropriate environmenta
design margin. The nmaxinum expected extrenes of the operationa
environnents are defined in Paragraphs 3.8 and 3.9 of
M L- STD- 1540B. A standard operating thermal range of -24 deg C
to +61 deg C is usually used for conponents when the maximm
predicted operating range is less severe. The environnental
design margins specified are primarily intended to incorporate
the allowable test condition tolerances and to accommodate any
di fferences among production units. The environnental design
margins are also intended to assure qualification test levels
that are nore severe than the maxinum operating ranges that can
occur in flight and hel p assure against perfornmance degradation
and fatigue failures due to repeated acceptance testing and
operational use. For exanple, the 10 deg C environmental design
margin specified in ML-STD 1540B nakes the standard thermal
deS|gn range for conponents from-34 deg Cto +71 deg C.  This
standard design range for space conponents is simlar to that
used for aircraft subsystems and therefore should not inpose
unusual design problens in nost cases. In addition, this
standard design range encourages the devel opment of standard

12
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nodul es, provides a very revealin% test screen for defective
components , al |l ows conPonents to be noved to other |ocations on
a spacecraft without arfecting qualification, and may allow the
use of a qualified conmponent on other spacecraft w thout
requal i fication.

- 5.1.3 CGuidance for Application of Design Environnents.

Envi ronnment al acceptance tests of space vehicles and conponents
are intended to aid in detecting workmanship and materia
problens and to verlfY Proper functlonlnﬂ during exposure of the
Itens to environnental |evels equal to the nmaxinmum extrenes
Bredlcted during their operational life. The difference
etween the environnental |evels used for acceptance testing and
for qualification testing are therefore the specified .
envi ronnent al de5|%P margins. \Were qualification equipnent is
used for flight, the standard environnental design margins
ﬁhogédlfe reconsidered, as discussed in Section 11 of this
andbook.

~As used in ML-STD 1540B, environnmental design margins nmay
be interpreted to be the same as qualification test margins.
The nmargins are added environnental exposure in anplitude (e.qg.,
tenperature level or vibration anplitude) and, in the case of
dynam ¢ environments, exposure duration. The design margin is
intended to dimnish the risk of operational failure due to
manuf acturing variations in flight hardware which m ght produce
| ess resistance to failure than the qualification specinen.
Also, the margins assure that the hardware will be flightworthy
fol lowi ng repeated acceptance tests, should they be necessary,
and they ensure the capability for retest necessitated by rework
and repairs without the risk of fatique failure. If _
qualification hardware is to be used tor flight, consideration
shoul d be given to the fatigue life as it relates to the design
mar gi n.

To assure that mninmum design (qualification) test nargins
are maintained, consideration is given to the effect of test
tol erances on margins. The contribution of tolerances to the
margin determ nation process is described in detail in
Paragraph 3.12 of ML-STD 1540B. The nom nal nargins generally
specified may be decreased as long as test tolerances are
comensuratel’y tightened. The tolerances in Paragraph 4.2.2 of
M L- STD- 1540B permt variation in test anplitudes from specified
values in recognition of generally attainable test control
capabilities. ~The interaction between margins and tol erances
shoul d be recognized in order to avoid unrealistically tight
tol erances whi ch woul d be required if test nmargins were
excessively reduced.

The maxi num exposure tinme for acceptance random vibration
tests, so as to not exceed the fatigue damage potential of the

13
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qualification test, is strongly influenced by the relation
between the qualification and acceptance test |evels. If
qualification test margins are relatively low, the nunmber of

al | owabl e acceptance tests which can be repeated before the
fatigue strength may be exceeded, as denmonstrated by the

qual ification test, is seriously limted. This interaction
shoul d be considered in eval uating environnmental qualification
test margins. Further details of ‘retest limts are provided in
Section 6.3 of this handbook

5.2 LIMT AND ULTI MATE LQADS

5,2.1 Standa~d Oriteria, Contents of Paragraphs 3.18 and
3.46 of M L-STD- 1540B (definitions of limt load and ultimte
| oad) are as follows:

3.18 LIMT LOAD

~The limt load is the maxinum anticipated -load. or
conbination of loads, which a structure may be expected to
experience during the performnce of specified mssions in
specified environnents. since the actual |oads that are
experienced in service are in part randomin nature,
statistical methods for predicting limt |oads are
enpl oyed wherever appropriate.

3.46 ULTIMATE LOAD

The ultimate load is the maxi numstatic |oad to which
a structure is designed. It is obtained by mltiplying
tﬂptl|n1t | oad (see 3.18) by the ultimte factor of
safety.

E 2 2 . o . .
Loads.  The prine oﬁject|ve of tﬁe structural design process is

to have a structure capable of functioning satisfactorily at the
nost severe operational |oads and environnental conditions.
Prediction of the extreme worst case anticipated | oads takes
Into account environnentally induced |oads and pressures, their
time and phase relationships, frequencies, durations, _
statistical characteristics, and the nmanner in which various
| oad sources conbine. The worst case anticipated service |oads
are terned limt loads and are intended to represent a | ow
Frobablllty extreme event. In case of uncertainty in dynanic
oad sources and dynam c structural characteristics, an

Vncgrtainty factor is usually incorporated when defining limt
oad.

_ In order to ensure satisfactory ogeration.at limt load, it
Is required that the structure be capable of withstanding limt

| oad conditions without gross yielding or, for conditions nore

14
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severe than linmt load, wthout catastrophic failure, such as
rupture or collapse. Such extreme conditions may arise from
I naccuracies in analysis and verification testing, structural
di screpancies, and variations in nmaterial and structural

properties.  Conpensation for these variations is provided by
the factor of safety. The ultimate |oads therefore equal the
limt loads multiplied by the ultimate factor of safety.

5.2.3 @idance for Application of Limt and Utimate
Loads. Limt load and ultinmate [oad are the critical design
and test load levels in the structural integrity verification
process. Structural adequacy of design is denonstrated by
guallflcatlon tests conducted on flight quallt¥ har dwar e as
0
(

escribed in Paragraph 6.3.1 of ML-STD 1540B Tor general

nonpressurized) structures and Paragraph 6.4.10 for pressure

vessels.  Success criteria for the qualification test include as
primary requirenents that the structure sustain limt |oads

wi thout any gross yielding or detrinental deformation and
ultimate |oads without rupture or collapse. If limt and
ultimate load tests are required for qualification O
pressurized structure, including main propellant tanks and
solid rocket notors, they nust be conducted at the nost critica
conmbi nations of external |oads and internal pressure. This

requirement is detailed in ML-STD 1522

Frequently, in order to establish additional confidence in
the design, yield load (limt load tinmes the yield factor of
safety) Is used in place of limt load. In such cases, the
structure is required to sustain yield | oads w thout excessive
yielding or detrinmental defornation.

5.3 ACQUSTI C ENVI RONVENT

5.3.1 Standard Criteria. Contents of Paragraph 3.20 of
M L- STD- 1540B (definition of nmaxi num predicted acoustic
environnent) is as follows:

3.20 MAXI MUM PREDI CTED ACQUSTI C ENVI RONVENT

The naxinun1Predicted acoustic environment is the
extreme value of tluctuating pressure occurring on the
external surface of the space vehicle which occurs during
liftoff, powered flight, or reentry. The maximm
Bred|cted acoustic environnent test” spectrumis specified
ased on one-third octave bands over a frequency range of
32 to 10.000 Hertz gkt). The duration of the maximm
environnent is the total period when the overall anplitude
is within 6 dB of the maxinum overall anplitude. ere
sufficient data are available, the maxinum predicted
environnent may be derived using paranetric statistica
methods . The data nust be tested to show a satisfactory

15
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fit to the assumed underlying distribution. The maxinum
predicted environment is defined as equal to or ?reater
than the value at the ninety-fifth percentile value at

| east 50 percent of the time. Were there are |ess than
three data samples, a mininummrgin of 3 dBis mﬁhedto
the prediction to account for the variability of the

envi ronnent .

5.3.2 Rationale for Definition of Muxinum Predicted
Acoustic Environment. The acoustic environment experienced b
a space vehicle 1s the forcing function which produces nost 0
the vehicle vibration response at frequencies greater than 50
Hz. The relative contributions of the forcing function
producing these vibration responses are dependent on the [aunch
vehicle, “the space vehicle configuration, and the particular
| ocation of interest. Vibration requirenents for conponents on
space vehicles, therefore, are nearly always linked directly to
the acoustic environment to which the vehicle is exposed. The
vibration criteria for a payload would be based on the acoustic
level within the pazload_conpartnent but external to the
payl oad.  For |aunch vehicles it would be based on the |eve
external to the applicable launch vehicle equipnent zone. The
acoustic environment is generally near maxinum |evels for
approxi mately 10 seconds at |aunch due to ground-reflected
acoustic energy emanating from the exhaust tlow.  During
transoni ¢ and maxi mum dynam c pressure regions of flight,
acoustic levels conparable to [aunch |evels can exist for up to
30 seconds. Acoustic environments during these tinme periods can
have large spatial variations. Consequentky,_ acoustic design
criteria for space vehicles are sometines defined by zones.
More commonly, however, a single criterion is defined which
represents the maxi num environment in one-third octave bands to
which any vehicle surface is expected to be exposed. The goal
Is to define the maxinmum |evel in statistical terms as discussed
in Paragraph 3.20 of ML-STD 1540B. Seldom however, does
sufficient data exist to allow performance of rigorous
statistical analysis. Nevertheless, the maxinum expected
acoustic environment is usually devel oped considering variations
such as different |aunch pads, different trajectories, spatial
variations within the [aunch vehicle payload compartnent, and in
sone cases different |aunch vehicles.

5.3.3 Guidance for Application of Maximm Predicted
Acoustic Environnent. Cenerally, as stated in Paragraph 5.3.2,
the maxinum predicted acoustic “environment represenis the
hi ghest environnent to which any vehicle surface is expected to
be exposed. A single maximum environment definition is the
preferred approach for nost programs. This results in |ower
cost test prograns and sinplifies definition of the design
criteria. In some cases, however, this may require significant

16
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overdesi gn of many elenents of the vehicle. For exanple,
currently in the Space Transportation System (STS) orbiter cargo
bay, a high intensity local environnent exists near the cargo
bay vents. For caseS such as this, it may be nore cost-effective
to design only the hardware |ocated near the vents for the |ocal
high intensity environment. However, the testing necessary to
sinulate this could be nore costly, since nost acoustic test
facilities are geared to provide uniform environnents.

Addi tional test EQUIPHEHI and special test procedures would be
needed to produce a l[ocal nore intense environment.

5.4 PYROTECHNI C SHOCK ENVI RONMENT

5.4.1 Standard Criteria. Contents of Paragraph 3.22 of
M L- STD- 1540B (definition of maximum predicted pyrotechnic shock
environnent) is as follows:

3.22 NAXIMUM PREDI CTED PYRO SHOCK ENVI RONVENT

~ The pyro shock environnent Inposed on the space
vehicle conmponents is due to structural response when the
space or |aunch vehicle electro-explosive devices are
activated. Resultant structural response accelerations
resenble the form of superinposed conplex decaying
sinusoi ds which decay to a few percent of their maxinum
acceleration in 5 to” 15 mlliseconds. The maximum
predi cted ﬁyro shock environnent is specified as a maximm
absol ute shock response spectrum deternined by the
response of a number of single-degree-of-freedom systens
using Q= 10. The Qis the acceleration anplification
factor at_the resonant frequency for a_||8ht|y danped
sys tern.  This shock response spectrumis determned at
frequency Intervals of one-sixth octave or |ess over a
f requency ran?e of 100 to 10,000 Hz. Were sufficient
data are available, the maxinum predicted environment may
be derived using parametric statistical methods. The data
must be tested to show a satisfactory fit to the assuned
underlying distribution. The maxinum predi cted
environment is defined as equal to or greater than the
value at the ninety-fifth percentile value at |east 50
percent of the time. where there are less than three data
samples. a mninummargin of 4.5 dBis applied to account
for the variability of the environment.

5.4.2 Rationale for Definition of Mxinum Predicted
Pyrot echni ¢ _Shock Environnment. Pyrotechnic shock environnents
have caused flight failures of equipment in space Vehicles. The
pyrotechni c shock environments have |arge variations in
anmplitude over the ran%e of equi pment nmounting locations in a
typi cal spacecraft. Shock |evels vary strongly as a function of
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structural path length and structural joints between the device
or event generating the shock and equipnent |ocations.

wpi cal Iy, experimental data wll 6hOw |arge attenuation of

hi gher trequency conponents of the shock spectra. For conplex
spacecraft structures, it is not unusual for(Peak shock spectrum
anplitudes at frequencies in the 2000 to 10,000 Hz range to he
reduced by 20 dB fromsource levels in a distance of a few

feet. In repeated tests of an identical test configuration on
wel | - desi gned space vehicles, data froma given location will
show test-to-test variations of plus and mnus 6 dB. For these
reasons, it iS very inportant to give CarefU consideration to
the determnation of, and philosophy to be used in, establishing
maxi mum expected shock environments

5.4.3 @idance for APPlication of Maxinmum Predicted
Pyrotechni ¢ Shock Environnent. Maxinmum predicted pyrotechnic
shock environnents can be defined in several ways. “As discussed
in Paragraph 3.22 of ML-STD-1540B, it is desired that the
maxi mum predi cted val ue represent a ninety-fifth percentile
value. Gven that sufficient data are available, this can be a
val ue defined for a specific location or for a given zone of a
vehicle. Zonal requirenents are preferred and are likely to be
more cost-effective on nultiple vehlcle.ProgranB, because this
approach mnimzes the anount of requalification when changes
are made. On nultiple progranms, changes from one vehicle to
anot her usual 'y occur ich alter the shock environnent for
i ndi vidual conponents but which may not significantly change the
zonal environment. These changes 1nclude such itens as the
rel ocation of conponents, nodifications to ordnance devices,
preloading in separation hardware, and structural redesign. A
penalty of this approach is possible overdesign of those
conponents which may be in a quiet area of the zone. Ona
single vehicle program it may be nmore cost-effective to tailor
t he maxi mum predicted shock environment for individual
components or small groups of conponents, based on their
proximty to shock-generating devices.

5.5 RANDOM VI BRATI ON ENVI RONVENT

Standard Criteria; Contents of Paragraph 3.23 of

5.5.1
M L- STD- 15408 (definitions of maxi mum predicted random vibration
environments) are as follows:

3.23 MAXIMUM PREDI CTED RANDOM VI BRATI ON ENVI RONVENT

~ The random vibration environnent inposed on the space
vehicle conponents is due to the liftoff acoustic field,
aerodynami ¢ excitations. and transmtted structure-borne
vibration. The maxi mum predicted random vibration
environnent is specified as a power spectral density,
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based on a frequency resolution of 1/6 octave (or
narromergtbandMAdth anal ysis, over a frequency ran?e of 20
to 2000 Hz. A different spectrum may be required for
different eguipment zones or for different axes. The
conponent vibration |evels are based on vibration response
measurenents nmade at the conponent attachnent points
during ground acoustic tests or during flight. The
duration of the maxi numenvironment is the total period
during flight when the overall anplitude is within 6 dB of
the naxi num overal | amplitude. ere sufficient data are
available, the maxinum predicted environnent na¥ be
derived using parametric statistical nethods. The data
must be tested to show a satisfactory fit to the assumed
underlying distribution. The maxi num predicted
environment is defined as equal to or greater than the
value at the ninety-fifth percentile value at |east 50
percent of the time. Wiere there are less than three data
sanples, a mnimummargin of 3 dBis applied to account
for the variability of "the environnment.

5.5.2 Rationale for Definition of Mximm Predicted Random
Vibration Environnent. The maxi mum predicted vibration
environments are principally used as design and testing
requirenents for conponents and subsystens. Often, for

rocurement of long lead itenms, the vibration environments nust
e established well before the vehicle structural design has
matured. Information available to establish predictions is
usual Iy very limted. The variability of the environment is
great, conS|der|n? the |arge number of parameters which
Influence levels for any given conponent |ocation. Cost and
schedul e inpacts incurred if levels are raised after rel ease of
procurenent contracts may be Substantial. For these reasons,
consi derabl e care and foresight are needed in establishing
maxi mum predicted vibration environnents.

5.5.3 @Qidance for Application of Maxinum Predicted |
Vibration Environnent. Vibration environnents in space vehicle
structures at frequencies above apprOX|nateI¥ 50 Hz are
primarily the result of an acoustic forcing function. The
vibration environnment in a given vehicle wll be proportional to
the level of acoustic excitation. Vibration |evels throughout a
vehicle are highly variable and dependent upon factors such as
orientation, |ocal resonances, danping, structural mass | oading.
and degree of coupling with adjacent structures. In _
establishing a HHX|nun1ﬁred|cted environnent, one nust decide
whether this is to be the maxi numenvironnent for a specific
axis, for a specific location, for a given zone, or possibly the
maxi mum for the entire vehicle or famly of vehicles. Selection
of the correct maxi mumvibration environment for a particular
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?rogram situation will be dependent on considerations such as
he nunber of vehicles in the program the design maturity of
the vehicle, available test data, and in some cases even the
design and qualification status of available conponents and

subsystems. It is reconmended that a zonal approach be followed
in establishin nHX|nun1ﬁred|cted vibration levels. [In general
the practice of establishing vibration levels for individua

conponents for specific locations should be avoided. Experience
on past programs has shown that it can |ead to numerous
specification changes late in the program and costly retests.

5.6 THERVAL UNCERTAI NTY MARG N

5.6.1 Standard Criteria. Contents of Paragraphs 3.25 and
3.45 of M L-STD 1540B (definitions of maximumand m ni mum
predi cted conmponent tenperature and thernmal uncertainty margin)
are provided below. These definitions are presented in order to
show the relationship between the maxi num and m ni mum predicted
conponent tenperatures and the thernmal uncertainties.

3.25 MAXIMUM AND M NI MUM PREDI CTED COVPONENT TEMPERATURES

The maxi num and mininum predicted conponent tenperatures
are the highest and |owest tenperatures that can be expected
to occur on each conponent of the space vehicle during all
operational nodes Including an uncertainty factor, e
conponent tenperatures are predicted by an analytical thermal
model for all operational nmodes. This analytical model
Includes the effects of worst case conbinations of equipnent
operation, internal heating, space vehicle orientation, solar
radiation, ec||Pse condi tions, ascent heating, and
degradation of thermal surfaces during the Iife of the
mssion. The analgt|cal model used in this prediction is
usual |y validated by a space vehicle thermal balance test
under the worst case operational nmodes. An appropriate
mrgin for uncertainties is applied to the extreme conponent
tenperatures predicted b% the analytical nodel, even arter
val rdation by a thermal 'balance teSt, to obtain the maximm
and mininum predicted tenperatures. This margin accounts for
uncertainties in paraneters such as conplicated view factors,
surface properties. contanination. radiation environnent,
joint conduction. and inadequate ground sinulation. Because
of these uncertainties. an uncertainty margin (see 3.45) of
at least 11 deg Cis included in all cases in determning the
maxi num or - m ni mm fredlcted tenperatures for space vehicle
conponents.  This 11 deg C thermal margin is applied to the
temperature predictions made after the qualification thermal
balance test. This inplies that even larger thermal margins
are required at the beginning of a proPran1to accomodat e
changes that typically evolve from prelimnary design to the
final product.
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3.45 THERMAL UNCERTAINTY MARG N

A thermal uncertainty margin is Included in the
thermal analysis of space vehicles to account for
uncertainties In paraneters such as conplicated view
factors, surface properties, contamnation, radiation
environnents, joint conduction, and inadequate ground
simulation. For conponents that have no thermal control
or have passive thermal control, the maximum predi cted
conponent tenperatures shoul d be at least 11 deg C above
the maximum tenperature estimated for each conponent based
on neasurenments and anal ysis, and the mninum tenperature
shoul d be at least 11 deg C bel ow the m ninum tenperature
estimated for each conponent based on neasurements and
anal ysi s. 1he11de%C|sthethmnm uncertainty margin
for the component. For active thermal control subsystens,
alrena|n|ng control author|tY.of at |east 25 percent for
either or both hot and cold limts is specified as the
thermal uncertainty margin. It is used to provide a
control margin equivalent to the 11 deg C uncertainty
margin specified for passively controlled conponents. For
exanple, if a 100 watt capacity proportional contro
heater is used, it should operate at 80 watts or less to
maintain the conponent above the m nimum predi cted
tenperature. The duty cycle should be [ess than 80
percent for an on-off heater. A control authority margin
In excess of 25 percent should be demonstrated in cases
where an 11 deg C change in the anaIKtlcaIIy predicted
conponent tenperatures would cause the tenperature of any
part of the actively controlled conponent to exceed an
acceptable tenperature limt.

- 5.6.2 Rationale for Definition of Thermal Uncertainty

Margin.  Reasons for utilizing an uncertainty nmargin are

| scussed in Paragraphs 3.25 and 3.45 of ML-STD 1540B
Conparison of tenperature prediction with actual flight data
for various spacecraft over the years shows that about 95
percent of flight tenperature have been within + 11 deg C of
the values predicted by the analytical thermal model. Thus, the
+ 11 deg C uncertainty margin has been shown bK exPerlence to be
necessary in order to assure high confidence that flight
temperatures will not exceed the maxi mum and m ni num predi cted
conponent tenperatures. For active thermally controlled
conponents, a heater margin of 25 percent is specified in |ieu
of + 11 deg C margin specified for.pa33|veI¥ control | ed
conponents.” This margin is established on the basis of
experience and is denonstrated in tests by nnn|tor|nP the duty
cycle of the heater. The Specified maxi mum duty cycle of 80
percent denonstrates that the heater system has the required
mar gin.
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- 5.6.3 CGuidance for Application of Thermal Uncertainty
Margin.  Wth respect to the 80 ﬁercent heater duty cycle, it
shoul d be recogni zed that when the thernostat set points are
fixed at a level higher than the m ninum design requirement, it
may not be possible to demonstrate by test that the duty cycle
Is equal to or less than 80 percent. It would then be required
to show by anal yses of test data that the heater system nmeets
the 80 percent Trequirement at the mninmum design tenperature.
For exanple, a conponent heater mght be selected with a
controller set point 6 deg C higher than the m ni mum Specified
temperature of 4 deg C for that item Since it requires nore
heat to maintain the conponent at 10 deg C than woul d be
required to maintain” it at the n1n|nun1des|%P tenperature of 4
deg C, the heater selected would have a higher duty cycle. In
that case, a 92 percent duty cycle measured with the 10 deg C
control set point mght be shown bx anal ytical means to have
equal or greater capability than the 80 percent duty cycle
design requirenent for a set point of 4_de? C.  As anot her
exanpl e, a heater-protected conponent n1%h never reach a cold
enough tenperature, because of other test constraints, to
provide data regarding its duty cycle at the m ninmm heater
control point. A conponent heater mght be selected with a
control ler set point of 10 deg C, but test constraints limted
testing to tenperatures above 20 deg C.  Since it requires |ess
heat to maintaln the conmponent at 20 deg C than woul d be
required to maintain it at 10 deg C, the heater selected would
have a |ower duty cycle. In that case, a 72 percent dutz cgcle
measured at the mninumtest tenperature of 20 deg C m ght be
shown by anal ytical nmeans to have equal or greater capability
than the 80 percent duty cycle design requirenent at the 10 deg
C control set point. The requirenent for heater margins in
excess of 25 percent (i.e., ut% cycles of less than 80 percent)
may apply where small capacity heaters are used or where an 11
deg C decrease in the mnimmlocal environment nmay cause a
heater with 25 percent nmargin to |lose control authority. _
Typically, this may occur tor an inboard |ocated conmponent which
I's exposed to small local tenperature variations, or has a high
conductance interface with the local environnment, or both

Qui del i nes recommended for the application of these margins
to specific thermal control devices are presented bel ow

~ 5.6.3.1 Self-Regulating Heaters. Self-regulating heaters
using a fixed resistance el enent which exhibit a |arge variation

in resistance with tenperature (such as “auto trace” or positive
coefficient thermstors) are to be treated as passive devices,
In those cases, & 11_de8 C tenperature margin shoul d be used in
determining the required system characteristics. Heater control
systens ut|I|2|n8 variabl e resi stance or other proportional
controls should be treated as active control devices. These
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shoul d denmonstrate or be anal yzed to show that a 25 percent
heater capacity margin exists at the m ninmum predicted
tenperature.

_ 5.6.3.2 Heat Pipes. Thermal margins applicable to heat

pi pes shoul d be dermonstrated by tests which are to be conducted
at both the component level (i.e., heat pipe only) and at the
hi ghest |evel o assenbl* practical (e.g., subsyStem or space
vehicle installation). he thermal margins are defined
separately for constant conductance heat pipes (which are
treated as passive control devices) and variable conductance
heat pipes (which are treated as active control devices).

5.6.3.2.1 Constant Conductance Heat Pipes. The heat
transport capacity denonstrated at the conmponent |evel should be
at |east 125 percent of that required for the nom nal predicted
heat |oad at the maxi mum predicted tenperature of the .
evaporator. The nomi nal heat load is defined as that predicted
by the anal ytical nodel for the worst conbination of operational
modes, environments, and surface properties.

. The thermal perfornmance test, which is conducted at the

hi ghest assenbly level practical, should denonstrate the +11 deg
C margin as applicable to all passive devices and should also
rovide, if possible, the data to denonstrate that each pipe is
unctional at the system |evel acceptance test.

. 5.6.3.2.2 Variable Conductance Heat Pipes. The follow ng
gU|deI|nes_aPpIy fo varirable conductance heat pipes ut|I|Z|ng
noncondensi bl e gas reservoirs for tenperature control. At the

component level, the heat transport capacity should be the same
as defined for constant conductance heat pipes in Paragrth
5.6.3.2.1. The reservoir and evaporator tenperature my be
adgusted as required to facilitate the sinplest test procedure
with the anbient environnment available

Thermal perfornmance of the variable conductance heat Pipe
system shoul d be denonstrated at the highest assenbly |eve
feasible. The applicable thermal margins are defined in the
following three paragraphs.

5.6.3.2.2.1 Heat Rejection Mirgin. Wen 125 percent of
the nom nal predicted heat load 1s applied to the evaporator
mounting plate, under the worst hot case simulated conditions
the plate tenperature should be equal to or less than the
maxi mum predi cted tenperature.

5.6.3.2.2.2 Variable Conductance Range. \Wen 110
percent of the nomnal predicted heat load 1s applied to the
evaporator nounting plate, under the worst hot case sinulated

23



Downloaded from http://www.everyspec.com

M L- HDBK- 340 ( USAF)
01 JULY 1985

conditions, the heat pige should still possess variable
conductance, as proven by the location of the gas or working
fluid vapor interface within the condenser portion of the pipe.

5.6.3.2.2.3 Heat Pipe Turn-Off. For a heat pipe which
has a reservoir with an active tenperature control system the
heat pipe should be turned off, i.e., decoupled fromthe
condenser by virtue of the gas (vapor) l|ocation, when the
evaporator mounting plate tenperature is at least 6 deg C or
hi gher than the mninum predicted tenperature. For a heat pipe
with a BaSS|ver control l'ed reservoir, the turn-off points
should be at least 11 deg C higher than the m ninum predicted
t enper at ure.

5.7 BURST PRESSURE, MAXI MUM PREDI CTED OPERATI NG PRESSURE. AND
PROOE PRESSURE

5.7.1 Standard Criteria. Contents of Para%raphs 3.4,

3.21, and 3.34 of ML-SID 1540B (definitions of burst pressure

maxi mum predicted operating pressure, and proof pressure) are

gr?sen%ed in order to show the interaction between these
efinitions.

3.4 BURST PRESSURE

The burst pressure is the maxinum test pressure that
pressurized conponents withstand wthout rupture to
denonstrate the adequacy of the design In a qualification
test. It Is equal to the product of the maximm expected
operating pressure. burst pressure design factor, and a
fact or porresPond|n% to the differences in mterial
properties between test and design tenperatures.

3.21 MAXIMUM PREDI CTED OPERATI NG PRESSURE

~The maximum predicted operating pressure is the
working pressure applied to a conponent by the
pressurizing systemwith the pressure regul ators and
relief valves at their upper operating limt IncIud[n?
the effects of tenperature, transient peaks, and vehicle
accel eration

3.34 PROOE PRESSURE

The proof pressure is the test pressure that
pressurized conmponents can sustain wthout detrinenta
deformation.  The proof pressure is used to give evidence
of satisfactory workmanship and material quality, or to
establish maximum possible flaw sizes. It is equal to the
product of maximum expected operating pressure (see 3.21),
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proof pressure design factor, and a factor accounting for
the difference in material properties between test and
design tenperature.

5.7.2 Rationale for Pressure Definitions. A pressure
vessel or pressurized structure should be tested to demonstrate
that it has sufficient Strength, stiffness, and integrity to
wi t hstand the nmaxinum pressure anticipated during its service
life without any gross yielding, detrinental deformation, or
| eakage.  This anticipated maximum pressure is called the
maxi mum predicted operating pressure. It is synonymous with
maxi mum expect ed operating pressure (MEOP) and is anal ogous to
maxi mum anti ci pated | oad.

Safety and m ssion success dictate that a pressure vessel
or pressurized structure be capable of mnthstand|n8, wi t hout
rupture, a pressure exceeding Its maxi mum predicted operating
pressure by an amount determned by uncertainties associated
wth its design, materials used, and by the degree of hazard in
the intended use. This pressure is called the burst pressure.
It is also called the design burst pressure when it is

determned by the ultimate strength of the vessel.

~ To ensure acceptable quality of workmanship and general
flightworthiness, acceptance tests are conducted on every
pressure vessel and pressurized structure, including min
Fropellant tanks and solid rocket notor cases. The pressure
evel for this test is called the proof pressure.

5.7.3 Quidance for Application of Pressure Terns.
Structural adequacy of the design of pressure vessels and
pressurized structures is denmonstrated by qualification tests
conducted on full-scale fl|%ht-quallty hardware. Qualification
test requirenment include a test of one article of each pressure
vessel design to burst pressure level. Burst pressure test
requirenents are given in Paragraph 6.4.10 of L- STD- 1540B
Requi rement for proof pressure tests, required for acceptance
of eyerg pressure vessel and pressurized structure, also are
provided in Paragraph 6.4.10.
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SECTION 6
CGENERAL REQUI REMENTS

6.1 REQUI REMENTS FOR REUSABLE FLIGHT HARDWARE TESTI NG
6.1.1 Standard Criteria. Contents of Paragraph 4.1.5.2
of M L-STD- 1540B ;reqU|renents for reusable space vehicle
hardware) are as follows:
4.1.5.2 Reusable Flight Hardware Testing

~ Reusabl e space vehicle hardware consists of the space
vehicles and conponents Intended for reﬁeated space nissions
Airborne support equipment and space vehicles wnich perform
their mssions while attached to a recoverable |aunch vehicle
are candidates for reuse, part|cu|ar|Y for multiple mssion
prograns.  The reusabl e equi pment woul d be subjected to
repeated exposure to test, launch. flight, and recover¥
envi ronment s throughout its service life (see 3.37). The
accunul ated exposure the of space vehicles retained in the
recoverabl e launch vehicle and of airborne support equipnent
is a function of the planned nunber of mssions Involving this
equi pment and the retest requirenents between mssions.
Ai'rborne support equipment environmental exposure time is
further dependent on whether or not its use is required during
the acceptance testing of each space vehicle. In any case
the service life of reusable hardware should include”al
planned reuses and all planned retesting between uses.

The testing requirenents for reusabl e space hardware
after the conpletion of a mssion and prior to its reuse on a
subseﬁuent m ssion depends heavily upon the design of the
reusable itemand the allowable program risk. For those
reasons. specific details are not presented in this standard.
Simlarly. orbiting space vehicles that have conpleted their
useful I'ife spans may be retrieved by means of a recoverable
launch vehicle, refurbished, and reused. Until some Insight
IS provided by experience as to the extensiveness of required
refurbishnent,” detailed test guidelines cannot be ﬁrOV|de¢
Based on present approaches, It is expected that the retrieved
space vehicle would be returned to the contractor’s factory
for disassenbly, physical Inspection, and refurbishnment. A
originally specified acceptance tests should be conducted
before reuse

6.1.2 Rationale for Reusable Flight Hardware Requirenents.
The advent of the STS has brought with it the concept of
reusable flight equipnment, which is novel to many in the space
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vehicle comunity. Wiile this concept is certainly not foreign
to the aircraft industry, space vehicle technology has fashioned
its own techniques in this area. The STS shuttle vehicle faced
this problemin the design and test of a reusable |aunch
vehicle, Mst elements of the shuttle vehicle were designed to
fly 100 m ssions.

~ Mpst SPace vehi cl es launched by a recoverable [aunch
vehicle utilize airborne support equi pment (ASE), which renmains
with the launch vehicle after space vehicle deploynment. Sone
payl oads are not depl oyed but performtheir mssion within the
recoverable launch vehicle, return to earth with that |aunch
vehicle, and fly additional mssions. Such multiple mssion
equi pnment requires that special attention be given to
qual ification and acceptance test requirenents.

- 6.1.3 GQidance for Use of Reusable Flight Hardware
Requi renents. For reusable flight equipment, 1t 1s useful to
di stingui sh between environnental tests that are influenced by
m ssion exposure duration and those that are not. Acoustic and
vibration tests fall into the forner Proup,_mhlle the latter is
exenplified by thermal vacuum thermal cycling, acceleration
EMC, humdity, and leak tests. It is inportant to note that
reentry, while not normally a mssion phase for single-use
fl|8ht_eqU| ment , nag '”POSG a set of environnental test
conditions for reusable tlight eqU|Pnent: An exanple woul d be
the inclusion of reentry deacceleration in an acceleration test
of a payload intended for nultiple mssions. The qualification
test requirements for reusable tlight equipnent can be derived

by the logical extension of the nethodology contained in
L- STD- 15408B.

06.1.3.1 Vibration Qualification Tests. The vibration
qual ification durations required. % M L-STD- 1540 are the greater
of: three tines the expected flight exposure time or three
times acceptance test time, but not less than three mnutes per
axis. The expected flight exposure to maxinum vibration |evels
for a single use conponent flown on an expendable |aunch vehicle
Is usually less than one m nute, resultln% in a qualification
test duration of three mnutes. ML-STD 1540B also requires a
vibration qualification margin of 6 dB above the acceptance test
level .  The longer duration at the higher level for the
qualification test allows a prediction of tp, which is the
tine it would take a flight article exposedAto the lower flight
or acceptance test levels to reach an equivalent fatigue damage
as the qualification specinen. The following formula for tp

has been adopted by a nunber of space contractors.

I

S
h
t
v

ta = (tg)(2) (a/6) (M-5-K)
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wher e
ta = acceptance test time plus flight |evel
exposure duration resulting in fatigue danage
equi val ent to damage accunul ated during
qualification test duration
to = vibration qualification test duration
a = inverse slope of stress versus nunber of
cycles fatigue curve for the nost fatigue-
critical material in the test article
M = nargin between qualification and acceptance
vibration inputs in decibels
s = 2, if the qualification and acceptance test
hardware were fabricated about the sane tine
and 3, if the qualification and acceptance
test hardware were fabricated several years
apart (and therefore, mght not be uniform or
I dentical)
K = a nunber ranging between 0.6 and 2.0, in
accordance with Table |
TABLE |. Value of "K'
Test “K' if Vibration Fixture Used in
Tol erance Qual i fication and Acceptance
in dB Are The Sane Are Different
1.5 0.6 1.2
2.0 . 0.75 1.5
3.0 (nom nal) 1.0 2.0

~ This equation for ty is considered nore Conprehensive of
fatigue equival ence considerations than sinpler expressions
soneti mes-used which do not include the paraneters S and K For
grelln1nary gui dance, values of S ranging from2 to 3 and K from

6 to 2.0 are su
t hese paraneters

7

gested. If other data are available to refine
or specific fatigue evaluations, alternate

values for S and K should be used.
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Using this formula for nomnal ML-STD 1540B conditions, it
can be shown that three mnutes at qualification test |evels,
wth a margin of 6 dB above acceptance test levels, for an “a
val ue of 6, EIVBS a tp of approximately 24 mnutes. That
means that 24 mnutes of fllght.artlcle exposure to acceptance
test levels would result in fatigue danmage equival ent to that

produced by the vibration qualification test; i.e., for
tog = 3 minutes (ML-STD 1540B duration)
a = about 6 for 2024-T3 Alumnum (6 can be

assuned as a |ikely average, but requires
specific evaluation of each conponent)

M = 6 dB (ML-STD 1540B standard margin)

s = 2 (assumes qualification and acceptance
hardware nmanufactured at the same tine)

K = 1 (assumes same vibration fixture for
qual i fication and acceptance hardware)

One derives

ta(M1L-STD-1540B) = (3)(2)(6/6)(6-2-1) = 24 njnutes

Allowing 1 mnute for flight and 1 mnute for acceptance
testing, the 24 mnutes for ty would seemto allowthe
remaining 22 mnutes for reacceptance testing. Due to unit-to-
unit varrations between the qualification article and the flight
hardware, it is considered unrealistic to allow the use of the
full 24 mnutes for acceptance testing, reacceptance testing,
and flight of the hardware. An acceptance test exposure time of
1/2 tp is considered relatively conservative. This would
al | ow apprOX|nately_12 mnutes of flight article exposure to
acceptance test (f |%h22 levels, or a total of 10 reacceptance
tests for nomnal ML-STD 1540B conditions.

Note that a reduction in the qualification nmargin from6 dB
to 3 dB has a drastic effect on the equival ent damage tine,

ta. . Wth the other conditions the same as used in the
previous case, tp for a 3 dB margin would be as foll ows:

ta(3 dB margin) = (3)(2)(6/6)(3-2-1) - 3 minutes

For this situation, the qualifying note regarding the paraneters
S and K should be kept inmnd ) : P
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~ The vibration qualification test duration for reusable
flight hardware should be based on a simlar fatigue-related
rational e that would cover the planned acceptance testing,
reacceptance testing, and flight tine. Exanples are provided
for two situations 1nvolving reusable flight hardware for a
payl oad intended to be flown six tines.

6.1.3.1.1 Exanple |: Vibration Qualification Test with
No Reacceptance Testing Between Flights. For this exanple, it
I's assumed that the tlight hardware acceptance test is planned
to be conducted just once prior to the initial flight and that
reacceptance testing will not be required prior to each of the
five subsequent flights. The flight time exposure information
is usually provided in the launch vehicle interface document.
For this exanple, the exposure to the maxi num predicted
vibration levels is estimated as a 10-second exposure at liftoff
of the launch vehicle, a 20-second exposure during transonic and
high dynamc pressure ascent flight, plus a 20-second exposure
durln? reentry aeronol se. Because the total exposure during
each flight is only 50 seconds (less than one mnute), the
standard vibration acceptance test duration would be one
mnute. If it is assuned that circunstances, i.e., retest after
repair, dictate the equivalent of five acceptance tests prior to
the initial flight, the acceptance test time would total five
mnutes (300 seconds). The total exposure time of the flight
hardware woul d then be the total acceptance test tine plus total
flight time, or 300 seconds plus 300 seconds (for six flights),
or 10 mnutes total. The qualification test used should,
therefore, be based on a fatigue-related rationale that would
provide a tA (Exanmple I) of greater than 10 m nutes.

The vibration qualification test required by ML-STD 1540B
that uses the 6-dB qualification margin and the 3-mnute
duration would seemto satisfy this required tA (Exanpl~ I) of
10 mnutes, since it was shown that 24 mnutes of exposure to
acceptance test levels are required to equal the fatigue
exposure experienced by the qualification article. A 3-dB
qual i fication nargln woul d, however, not meet the criteria,
since it would only allow a tA of three minutes for equival ent
fatigue damage.

6.1.3.1.2 Exanple I1: Vibration Qualification Test with

Reacceptance Testing Between Flights. For this exanple, it is
assuned that the payload nust undergo significant refurbishnent
between flights, making reacceptance testln?.prlor to each
flight advisable. It 1s assumed that the flight hardware
averages three vibration acceptance tests per flight for a total
of 18 mnutes for six flights. As in Exanple 1, the flight tine
exposure to the maxi num predicted vibration levels is 5 mnutes
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for six flights, so the total exposure time to the nmaxinum
predicted vibration levels is 23 mnutes. The qualification
test used should, therefore, be based on a fatigue-related
rationale that would provide a ta (Exanple Il) of greater than
23 mnutes. \Wile this duration is less than the 24 mnutes of
equi val ent fatigue exposure as the qualification specinen, it is
considered too marginal. As indicated PreV|ously, it is
recomrended that the fatigue exposure of the flight article be
aﬁprOX|nater one-hal f that of the qualification specinen. [f
the qualification test duration is increased to 5 mnutes, the
fornula for equivalent fatigue damage due to acceptance test

l evel s gives tA(Exanple H as follows:

ta(Example II) = (tQ)(z)(sls)(H—S-K)
= (5)(2Y)

= 40 minutes

Since the planned exposure time of 23 mnutes iS approxinately
hal f this 40-mnute equivalent fatigue damage tine, a 5-mnute
qualification test duration would be satisfactory for Exanple II.

0 6.1.3.1.3 Ceneral Vibration Qualification Test
Requirenents. In summary, the required vibration qualification
test duration tqofor reusable flight hardware can be
determned as follows:

et "AT = number of vibration acceptance tests planned
t = acceptance test duration
k2 = acceptance test nultiplication factor to
account for repeated tests
nF = nunber of flights
tF = flight duration
ki = fati gue damage exposure nmargin relative to

qual rfication article (typically 2)

Then the required tAais given by

ta = (K1) (k) (nar)(tar) + (Ky)(nf)(tg)
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O the required tqQis derived from
tp = (tQ)(z)(a/G)(M—S-K)
Therefore

ta
tQ =
(2)(a/6) (M-S-K)

By substitution, the required vibration qualification test
duration tqQis

(k1) (k) (npap) (tat) + (K1) (np)(tg)
t =
Q (2)(a/6) (M-S-K)

The required vibration qualification test duration tqfor
reusable flight hardware is, therefore, dependent on a nunber of
vari abl es. ide fromrequiring a knomﬁedge of acceptance test
and flight duration, it is necessary to make judgnents on (a)
how muc nar?!n to allow between the fat|ﬂue danaPe experienced
by the qualification article and the flight articles and (b) how
many unpl anned acceptance tests (retests) mght be required.

6.1.3.2 Shock Qualification Tests. M L-STD 1540B shock
test requirements are primrily based on pyrotechnic shock
events .~ For qualification, a shock |evel which is 6 dB above
t he maxi num predicted (acceptance |evel) environment for flight
duration is required. The nunber of required shocks is three
times in each of three axes, for a total of 18 shocks.

- ML-STD 1540B acceptance shock tests are conducted at the
maxi num predicted level. One shock is required in each
direction of each of three axes, for a total of six shocks.

It is recoomended that the required number of shock events
to be used durlnﬁ the shock qualification tests to qualify
reusable flight hardware, Ng, be determ ned based on three
times the nunber of shock events experienced by the flight
hardware, as foll ows:

Nos = 3(NpaTg + Nps)
wher e

N,s= nunber of qualification shocks at 6 dB
above naximum predicted |eve
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NATs  number of acceptance test shocks
experienced by the f||?ht har dwar e at
maxi mum predicted |eve

NFs =  nunber of flight shocks experienced by
the flight hardware

The factor of three times the nunber of fllght plus test
events experienced by the flight article is based on the genera
phil osophy for qualifying flight hardware used in M L-STD 1540,
where a factor of three I's used for qualification relative to
flight level exposure (acceptance test level). The shock |evel
for qualification should be 6 dB above the maxi mum predi cted
environnent (6 dB above the acceptance test level). In summary,
the qualification shock test for reusable flight hardware is
based on the M L-STD 1540 phil oso h% that the qualification test
shoul d denonstrate that the flight hardware can wthstand three
times the nunber of anticipated flight and test events with a 6
dB margin to account for the variability of the hardware.

6.2 TALLORI NG

6.2.1 Standard Criteria. Contents of Paragraph 4.2.3 of
M L- STD-1540B (requirenments for test tailoring) are as follows:

4.2.3 Tailoring

This standard specifies test requirements that have
been shown to assure high reliability in space m ssions
However. it is intended that these test baselines should
be tailored to each sPace program consi dering design
conplexity, state of the art, mssion criticality, cost,
and acceptable risk. For some space programs this
tailoring naK relax the requirements in this standard
while for other progranms the requirements nay be made nore
stringent to reduce risk of on-orbit failures or to
denonstrate with ?reater confidence that the space vehicle
or conponents pertform adequately when all paraneters,
environments, and related uncertainties are considered.
For exanple, the optional tests shown in the test baseline
tables s ould be added as required tests, where _
appropriate, as determned from considerations of design
features, required lifetime, environmental exposure, and
expect ed usaﬂe. The tailoring is a cont|nU|n% process
throughout the acquisition that should be Inplenented b%
the wording used to state the testing requirements In the
specifications of the space” system space vehicles, and
conponents or in other applicable contractual documents.
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6.2.2 Rationale for Tailoring Requirenment. Individuals
who are famliar with ML-STD-810D shoul d note that “tailoring”
s used in ML-STD 1540B, and in this handbook, in a narrower
sense than it is used in ML-STD-810D. In both docunents, the
intent of the tailoring requirement is to inpose only the
m ni mum desi gn and test requirements needed to assure that the
I tens Produced w Il neet the range of environments that could be
encountered during the actual life cycle of the itens. For
exanple, the definitions in ML-STD 1540B require anaIY5|s and
actions that are equivalent in nang M@gs to the initia
tailoring steps required when ML-STD 810D is used

For nost mlitary systens, the testing and maintenance
costs represent major elenents of the life cycle cost. Unlike
aircraft programs where the testing and naintenance costs are
primarily incurred during operational use, the testing costs for
spacecraft are primarily incurred prior to operationa
depl oynent since on-orbit maintenance is sel dom possible.
BecauSe testing represents such a |arge expense, ?ood management
requires tailoring of the test programto assure that a .
cost-effective program is achieved. On one hand, any excessive
testln% clearly r%Fresents a waste of noney and time. On the
other hand, an undetected deficiency or failure can result in an
unsuccessful launch or shortened on-orbit life. Because a
single failure can result in a loss of several 100 mllion
dol lars, notllncludlng the loss of scientific or operational
data , a considerabl e budget for quality control, and for testing
that will ensure spacecraft success, is usually cost-effective.
Successful space vehicles have been |aunched even though their
procurement documentation contains only sketchy or Iimted
qual ity assurance provisions. Conversely, programs can be found
where extensive inspections and tests at” every step of the
acqui sition process still resulted in unsuccessful m ssions.
However, the preponderance of evidence is, as expected, that the
use of extensive testing and other quality assurance provisions
that are based upon those used for previously successtu
prograns_is the only cost-effective approach. For high
relrability spacecraft, the testing costs may represent as nuch
as 40 percent of the life cycle cost.

M L- STD- 1540B, therefore, was prepared from a conposite of
the tests that had been used by contractor to achieve
successful space mssions. The test baselines presented include
the need for assurance in the areas of performance, safety, and
reliability. The standard includes requirements for -
devel opnent, qualification, acceptance, and prelaunch validation
tests.  The acceptance tests are intended to assure. to the
maxi num extent possible, that all space vehicle equipnent wll
operate through various operational nodes while exposed to the
maxi mum predicted environments. The test duration at each
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environment is to be equivalent to the expected time duration
associated Wth the maxi mum environnental levels. The
qualification tests typically require that the space vehicle
equi pment operate through various operational nmodes while
exposed to design environnents that include the environnental
de5|%n margin.  The environnental design margins provide a 6-dB
or 10-deg C nmargin over the acceptance test [evels. The
qualification test duration at each environnent is typically
three times the acceptance test duration. To provide a basis
for standardization of conponents, a mninum design range is
specified. The design range is also the qualification test
environnent. For exanple, the mninum thermal range for
component design, and hence for qualification tests, is from -34
deg Cto +71 deg C.  The mninum overal |l random vibration design
level, and hence the mninum qualification test level, is 12
rins for 3 mnutes. The mninum acoustic design |evel, and

ence the mninumaqualification test |level, is 144 dB overal

for 3 mnutes. The mninum acceleration design |evel, and hence
the mninum qualification test level, is 20 g. These m ni num
design levels, and hence qualification test levels, represent
environmental levels comonly found on nost spacecraft; however
they are not so severe as to cause design ﬁro | ens for nost
conponents. By designing and quaI[fyln? the components to these
comon requirements, a prudent mnimmlevel of design,
rngedness is provided. In addition, the conponents m ght be
relocated on a spacecraft or mght be used on other spacecraft
without redesign or requalification. These mninum design
ranges also assure an effective acceptance stress screening test
for "all conponents.

- ML-STD-1540B, therefore, establishes a uniform set of
definitions and general ground testln% requirenents for space
vehicles. It is intended that these Dbaseline requirements wll
be tailored to fit each progranmis requirenments while recognizing
the desire to meet the mnimum standard requirenments where
practicable. ML-STD 1540B provides a common framework from
whi ch program managers can identify and eval uate deviations in
their testing and quality assurance plans. The extent of
acceptable deviations is a tradeoff anong program requirenents,
acceptabl e risk, and testing costs including schedule delays.
Because the cost-effectiveness of these tradeoffs is difficult
to evaluate statistically due to the small sanple size for each
program an evaluation of the deviations from M L-STD 15408
should be included in all program reviews.

6.2.3 Qidance for Use of Tailoring Requirement. Like
many standardi zation docunents, ML-SID-1540B 1s structured to
assist in the tailoring process. A few of the ways that
M L- STD- 1540B and the requirenents associated with testing can
be tailored are discussed in the follow ng paragraphs.
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6.2.3.1 By limting. For sone aP lications, portions of
the entire test programgiven in ML-STD 1540B are not .
applicable, and exceptions can be included with the conpliance
statenent.  For example, the definitions, the conponent |evel
tests, and the prelaunch validation tests may all be applicable
to a launch vehicle program In that case, the acceptance test
requirement statement mght read: “Except for the vehicle |evel
testing, the acceptance tests shall be perforned in accordance
wth ML-STD-1540B. " The details of launch vehicle acceptance
test requirements would then be stated separately.

One of the provisions of ML-STD 1540B that has provided
some requests for deviation is the 6-dB qualification test
margin. O this 6-dB nargin, 3 dB are provided to accommodate
the naxi mum al | owed testln?.tolerance: Provisions are _

i ncorporated in the definition of environmental design nargin,
Paragraph 3.12 of ML-STD-1540B, to automatically reduce this
3-dB test tolerance portion in accordance with the actual
testing tolerances used by the contractor. In other words,
shoul d the contractor choose to spend nore tine adjusting test
levels to closer tolerances, then the 6 dB may be automatically
reduced_apcprdlngly wi thout a formal deviation being required.
The definition of environnmental design margin in ML-STD 1540B
al so suggests circunstances where the remaining 3-dB margin

m ght be changed. For exanple, if it is judged that a 2-dB

al Towance woul d provide an acceptable reliability risk, the
conmponent design requirenent mght be 5 dB (instead of 6 dB).

_ 6.2.3.2 BrSuppl yving Other Detailed Requirements. Mny
Items that are pertinent to the test requirements are omtted
from M L-STD 1540B to nake it dlrecilg applicable to a_wde
variety of space vehicle programs w thout deviation. These
I tems Include:

a. Maxi mum predi cted environmental |evels

b. Time duration for exposure to the maxi mum
predi cted environnments

C. Transportation, handling, and storage environment

d. Requi red devel opment tests

€. Applicabl e safety standards

f. Test sequence to be followed at each |evel of
assenbly (The test sequences given in
M L- STD-1540B are only suggested sequences. )

g. Tests identified as options in the standard that
are required on the program
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h. Conponent |evel tests that can be satisfied or
acconpl i shed by tests at higher |evels of
assennly

I Prel aunch validation test flow

j. Requirenents for devel opnent-test vehicles

K. Requi rements for qualification test vehicles
| Detailed test plans and procedures

m Retest Requirenents after nodification, change,
or repair to the hardware. conputer progranms. or
test configuration

n. Acceptabl e basis of flight certification of all
f||? t hardware (by qualification tests or by
analysis of previous hardware usage)

_ By the inclusion of pertinent data on each of these items
in the appropriate section of the specification or contract, the
actual test requirements for the item are established or can be
determ ned by analysis. For exanple, the location of conponents
on a space vehicle, the specific orbit, the equipnent duty
cycle, and other design factors would be used In a thermal node
to cal culate the maxi mum and m ni num predicted tenperatures. |f
t he maxi mum predicted tenperature for a conponent were +71 deg
C, then an acceptance test would be conducted using a naxinmm
temperature of +71 deg C, and a qualification test would be
conduct ed usln? a maxinmum tenperature of +81 deg C  If the
maxi num predi cted tenperature for another conponent were +49 deg
C, then the acceptance test would be conducted using a maxi mum
temperature of +61 deg C, and the qualification test would be
conducted using a maxinum tenperature of +71 deg C (see
Paragraph 3.9 in ML-STD-1540B). Therefore, it is clear that
itens not directly Stated in the specification or in

M L- STD-1540B influence the actual testing. O course, the
definitions of the maxinum and mninum predicted tenperatures
are given in ML-STD 1540B to ensure a uniform determ nation of
its value, including an allowance for uncertainties (see
Paragraph 3.25 in ML-STD-1540B). In nuch the same way, the
inclusion of related data in the specification for all the itens
listed above can nodify the actual test requirenments wthout

modi f |n% or deviating from the general requirements in

M L- STD- 15408B.

_ 6.2.3.3 By _Supplenenting Requirenents., In sone cases, it
Is clear to the governnent program office that the requirenents

stated in ML-STD 1540B are inappropriate for a specific item on
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that program For exanple, a battery may not be able to
withstand the -34 deg Cto +71 deg C nom nal design tenperature
range given in ML-SID 1540B for conponents. For that program
it had been determned that active thermal controls would be
incorporated to maintain the battery tenperature between +10 deg
C and +30 deg C. In that case, the specification requirenment
for the battery might read: “The battery shall be designed to
operate over a tenperature range of Odeg Cto +40 deg C.” This
Is arealistic thermal range for a battery, 60 the qualification
test range would then be O deg Cto +40 deg C. The conpanion
acceptance test range would be +10 deg Cto +30 deg C

6.2.3.4 By Contractor’'s Choice. Many itens in

M L- STD- 1540B are stated in ways that allow the contractor to
sel ect the nost cost-effective approach. Sone of these, such as
the selection of test tolerances and test sequences, have been
menti oned above. Another exanple is the method of flight
qual i fication. Fllﬁht.quajlflcatlpn of conponents can al ways be
acconpl i shed by qualification testing at the conponent |evel;
however, for many itens such as fluid lines, wring harnesses
and structural components, testing at higher |evels of assenbly
Is usually cost-effective. In addition, previously used devices
nay.sonEtlnes.be.%uallfled by |ess costIY approaches such as b{
equi pnent simlarity or analysis. By allowng the contractor to
select the appropriate approach for each item repetitious or
unnecessary qualification testing may be avoided. O course

the contracting officer normally reserves the right to review
and approve the adequacy of the flight qualification effort.
This 1s usually acconplished by the required ap?royal of test

| ans, test procedures, or data submtted as data itenms under

he terms of the contract.

6.2.3.5 BrvLimting Data Items. ML-STD-1540B inplies
that a large nunber of associated docunents will be prepared by
the contractor. These include:

a. Detailed test plans and test sequences for itens
at the various levels of assenbly

b. Detailed test procedures for all tests including
the pass-fail test criteria for each test

co Test records

d. A data bank to provide traceability of test data,
the accumul ation of trend data on critical
parameters, a record of all test discrepancies,
and a record of their disposition

€. Devel opnent test reports.
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f. Flight certification lists .
0. Qualification test reports
h. System safety pl an

i System failure node and effects analysis to
determne critical parameters

j. Operational time line to establish functional
nmodes and requirenents for the programmed orbit
mssion tests

K. Transportation and handling plan

Unl ess a report or data itemis identified on the Contract
Data Requirenent List, such as DD Form 1423, AFSC Form 708, or
AFSC Form 709, it wll not be submtted to the contractin
officer for review or approval. O course, to save efforf, only
those reports o data itenms absolutely required to determne
conpliance with the program requirements should be requested
(listed). The actual tests that will be conducted may be
influenced greatly by whether the test procedures and ot her
associ ated documents nust be reviewed or approved by the
contracting officer. The data itemlist can therefore nmodify to
SPPEtdegree the extent of the testing and the total contractor
effort.

6.3 RETEST

6.3.1 Standard Criteria. Contents of Paragraph 4.3 of
M L- STD-1540B (requirenents for retest) are as follows:

4.3 RETEST

If a test discr%Pan%Y (see 3.42) occurs, the test
should be Interrupted and the discrepancy verified. If
the discrepancy is dispositioned as due to the test setup.
software. or to a failure in the test equipment. the test
being conducted at the time of the failure may be
continued after the repairs are conpleted. as long as the
di screpancy did not result in an overstress test
condition. = If the discrepancy is dispositioned as a
failure In the item under test, the preI|n1narV failure
anal ysi s and appropriate corrective action shall normally
be conpleted hefore testing is resumed. If the failure
occurs during system testing, the test may be continued if
%hetd|screpant area is not affected by the continuation of
esting.
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. The conducting of a proper failure analysis plays an
inportant part in the decision on the type of retest. It
shoul d Include the determnation of whether a failure
occurred, the cause of the failure, the ph%3|cs of the
failure, and isolatlon of the failure to the smallest
rePIaceable item The degree of retest shall be
determned for each case based uppn the nature of the
failure. In the case of d Significant rede3|%n of a
conponent, all previous qualification tests shall be
repeated. After significant conponent rework, all
previous acceptance tests except burn-in shall be
repeated. In the case of extensive conponent rework,
repetition of the burn-in is also required. \ere the
redesign or rework of the conponent i's very mnor, it my
be acceptable to only repeat functional testing and the
test in which the failure occurred.

\Where si%nificant redesi?n or rework of conponents is
required as the result of failure during systemleve
testing, the systemlevel test in which the failure
occurred, as well as functional testing of the failed
subsystem shall be repeated. Repetition of systemleve
environmental tests may be necessarr if the redesign was
extensive or the nunber of conponents changed out and
connecters demated is so large as to reduce confidence in
the space vehicle.

_ 6.3.2 General Rationale for Retest Requirenents. Retest
i's the repeat of ﬁreV|oust conducted tests due to a test
dlscrgpancy or other factors related to the itens previously

t est ed.

Di screpanci es may occur at any point in the qualification
or acceptance test sequences of space vehicle systens or
conponents . \Wen a discrepancy occurs, a failure analysis is
conducted to determ ne the cause of failure and to determne if
there are any generic or |lot-related problenms that could affect

other vehicles. If it is determned that the itembeing tested
failed, it is inportant to try to determne why the failure
occurred at that point in the test sequence. I n other words,

Are there deficiencies in the tests at |ower |evels of assenbly
that allowed the defect to go undetected? |If the failed itemis
a qualification or flight article, a decision nmust be nade as to
whet her repeats of previous tests (retests) or special tests are
required after correction. If the space vehicle or conponents
have been redesigned or reworked to correct the failure, tests
conducted prior to the failure mght require repetition to
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verify the adequacy of the corrective action. Basically, retest
requirenents after failures of qualification or flight articles
during testing depend on the nature of the failure, the point of
occurrence in the test program the degree of redesign and
rework required for repair, criticality of equipnent, and other
factors. The Criteria specified in ML-STD 1540B are subject to
judgment.  Their major purpose is to establish ground rules for
such judgnent and to aid in the Freplannlng of m ninum retest
criteria for specific space and launch vehicles. This is
particularly applicable to system |level retest requirenents.

VWen a component is renoved froma vehicle or a vehicle
connector is broken. verification of vehicle flightworthiness is
required subsequent to the replacenent. Wile actual retest
requi renments are usually determ ned bY Materi al  Review Board
di sposition, the preplanning of retests can avoid unplanned
energency actions.

6.3.3 CGeneral Guidance for Use of Retest Requirenents.
The requirenents of ML-STD-1540B are illustrated in Figure 1
for specific actions inmediately following a test discrepancy.

The test is interrupted and a determination is nmade as to
whet her the d|screpanc% Is due to a failure of the item under
test or a failure of the s sten1Perforn1ng the test (test setup
software, or equipment). Even if the item under test did not
initially fail, it is possible that it could have been
overstressed by a failure of the test equipment. After a
determnation 1s made that no overstress of the test item
exists, the test may be continued after repairs of the system
Perfornlng the tests are conpleted. If the test itemhas

ailed, either orlglnally or due to overstress, test activities
resune normal ly Only after a prelimnary failure ?nalyfls whi ch
determnes the causé and corrective action. Final failure

anal ysis is shown as a continuing function to indicate that
initial evaluations are sonetines inconclusive and that further
action may be required, particularly if the failure represents a
generic or lot-related problem For long-term corrective
action, one should determne if the failure could have been, and
therefore should have been, detected at a |ower |evel of
assenbly or in an earlier test. If that is the case, be sure to
docunent all corrective actions that are appropriate at each

| evel of assenbly, including all changes in test procedures.

The results of failure analysis play an inportant part in
the decision on the degree of retest. If the test itemhad to
be redesigned or reworked extensively, repetition of many of the
previously conducted tests m ght be necessary to restore
confidence in the functional and environnmental performance of
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the item The follow ng summarizes the retest requirenents
specified in ML-STD 1540B

0 Conponent naj or redesign
-- Repeat all previous qualification tests.
0 Conponent significant rework

-- Repeat all previous acceptance tests except
for burn-in.

0 Conponent extensive rework
-- Repeat all acceptance tests plus burn-in test.
0 Conponent mnor redesign or rework

-- It may be acceptable to only repeat functiona
testing and the test in which the failure
occurred.

0 Conponent failure during system |evel test

- - Rﬁtest conponents per previously stated ground
rul es.

-- Repeat system level test in which failure
occurred plus functional test of failed
subsystem

0 System maj or redesign and rework
-- Repeat system |evel environmental tests.

~Maxi mum confidence in the integrity of a redesigned or
repaired test article foIIOMAn%;correctlve action exists if al
previous tests are repeated. ince this is often costly,
time-consumng, and |ngract|cal, conprom ses must be made on the
degree of retesting. The degree of retest should be eval uated
for each case considering the nature of the failure, the degree
of redesign and rework required, and whether any previous tests
coul d possibly have induced the failure or were invalidated by
the corrective action. The decision therefore becomes a
judgment on the amount of acceptable risk.

Different guidelines have been devel oped for component
retests and for space vehicle (systen) retests because of the
nature of the design. In general, nost conponents within a
space vehicle are 1nstalled to be renovable and repl aceabl e.
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The retest of a space vehicle after conponent renoval and
repl acement can therefore be preplanned, depending on the point
In the test sequence when a renoval and replacenent occurred.

The retest of a conponent if a failure occurs during a conponent
test is nore unpredictable, since the parts and hardware for the
conponent often are not designed for ease of renoval and
replacement.

The standard criteria for retests have been categorized
with respect to the corrective action. _Note that the corrective
action is either redesign or rework. The degree of redesign and
rework plus the effect of the corrective action on previous
tests becone the najor drivers in the retest decision.

~ An anomaly requiring redesign as a corrective action woul d
typically occur during qualification article testln%. This is
based on the rationale that this testing precedes the acceptance
testing of flight articles and, therefore, the ngjority of
design problens will be discovered during this phase. A
redesign may be classified as “nmgjor” or "“mnor.

~ An anonaly causing rework as a corrective action may occur
during any type of testing. The rework may be caused by
I npl ementation of a redesign or by a repair which does not_
change the design. The rework may be significant or relatively
mnor. A significant rework may invalidate a nunber of .
previously conducted tests. A mnor rework may have relatively
smal | effect on the validity of previous tests. It is the
Furppse of this discussion to provide sone considerations

eading to judgnents on the significance of reworks.

- 6.3.3.1_Conponent Retests. For conponent test
activities, Figure 2 depicts the sequence of events after a
conponent discrepancy during a test has been verified. If at
all possible, it is desirable to freeze the hardware and
software in the discrepant node to allow a determ nation of
failure cause. It is recognized that conplete failure analysis
can be lengthy, and that often tests nust be continued before
failure analysis can be conpleted. A prelimnary failure _
anal ysis can be conducted to determ ne whether test continuation
I's practical or whether the test nust be aborted. Factrs
entering into this decision are ease of isolation, ease of
repair, and feasibility of continuing the test wthout repairing
the discrepancy. Such a situation mght exist where redundancK
exists within a conmponent and the test could be continued on the
redundant leg. An additional reason for test continuation
wi thout repalir would be the need to troubl eshoot and isolate the
failed hardware or parts by test. After the failed hardware is
isolated, the component is redesigned or repaired. In either
case, the degree of conponent rework governs the amount of
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retest necessary. |If a defective part or subassenbly can be
repl aced by sinmply disconnecting and reconnecting electrical
connectors using plugs or pins, retests may be mnim zed.
However, conponent rework generally results in considerable
uncertainty regarding the validity of previous tests, and
consi derable retest I's necessary to keep risks acceptable.

6.3.3.2 Space Vehicle Retests. Figure 3 depicts the
activity after an anomaly has been discovered during a test of a
space vehicle. As wth conponent test discrepancies, it is
desirable to freeze the hardware and software in the discrepant
node. After a prelimnary failure analysis to determne the
safety or hazard of continuing the test, a “continue” or “abort”
test decision can be nmade.

For the “abort” test decision, the prelimnary failure
anal ysis may have revealed that the test results are too
uncertain for continuation and that the systemrequires
extensive redesign or rework. The test is therefore stopped and
a nore detailed failure analysis is conpleted to determne the
exact cause and rework required. After conpletion of the
rework, applicable retests are perforned and the test is
conpl et ed.

For the “continue” test decision, a failed item can readily

be isolated and quickly replaced or repaired. |If a retest shows
that the replacenent or repair is successful, the test may be
completed.  If unsuccessful, the activity will proceed along
simlar lines as an “abort” test decision. In other cases, a

redundant system may be available, and testing may continue on
the redundant leg wth a parallel activity to performa nore
complete failure analysis on the failed system In all cases,
the failure analysis is finally conpleted to assure that no
generic problenms exist.

6.3.4 Retest of Conponents with Mjor Redesian

e _6.3.4.%hRationaIe for ﬁ?test 02 Conmponent s mjthdw?jord
edesi gn. e corrective redesign of a conponent Is defined as
“major” if the test article after redesign violates one or nore
of the commonly used ground rules for qualification b .
simlarity. This is based on the rationale that such redesigns
or related paranmeters wll have invalidated previous tests. The
followng rationale apply to the test article(s) and the
qualification article(s) wth najor redesign

a. Functional Input or Qutput Requirenents. |f
el ectrical or mechani cal Perfornance requirements
of the conponent previously tested are revised by
the redesign, the previous functional tests are
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no |onger considered valid. Consideration nust
be given to the nagnitude of the changes. .
Rel atively smal|l percentage changes may occur in
Perfornance requi rements, such as revising

ol erances on paraneters, which do not change the
basi c characteristic of the conponent. An
exanmpl e m ght be an electronic conmponent with the
sane configuration as before, where outputs are
revised by mnor tuning of adjustable devices
within the conponent,

Environmental and Life Requirenents. If the

appl 1 cabl e oPeratlng or nonoperating

environnental and I1fe requirements such as
thermal vacuum thermal cycling, vibration,

acousti c, E rotechnic shock, acceleration,

hum dity, . fatigue, or wearout were nade nore
severe than the environnents experienced by the
previously tested conponent, the applicable
environmental tests of the conponent prior to
design are invalidated.

Thermal Effects. |f analysis shows that the
redesign has or could cause thermal effect .
different fromthe previous configuration, or if
t he redesign introduces el ements which have not
denonstrated a capability to survive the therna
environnent, the previous thermal tests wll be
i nval i dat ed.

Dynami ¢ Response. |f analysis shows that the
redesign has or could change dynam c responses
different fromthe previous configuration, or if
the redesign introduces elenments which have not
demonstrated a capability to survive the dynamc
environnent, the previous dynamc tests wll be
i nval i dat ed.

Materials and Manufacturing Processes. Changes
In materials and manufacturing processes due to
the redesign can invalidate previous tests due to
different thernal effects, dynam c responses, and
static responses of the redesign. Analysis O
changes in this area is required to determ ne
their effect on the validity of previous tests.

It is inportant to recognize that a detailed

know edge is required of the difference in the
manuf acturing process between the previously
tested conponent and the fede3|ﬁned conponent .

M nor production changes in nmethods of
manufacture can lead to an invalidation of nost
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previous tests due to uncertainty about the
revised manufacturing nethod.

f, Wight, Size Mechanical, and Electrical .
Conf i guration. A“3|KS|S I's required to determne
whet her changes in these paraneters have been of
sufficient magnitude to significantly change
thermal effects or static and dynam c responses.

6.3.4.2 Quidance for Retest of Conponent with Mjor
Redesign. In this case, the test article after redesign
violates one or nmore of the commnly used ground rules for
qualification by simlarity, 60 the previous tests will have
been invalidated. Therefore, the fO||0MAn?.?UIdE!IHES apply to
the acceptance test article(s) and the qualitication article(s):

0 Repeat all previous tests on the redesigned test

article.
Not es:

0 Eval uate whether repeat of previous test(s) wll
degrade conponent and refurbish conponent
hardware subject to degradation

0 Requal i fy redesigned conmponents prior to flight

article ‘acceptance test continuation.

6.3.5 Retest of Conponents with Significant Rework
~ 6.3.5.1 Rationale for Retest of Conponents with ,

S|?n|f|cant Rework.  The corrective rework of a conmponent is

defined as “significant” if the rework has caused a [o0ss in

confidence that tests prior to the rework are still valid.

Since the rework corrective action is being treated separatelx
e
e

fromredesign, the major itemof concern is the adequacy of _t
manuf acturing and repair processes to perform the rework. Th
risk of the rework action may be divided into two categories:
the risk of degrading the conmponent by the repair operation and
the risk of replacing a part with gone that has not Dbeen screened
by the previous component tests. The follow ng rationale apply
to the test article(s) and qualification article(s) wth
significant rework:

a. Amount of Disassenbly and Reassenbly. If a
conponent requires considerable disassenbly to
obtain access to performthe repair and
subsequent reassenbly, the majority of previous
tests are probably invalidated, even if the
actual repairs are relatively sinple.
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Quantity and Conplexity of Disconnects and
Reconnects. The nunpber of disconnects to renove
a falled part or failed hardware, the nature of
the disconnects, and the pOﬂp|€XIt¥_Of erformng
the repair are inportant in evaluating the risk
of . degrading the hardware. |f a part can be
simply unplu%ged, the risk of invalidating a

revious test woul d appear |ess, since a

unctional test after the repair is conpleted
could verify the adequacy of the repair, and
possi bl e damage to surrounding parts is low A
repair requiring Soldering or welding involves
the risk of damage to surrounding hardware which
could invalidate previous tests.

Access to Inspect. In-process inspection is an
Important part of manufacturing. As a component
I's manufactured, visual inspection with optica
aids, local neasurenents using hand-held test
equi pment such as voltneters, force-gauge
measures of conpression, tension, or torque,

| ocal tenperature neasurements, and other

i nspection devices are used to inspect the
adequacy of the assenbly as hardware is being
installed. If a repair can be inspected locally
in the sane nanner as it was |nsPected during
original manufacture, considerable confidence in
Its adequacy can be obtained. In general, it is
noted that a repair which does not allow the sane
degree of in-process inspection as was done
during original manufacture has invalidated
previous tests.

Repai r Techniques. During original manufacture
of a conponent, automated or manual production
tooling may be used, depending on quantity. As
an exanple, the soldering or welding of parts may
be fully or partially automated and nmay be
performed within the confines of a clean bench
which protects the system from contam nation. A
repair may be performed under different .
condi tions, wusing considerably different tooling
and techniques than were used during origina
?anyfacture; it has invalidated the previous
ests.

As a general observation, note that judgments
relatrve to the risk of conponent degradation by
rework are h|ghly dependent on know edge of the
processes used during original manufacture.
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Consequently, a repair on a conponent preferably
Is coordinated with the original manufacturer.
Regardl ess of how the repair is performed, a risk
of not discovering some defect exists if all
previous tests are not repeated. It is the
degree of acceptable risk which determ nes

whet her previous tests should be repeated.

e. Lack of Replaced Part Screening. Although parts
are usually screened prior to installation, there

s no assurance that this is the case. |f a part
Is replaced, it is necessary to know its previous
test experience. If it has not been screened to

f the sane degree as the original part, the
conponent tests conducted prior to the failure
have been invalidat ed.

6.3.5.2 @idance for Retest of Conponent wth Sianificant

Rework, In this case, the rework has caused a [0sS In
confidence that tests prior to the rework are still valid. The

maj or item of concern is the adequacy of the manufacturing and
repair processes. The rework nust avoid repair processes that
degrade the conponent, and parts that are used for replacenents
shoul d be adequately screened. The follow ng guidelines apply
to the acceptance test article(s) and qualification artcher):

0 Repeat all previous tests after rework.

Note: o Eval uate whether repeat of previous tests wl|
degrade conponent and refurbish conponent

har dwar e su *ect to degradation prior to
repetition of previous tests.

6.3.6 Retest of Conponents with Mnor Redesian or Rework

6.3.6.1 Rationale for Retest of Conponents with M nor
Redesign or Rework. A nminor redesign or rework is one that
oes not fit the definitions for major redesign or significant
rework. A mnor rework or redesign may have involved no parts
repl acement, such as tuning a system by adjustable devices, or

may have involved replacenent of an eaSily unplugged or
detachabl e part.

6.3.6.2 Quidance for Retest of Conponents with M nor
Redesign or Rework. For mmnor redesign or rework such as
tuning, adjusting, or replacenent of an easily detachable part,
the followng guidelines are provided:

0 Eval uate whether replaced part(s) have been
screened to the sane degree or nore severe than
environments during conmponent tests.
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0 If replaced parts screening is not adequate
repeat all previous conponent tests.

0 | f replaced parts screening is adequate, evaluate
her previous tests induced failure or were
lidated by the repair.

nhet
va
previous tests induced failure or were

alidated, repeat applicable previous test(s)
continue testing from point stopped.

o<

0 If previous tests were not affected by rework,
repeat the test(s%_durlng which the failure
occurred, and continue testing from point stopped.

6.3.7 Retest of Space Vehicle with My or Redesian

6.3.7.1 Rationale for Retest of Space Vehicle with Mior
Redesign. The definition of “nmjor redesign” follows basically
the same ground rules as for conponent. However, sone details
are different. For purposes of retest guidelines, a space
vehicle redesign is defined as “mgjor” If the redesign has
caused significant changes in paraneters and has thereby
invalidated a nunmber of previous tests. Mpjor redesign of a
space vehicle is relatively rare, even during qualification
testing. Nevertheless, it may occur. The follow ng rationale
apgly to a space vehicle or qualification vehicle wth major
redesi gn:

a. Functional Input or Qutput Requirement. If
el ectrical or mechanical performance requirenents
of any subsystem previously tested are reviewed b
the redesign, the previous functional tests are
no |onger considered valid.

b. Environnental Requirement. |If the applicable
operating or nonoperating environnmental _
requi renents such as EMC, acoustic, ﬁyrotechnlc
shock, vibration, thermal cycling, thernal
bal ance, or thermal vacuum are made nore severe
than the environnents experlenced.by t he space
vehicle prior to redesign, they will be
i nval i dat ed.

C. Thermal Effects. If analysis shows that the
redesign has or could cause thernal effects
different fromthe previous configuration, the
previous thermal tests w il be invalidated.
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d. Dynami ¢ Response. |f analysis shows that the
redesign has or could change dynam c responses
from the previous configuration, the previous
dynamc tests wll be invalidated.

e. Materials and Manufacturing Processes, Al though
relatively rare at the space vehicle |evel

chan?es in materials and manufacturing processes
due to the redesign can invalidate previous tests
due to different thermal effects, dynan1c _
responses, and static responses of fhe redesign.
Anal ysis of changes in this area is required to
determne their effect on the validity of
previous tests.

f. Wight, Size, Mechanical, and Electrical .
Configuration. For conponents, a major redesign
resulted in the guideline of repeating all

revious tests, Since it would be very difficult
to determine portions of previous tests
invalidated. Since a space vehicle is conposed
of a nunber of subsystems such as electrica
power, attitude control, telenetry,

I nstrumentation, comrand, structure, thermal
control, and propulsion, it is possible that
redesign of a specific subsystem has not affected
ot her subsystens. Consequently, consideration

can be given to repetition of only those previous
tests invalidated by the redesign

9.  Conponent Relocation, |If a component is
rel ocated on a space vehicle, it can invalidate a
nunber of the previously conducted tests related
to the configuration and nass properties of the
space vehicle. These may include EMC, acoustic,
thermal bal ance, random vibration, and
pyrotechnic shock test, plus the nmass and center
of gravity (e.g.) related operations including
spi n bal anci ng.

6.3.7.2 Qudance for Retest of Space Vehicle with Mjor
Redesign. In this case, the space vehicle redesign has caused
significant changes in paraneters and has thereby invalidated a
nunber of ﬁreVious tests. Therefore, the follow ng guidelines

apply to the acceptance test article(s) and the qualification
article(s):

0 Eval uate which previous test(s) were invalidated
by the redesign.
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0 Performfunctional tests to verify that al
equi pment (primary and redundant) neet
performance requirenents.

0 Repeat all previous environmental tests on
redesi gned and reworked subsystem
Not es:
0 Eval uat e whet her repeat of previous test(s) wll

degrade conponents or interconnecting hardware
and repl ace conponents or hardware subject to
degradati on.

0 Al'l replacenent conponents nust have passed
acceptance test.

0 Requal i fy redesigned conmponents and subsystem
prior to flight article acceptance test
conti nuation,

6.3.8 Retest of Space Vehicle with Significant Rework

~ 6.3.8.1 Rationale for Retest of Space Vehicle with
Significant Rework. The definition of a significant space

vehicle rework is the same as for conmponents. In addition, the
consi derations related to space vehicle degradation by rework
are simlar but not identical. In general, the repair of

conponents requires nore severe di sassenbly and di sconnect
actions than the rework of a space vehicle. As an exanple,
while parts or other hardware I n conmponents are often sol dered
or welded, the assenbly of space vehicles is nore nodular with
most el ectrical conponents connected by removable el ectrical
connectors and mounted by renovable mounting hardware.
Mechani cal conmponents al So are usually renmovable by
nondestructive means and usually can be reinstalled wthout the
use of special manufacturing processes. Consequently, the risk
of space vehicle degradation by rework is somewhat |ower than
the risk of conponent degradati on.

. 6.3.8.2 @uidance for Retest of Space Vehicle with
Significant Rework. The definition of a significant space
vehicle rework 1s the same as for conponents. In addition, the
considerations related to space vehicle degradation by rework
are simlar but not identical.

As with conponents, the anmount of disassenbly and reassenbly
and the quantity plus conplexity of disconnects and reconnects
must be considered in order to reach a judgnent on the
significance of the rework and the degree by which previous
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tests may have been invalidated. |Inspection after reassenbly
plays an inportant part as MAth_conPonents. |f accessibility
and means of inspection are available to assure that the

replaced part has been installed to the sane standards as the
original assenbly, and if relatively few other parts are

di sturbed, the risk of invalidating previous tests is reduced.
Again, however, regardless of how the rework is performed, an
increased risk of not discovering some defects exists if all
previous tests are not repeated.

~The preplanning of space vehicle tests follow ng conponent
repair or replacenent can be performed by establishing a retest
matrix which denotes the system|evel retest(s) to be perforned
after repair or replacenent of any conponent. " The matrix shoul d
list the applicable tests which nust be perfornmed for retest of
a specific conponent or assembly as illustrated by Table Il. As
an exanmple, on a specific space vehicle, the matrix consists of
approximately 200 tests and 27 conponents. The applicable
retest follow ng component replacenent is marked with an “X' in
the affected block. The tests are referred to by paragraph
nunber and name of the test as designated in the test procedure
document.  This method of preﬂlann|ng retests of replaced
components on space vehicles has been inplemented successfully
on space programs, and has avoided the crunch of emergency and
time-constrained decisions during testing. It is recognized
that on small or one-of-a-kind progranms, such a preplanned
aﬁproach I's not always possible, since early preparation and
checkout of such preplanned Procedures IS necessary and budgets
or schedules do not always allow such planning. vert hel ess,
such an approach can be cost-effective, particularly if problens
are anticipated.

For conponent tests, the screening of parts used for
replacement 1s inportant. For space vehicles, the degree of
conponent screening is a critical parameter. Althoug
M L- STD- 1540B requires conpl ete component testing prior to
instal lation on the space vehicle, sone conponents are not
tested over their full range of performance requirements unti
they are assenbled on the space vehicle. For those cases,
consi deration must be given to the previous tests mssed by the
repl acement conponent, if the tests are not repeated.

In view of the above, the followi ng retest guidelines are
recommended for space vehicles with significant rework:

0 Eval uate whether previous tests induced the

failure and which tests were invalidated by the
rewor k.
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Determ ne the subsysten(s) test(s) affected by
the rework

Assure that all replacenent conponents have been
conponent acceptance-tested.

Perform an abbreviated functional test after
rework to assure that all equipnent is
operational after rework.

Repeat all environmental tests considered to have
I nduced failure or were invalidated by the rework.
Repeat the functional test during which the
fallure occurred.

For higher degree of risk mnimzation, repeat
the acoustic test regardless of its involvenent
wth the failure.

For highest degree of risk mnimzation, repeat
all previous environnental tests.

6.3.9 Retest of Space Vehicle with Mnor Redesign or Rework

6.3.9.1 Rationale for Retest of Space Vehicle with M nor
Redesign or Rework. A mnor redesign or rework Is one that
oes not TIt the definitions.for major redesign or significant

r ewor K. Exa

mpl es of a mnor space vehicle redesign or

corrective rework are as follows:

a.
b.

An adjustnent to “tune” a conponent

Repl acement of an easily accessible electrica
conponent with “plug-in" connectors whose
continuity after replacenent can be easily checked

Repl acenment of an easily accessible nechani cal
conponent with fittings whose torque and |eakage
can be easily checked

6.3.9.2 Quidance for Retest of Space Vehicle with M nor

Redesi%n'of.R5mor<. Mnor redesign or rework that does not fit
the definitions for ngj

or redesign or significant rework. The

followng guidelines are reconmended for a mnor space vehicle

rework:

Eval uate whether previous tests induced the
failure or were invalidated by the rework.

Assure that all replacenent conponents have been
accept ance-tested.

58



Downloaded from http://www.everyspec.com

M L- HDBK- 340 ( USAF)
01 JULY 1985

0 Perform an abbreviated functional test to verify
that the replaced conponent(s) are operationa
after the rework.

0 Repeat all environmental tests considered to have
i nduced the failure or were invalidated by the
rewor K.

0 Repeat the functional test during which the

fallure occurred.

6.3.10 Retest Limts. The accunulated test time on
test articles nust be considered when dynamc retests are
pl anned, so that their fatigue life is not expended. For
vibration tests, the characteristics of fatigue failures as
related to test level and time can be used to determ ne how nuch
tinme may be accunul ated at acceptance test |evels wthout
exceeding the fatigue encountered by a simlar qualification
article at qualification test |evels and durations. The
following formula for tahas been adopted by a nunber of space
contractors.

t‘A = (tQ)(z)(a/G) (M—S—K)

wher e

taA = acceptance test time plus flight |evel
exposure duration resulting in fatigue damage
equi val ent to damage accunul ated during
qualification test duration

tg = Vvibration qualification test duration
a = inverse s|lope of stress versus nunber of
cycles fatigue curve for the nost fatigue-
critical material in the test article
M = nargin between qualification and acceptance

vibration inputs in decibels

S = 2, if the qualification and acceptance test
hardware were fabricated about the sane tinme
and 3, if the qualification and acceptance
test hardware were fabricated several years
apart (and therefore, mght not be uniformor
I dentical)

K = a nunber ranging between 0.6 and 2.0, in
accordance with Table | (Paragraph 6.1.3.1)
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In order to determne retest time available, consideration
must be given” to normal vibration test exposures during initia
conponent acceptance tests, vehicle level tests, and flight.

The use of this equation is discussed in Paragraph 6.1.3.1 of
thi s handbook.

6.4 TEST DATA ANALYSI S

6.4.1 Standard Criteria. Contents of Paragraph 4.4 of

M }[STD-154OB (requirenent for test data analysis) are as
ol | ows:

4.4 TEST DATA ANALYSI S

A test data bank containing all pertinent system
space vehicle. subsystem and conponent test data taken
throughout the Program shall be maintained, To permt as
conplete an evaluation as P033|b|e of conponent. ,
subsystem and space vehicle performance under the various
specified test conditions, all relevant test neasurements
and the environnmental conditions inposed on the units
shal | be recorded on magnetic tape or by other suitable
means.  These records are intended for post-test analysis
to supplement the real-time nmonitoring and to facilitate
replaceable item The degree of retest shall be the
mechani zed accumulation of trend data for the critica
test parameters. Test data shall be examned for out of
tol erance values and for characteristic signatures.
Transi ent responses and mode switching tests shall be
examned for proper response. The test data shall also be
conpared across major test sequences for trends or
evidence of anomal ous behavior,

6.4.2 Rationale for Test Data Analsis Requirenent. Test
data analysis 1s conducted to ensure that alT specification
requirenents are met and to elimnate any incipient failures.
Also, analysis ensures that a data base exists from conmponent to
system level, and anmong all like itens of hardware, from which
nom nal performance variability can be determned and degrading
trends identified. The data bank is also necessary in evaluation
of anomalies which occur in orbital use of the sysfem

6.4.3 Quidance for Use of Test Data Analysis Requirenent.
Test nethodol ogy and monitored paraneters should be the sane
from conponent through system |evel to the maxi num extent
possible. Selected trends together with test data are
recormmended to be used as an integral element of hardware
certification. Key paraneter sheets should include all critica
parameters, and any unusual or unexpected trends should be
evaluated to determne the existence of any trends towards an
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out-of-limt value or of an incipient failure within a conponent
or systeminterface. Conparison should be made to previous |ike
conponents to aid in determ ning whether the anomaly is peculiar
to that conponent or is generic in nature.

The requirenent is applicable to those sel ected conponents,
subsystems , and systems whose operating characteristics are
j udged conpl ex and whose nom nal repeatability is dependent on
the stability of its constituent elenments. Inplenmentation
requires a test methodol ogy which |ooks at the sanme or related
critical parameters at each level of test, such that degradation’
or failure detected at higher levels of assembly can be traced
to the nost probable cause at a |ower |evel

~ A matrix should be nade showi ng evidence of test data
review and data acceptance at each post-test review.  Each
matrix woul d then becone part of the acceptance data package at
the conponent, vehicle, and system |evels
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SECTION 7
DEVELOPMENT TESTI NG

7.1 DEVELOPMENT TESTS

7.1.1 Standard Criteria. Contents of Paragraph 5.1 of
M L- STD- 1540B pertaining to devel opment testing are as foll ows:

The objective of the devel opnent tests is to assure
that testing of critical items at all levels of assenbly is
sufficient to validate the design approach. Requirements
for devel opment testing therefore depend upon the maturity
of the subsystems and conponents used and upon the
operational requirements of the specific program
Devel opnent tests are_necessarY to validate new design
concepts and the application of proven concepts and
techniques to a new configquration. Devel opnent tests are
al so conducted to verify design criteria for structures and
conponents and to determne design margins and failure
modes. DeveloPnEnt tests may be conducted on breadboard
equi pment, prototype hardware, or the devel opnent test
vehicle equipnment and software. Wen devel opnent tests are
proposed on qualification or flight hardware, the approva
of the contracting officer is required.

By its nature, developnent testing cannot be reduced to
a standardized set of procedures. The devel opnent test
requirements are necessarily unique to each new space
vehicle. It is not the intent of this section to define the
required devel opment tests, but to provide guidelines for
conducting appropriate tests when their need has been
establ i shed

7.1.2 Rationale for Devel opnent Tests. Devel opnent tests
are conducted on breadboard equi pnent, prototype hardware, or on
prototype software to validate the design or manufacturing
appr oach.

For hardware, particular concern is on packaging design
el ectrical and mechani cal performance, and capabilit% to
wi t hstand environmental stress. New designs should be
characterized across worst case vol tage, frequency, and
tenperature variations at the breadboard level. Functional
testing in thernal and vibration environment is normally
conducted.  For electronic boxes, thermal mapping in a vacuum
envi ronment for known boundary conditions may be needed to
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verify the internal conponent thermal analysis. The correlated
thermal model is then used to demonstrate that critical piece
part tenperature limts, consistent with reliability
requirements and performance, are not exceeded. Devel opnent
tests involving nmounting nethods for parts, board sizes and
thickness, nunber of layers, or installation nethod should be
performed to evaluate new interconnect systems. Tenperature
cycling and random vibration devel opment “testing should be
conducted to evaluate the entire package.

Tests of structural and thermal devel opnent nodels are
often necessary to confirm dynamc and thermal environnenta
criteria for design of subsystens, to verify mechanica
interfaces, and to assess functional performance of deployment
mechani sms and thermal control systens. Space vehicle
devel opnent testing also provideS an opportunity to devel op
handling and operating procedures as well as to understand
system interactions. A nmechanical fit and operational interface
test with the launch vehicle and handling facilities at the
| aunch site is recomended.

7.1.3 Cuidance for Developnent Tests. Specific
devel opment tests are conducted when their need has been
identified by the contractor or when they are contractually
required. It is not the intent of ML-STD-1540B to limt
devel opnent testing, but to encourage w thout restrictions
appropriate devel opment tests.

7.2 NODAL SURVEY TESTI NG

7.2.1 Standard Criteria. Contents of Paragraph 5.3 of
M L- STD- 1540B pertaining to nodal survey tests of space vehicles
are as follows:

A nodal survey is normally conducted to define or verify an
anal ytically derived dynamc nodel of the space vehicle for
use 1n launch vehicle fl|?ht | oadi ng event sinulations and
for use in examnations of post-boost configuration elastic
effects upon control precision and stability. This test is
conducted on a flight quality structural subsystem as
augmented by mass sinulated conponents. The data obtained
shoul d be adequate to define orthogonal node shapes, node
frequencies. and nmode danping ratios of all nodes which
occur within the frequency range of Interest. In most

I nstances, modes in the frequency range from zero to 50 Hz
shoul d be measured.

5.2 Rati onal e for Mdal Survey Tests. The nodal
S

7.
survey test I's an rnportant element 1n the Tlight |oads
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environment definition, which is essential to the verification
of the flightworthiness of the space vehicle structural design
and to the satisfaction of flight safety requirements. Usually
the critical |oads experienced by a spacecraft structure in
flight are highly dependent upon the dynam c characteristics of
the spacecraft. For this reason, it is necessary that the
accuracy of the spacecraft nodel be determ ned through the
experinental neasurenent of the natural nodes of the flight
configurati on.

7.2.3 Quidance for Mdal Survey Tests. Mdal survey
tests are conducted to determne the natural node frequencies
and the nmobde danping ratios. They should accurately map the
node shape vectors of all nodes in the frequency range of
interest, which is usually taken to be fromzero to 50 Hz.
Orthogonal ity of the nmeasured node shapes is the nost frequently
applied criterion for the accuracy of the node test
measurenents . Acceptable orthogonality is indicated when all
the off-diagonal ternms in the normalized nodal mass matrix are
less than 0.10. This is a technically demandi ng requirenment and
is likely to be achieved only when careful attention is given to
pl anning and pretest preparations as well as to the proper
execution of the test.
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SECTION 8
SPACE VEH CLE AND SUBSYSTEM LEVEL TESTS

8.1 SPACE VEHI CLE TEST BASEL| NES

8.1.1 Standard Criteria. Contents of Paragraphs 6.2 and
7.1 of ML-STD-1540B (requirenments for space vehicle
qualification and acceptance tests baselines) are as foll ows:

6. 2 SPACE VEHICLE QUALIFICATION TESTS

The space vehicle qualification t est baseline consists of
all the required tests specified in Table |I. The test baseline
shal |l be tailored for each program, giving consideration to
both the required and optional tests; however, deviations from
t he basdine requirements for the required tests shall be
approved by the contracting officer. Additional speci al tests
such as alignments, instrument calibrations, antenna patterns,
and mass properti es that are conducted as acceptance tests for
flight vehicles shall be conducted on the qualification flight

vehicle unit. |f the space vehicle is controlled by on-board
data processing. the flight version of the computer software
shal | be resident in the space vehicle computer for these

tests. The verification of the operational requirements shall
bedenonstrated to theextent practi cabl e.

Table |I. Space Vehicle Qualification Tests

Reguired (R)

Test Reference Suggested OR
Paragraph Sequence optional (0)

Functional 6.2.1 11) R
EMC 6.2.2 2 R
Acoustic 6.2.3 5 rR(2)
vibration 6.2.4 5 o
Pyroc Shock £€.2.5 4 R
Pressure 6.2.6 3,6 R
Thermal Vacuum 6.2.7 9 R
Thermal Balance 6.2.8 8 R
Thermal Cycling 6.2.9 7 of3)

Notes: (1) Electrical and mechanical functional tests shall be
conducted prior to and follow ng each environmental test .

(2) Conduct vibration in place of acoustic test for vehicles
of conpact shape and with weight [ess than 180 kil ograns .

(3) Required if thermal cycling acceptance test 7.1.8 is
conduct ed.
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7.1 SPACE VEH CLE ACCEPTANCE TESTS

The space vehicle acceptance test baseline consists of
all the required tests specified in Table [11. The test
basel ine shall be tailored for each program glvlng
consideration to both the required and optional tests
however. deviations fromthe haseline requirenents for the
required tests shall be approved by the contracting officer.

Table 1. Space Vehicle Acceptance Tests
Reference Suggested Required (R)
Test Paragraph Sequence OR
. Optional (0)
Punctional 7.1.1 101 R
EMC 7.1.2 2 0
Acoustic 7.1.3 5 rf2)
vibration 7.1.4 5 o
Pyro Shock 7.1.5 4 o
Pressure 7.1.6 3, 6 R
Thermal Vacuum 7.1.7 8 r(3)
Thermal Cycling 7.1.8 7 o
Storage Tests 7.1.9 - o
Special Tests 7.1 - o

Notes: (1) Electrical functional tests shall be conducted prior to
and followng each environmental test.

(2) Conduct vibration in place of acoustic test for vehicles
of conpact shape and with weight |ess than 180 kilogram

(3) Requirements are modified if Thermal Cycling test 7.1.8
IS conduct ed

Addi ti onal sFecial tests normal |y conducted by space vehicle
programs include alignments, instrumentation calibrations,
and neasurements of mass properties, antenna patterns, and
magnetic field. Since performance and accuracy requirenents
are generally program peculiar, and test methods are
typically contractor peculiar, these tests are not included
in this standard

|f the space vehicle is controlled by on-board data
Brocess|ng, the flight version of the computer software shall
e resident in the space vehicle computer for these tests
The verification of the operational requirements shall be
denonstrated in these tests to the extent practicable.
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~8.1.2 Rationale for Space Vehicle Test Baseline
Requi rements. Environmental qualification tests are a forma
denonstration that a Productlon vehicle (or prototype) is
adequate to successfully sustain specified environmental design
levels. These tests are nainly performed to determne if there
are factors that may have been overlooked during design
anal ysis, o manufacturing. Additionally, the environments used
durln? these tests are the design levels that are nore severe
t han hese_Predlcted to occur durlng flight in order to account
for variabilities in subsequent production articles and other
uncertainties. Qualification test requirements, therefore,
I ncorporate margi ns which are added to the range of .
environnmental extremes and stresses expected to occur in
service. Before qualification testing, the space vehicle should
have been subjected to the same controls, inspections,
alignments, and tests inposed on flight vehicles. This includes
conpl etion of the environnental acceptance tests.

_The environnental tests required for space vehicle
qualification are EMC, acoustics (vibration for certain
configurations), pyrotechnic shock, thernmal balance, therm
vacuum and pressure test of fluid subsystens before and after
the pyrotechnic shock and acoustic tests. Functional tests are
required before and after each environmental test. Therma
cycling at ambient pressure is an optional test but becones a
required test if thermal cycling is inposed for space vehicle
acceptance testing.

For certain configurations, random vibration may replace
acoustic testing as one of the required tests. In general,
these situations arise when the space vehicle is of small size
and has a high density. For such a small conpact vehicle,
acoustic noi se may not adequately excite vibratory responses,
due to insufficient surface area over which the acoustic
pressures nmay act, and due to a frequency m smatch between the
excitation and the natural vibration frequencies related to the
di mensions of the space vehicle. In such a case, vibration
testing is used to generate a nore realistic response in the
test specinen.

~ Environmental acceptance tests are conducted on space
vehicles to denonstrate flightworthiness and to disclose quality
deficiencies in the flight article. Acceptance tests are
Intended to satisfy these goals by subjecting the space vehicle
to the maxi mum environmental exposures expected in service. The
test programis conprised of a series of tests; some are
required tests, while others are optional. Required _
vehicl e-1evel acceptance tests include thermal vacuum acoustic
(or vibration for certain configurations), pressure test of
fluid subsystens, and functional tests before and after each
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environnental test. Augmenting the required tests are those
optional tests which are considered appropriate in accordance
wth the goals and characteristics of a given space vehicle
program Anong the optional acceptance tests are EMC
pyrotechni ¢ shock, and thermal cycling. If thermal cycling is
performed, the thermal vacuum testing requirenments for the space
vehicle are reduced, and the nunber of thermal cycles specified
for the thermal vacuum test may be reduced from four to one.

- 8.1.3 Guidance for Use of Space Vehicle Test Baseline
Requi renents. The Suggested sequence of environnental tests is
based on two considerations: preserving the sequence or
concurrent nature of the service environnments, and assuring that
potential failures will be detected as early in the test
sequence as possible. Therefore, dynamc tests, which sinulate
the launch and ascent environment and are generally of short
duration with limted performance testing, should precede
thermal vacuum and thermal cycling tests, which simulate |ong
duration orbital environments where greater opportunity is
afforded for nore extensive diagnostic testing. However, in
repognltlon of program peculiar requirements, such as the
bui | dup sequence and |ogistic considerations, the order of
testing in ML-STD-1540B is only a suggested rather than a
required sequence. However, the sequencing used should
recogni ze that the thermal vacuum test is an orbital performance
check that should be run towards the end of the sequence.

_ In order to mnimze changes to test setups and
Instrumentation, the acceptance test exposures required for the
qualification article my be integrated with the qualification
t'est program by Perfornln the acceptance level test just prior
to the qualification level test. For exanple, in conducting the
space vehicle acoustic qualification test, the acceptance |eve
acoustic environment would be inposed for its prescribed
duration before inposition of the full qualification acoustic
environnment. By conducting the acceptance testdjust before the
applicable qualification test exposure, a secondary objective of
validating the environnental acceptance test programis
acconpl i shed.

~ The thermal cycling test, which nar be inposed at the space
vehicle level, has proved to be extrenely useful and cost-
effective in disclosing latent defects. =~ Thermal cycling tests
are also useful for periodic testing of vehicles in storage to
assure that they remain flight-ready.

The nmechanical and electrical functional tests are
extremely inportant elements in the test baselines. The

functional tests are conducted prior to and after each of the
environnmental tests. They should be designed to verify that

performance of the conponents and of the space vehicle nmeets the
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specification requirements, that the conponents and the space
vehicle are conpatible with ground support equipnent, and that
all software used is validated, such as in conputer-assisted
conmanding and data processing. In addition, the electrical
functional tests should include negative I0ﬂ|c testing to verify
| ockout, to assure that no function other than the intended
function was perforned, and to verify that the signal was not
present other than when programmed. To the extent practicable,
the functional tests should also be designed 60 that a data base
of critical parameters can be established for trend anal ysis.
This is acconplished by measuring the sane critical parameters
inall of the functional tests conducted before, during, and
after each of the baseline environnental tests. During these
tests, the maxinumuse of telenmetry should be enpl oyed for data
acquisition, problem identification, and problem isolation.
This can assist in mechanizing the data base for trend analysis
and provides training for on-orbit flight support.

The trend data and the final ambient functional test
conducted prior to shipment of the space vehicle to the [aunch
base provide the data to be used as success criteria during
| aunch base testing. For this reason, the vehicle |evel
functional tests should be designed so that they can be
duplicated, as nearly as possible, at the launch base.

It is extremely inportant that functional tests be
conducted before and after each environnmental test. These
functional tests provide the criteria for gudglng successf ul
survival of the space vehicle in a given test environnment. It
is also inportant to performfunctional tests of space vehicle
subsystens while the environnment is being inposed. This is
especially |nPortant for the thermal balance or thermal vacuum
tests, since the space vehicle is expected to be fully
operational under these conditions. It is usually considered
apﬁroPrlate during acoustic or vibration tests to have the
vehicle in an operating node representative of |aunch and
ascent. The launch and ascent time period usually involves a
m ni num | evel of functional performance, with many subsystens
I noperative. However, anple evidence has been gathered to
demonstrate that dynamc tests should be perfornmed on fully
functional space vehicles with their performance nonitored for
Intermttents. Mny defects such as 1nproper nounting or
intermttents, which otherw se escape detection by pre- and
post-test functional checks, reveal thenselves during
environnental tests. For exanple, internittent may be caused
by foreign bodies, contam nants, inadequate clearances, cracks,
debonds, “and damaged connectors that might only be reveal ed
during environmental tests. Therefore, regardless of the
functional mode of the space vehicle during |aunch and ascent,
the space vehicle should be functionally operated and nonitored
during dynamc as well as thernmal tests to increase overall test
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effectiveness. Practical limtations frequently restrict the
extent of operation of space vehicle subsystens during the
relatlvel% rief acoustic test. In recognizing this ﬁroblem
M L- STD- 1540B permts extended functional testing wt
subsystens operating and nonitored, but conducted at a level 6
dB lower than the required test level, after the required
environnental exposure has been satisfied.

~For small| conpact spacecraft, acoustic testing will not
provi de adequate environmental sinulation, and random vibration
shoul d supplant the acoustic test. ML-STD 1540B directs that
vibration testing be’ considered for vehicles of coT?act shape
and weight |ess than 180 kil ograns gapprQX|nateby 400 pounds)
For a launch vehicle such as the STS, which produces
consi derabl e acoustic noise in the |ow frequency range bel ow 100
Hz, the wavel engths of the dom nant frequencies are longer than
10 feet. If a small heavy cylindric space vehicle, 4 feet in
diameter and 3 feet Ion%, were tested In a representative
acoustic environnent, the resulting vibration response of the
vehicle mght fall short of sinulating actual conditions in the
| ow frequency range. In such an instance, random vibration
testing could become the preferred node of testing. If there is
insistence on an acoustic test node, it may becone necessary to
include the interfacing structure wth the space vehicle test
specinen to achieve adequate sinulation. This could include
cradl es which hold the space vehicle or associated upper stage,
or even a portion of the launch vehicle. The proportions of the
test article should correlate with those of the environnenta
frequency range of interest. \ere either test may be
appropriate, equivalent vibration and acoustic criteria should
be derived by analysis or enpirical observations to provide
corresponding critéria. In addition to considering tidelity of
sinulation, a nunber of practical issues are involved in this
matter. Random vibration equipnent capabilities are limted in
terms of displacement, force output, and frequency range. An
acoustic chamber which sinulates the ascent acoustic environment
from 25 to 10,000 Hz can usually acconmodate relatively large
vehicles, regardless of their weight. However, a random
vibration test facility inposes weight |imtations based upon
vehicle plus fixture weight because of its force limtations.
In addition, mechanical vibration exciters have difficulty
generating frequencies above 2000 Hz. Also, a very real danger
exi sts of anomal ous behavior of the vibration exciter such as
sudden shutdowns, runaways, and line transients. \Wen the space
vehicle is intimately attached to a vibration exciter of
significant force capability, much damage can be inflicted =
unl'ess careful attention is devoted to safeguards. The decision
to perform either acoustic or random vibration tests involves
much engineering judgment. Situations may arise in which sone
combi nation of acoustic and vibration tests provides the best
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solution. The | ow frequency portion of the environnent may best
be simulated by nechanical vibration, while the md and high
frequencies may be nore suitably tested by acoustic nethods.
Famliarity with the capabilities of the two test nethods and an
under standing of the physical aspects of the environnental
simulation ards in selecting the best conbination of tests.

Tables Il through VI summarize_the inportant paranmeters of
space vehicle environnental tests. They are useful as concise
references to the major test requirenents and for conparing
qualification to acceptance test requirenents.

TABLE I11.  Thermnal cling Test-- Space Vehicle Qualification
and Acceptance Test Parameters

Ther mal cling Test Qualification Accept ance
ParaneEer : - Para. 6.2.9 - Para. 7.1.8
Tenperature Range Max. possible Max. possible
Diftrerential within constraints, | wthin constraints,
with mni mum of with mninum of
70° 50°C
Tenperature Extremes | Not specified in Not specified in
para. 6.2.9 para. 7.1.8
Nunber of Cycles No. of cycles 40 m ni mum

= 125 percent of

acceptance test
= 50 m ni num
Dvel | Durati on not Duration not

specified. On specified. On

| ast cKcIe only, | ast cKcIe only,
at each tenp. at each tenp.
extreme, for extreme, for
functional test. functional test.
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Par anet ers.

Vacuum Test-- Space Vehicle Qualification
and Acceptance Test

Ther mal Vacuum Test
Par anet er s

alification
guPara. 6.2.7

Accept ance
- Para. 7.1.7

Tenperature Range
g?]d Extremes !

Mn. predicted to
max. predicted
tenp. environnents
pl us environnent al
design margin of
10°C, for one
conponent in each
vehi cl e equi pment
area

Mn. predicted to
max. predicted
temp. environnents,
for one conponent
In each vehicle
equi pment area

Nunber of Cycles

Mn. of 8 cycles

Mn. of 4 cycles if
thermal cycling
not performed

Mn. of 8 hours
soak at each tenp.
extreme of each
cycle

Mn. of 8 hours
soak at each tenp.
extreme of each
cycle

Pressure

10-“Torr or |ess

10-*Torr or |ess
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TABLE V.  Pyrotechnic Shock Test--Space Vehicle
Qualification and Acceptance Test Paraneters
rotechnic Pyro Shock Pyro Shock
Shock Test Qualification Accept ance
Paraneters - Para. 6.2.5 - Para. 7.1.5
Shock Level Max. predicted shock | Max. predicted

environment plus
envi ronnment al _desi gn
margin of 6 dB

shock envi ronnent

Nunber of Shocks

At |east one firing

Required for re-

(nunber of of each pgro;ephnic furbi shabl e devices

firings) device. firings only. One firing
for devices of each device
produci ng shocks causing significant
within 6 dB of max. shocks to Critica
measured response and shock-sensi -
from any devi ce. tive conponents.

TABLE VI. Acoustic Test --Space Vehicle Qualification

and Acceptance Test Paraneters

Acoustic Test
Par anet er s

Qualification
- Para. 6.2.3

Accept ance
- Para. 7.1.3

Sound Pressure
Level

Greater of: maxi mum
predi cted environ-
ment plus environ-
mental design
margin of 6 dB, or
144 dB overal |

G eater of: nmax.
predi cted environ-
ment; or 138 dB
overal

Test Duration

Geater of: 3 tines
expected flight
exposure tine, or

3 times acceptance
test duration, or
3-mnutes mninum

Geater of: max.
expected flight
exposure tine, or
| -mnute mnimm
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8.2 SPACE VEHI GLE ACQUSTIC TESTS
8.2.1 Acoustic Qualification Tests
8.2.1.1 Standard Criteria. Contents of Paragraph 6.2.3

of ML-STD 1540B (requirenents for space vehicle qualification
acoustic test) are as follows:

6.2.3 Acoustic Test, Space Vehicle Qualification

6.2.3.1 Purpose. This test denonstrates the ability of the
space vehicle to wthstand or, if appropriate, to operate in
the design level acoustic environment which is the maxinum

| evel Inposed in flight plus a design margin. This test also

ver{fies the adequacy of conponent vibration qualification
criteria

6.2.3.2 Test Description. The space vehicle shall be
installed in a reverberant acoustic cell caFabIe of
generating desired sound pressure levels. It shall be
mounted on a fll%ht-t¥ﬁe supﬁort structure or reasonable
sinulation thereof. e mechanical configuration of the
space vehicle shall be as it is durlc@ ascent (for exanple,
solar arrays and antennas stowed). ere possible, ground
handling equipment and test equipment shall be renoved.
Adequat e dgnan]c instrunentation shall be installed to
measure vibration responses at attachment points of critica
and representative conponents

6.2.3.3 Test Levels and Duration. The acoustic test
saectrum shall be the deslﬁn environment (see 3.8) which is

the maximum predicted flight environnent (see 3.20) plus the
design margin (6 dB : see 3.12). However, the overall sound
pressure level of the qualification test shall not be |ess
than 144 dB. Exposure test tinme shall be at least three
times the expected flight exPosure time to the maxinum fl!?ht
environment, or three times the acceptance test duration il
that is greater, but not [ess than 3 mnutes. Operating tine
shoul d be divided apprqunately_equally bet ween redundant
circuits. \here insufficient fime is available at the full
test level to test all redundant circuits, all functions, and
all nodes, extended testing at a level 6 dB lower shall be
conducted as necessary to conplete functional testing

6.2.3.4 Supplementary Requirenents. During the test all
electrical and electronic conponents, even if not operating
during launch, -shall be electrically energized and sequenced
through oPeratlonaI modes to the maxinum extent possible with
the exception of conponents that may sustain damage if
energized. Continuous nonitoring of several perceptive
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Paraneters shal | be Provided to detect intermttent
ailures. Functional tests are required before and after
the environnental exposure.

8.2.1.2 Rationale for Qualification Acoustic Tests.
Acoustic qualification tests are a formal denonstration that a
production space vehicle can successfully sustain the specified
acoustic design levels. The space vehicle acoustic qualification
test also serves as a source for accurate vibration data which
may be used to compare with conponent qualification test
requirements, as well as formng a reference for evaluating
vibration levels encountered during acoustic acceptance testing
of subsequent vehicles.

~8.2.1.3 uidance for Qualification Acoustic Test. A
critical elenent in the space vehicle acoustic qualification test
Is the instrunentation used to neasure the acoustic levels and
the vibration response of the equi pnent subjected to the acoustic
inputs.  The quantity of instrumentation required may vary wdely
fromprogramto programdue mainly to the size and conplexity of
the test vehicle; however, sufficient vibration data should be
obt ai ned such that every conmponent may be evaluated. For l|arge
vehicles, it would not be unusual to have in excess of 100
accel eroneter nmeasurenments. \Were large numbers of measurenents
are not feasible and when each conmponent cannot be instrunented,
enﬁhasls shoul d be placed on those conponents which have
exhi bited poor component |evel qualification history or which are

known to have less than 6 dB qualification margins. It my be
feasible to choose |ocations which are representative of several
component nmountings. |In general, measurements should be nmade on

Bélnary or secondary structure at conponent attachment points.
asurement on the conﬁonent attachment flanges or lugs is

acceptable only when there is no roomon the adjacent structure.

~In general, triaxial measurements should be taken; however
a single axis may be taken when it is known to be the higher
response axis or is the axis of maxi mum conponent sensitivity.
The data acquisition systemshould have the capability of
acquiring accurate data from20 to at |east 2000 Hz.

8.2.2 Acoustic Acceptance Tests

8.2.2.1 Standard Criteria. Contents of Paragraph 7.1.3 of
M L- STD- 1540B (requirements for space vehicle acceptance acoustic
test) are as follows:

7.1.3 Acoustic Test, Space Vehicle Acceptance

7.1.3.1 Purpose. This test simulates the acoustic and
vibration environment inposed on a space vehicle in flight
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in order to detect material and workmanship defects that
mght not be detected in a static test condition.

7.1.3.2 Test Description. Sane as 6.2.3.2.

7.1.3.3 Test Levels and Duration. The acoustic spectrum
shal| represent the maxinum predicted flight environnent
as defined In 3.20. The overall sound pressure |evel for
acceptance testing shall not be less than 138 dB. The
exposure the at full acceptance test |evel shall equal or
exceed the maxi mum expected flight exposure time, but the
test time shall not be less than 1 mnute. Operating tine
shoul d be divided approximtely equally between redundant
circuits. \ere insufficient the is available at the
full test level to test all redundant circuits, all
functions, and all nodes, extended testing at a level 6 dB
| ower shall be conducted as necessary to conplete
functional testing.

7.1.3.4 Supplementary Requirenents. Sane as 6.2.3.4.

8.2.2.2 Rationale for Acceptance Acoustic Tests.
Acoustic acceptance tests are conducted on space vehicles to

demonstrate flightworthiness and to disclose qualit%
deficiencies by subjecting each flight article to the maxi num
acoustic exposure expected in service. The space vehicle
acoustic acceptance test also serves as a source for vibration
data which may be used to conpare wth conponent expected flight
| evel s, conponent acceptance test |evels, space vehicle
qualification levels, and as a diagnostic aid in the event of
conponent mal function or failure.

_ 8.2.2.3 Guidance for Acceptance Acoustic Tests. An
inportant element in the space vehicle acoustic acceptance test
Is the instrumentation used to neasure the acoustic |evels and
the vibration response of the equipnent subjected to the
acoustic inputs. The quantity of instrumentation is governed by
the size and conplexity of the test vehicle. Particular
attention should be given to those conponents critical to the
flight mssion, and whose qualification test margin is |ess than
6 dB or which have a poor vibration test history. Single-axis
nmeasurements may be made in lieu of triaxial, when that axis has
been shown to be the higher response axis or is the axis of

nmaxi num conponent sensifivity, A total of 12 measurements is
considered nominal. In sone instances, the accelerometer and
sone of its wiring may be left in place for flight, if its
removal would require partial disassenbly and thus cause

addi tional testing. In general, accelerometer |ocations should
duplicate those used in the qualification testing.
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8.3 SPACE VEH GLE VI BRATI ON TESTS

Vibration tests, per Paragraphs 6.2.4 and 7.1.4 of
M L- STD-1540B, are conducted in place of acoustic tests for
vehi cl es of conpact shape and with weight |ess than 180
kilograms.  The rational e and gui dance for space vehicle
qual rfication and acceptance vibration tests are the sane as
for acoustic tests (see Paragraphs 8.2.1 and 8.2.2 above).

8.4 SPACE VEH CLE PYROTECHNI C SHOCK TESTS
8.4.1 Pyrotechnic Shock Qualification Test

8.4.1.1 Standard Criteria. Contents of Paragraph 6.2.5
of ML-STD 1540B (requirements for space vehicle qualification
pyrotechnic shock test) are as follows:

6.2.5 Pyro Shock Test, Space Vehicle Qualification,

6.2.5.1 Purpose. This test denonstrates the capability of
the space vehicle to withstand or, if appropriate, to oEerate
in the design level pyro shock environnents which are the
level s predicted for Tlight plus a design margin. This test
also verifies the adequacy of conponent pyro shock criteria

6.2.5.2 Test Description. Inthis test or series of test
segments, all gyrotechn|cally operated devices and ot her

equi pment capabl e of inparting a significant shock inmpulse to
the space vehicle shall be operated. SeParat|on subsyst em
shocks are often nore severe than those from ot her
pyrotechnic devices, and operation of the separation
subsystens is therefore particularly significant. For these
tests, the space vehicle shall be suspended or otherw se
supported so as to preclude the possibility of recontact
between separated portions thereof. Wen S|gn|f|cant shock
level s are predicted fromsubsystens not on board the space
vehicle under test. such as the launch vehicle separation
shock, the adapter subsystem or suitable sinulation shall be
attached and appropriate pyrotechnics or other neans used to
sinulate the shock inposed. Adequate dynamic instrumentation
shall be installed to measure prro shock responses in 3 axes
at attachment points of critical and representative
conponent s

Support of the space vehicle varies with the configuration
and may vary during the course of this test series. To
permt optifmum positioning and prevent damage to such itens
as depl oyment boons, paddlies, and ejectable, a series of
individual test setups or deployment restraints may be
required. The test setup shall permit. as nearly as
p?SSIP|e, flightlike dynam c response of the space vehicle
structure.
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6.2.5.3 Test Levels and Duration. All pyrotechnic devices
(e.g., explosive bolt, nut, pin puller, marmon clanp, etc.)
shall be tired at least one time. Those pyrotechnic devices
producing shock |evels within 6 dB of the faxi mum shock
response measured fromany of the devices shall be fired two
additional times to Eroy|de the expected variability in the
shock environment. Firing of both primary and redundant pyres
FFaIA be in the same sequence as they are designed to firein
i ght.

6.2.5.4 Supplenentary Requirenents. Electrical and

el ectroni ¢ conponents shall be operating and nonitored to the
maxi num extent possible. Functional tests are required before
and after environnmental exposure.

8.4.1.2 Rationale for Pyrotechnic Shock Qualification.
The pyrotechnic shock qualification tests are a fornal
demonStration that a production space vehicle can successfully
sustain the speC|f|ed_ﬂyrotechn|c shock design levels. The
pyrotechnic shock qualification test also serves as a source for
accurate shock data, which may be used for conparison wth
conponent qualification test fequirenments, and for formng a
data base for evaluation of shock |evels nmeasured during
acceptance shock testing of subsequent vehicles.

8.4.1.3 Guidance for Pyrotechnic Shock Qualification
Test. A critical element 1n the space vehicle pyrotechnic
shock qualification test is the instrumentation used to neasure
t he ﬁyrotechnlc shock response levels of the equipnment subjected
to the pyrotechnic shock Inputs. The quantity of
instrumentation required may vary widely from program to program
due mainly to the size and ‘conplexity of the test vehicle;
however, sufficient data should be obtained such that every
conponent may be evaluated. For large vehicles, it would not be
unusual to have in excess of 100 accel eroneter measurenents.
VWiere large nunbers of measurenents are not feasible and when
each conponent cannot be instrunented, enphasis should be placed
on those conponents which have exhibited poor conponent |evel
qual ification history or which are known to have [ess than 6 dB
qualification margins. It may be feasible to choose |ocations
which are representative of several conponent nountings. In
general , neasurenment should be made on primary or secondar%
structure at conponent attachnent points. Measurenent on the
conponent attachment flanges or lugs is acceptable only when
there is no roomon the adjacent structure. Shocks from al
potential shock-generating events should be neasured.

~In general, triaxial neasurenments should be taken; however
a single axis may be taken when it is known to be the higher
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response axis or is the axis of maxi num conponent sensitivity.
The data acquisition system should have the ca ab|I|L¥ of
acquiring accurate data from 100 to at |east 10,000 at
frequency intervals of one-sixth octave or |ess.

~In addition, if no design verification or devel opnment shock
testing was conducted, it is highly desirable to obtain data to
aid in characterization of the source shock. Measurenents
shoul d be made within 6 inches of the source with as few
i ntervening mechanical transitions as possible

8.4.2 Pyrotechnic Shock-Acceptance Test
8.4.2.1 Standard Criteria. Contents of Paragraph 7.1.5

of M LLSTD-154OB (requirenents for space vehicle acceptance
pyrotechnic shock test) are as follows:

7.1.5 Pyro Shock Test, Space Vehicle Acceptance

7.1.5.1 Purpose. This test simulates the dynamc shock
environment Inposed on a space vehicle in flight in order to
detect material and workmanship defects

7.1.5.2 Test Description. Same as 6.2.5.2.

7.1.5.3 Test Levels and Duration. . Pyrotechnic shock

accept ance test|n% of space vehicles shall be required in those
instances where the shock-producing mechani smcan be readily
refurbished for flight, as is often the case for explosive
nuts, bolts, pinpullers, and clanps. one f|r|n? of those
p%rotechn|p devices causing significant shocks fo critical and
shock sensitive conponents shall be conducted. Firing of both
primary and redundant pyros is required in the same
relationship as they will be used in flight. However, where
the pyrotechnic mechani smexpl osively severs structure by
detonation of detonating fuse or shaped charge, such testing
shall not be included or required. To aidin fault detection
the pyro shock test shall be conducted with subsystens
operating and monitored to the maxi mum extent practical

8.4.2.2 Rationale for Pyrotechnic Shock Acceptance Test.
Pyrot echni ¢ shock acceptance tests are conducted on space _
vehicles to demonstrate flightworthiness and to disclose quality
deficiencies by subjecting each flight article to the maximum
pyrotechnic shock exposure expected in service. The space
vehi cl e pyrotechnic shock acceptance test al so serves as a
source for data which may be used to conpare wth conponent
expected flight levels, conponent acceptance test |evels, space
vehicle qualification levels, and as a diagnostic aid in the
event of conponent malfunction or failure.
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- 8.4.2.3 Cuidance for Pyrotechnic Shock Acceptance Test.
An inportant elenment 1n the space vehicle pyrotechnic shock
acceptance test is the instrumentation used to neasure the
pyrotechni c shock levels and the vibration response of the
equi pment - subjected to the pyrotechnic shock inputs. The
quantity of instrumentation is governed by the size and
conplexity of the test vehicle. Instrunentation may be _
restricted. to those conponents which are critical to-the flight
m ssion, and whose qualification test margin is less than 6 dB
or which have a poor vibration test history. Single-axis
measurenents may be nmade in-lieu of triaxial, when that axis has
been shown to be the higher response axis or is the axids of
maxi mum conponent sensitivity. A total of 12 mea6urenent6 is
consi dered nonminal. In some instances, the acceleroneter and
some of its wiring my be left in place for flight, if its
removal would require partial disassenbly and thus cause
additional testing. In general, acceleroneter [ocations should
duplicate those used in the qualification testing.

8.5 SPACE VEH CLE PRESSURE TESTS

8.5.1 Standard Criteria. Contents of Paragraphs 6.2.6
and 7.1.6 of ML-STD 1540B (requirenents for space vehicle
qualification and acceptance pressure tests) are as follows:

6.2.6 Pressure Test, Space Vehicle Qualification

6.2.6.1 Purpose. This test denonstrates the capability
of fluid subsystems to net the flow, pressure, and
| eakage rate requirements specified.

6.2.6.2 Test Description. The space vehicle shall be
placed in a facility that PrOV|des the services and safety
conditions required to protect personnel and equi pnent
during the testing of high pressure subsystens and in the
handling of dangerous fluids. Tests shall be performed to
verify conpatibility with the test setup and to ensure
that proper control of the eqU|Pnent and test functions is
PrOVI ed. The regU|renEnts of the subsystemincl uding

| ow. |eakage, and regulation shall be neasured while
ogerat|n applicable valves, punps. and motors. The flow
checks shal | ver|f¥ that the plumbing configurations are
adequate.  Checks for subsystem cleanliness, misture
level s, and pH shall also be nade. Where pressurized
subsystenms are assenbled with other than brazed or wel ded
connections. the specified torque values for these
connections shall Dbe verified prior to Ieak checks

In addition to the hiﬂh Pressure test, propellant tanks

and thruster valves shall be tested for |eakage under
propel lant servicing conditions. The system shall be
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evacuated to the internal pressure normally used for
propel ant |oading and the systens pressure nonitored for
any indication of |eakage.

6.2.6.3 Test Levels and Duration. The subsystem shall be
pressurized to proof pressure Ssee 3.34) and held for 5
mnutes, then the pressure shall be reduced to the maxi num
predicted operating pressure (see 3.2%?. Unl ess specified
otherwise, the proof pressure equals 1.5 times the maximum
ogerat|ng pressure. This sequence shall be conducted
three times. Inspection for |eakage after these cycles
shall be at the maxinum operating pressure. The duration
of the evacuated ﬁropu|s|on system | eak test shall not
exceed the tine that this condition is normally

experienced during propellant [oading.

6.2.6.4 Supplenentary Requirements. Applicable safety
standards shall be followed in conducting all tests.
Specially formul ated bubbl eformng solutions are suitable
for detecting external |eakage at such |ocations as
pmm,humw,g%&aMIm%_MHemeMWMMe

imts are from0.00001 to 0.01 cublc centimeters per
second (cubic cm per see). Solutions that are used for
dmeM|wlewsseﬂlbecmmmwﬂewthtMImmabmng
| eak tested or with the nedia which could contact any
residues. Liquid displacenent methods may be used for
detecting | eakage through poppet seats and internal seals
for measurement regu|renpnts of 0.1 to 30 cubic cm per
sec. Hellumor radioactive tracer 8as | eak detectors may
be used for |eakage rates from 0.0000001 to 0.0001 cubic
cmper sec. The use of hal ogen gas detectors for |iquid
Bropu|5|on subsystens shall be avoided. Leak tests shal
e conduct ed only after satisfactory proof pressure tests
have been conplefed. Leak detection and measurenent
procedures may require vacuum chambers. bagg|nﬁ of the
entire space vehicle or localized areas. or other special
techniques to achieve the required accuracies.

7.1.6 Pressure Test, Space Vehicle Acceptance

7.1.6.1 Purpose. This test denonstrates the capability
of fluid subsystens to neet the flow pressure, and

| eakage requirements specified in the space vehicle
speci f1cation

7.1.6.2 Test Description. Same as 6.2.6.2.

7.1.6.3 Test Levels and Duration. The |eak checks shall
be performed by pressurizing the subsystemto maximum
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operating pressure and hoIdinP at this Pressure for a
period commensurate with the ['eakage method being enployed.

7.1.6.4 Supplenentary Requirements. Same as 6.2.6.4.

8.5.2 Rationale for Pressure Test Requirements. The
pressure tests defined in the standard criteria above are
conducted after assenbly of a fluid subsystem It is assuned
that each conponent has previously been pressure-qualified and
acceptance-tested.  Consequently, the main enphasis of the
subsystem | evel pressure tests 1s the pressure and |eakage
integrity of interconnects. Since conponents mght have
degraded” during storage, transport, handling, and assenbly
operations, subsystem proof pressure tests are required in
addition to inspection for |eakage. Tables | (Qualification)
and 111 (Acceptance) of ML-STD 1540B require two vehicle or
subsystem | evel pressure tests: one before pyrotechnic shock
tests and one after the acoustic test.

_For qualification tests, three proof pressure tests are
required each time a subsystem pressure test is conducted. For
the two subsysten1Pressure tests required by ML-STD 1540, this
requires a total of six proof pressure tests. The three proof
pressure cycles required for qualification are based on the
general concept of providing a qualification margin above the
acceptance test values. Since acceptance and qualification Proof
pressures are required to be the same, the greater nunber o
qual i fication proof pressure cycles (three tines the acceptance
cycles) are considered to provide this margin.

_ For acceptance pressure tests, a single proof pressure test
IS required each tinme a subsystem pressure test is conducted.

For the two subsystem acceptance pressure tests per Table IV of
M L-STD-1540B, this requires a total of two proof pressure

tests . For these tests, the systemis raised to proof pressure
and held for five mnutes at this pressure. The purpose of the
five-mnute hold is to allow tinme for potential yield of the
materials or for potential crack growh to occur. The magnitude
of the proof pressure is as required in the subsystem
specification. ML-STD-1522 provides proof pressure
requirements for conponents. The conponent with the |owest
proof pressure requirement within the subsystem governs the
subsystem proof pressure magnitude.

_ Leakage of subsystens is usually determned at

I nterconnects and at exits for gases such as at thrusters and
fill or drain fittings. The maxinum allowabl e |eakage governs
the | eakage testing method.
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8.5.3 Guidance for Use of Pressure Tests. The test
description of Paragraph 6.2.6.2 of ML-STD 1540B provides a
synopsis for guidance. Further guidance for proof pressure
tests is provided in ML-STD 1522. Cuidance for |eakage tests
Is provided by the |eakage testing handbook, NASA S-69-1117.

8.6 SPACE VEH CLE THERMAL VACUUM TESTS
8.6.1 Thermal Vacuum Qualification Tests
8.6.1.1 Standard Criteria. Contents of Paragraph 6.2.7

of ML-STD 1540B (the requirements for space vehicle therna
vacuum qualification tests) are as follows:

6.2.7 Thermal Vacuum Test, Space Vehicle Qualification

6.2.7.1 Purpose. This test denonstrates the ability of
the space vehicle to neet design requirements under vacuum
conditions and tenperature extremes which sinulate those
predicted for flight plus a design margin.

6.2.7.2 Test Description. The space vehicle shall be
placed in a thermal vacuum chanber and a functional test
performed to assure readiness for chanber closure. The
vehicle shal | be zoned Into separate equi pment areas hased
on the location of critical conponents within each area
Conponents that operate during ascent shall be monitored
for corona, and multipacting ?see 3.27) as applicable, as
the pressure is reduced to the |owest specified |evel

Equi prent that does not operate during [aunch shall have
electrical power applied after the test pressure level has
been reached, A tenperature cycle be?|ns with the space
vehicle at anbient tenperature. The fenperature is
reduced to the specified low level and stabilized.
Conponent tenperature stabilization has been achieved when
the rate of tenperature change is no nore than 3 deP C per
hour. Following the cold soak. the tenperature shall be
raised to the highest specified |evel and stabilized.
Fol | owi ng the h|8h tenperature soak, the space vehicle
shal | be returned to anmbient tenperatures to conplete one
tenperature cycle. Functional tests shall be conducted
during the first and last tenperature cycle at both the
h|gh and |ow tenperature [imts with functional oPerat|on
an nnn|tor|ng of perceptive parameters during all other
cycles. In addition to the tenperature cycles, the
chamber shall be programmed through various orbita
operations. Operational sequences shal | he coordinated

w th expected orbital environnents, and a conplete cycling
of all equipment shall be Perforned including the
operating and nonitoring of redundant equipnent and
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paths.  Systemelectrical equipment shall be operating and
moni tored throughout the test. Strategically Placed
tenperature monitors shall assure attarnment” o

tenperature limts. Strategically placed wtness plates
and quartz crystal mcrobal ances or other instrumentation
shal | be installed in the test chamber to assure that
outgassing from the space vehicle and test equipment does
not degrade system performance beyond specified limts

6.2.7.3 Test Levels and Duration. Tenperatures in
various equipnment areas shall be controlled by the
external test environnment and internal heating result|ng
from equi pment o?erat|on so that during the hot cycle the
tenperature on at |east one component in each equlpment
area at its design high tenperature and one component
during the cold cycle is at its design |ow tenBerature
The tenperature extremes shall be established by a survey
of predicted tenmperatures in various equipment areas and
my have to be adjusted to the performance of the nost
sensitive conponents in a particular area. Tenperatures
on the conponents shall not be allowed to exceed the
design levels for the conPonents. The pressure shall be
mai ntained at 0.0133 pascals (0.0001 Torr) or less. Al
orbital operational conditions and all equipnent
functional modes including redundancy shall be tested.
The qualification test shall include at least eight
conplete hot-cold cycles at the maximum predicted orbital
rate of tenﬁerature change and with at |east an 8-hour
soak at each tenperature extreme. Operating time should
be dL%|ded approxi mately equal Iy between redundant
circuits.

6.2.7.4 Supplenentary Requirements. Since the purpose of
the more severe tenperature extreme is to denonstrate an
adequate design margin, it my be necessary to force
tenperature extremes at certain |ocations Y aIIer|n%
thermal boundary conditions locally or by altering the
operational sequence to provide additional heating or
cooling. Adjacent equipments may be turned on or off;
however, any special conditioning within the space vehicle
shall general |y be avoided. External baffling, shadow ng.
or heating shall be utilized to the extent feasible.

8.6.1.2 Rationale for Thergﬁl V%guun1gyalifiga1ign
Tests. The objective of the vehicle level qualification
thermal vacuum test is to verify satisfactory functiona
performance of the vehicle when it is exposed to vacuum

conditions and design |evel tenperature extremes. During this
test, tenperatures of individual conponents nust not be allowed
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to exceed their conponent qualification levels. [If conponent
failures or anomalies occur during this vehicle level test,
thermal data are needed to aid failure analysis and to determ ne
whet her performance and naterial degradation due to environnent
exposure are wthin acceptable limts.

8.6.1.3 Quidance for Thermal Vacuum Qualification Tests.
The vehicle is divided into separate equi pment areas or zones
for the thermal vacuum tests.  The equi pnent areas are defined
by the nunber of critical or sensitive conmponents selected as
drivers for the test. For exanple, an entire equipnent
conpartnent may be defined as an equi pment area, or a o
conpartment coul d be subdivided into critical conponents within
the conpartment. A space vehicle may be divided Into as many
equi pnent areas as necessary to test critical subsystens and
conponents over the thermal ‘range. Note that sonme subsystens
may be located within nmore than a single equi pnent area.

The quantity of instrunmentation required for the thernal
vacuum tests may vary wdely from programto program dependi ng
on the size, complexity, and thernmal sensitivity of vehicle
equi pment.  Sufficient thermal data shoul d be obtained such that
every conponent may be evaluated. It is reconmended that
?opflderatlon be given to instrumenting conponents such as the

ol | owi ng

0 Those conponents whose function is sensitive to
variation in thermal conditions, such as
gﬁroscopes, should be instrumented with several
thermocouples in order to detect thernmal gradients
which may exist across the conponent.

0 Al flight-critical conponents shoul d be .
instrumented with thernocouple in order to verify
the conmponent qualification requirements, wth
respect to tenperature extremes

0 Those conponents which have a surface facing heat
sources or cold walls should be instrumented with
a thernocouple on that surface in order to prevent
that surface from being exposed to tenperatures
beyond its qualification limt. These
t her mocoupl es shoul d not be used for test contro
of an equi pnent zone. Thernocoupl es shoul d be

| aced on at |east one other surface (surfaces not
acing the heat source or cold wall), in order to
detect tenperature gradients across the unit and
to determne the control temperature of the unit.

0 Components which are not flight-critical should
also be instrumented with thernocouples if they
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are tenperature-sensitive, or if the tenperatures
they will see in flight cannot be predicted
through thermal analysis with sufficient accuracy.

Ther nocoupl e shoul d be strategically |ocated on
conponents with heat sinks or thermal shunts so
that an assessnent of these systens can be made.

I nstrumentation, such as quartz m crobal ances and
liquid nitrogen-cooled cold fingers, should be
strategically located to nonitor the rate and
quantity of outgassing and to collect

contam nation data.

Al'l test instrumentation should have current
calibration and alignnent dates prior to
installation on the test vehicle.

The power consunption of pertinent conponents
should be recorded prior to test initiation at
several voltage |evels.

Equi pment that is operational during launch shoul d
be operational during the chanber pressure
punp-down.  Conponents whose design is sem vented
should al so be operational during the chanber
pressure punp-down. These conponents should be
?pn|tored for corona and multipacting during this
i ne.

Al flight thernocouples should be operationa
throughout the thermal vacuum test. A 1

t hermocoupl es, both flight and test, should record
tenperature data in real time. Hard copies of the
tenperature data should be obtained periodically
and before, during, and after significant events.

In the event of a power outage or failure of the
real -time data acquisition system precautions
should be preplanned to prevent the space vehicle
and conponents from being exposed to environments
beyond their qualification Iimts.

Photo%raphs of the test article orientation within
the thermal vacuum chanber, and of the l|ocations
of all thermocouples and contam nation monitors,
should be taken prior to closeout of the thernal
vacuum chamber .

Those conponents and hYdrauIic | ines which contain
fluids should be closely inspected before and
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after the test and, if at all possible, they
shoul d be nonitored for |eaks during the therm
vacuum test.

0 If at all possible, periodic visual checks of the
space vehicle shoul d be conducted during this test
(1.e., through portholes).

8.6.2 Thermal Vacuum Acceptance Tests

8.6.2.1 Standard Criteria. Contents of Paragraph 7.1.7 of
M L- STD- 1540B (the requirements for space vehicle thermal vacuum
acceptance tests) are as follows:

7.1.7 Thermal Vacuum Test, Space Vehicle Acceptance

7.1.7.1 Purpose. This test detects material, process, and
wor kmanshi p defects that would respond to thermal vacuum and
thermal stress conditions and verities thermal control

7.1.7.2 Test Description. Same as 6.2.7.2.

7.1.7.3 Test Levels and Duration. Tenperatures in various
equi pment areas shall be controlled br the external test
envi ronment and internal heating resulting from equi pnent
operation so that the hot (or cold) tenperature on at |east
one conponent in each equipnent area equal s the maxi num (or
n1n|nu2? predicted tenperature as defined in 3.25. The
tenperature extremes shall be established by a survey of
Ered|cted tenperatures in various equi pment areas and may
ave to be adjusted to performance of the nost sensitive
conponents in a particular area. The pressure shall be
mai ntained at 0.0133 ?a3¢als (0.0001 Torr) or less. _
Duration shall be sufficient to test all orbital operationa
conditions and all equipment functional nodes Including
redundancy. Cperat|ng time shoul d be divided approximately
equal |y between redundant circults. If the thermal cycling
test (7.1.8) is not conducted, the thermal vacuum acceptance
test shall include at |east four conplete hot-cold cycles at
the maxi num predicted orbital rate of tenperature change and
have at |east an 8-hour soak at each tenperature extrene of
each cycle

During one tenmperature cycle, thermal equilibrium shall be
achi eved at both hot and cold extrenes to allow verification
of performance of the thernostats, |ouvers, heat pipes,
electric heaters, and the control author|tg of active
thermal systems. Thermal equilibrium has been achieved when
ﬁqu|pnﬁnt tenperature change is not more than 3 deg C per
our .,
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7.1,7.4 Supplenentary Requirements. [t may be necessary
to force tenperature extremes at certain |ocations by
altering thermal boundary conditions locally or by
altering the operational sequence to provide additional
heating or coo||n?. Any special conditioning within the
space vehicle shall generally be avoided. Externa
baffling, shadow ng. or heating shall be utilized to the
extent possihle

8.6.2.2 Rationale for Thermal Vacuum Acceptance Tests.
Ther mal vacuum acceptance tests are conducted on space vehicles
to denonstrate fllghtmorth|ness and to disclose quality
deficiencies by subjecting each flight article to vacuum
conditions and design |evel tenperature extrenes expected in
service. The space vehicle thermal vacuum acceptance test also
serves as a source for data which may be used to conpare with
component expected flight |evels, conponent acceptance test
| evel s, space vehicle qualification levels, and as a dlagnostlc
aid in the event of conmponent malfunction or failure. The
thermal vacuum acceptance test serves as a source for thermal
data which may be used to conpare with conponent design
tenperature limts, conponent acceptance test |evels, system
qualification levels, and as a diagnostic aid in the evént of
conponent failure during or after the test. During the system
test, tenperatures of individual conponents should not be
allowed to exceed their component acceptance test |evels.

8.6.2.3 Quidance for Thermal Vacuum Acceptance Tests.
The quantity of instrumentation required may vary wdely from
program to program depending on the conplexity and therma
sensitivity of vehicle equipment. Sufficient” thermal data
shoul d be "obtained such that all flight-critical, thermally
sensitive conponents may be evaluated. During the test,
tenperatures of individual conponents nust not be allowed to
exceed their conponent acceptance |evels.

8.7 SPACE VEH CLE THERVAL BALANCE TEST

8.7.1 Standard Criteria. Contents of Paragraph 6.2.8 of
M L- STD- 1540B (requirenents for space vehicle thernal bal ance
qualification test) are as follows:

6.2.8 Thermal Bal ance Test, Space Vehicle Qualification

6.2.8.1 Pur?ose. This test verifies the analytical
thermal nodel and dermonstrates the ability of the space
vehicle thermal control subsystem to maintain conponents
subsystens, and the entire space vehicle wthin the
specified operational tenperature limts. This test also
verifies the adequacy of conponent thermal design criteria
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6.2.8.2 Test Description, The qualification space
vehicle shall be tested to simulate the therml
environment seen by the space vehicle during the transfer
orbit and orbital mssion phases. Tests shall be
conducted over the full mssion range of seasons,

equi pment duty cycles, solar anﬂles, and ecI|Rse
conbinations so as to include the worst case high and | ow
tenperature extrenes for all space vehicle conponents

Speci al enphasis shall be placed on defining the test
condi tions expected to produce the maximum and nini mum
battery tenperatures. Sufficient neasurements shall be
made on the space vehicle Internal and external conponents
to effect verification of the space vehicle thermal design
and anal yses. The power requirenents of all o
thermostatically controlled heaters shall be verified
dur|n? the test.” The test chanber, with the test item
installed, shall provide a pressure of 0.0133 pascals
(0.0001 Torr). or less. \ere appropriate, provisions
shal| be made to prevent the test itemfrom “seeing” warm
chanber walls by u3|nﬂ bl ack- coat ed cryoPen|c shrouds of
sufficient area and shape that are capable of

pﬂrOX|nat|ng liquid n|tro?en tenperatures. The space
ehicle thermal environment may be supplied by one of the
ol lowing three nethods:

a.  Method I. Absorbed Flux. The absorbed solar
al bedo, and planetary irradiation is sinulated
using heater panels or IR spectrum adjusted for
the external thermal coating properties and
projected by IR lanps or heater panels.

b.  Method II. Incident Flux. The Intensity
s&ectra{ content, and angular distribution of
the Incident solar, albedo, and planetary

Irradiation is sinulated.

a
v
f

¢. Method I11. Conbination. Thermal environnent
I's supplied by a conmbination of incident and
absorbed irradiation.

The selection of the nethod and fidelitY of the simulation
depends upon details of the space vehicle thermal design
such as vehicle geonetry, the size of internally produced
heat |oads conpared with those supplied by the externa
environnent, and the thermal characteristics of the
external surfaces. Instrumentation shall be incorporated
down to the conponent |evel to evaluate total space
vehicle performance within operational limts as well as
to identify conponent problens. The space vehicle shall
be operated and nonitored throughout the test. Dynamc
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orbital simulation of the space- vehicle thermal

. enviromment shall be provided uriless the externil sSpace

velhicle temperature dves- 1ot vary significantly with
time. Por exxmple, static simulation fs usually adequate
for spinning space veliicles.

6.2.8.3 Test Levels and Duration. Test conditions and
durations for this test are dependent upon the space
vehicle conf|8urat|on design, and mssion details.

Nor mal | y boun.ary conditions for evaluating thernmal
desi gn shall include; (a) maxi numexternal absorbed flux
pl us maxi num internal dissipation, and (b) m ninmm
external absorbed flux plus mninum internal power
dissipation. The thermal tine constant of the subsystens
and orbital maneuvering bath influence the time required
for the space vehicle to achieve thermal equilibrium and
hence the test duration. Thermal equilibrium has been
achi eved when the equipment tenperature change is no nore
than 3 deg C per hour. The tests should sinulate the ful
range of seasons, equipnment duty cycles, solar angles. and
ecl I'pse combinations so as to produce the wor st case high
and low tenperature extremes for all space vehicle
conponent s

6.2.8.4 Supplenmentary Reguirenents. This test augnents
and validates the detailed thermal analysis. Pass
criteria depend not only on survival and operation of each
equi pment within specified tenperature limts, but also on
correlation of the test with theoretical thermal nodels.
As a goal, correlation of test results to the thermal

model “predictions should be within £ 3 deg C Lack of
correlation with the theoretical models may indicate
either a deficiency in the nodel, test setup, or space
vehicle hardware. " The thermal balance test can he
combined-wi th the thermal vacuum test. The correlated
thermal math nodel is then used to make the finals
IenPerature predictions for the various mssion phases.
including prelaunch, ascent, and on-orbit. The thernal
margins are then based on these final tenperature
predictions.

8.7.2 Rationale for Thermml Balance Test Requirenents
The main ﬁurpose of the thernmal balance vacuumtest 1s t

of the space vehicle being tested. This test should be
conducted for one-of-a-kind spacecraft, the lead vehicle

series of spacecraft,

sh

per stages, and sortie pallets designed to fly with th

uttle.

Since the test is designed to provide thernal
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verify the space vehicle thermal nodel, anple thernocouples or
thermstors consistent with ML-STD-1540B I nstrunentation
accuracy should be used to obtain the appropriate infornation.
T%p|cally, two orbital environments are sinulated: one hot and
the other cold. These environnents, however, may not be the
hottest or coldest for the space vehicle. Test or subsystem
restrictions may prevent running the hottest and col dest
environments . Again, the test 1s to verify the thermal nodel
not to test the spacecraft at its extremes.

8.7.3 CGuidance for Use of Thermal Balance Test. After
the test is conpleted, the tenperature predictions made before
the thermal nodel for the test environnents are conpared to the
corresponding test data. Those differences that fall outside
the correlation goal of 3 deg Crequire either a good
expl anation or a nodel adjustnent, depending on how |arge the
ditferences deviate from 3 deg C The correlated math nodel is
then used to make the final tenperature predictions for the
varlﬂgi m ssi on phases, including prelaunch, ascent, and
on-orbhit.

The thermal margins are then based on these final
tenperature predictions. [If these passive margins are |less than
11 deg C or I1ts equivalent for active systens, then either a
design change or a waiver to ML-STD 1540B is required. As
noted in Paragraph 3.25 of ML-STD 1540B, the 11 deg C passive
thermal margin or its equivalent for an active system 1S
applied to the final orbital tenperature predictions nade by the
correlated nodel. This inplies, as stated in ML-STD 15408
(Paragraph 3.25), that even larger thermal margins (passive or
active) are required at the beginning of a programin order to
account for design changes that alnmost inevitably occur durin
the evolution of a program This is a cost-effective means o
avoi ding costly design changes late in the program

8.8 SPACE VEH CLE THERVAL CYCLI NG TESTS
8.8.1 Thermal Cycling Qualification Test
8.8.1.1 Standard Criteria. Contents of Paragraph 6.2.9

of M L-STD 1540B (requirenents for space vehicle thermal cycling
qualification tests) are as follows:

6.2.9 Thermal Cycling Test, Space Vehicle Qualification

6.2.9.1 Purpose. This test demonstrates the ability
of the space vehicle to withstand the thermal stressing
environnent of the space vehicle thermal cycling
acceptance test (7.1.8) plus a design margin.

6.2.9.2 Test Description. The ﬁgace vehicle shall be
placed in a thermal chanber at anbient pressure, and a
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functional test shall be performed to assure readiness for
the test. The space vehicle shall be operated and nonitored
during the entire test, except that space vehicle power may
be turned off if necessary to reach stabilization at the
cold tenperature. Space vehicle operation shall be
asynchronous with the tenperature cycling, and redundant
circuits shall be operated with approximtely equal the on
each redundant circuit. Unfavorable conbinations of
tenperature and humidity shall be avoided so there is no

moi sture deE03|t|pn either on the exterior surfaces of the
space vehicle or inside spaces where the humdity is slowto
diffuse, e.g., multilayer insulation and enclosed el ectronic
equi pment, Wen the relative humdity of the inside spaces
of the space vehicle is below the value at which the cold
test tenperature would cause condensation. the tenperature
cycling shall begin. (One conplete tenperature cygle s a
period beginning at anbient tenperature then cycling to one
tenperature extreme and stabilizing, then to the other
tenperature extreme and stabilizing, and then returning to
anmbient tenperature. Strategically Flaced tenperature
monitors installed on conponents shall assure attainment and
stabilization of the tenperature extremes at severa
conponents.  Auxiliary heating and cooling may be enployed
for selected tenperature-sensitive conponents, e.g.
batteries. If it is necessary to achieve the tenperature
rate of change, parts of the space vehicle such as solar
panel s and PaSS|ve thermal equi pnent may be renoved for the
test. The last tenperature cycle shall "be a soak cycle
during which the space vehicle shall remain at each
tenperature extreme while a functional test, including
testing of redundant circuits, is conducted.

6.2.9.3 Test Levels and Duration. The space vehicle
tenperature-range from hot to cold shall be the maximm
possible within the constraints of the conponent design
tenperatures.  The mninmum space vehicle tenperature range
should be 70 deg C. Auxiliary heating and cooling may be
used to protect selected tenperature sensitive conponents
The avera%e rate of change of tenperature from one extrene
to the other shall be as rapid as possible. The test shal
include 25 percent more thermal cycles than the thermal
cycling acceptance test (7.1.8).

8.8.1.2 Rationale for Thermal Cycling Qualification Test.
The objective of the vehicle level qualification thermal cycling
test is to verify satisfactory functional performance of the
vehicle when it is exposed to design |evel tenperature _
extrenes. An examnation of failures found during space vehicle
thermal vacuum testing indicates that the vacuumrel ated
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failures and verification of the thermal control system occur
early, and the later failures are ?robably due to tenperature
cycling. There is also a large set of data fromthermal cycling
tests at lower assenbly levels, which suPPests that a space
vehicle thermal cycling test is a very effective test for
surfacing latent defects. Thermal cycllng tests are nuch |ess
costly than thermal vacuumtests and are believed to be nore
revealing of thernal Problens in nost conponents than thernal
vacuum tests. Thermal cycling tests may therefore be used to
reduce the nunber of thermal vacuumtesting cycles required
during acceptance and thereby achieve a total test Rrogran1that
is more revealing and may be less costly. During thermal
cycling tests of the vehicle, tenperatures of individual
conponents must not be allowed to exceed their conmponent
ualification |evels. If conmponent failures or anomalies occur

uring this vehicle level test, thernal data are needed to aid
failure analysis and to determ ne whether perfornance and
materi al degradation due to environment exposure is within
acceptable limts.

8.8.1.3 (@uidance for Use of Thermal Cycling Qualification
Test. The vehicle level qualification thermal cycling test Is
required if a vehicle [evel acceptance thermal cycling test is
required. The qualification thermal cycling test adds 25
percent nore thermal cycles and a 10 deg Cmrgin to the therm
cycling acceptance test for a total of 50 cycles over a 70 deg C
range. ~ Full qualification level thermal vacuumtesting is stil
required. The retention of full qualification |evel thernmal
vacuumtests i s necessary because the reduction of acceptance
thermal vacuumtesting cycles depends on the confidence obtained
fromthe qualification thermal vacuum test. The acceptance test
cycle reduction is based on the prem se that the vacuumrel ated
failures wll all surface during the first tenperature cycle of
the acceptance thermal vacuum test, and that the tenperature-
related failures will all have been identified in the preceding
thermal cycling test. The space vehicle qualification test
program is intended to verify these premses. Also, the space
vehrcle qualification thermal vacuumtest demonstrates the
abl|lt¥ of the space vehicle to nmeet design requirenents in the
thermal vacuum environment. Thus, there s no reduction of the
temperature cycles during the space vehicle qualification
t hermal vacuum test.

The quantity of instrumentation required for the space
vehicl e thermal cyclin% tests may vary widely fromprogramto
program dependi ng on the size, conplexity, and therma
sensitivity of vehicle equipment. ~Sufficient thermal data
shoul d be obtained such that every conponent may be eval uated.
In general, the thermal instrunmentation required is the sane as
for "a thermal vacuum test (see Paragraph 8.6).
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8.8.2 Thermal cycling Acceptance Test

8.8.2.1 Standard Criteria. Contents of Paragraph 7.1.8
of M L-STD 1540B (requirenments for space vehicle thermal cycling
acceptance tests) are as follows:

7.1.8 Thermal Cycling Test, Space Vehicle Acceptance

7.1.8.1 Purpose. This test detects material, process, and
wor kmanship defects by subjecting the space vehicle to a
thermal cycling environnent.

7.1.8.2 Test Description. Sane as 6.2.9.2.

7.1.8.3 Test Levels and Duration. The space vehicle
tenperature range fromhot to cold shall be the maxinum
possible within the constraints of the conponents acceptance
tenperatures. The minimm space vehicle tenperature range
shall be 50 deg C Auxiliary heating and cooling may be used
to protect selected tenperature sensitive conponents. The
average rate of change of tenperature from one extreme to the
other “shall be as rapid as possible. Qperating time should be
divided approximately equally between redundant circuits. The
m ni num number of thermal cycles shall normally be 40

7.1,8.4 Supplenentary Requirenents. |f this test is
inplenented, only one thermal cycle is required in the thermal
vacuum acceptance test specified in 7.1.7. Consideration
should he given to conducting this test where considerable

di sassenbly for rework of conponents has occurred or if

maxi num confidence in the systemis required.

8.8.2.2 Rationale for Thermal Cycling Acceptance Test.
Al'l available data point to the high effectiveness of this test
to surface defects. An examination of failures found during
space vehicle thermal vacuum testing indicates that the vacuum
related failures and verification of the thermal control system
occur early, and the later failures are probably due to
tenPerature cycling. Thus, the space vehicle thermal vacuum
test may be reduced to one tenperature cycle if the space
vehicle thermal cycling test option is also selected. This
combination of two tests is believed to be nore effective than
only a thermal vacuum test for four tenPerature cycles. There
also is a large set of data fromthermal cycling tests at |ower
assenmbly level's which su ?ests that a space vehicle therma
cycling test is a very effective test for surfacing defects.

The stress test aspects of the acceptance thermal cycling
tests have been found to be an inportant contribution to
successful orbiting vehicles. Past prograns have shown a
correlation between more ground testing and less failures on
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orbit. However, the reduction of acceptance thermal vacuum
testing cycles depends on the confidence obtained fromthe
qualification thermal vacuum test. The acceptance test cycle
reduction is based on the premse that the vacuumrel ated failures
will all surface during the first tenperature cycle of the
acceptance thermal vacuum test, and that the tenperature- related
failures wll all have been identified in the preceding therm
cycling test. The space vehicle qualification test programis
intended to verify these prem ses.

8.8.2.3 Quidance for Use of Thermal Cycling Acceptance
Test. The data avallable fromthermal cycling space vehicles
indicated that the test effectiveness is relafively insensitive to
the tenperature rate of change, at least for the range of val ues

that mght be achievable for a space vehicle. In the interest of
mninzing testing time and cost, the tenperature change should be
as fast as practical. Experience has shown that a conplete

tenPerature cycle can be achieved in |less than eight hours.

Anal ysis of the test results also indicates that the effectiveness
of the thermal cycling test is a function of both the number of
cycles and the range of tenperature, and that the nunmber of cycles
IS the nore inportant parameter. Because of the limted data from
space vehicle tests, it is not appropriate to specify the nunber

of cycles for different tenperature ranges. Instead, a single
tenperature range of 50 deg C was specified, which appears to be a
representative value for nmany space vehicles. At this tenperature
range, the calculated test-effectiveness curve begins to flatten
at about 40 cycles. For vehicles that can be tested at different
tenperature ranges, the number of cycles can be tailored.

_ It is believed that the stress which precipitate defects
into failures during the thermal cycling test is mainly nechanical
motion resulting fromdifferential expansion and contraction of
materials. This is supported by the types of failures which are
identified during thermal cycling testS. These include broken
wires, cold or broken solder joints, changes of adjustnent, and
SO forth. Sone failures nmay only be manifest at the tenperature
extremes and not at other points in the tenperature cycle. As an
exanpl e, a broken solder joint may be nmaking contact at ambient
tenperatures and may open at a tenperature extreme. In order to
detect such failures, the last tenperature cycle contains
tenperature soak periods, with a functional test conducted at each
tenperature Soak extreme.

~ The quantity of instrumentation required for the space
vehicl e thernal cycllnﬁ tests may vary widely fromprogramto
program depending on the size, conplexity, and thermal sensitivity
of vehicle equipment. Sufficient thermal data should be obtained
such that every coannent may be evaluated. In general, the
thermal instrunentation required is the same as for a therm
vacuum test (see Paragraph 8.6).
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The space vehicle thermal cycling test is relatively new
Therefore, nore data should becone available on the relationship
anong test effectiveness, number of cycles, and tenperature range
as nore progranms elect this option. The tradeoff between cycles
and tenperature range may be clarified by further experiencé.

8.9 STRUCTURAL LOAD TEST
8.9.1 Standard Criteria. Contents of Paragraph 6.3.1 of

M L- STD-1540B (requirements for structural static load test,
subsystem qual ification) are as follows:

6.3.1 Structural Static Load Test, Subsystem Qualification

6.3.1.1 Purpose. This test demonstrates the adequacy of the
structure to neet requirements of strength or stiffness, or
both, with the desired design margin when subjected to
simulated critical environnents, such as tenperature and

| oads, predicted to occur during its service life

6.3.1.2 Test Description. The structural configuration,
materials, and manufacturing processes enployed in the
qualification test specimens shall be identical to those of
flight articles. Wwen structural items are rebuilt or
reinforced to neet specific strenﬁth or rl%ldlty
requirements, all nodifications shall be structurally

i dentical to the changes incorporated in fllght articles

The suPport and | oad aPpI|cat|pn fixture shall consist of an
adequate replication of the adjacent structural section to
provi de boundary conditions which sinulate those existing in
the flight article. Static loads representing the design
limt load and the design ultimte |oad (see 3.46) shall be
applied to the structure, and neasurements of the strain and
deformation shall be recorded. Strain and deformation shall
be measured before loading, after removal of the [imt |oads,
and at several internediate levels up tolimt load for
post-test diagnostic purposes. The test conditions shal
Include the conbined effects of acceleration, pressure, .
preloads. and tenperature. These effects can be sinulated in
the test conditions as Ion% as the failure nodes and design
margins are enveloped by the sinulations. For exanple
tenperature effects, such as material degradation and
additive thermal stresses, can often be accounted for by
increasing mechanical loads. Analysis of flight profiles
shal | be used to determne the proper sequencing or .
Sinultaneity for apPllcatlon of thermal stresses. Wen prior
loading histories affect the structural adequacy of the test
article, these shall be included in the test requirenents.

If nore than one ultimate load condition is to be applied to
the same test specimen, a method of sequential |oad
application shall be devel oped by which each condition my,
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in turn, be tested to progressively higher load levels. The
final test may be taken to failure to substantiate the
capability to acconmodate internal |oad redistribution, to
provide data for any subsequent design nodification effort.
and to provide data for use in any MBIPhI reduction
pro?rans. Failures at limt |oad shall include materia
yielding or deflection which degrade nission performnce and
at ultimate [oad shall include rupture or collapse.

6.3.1.3 Test Levels and Duration
a.  Static Loads. The loads. other than interna
pressure 1n pressure vessels, shall be increased

until failure occurs or until the specified test
| oads are reached.

b Té%mauue Critical flight tenperature-Ioad
conbinations shall be used to determne the
expected worst case stress anticipated in flight.

c. Duration of Loading. Loads shall be applied as
closely as possible to actual flight |oading tinmes,
with a mnimmdwell tine sufficient to record test
data such as stress, strain, deformation. and
tenperature.

6.3.1.4 Supplementary Requirenents. Pretest analysis shall
be conducted to |dent|f¥ the Tocations of m ninum design
margins and associated failure nmodes which porresFond to the
selected critical test load conditions. This analysis shal
be used to locate instrunentation, to determine the sequence
of loading conditions, and to afford earlK.|nd|cat|pns of
anomal ous occurrences during the test. This analysis shall
also formthe basis for ju Plng the adequacy of the test
loads. Internal loads resulting fromthe [imt test
conditions shall envelop all crrtical internal |oads expected
in f|lﬁht; however, excessive internal |oads peculiar to the
test shall be avoided. In cases where a |oad or other
environnment has a relieving effect, the mninum rather than
the maximum expected val ue shall be used in defining |imt
test loading conditions. In sone instances, where only a
smal | nunber of flight vehicles have been included in the
program the cost of a dedicated test article may represent
an unacceptab[¥ high percentage of the programcost. In such
cases, the failure test would not be conducted, and it woul d
be necessary to subject flight hardware to test |oads prior
to flight. In this event, special precautions shall be taken
to ensure that the structure can still wthstand its
predicted flight environnent after it has been subjected to
the test loads. Such precautions shall include at |east the
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special design requirement that no permanent deformation
detrinmental to nmission performance shall occur and the
inspection requirement that sufficient nondestructive testing
be conducted after the test to ensure the !ntegr|tr of the
structure. Alternatively, each flight vehicle shall be
Broof-tested; proof levels may be less than ultimate |evels
ut shall exceed limt levels. In this case, the vehicle
shal| be designed to wthstand the proof [evels without
permanent deformation detrinental to mssion Perfornance and
a thorough post-test |n3ﬁect|on of each flight vehicle shall
be conducted to ensure the integrity of the structure

' 8.9.2 Rationale for Requirements. These test requirenments
are intended to demonstrate the adequacy of the structura

strength and stiffness of the space vehicle.

_ 8.9.3 (uidance for use O Requirements. Expanded guidance
Is provided for the situation in which dedicated test articles
are not provided, and flight hardware is subjected to test

loads | Table VIl shows successful past exanples of nethods used
to obtain static load qualification of flight structures.

TABLE VII. Flight Use of Static Load Qualification
Test Equi pnent.

Program Details of Static Load Qualification Test

A Conponents from the devel opnment test nodel were subsequently
used as flight hardware. Decision was nmade after post-test
exam nation reveal ed that hardware had been tested well
bel ow yield strength.

B After proof |oading, vehicle was put through detailed
refurbi shment program and retested. Some mnor rework was
necessary to bring it up to flight conflguratlon._Test
article was used successfully as second tlight article.
Practice is to be continued I1n this program

C Refurbished test article %centerbo%y) is intended for use as
third flight article and has been declared fllghtmorthy:
Article was tested to ultimate with no detectable yielding.

D Support structure was dedicated qualification test article
(not flown). Some reduced level qualification test
experiment nodul es were successfully flown.
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Sel ection of specific options should be nade on the basis of
programuni que needs. Increased de5|?n | evel s may be used to
reduce Progran1r|sks for either the flight-test or ground-test
phase of the program wth attendant weight penalties.

|f an option permtting flight use of qualification hardware
is selected, it is inperative that it be understood and accepted
at programstart. Understanding and early planning are essentia
to the successful flight use of a prototype satellite,

The factors given in Table VII| are mnimm factors of
safety to be used in conjunction with sound design practices and
thorough analytical and test verifications of the design. These
verifications include fully coupled dynamc |oad analysis by
means of structural-dynam cs nodeling and nodal test surveys;
detailed stress anal yses to show positive margins of safety; use
of proven materials with well-characterized allowable; and
adequat e devel opment and qualification test prograns. Table VIII
al so shows the design and test options that are recomended for
use with structural subsystems. In addition, these factors are
to be used in conjunction with the follow ng:

a. I ndustry standard nanufacturin?_and inspection
procedures that satisfy prevailing mlitary
standards and specifications

b. Additional factors to account for uncertainty in
dynam cal |y induced | oads

C. Thorough nonitoring of design, devel opment,
anal ysi's, and testing

~Option 2 in Table VI1l qualifies a small fleet by neans of a
static test to 125 percent of limt load, with the condition that
no detrinental deformation occurs during the test. This
condition may require additional test instrunentation, at
careful |y chosen locations on critical structural elenments, and
careful post-test inspection. No denonstration of ultimte
| oad-carrying capability is provided. However, the conbination
of a test to 125 percent of |limt load, coupled with an ultinmate
design factor of safety equal to 1.4 (mninmum, provides
assurance of structural integrity equivalent to those of the
ot her options.

The factors of safety given in Table VIII are for general
structure and do not include factors of safety for pressure
conditions (e.g., for pressure vessels or for hydraulic and
pneumatic systens), for thermal |oad conditions, nor for specia
structures such as bearings, journals, or glass w ndows.
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Table VIII. Structural Design and Test Options. (Continued)
NOTES :
as/ Factors of safety shown here are m ninum val ues for

q/

general structure. They aPpIy to limt internal |oads,
stresses, or strains, resulting from mechanically induced
| oads (except pressure) which occur durlnﬁ various mssion
phases.  Yield factors of safety |arger than shown herein
may be used to reduce risk of detrinental deformations
during test. Utimte factors of safety for manned or
unmanned flights should be selected individually for each
IoadlnP condition. Factors of safety for pressure and
thermal” |oading conditions also apply when pertinent.

Test level factor = factor multiplying limt |oad. The
limt load is discussed in Paragraph 5.2 of this document.

Option 1 is used for prograns having a fleet of .

wei ght-critical flight articles and is the conventionally
accepted practice. Option 2 nay be used for ﬁrograns
having a snmal|l fleet with costly but nOt_MBIP t-critical
structural subsystems. QOption 3 is appllcab e to programs
haqug one or at nost a few weight-critical flight
articles.

A failure is any rupture, collapse, seizure, excessive
wear, excessive deformation, or any other phenonenon which
prevents any portion of the vehicle structure from
sustaining the specified test |oads and tenperatures.

Detrimental Deformation = Either elastic or inelastic

def ormati on result!n% fromthe application of test |oads
and tenperature which prevents any portion of the vehicle
structure fron1Perforn1ng its intended function, or which
prevents the unloaded structure fromkeeping its original
di mensions and alignment within Specified manufacturing
and assenbling tolerances.

A mninmum margin of safety equal to 0.15 should be used
for instability failure nodes when Option 2 is used.

For existing structures to be used in new m ssions, the
design and test verification of either existing designs or
of f-the-shel f structures should conformto one of the
design and test options given above for the new m ssion

| oads. Reinforcing and partial or |ocal rede5|%n of
existing structures are acceptable to upgrade the

| oad-carrying capability of the original design
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Utilization of qualification test hardware for flight
enerally leads to overdesign. Therefore, consideration should
e given to using a dedicated structural qualification subsystem

only, with snaller payload items beln% qual ified by Options 2 or
3, Table VIII. ProgramD (see Table VII) was a case of such a
conbi nation of qualification strategies. In that instance, a
Iar?e support structure was a dedicated qualification test item
(not flown). The smaller experimental packages (which were
qualifications and flight articles) were qualified by Options 2
and 3 and, in one particular case, by a conbination of these two
opti ons.
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SECTION 9
COVPONENT LEVEL TESTS

9.1 COVPONENT TEST BASELI NES

9.1.1 Standard Criteria. Contents of Paragraphs 6.4 and
7.3 of ML-STD-1540B (requirenent for conponent qualification

and acceptance tests) are as follows:

6.4 COVPONENT QUALIFI CATION TESTS

The space vehicle conponent qualification test
baseline consists of all the required tests specified in
Table I'l. The test baseline shall be tailored for each
program giving consideration to both the required and
optional tests; however. deviations fromthe baseline of
required tests shall be apﬁroved by the contracting
officer. Each conponent that is acceptance tested as a
conponent shal | undergo conParabIe.quaI|f|cat|on tests as
a component.  Conponent qualification tests shall normally
be acconplished entirely at the conponent |evel. However,
in certain circumstances, required coannent qualification
tests may be conducted partially or entirely at the
subsystem or SEace vehicle levels of assembly. Tests of
conponents such as interconnect tubing. radio frequency
circuits. and wiring harnesses are exanples where at |east
some of the tests can usually be acconplished at higher
| evel s of assenbly.

\Where conponents fall into two or nmore categories of
Table |1, the required tests specified for each category
shal | be wp|w, For exanple, a star sensor may he
considered to fit both "Electronic Equi pment” and “Optica
Equi pment” categories. In this exanple, a thermal cycling
test would be conducted since it is required for
electronic equipment. even though there is no requirement
for thermal cycling optics. Simlarly. an electric
motor-driven actuator fits both *Electrical Equipment” and
"NbVInP Mechani cal Assenbly” categories. The forner makes
ther ma c¥c||n% a required test, even though this test is
optional for the moving mechanical assenbly category.

7.3 COVPONENT ACCEPTANCE TESTS
The sPace vehi cl e conponent acceptance test baseline

consists of all the required tests sPecified in Table IV.
The test baseline shall be tailored for each program
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giving consideration to both the required and optiona
tests; however, deviations from the baseline of required
tests shall he approved by the contacting officer.
Conponent acceptance tests shall normally be acconplished
entirely at the conponent |evel. However, in certain
circunstances, the required conponent acceptance tests may
be conducted partially or entirely at the subsystem or
space vehicle levels of assembly.  Acceptance tests of
conponents such as interconnect tubing, radio frequency
circuits, and wiring harnesses are exanples where at |east
sone of the tests can usually be acconplished at higher

| evel s of assembly.

Were conponents fall into two or more categories of
Table |V, the required tests specified for each category
shal | be apF||ed. For exanple, a star sensor may be
considered to fit both ‘Electronic Equipment” and “Optical
Equi pment” categories. In this exanple, a thermal cycling
test would be conducted since it is required for
el ectronic equipment, even though there is no requirenent
for thermal cycling optics. Simlarly, an electric
motor-driven actuator fits both “Electrical Equipment” and
“NbV|n? Mechani cal Assembl y” categories. The fornmer makes
ther ma c¥c||n% a required test, even though this test is
optional for the noving nmechanical assenbly category.

~9.1.2 Rationale for Conponent Test Baseline Requirenent.

Environmental qualificafion tests are a formal denonstrafion
that a production conmponent (or prptotype? Is adequate to
successfully sustain specified environnental design |evels.
These tests are mainly performed to determne if there are
factors that may have been overlooked during design, analysis,
or manufacturing. Additionally, the environments used during
these tests are the design levels that are nore severe than
those predicted to occur during flight in order to account for
variabilities in subsequent production articles and other
uncertainties. Qualification test requirenents, therefore,

i ncorporate margins which are added to the range of _
environmental extrenes and stresses expected to occur in
service. These design environnental |evels are typically based
upon the maxi mum and mni num predicted environmental |evels for
an itemduring its operational life plus the appropriate
environmental design margin. The maxi mum expected extrenes of
the operational environnents are defined in Paragraphs 3.8 and
3.9 of ML-STD-1540B. For exanple, the standard operating

t her nal range for conponents of -24 deg Cto +61 deg Cis
usual Iy used when the naxinum predicted operating range is |ess
severe. The environnental design margins specified are
Prlnarlly intended to incorporate the allowable test condition
ol erances and to acconmodate any differences anong production
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units. The environmental design margins are also intended to
assure qualification test levels that are nore severe than the
maxi mum operating ranges that can occur in flight and help
assure agai nst performance degradation and fatigue failures due
to repeated acceptance testing and operational use. For _
exanpl e, the 10 deg C environmental design margins specified in
M L- STD- 1540B neke the standard thermal design range for
conponents from -34 deg Cto +71 deg C. This standard design
range for space conponents is simlar to that used for aircraft
subsystens and therefore shoul d not inpose unusual design
problenms in nost cases. In addition, this standard design range
encour ages the devel opnent of standard nodul es, provides a very
revealing test screen for defective conponents, allows
conponents to be noved to other |ocations on a spacecraft

wi thout affecting qualification, and may allow the use of a
qual i fi ed conmponent on other spacecraft w thout requalification.

Before qualification testing, the space conponents should
have been subjected to the same controls, inspections,
all$wmnts , and tests inposed on flight conponent. This
i ncl udes conpletion of the environmental acceptance tests.

Environnental acceptance tests are conducted on space
conponents to denonstrate fllﬁhtmorthlness and to disclose
quality deficiencies in the flight article. Acceptance tests
are intended to satisfy these goals by subjecting the space
conponent to the maxi mum environmental exposures expected in
service. The test programis conprised of a series of tests;
some are required tests, while others are optional

The suggested test sequences require functional tests
before and after each environnental test. Additionally, certain
functional tests are required to be performed during sone of the
environmental tests. The sequencing is based on a conbination
of the order in which the environnents are encountered during
flight and the desire to perceive defects as early in the test
sequence as possible. The categorization of testS into
"required" and “optional)’ was guided by the sensitivity of the
type of conponent to the specific environment and by the
Frobablllty of encountering the environnent. As an exanple,

eak tests are required only on sealed or pressurized equi pnent,
since such equipment is sensitive to loss of pressure, vacuum
or purge nmechani sm

0 9.1.3 Guidance for Use of Conponent Test Baseline

Requirements. The sequencing and categorization of the tests
shoul d be tailored to each specific conponent for each program
This tailoring should consider both increasing and decreasing
the severity of the tests. For exanple, while random vibration
tests for electronic conponents are normally nore revealing than

accel eration tests, sone electronic conponents may require both
types of tests.
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The humdity qualification test is designated as optiona
for all conponents; however, if components are not fully
environmental |y protected on the ground, such tests should
becone mandatory. This is also the case for such tests as
fungus, sand. dust, salt sprayj epr03|on-$roof|n , and
radiation which are not specified in ML-STD 15408, but each
shoul d becone nmandatory when there are requirenents.

Component qualification life tests are optional. These
tests should be applied to sel ected conponents where an
eval uation of Conponent reliability has determ ned that such
tests are necessary to convey confidence that conponents have
t he capabllgtK to withstand the maxi mum duration or cycles of
operation without fatigue or wearout failures.

The nechani cal and electrical functional tests are
extremely inportant elements in the test baselines. The
functional tests are conducted prior to and after each of the
environnental tests. They should be designed to verify that
performance of the conponents nmeets the specification
requirements, that the conponents are conpatible with ground
support equipnent, and that all software used is validated. The
electrical functional tests should apply electrical inputs of
interfaces including redundant circuits and measure the
conPonent performance. The nechanical functional tests should
apply nechanical inputs including torques, |oads, and notions,
and shoul d measure performance. The electrical and nechanical
i nputs should be varied through their specification ranges to
verify the conponent performance throughout the range. In
addition, the electrical functional tests should include
negative |0%IC testln% to verify lockout, to assure that no
function other than the intended function was perforned, and to
verify that the signal was not present other than when
progranmmed. To the extent practicable, the functional tests
shoul d also be designed so that a data base of critical
paraneters can be established for trend analysis. This is
acconpl i shed by neasuring the sane critical parameters in all of
the functional tests conducted before, during, and after each of
the baseline environnental tests.

It is extremely inportant that functional tests be
conducted before and after each environnental test. These
functional tests provide the criteria for judging successful
survival of the space conponent in a given test environnent. It
Is also inmportant to perform functional tests of the conponent
while the environnent is being inposed, if the conponent is
expected to be fully operational under that environment. Mny
defects, which otherw se escape detection by pre- and post-test
functional checks, reveal thenselves during environnental
tests. For example, intermttent may be caused by foreign
bodi es, contaminants, inadequate clearances, cracks, debonds.

110



Downloaded from http://www.everyspec.com

M L- HDBK- 340 ( USAF)
01 JULY 1985

and damaged connectors that mght only be reveal ed during
environmental tests. Therefore, regardless of the functiona
mode of the conponent during |aunch and ascent, the conponent
shoul d be functionally operated and nonitored during dynamc as
well as thernmal tests to increase overall test effectiveness.
Practical limtations frequently restrict the extent of _
operation of the conponent during the relatively brief acoustic
or vibration tests. In recognizing this Problenl M L- STD- 1540B
permts extended functional testln? with the conmponent oPeratlng
and nonitored, but conducted at a level 6 dB | ower than the
required test level, after the required environnental exposure
has been satisfied.

Tables | X through X'V sunmarize inportant paraneters of
conponent environnental baseline tests. They are useful as a
conci se reference to major test requirenents and for conparing
qualification to acceptance test requirenents.

TABLE I X.  Thermal Vacuum Test -- Conponent Qualification
and Acceptance Test Paraneters.

Ther mal Vacuum Qualification Accept ance

Test Paraneters - Para. 6.4.2 - Para. 7.3.2

Tenmperat ure Range 105°C 85°C

(Differential)

Tenperature Mn. predicted with Mn. predicted to

Extrenes -10°C environnent al max. predicted, or
design margin, to at least -24°C to
maxi mum predi ct ed +61°C

with the +10°C
environmental design
n@zglrn or _at |east

Cto +71°C
Nunmber of Cycles 3 cycles mnimm 1 cycle mninum
Dwel | 12-hour m ni mum at 12-hour m ni mum at
tenp. extremes tenp. extremes
Pressure 10-“Torr or less 10-“Torr or |ess
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cling Test --Conponent
and Acce%{ anceg Test

Par anet er .

Qualification

Thermal Cycling Test

Qualification

Accept ance

Par anet er s - Para. 6.4.3 - Para. 7.3.3
Tenperature Range 105°C mi n. 85°C mn.
(differential)

Tenmperature Extremes Mn. predicted with | Mn. predicted
-10°C environnent al to max. predicted,
design margin, to or at least -24°C
maxi mum predi cted to +61°C

plus the +10°C
envi ronnent a
design margin, o
at least -34°C t
+71°C

r
0]

Number of Cycles

3X acceptance
(24 cycles mn.)

8 cycles mni mum

Dwel |

1-hour m ni num at
tenp. extremes
(each cycle)

1-hour m ni mum at
temp. extremes
(each cycle)
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- Conponent Qualification
Par anet ers.

Pyrot echni ¢ Shock
Test Paraneters

Pyro shock
qual i fication
Para. 6.4.7

Pyro shock screen-
|ng acce tance
ara

Shock Level

M ni mum | evel equal
maxi mum predi ct ed
envi ronnent pl us

6 dB environnental
design margin

Maxi mum
predi ct ed
envi r onment

Nunber of Shocks

Number required in
each direction of
each of 3 axes to
nmeet anplitude
criteria 3 times
(18 shocks)

One shock in each
direction of each
of 3 axes
(6 shocks)

Shock Duration

Geater of 20 nsec
or flight shock
durati on

Not speC|f|ed in
Para. 7.3.6

Vibration Level

Bpllcable -
no vibration in
Par a.

Mn, of 4.5 grins or
3 dB bel ow accept -
ante vibration

test |evel

Vi bration Duration

Not aBpllcable -
no vibration in
Para. 6.4.7

5 mnutes dwell
| us 10-second
ursts (mninmm of
20 bursts) for each
of 3 axes
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Random Vi bration Test -- Conponent

Qualification

and Acceptance Test Paraneters.

Random Vi brati on

Qualification

Accept ance

Test Parameters - Para. 6.4.5 - Para. 7.3.4

Vibration Level Spectrum for maxi mum Mn. of spectrum
predi cted environnent for max. predicted
pl us environnent al envi ronment, and
design margin of 6 dB, mnimum of 6 grins
and mnimum of 12 grins | overall for weight
overal | for weight of 50 I'b max.
of 50 Ib max.

Test Duration Geater of 3 times ex- M ni mum of expected

Petted flight exposure
Ime per axis or 3 X

flight exposure
tinme, and mninum

accept. test duration of one mnute per
er axis, and mn. of axi s
-m nutes per axis
Tol erances + 1.5 dB overall + 1.5 dB overal |
+ 3.0 dB for + 3.0 dB for
500- 2000 Hz 500- 2000 Hz
Table XI11. Acoustic Test--Conponent Qualification

and Acceptance Test Paraneters.

Acoustic Test

Qualification

Accept ance

Paraneters - Para. 6.4.6 - Para. 7.3.5
Sound Geater of: maxi num Geater of:
Pressure predicted environnent + maxi num predi ct ed
Level environnental design envi ronment,
margin of 6 dB, or or 138 dB
144 dB overal | overal |
Test Duration Geater of: 3 tinmes G eater of:

expected flight
exposure tinme, or
3X acceptance test
duration. or 3-

m nutes mninum

expected flight
exposure tinme, or
| -mnute mni mum
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TABLE XIV.  Burn-in Test --Conponent Qualification
and Acceptance Test Paranmeters.
Burn-in Test Qualification Accept ance
Par amet er s Para. 7.3.9
Temperature Range 85°C
(differential) No
Qual .
Tenperature Extremes Mn. predicted to
Test max. predicted or
o at least -24°C to
Speci fied +61°C
by

Nunber of
Tenperature Cycles

M L- STD- 1540B

Total Operating Tine

18 cycles mn.
|ncIud|n? t her mal
e

Itens being
qualified shal
have conpl et ed
the acceptance
tests including
applicable
burn-in

cycling test cycles
300 hour m ni mum
i ncl udi ng thermal
cycling tine .
(or 100 cycles mn.
for cycle-sensitive

conponents )

1 hour m ni mum at
tenperature extrenes

9.2 COVWPONENT PRESSURE TESTS

9.2.1
and 7.3.7 of -

Standard Criteria.

Contents of Paragraphs 6.4.10

7. ( requi renments for conponent
qualification and acceptance pressure tests) are as follows:

6.4.10 PRESSURE TEST. COVPONENT QUALI FI CATI ON

6.4.10. 1 PURPGSE.

. This test demonstrates that the design
and fabrication of such Items as pressure vessels,
pressure lines, fittings, and valves provide an adequate
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margin such that structural failure or excessive deformation
does not occur at the maxinum expected operating pressure.

6.4.10.2 TEST DESCRI PTION

a.

Proof Pressure. For such items as pressure
vessels, pressure lines, and fittings, the
tenﬁerature,of the conponent shall Dbe consistent
with the critical use tenperature and subjected to
a mninum of one cycle of proof pressure. A proof
Pressure cycle shall consist of raising the
nternal pressure (hydrostatically or
pneumatical |y, as applicable) to the proof
pressure, maintaining it for 5 mnutes, and then
decreasing the pressure to zero. Evidence of
permanent set or distortion that exceeds 0.2
Pacem or failure of any kind shall indicate
ailure to pass the test.

Proof Pressure for Valves. Wth the valve in the
open and closed positions (if applicable), the
proof pressure shall be applied for a mninum of
three cycles to the inlet port for 5 mnutes
éhydrqstat|call or pneumatically, as applicable).
Following the 5-mnute pressurization period, the
inlet pressure shall be reduced to ambient
conditions. The exterior of the unit shall be
visual Iy examned. Evidence of deformation that
exceeds 0.2 percent or any failure shall indicate
failure to pass the test. The test may be
conducted at room ambient tenperature.

Burst Pressure (see 3.4). For such items as
pressure vessel's, pressure lines, and fittings. the
tenﬁerature,of the conponent shall be consistent
with the critical use tenperature, and the
conponent shall be pressurized (hydrostatically or
Bneunat|ca||y, as applicable and safe) to design

ur st Bressure or greater. The internal ﬂressure
shal| be applied at a uniformrate such that
stresses are not inposed due to shock | oading.

Burst Pressure for Valves. Wth the valve in the
open or closed position, as applicable, the design
burst pressure shall be applied to the inlet port
for 5 mnutes (hydrostatically or pneumatically, as
applicable). Followng the 5-mnute pressurization
period, the inlet pressure shall be reduced to
ambient conditions. The exterior of the unit shall
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be visual Iy examned for indications of deformation
or failure. The test may be conducted at room

anbi ent tenperature.
6.4.10.3 TEST LEVELS
a.  Tenperature. As specified in the test

description. As an alternative, tests may be
conducted at anbient roomtenperatures if the test
pressures are suitably adjusted to account for
tenperature effects on strength and fracture

t oughness.

b.  Proof Pressure. Unless otherw se specified, the
proof pressure equals 1.5 times the maximum

operating pressure.

¢.  Burst Pressure. Unless otherw se specified. the
burst pressure equal s two times the maximm

operating pressure.

6.4.10.4 SUPPLEMENTARY REQU REMENTS.  The conponent shal |
w thstand proof pressure wthout Teakage or detfrinmenta
deformation.  Applicable safety standards shall be followed

in conducting all tests

7,3.7 Pressure Test, Conponent Acceptance

7,3.7.1 Purgose. This test detects material and workmanship
defects which could result in failure of the pressure vesse

or valves in usage.

7.3.7.2 Test Description. This test is the same as

described in 6.4.10.2a and b, except that only one cycle
shall be required, and test at elevated tenperature is

opti onal
7.3.7.3 Test Levels. Same as 6.4.10.3.

7.3.7.4 Supplenmentary Requirenents. Applicable safety

standards shall be followed in conducting all tests.

9.2.2 Rationale for Pressure Test Requirenent.

The

B{OOf and burst pressure tests described in Paragraph 6.4.10 of

L- STD- 1540B are parts of the structural integrit

verification

program for all pressure vessels required by ML-STD 1522. Al
ressure vessels, other than pressure vessels designed,
abricated, inspected, and tested in accordance with the ASME

Boi |l er and Pressure Vessel Code, are classified as
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fracture-critical conponents and, therefore, come under fracture
control procedures. The design of such pressure vessels nust
satisfy mninmum technical requirements for a fracture control
program  These requirenents include a conprehensive stress
anal'ysis, failure node prediction based on results of the stress
anal ysis, denonstration of safe-life and fail-safe design, and

i mpl enentation of required quality assurance procedures.
Satisfaction of these requirenents, and their integration into a
program of structural design, analysis, and test, assures the
structural integrity of fracture-critical hardware.

9.2.3 Cuidance for Use of Pressure Test Requirenents.
Note that the requirements discussed in this section apply to
metallic pressure vessels and structures. Nonmetallic vessels
and structures nust have requirements established on a
case-by-case basis.

Prior to test program planning, a detailed stress analysis
of the structure is conducted under the assunption of no
crack-like flaws in the structure. The analysis deternines
stresses and critical conbinations of stresses resulting from
| oads, pressures, and tenperatures associated with the expected
operating environnents. he results of the stress analysis
determne potential failure nodes of the structure. These are
either ductile fracture or brittle fracture nodes. Required
test levels depend upon potential failure nodes.

~ Pressure vessels and pressurized structures expected to
fail in a ductile fracture node nmay be conventional [y designed.
Such design uses design factors of safety and test factors
sel ected on the basis of successful past expedience or specified
by codes, specification, and standards (e.?., M L- STD- 1522) .
Typi cal design and test factors applied to these pressurized
conponents are given in Table XV.

~ Pressure vessels and pressurized structures expected to
fail ina brittle fracture node are designed by a safe-life
design nethod based on linear elastic fracture mechanics. This
met hod establishes the appropriate design factor of safety and
the associated proof factor. The proof pressure is calcul ated
as the product of the limt pressure, proof factor, and a factor
corresponding to the difference in material strength and
fracture properties between test and design environments.

Pressure vessels and Pressurized structures are qualified
by a conbination of a proof pressure test (a proof pressure
combined with limt loads test if necessary), a burst pressure
test (burst pressure combined with ultimate |oads test if
necessary), and, as appropriate, a safe-life test and fail-safe
test. nvironnental tests are Perfornpd with the proof and
burst pressure tests to expose test units to the nost severe
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TABLE XV. Design and Test Factors.
Factors
Conponent
Utimte Pr oof Bur st
Pressure vessels . 1.50 2.00
(tanks other than main
propel | ant tanks and
sol1d rocket notor cases)
Mai n propel |l ant tanks and
sol1d nmotor cases
- Manned application 1. 40 1.25 1.40
- Unmanned application 1.25 1.10 1.25
Pressurized structures
FIight [oads: Mnned 1.40
FIight |oads: Unmanned 1.25
Internal pressure 2.00 1.50 2.00
Pressurized lines, fittings,
and hoses
| ess than 1.5-inch dianmeter 1.50 4.00
- 1.5-inch dianeter and |arger 1.50 2.50
Accumul ators, actuating cylinders, 1.50 2.50

punps, regulators, and valves

conmbi nation of environments, pressures,

_ . _ and | oads.  Test
requirements are detailed in ML-STD 1522

~Structural simlarity of the flight hardware and the
qual i fication test hardware ensures structural
fl1ight hardware. In structuring the qualification test
t he highest practical |evel of assenbly should be used.
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test fixtures, support structures, and test environnents must
not introduce erroneous test conditions. Qualification
instrumentation and instrument |ocations should be based on the
results of stress analysis. Instrumentation nust provide
sufficient data to ensure proper test conclusions. For
qualification, one test article of each pressure vessel design
I's proof pressure tested in accordance with Paragraph 6.4.10 of
M L- STD-1540B wi thout |eak or detrinental deformation. It is
then tested to the burst pressure |level as described in
Paragraph 6.4.10 of ML-STD 1540B. The pressure vessel nust
sustain design burst pressure without rupture. The design burst
ressure is calculated as the product of the limt pressure,

urst pressure factor, and a factor corresponding to the
differences in material strength and fracture properties between
test and design tenperatures.

Each pressurized conponent intended for flight must pass
t he one-cycle groof ressure test as described in Paragraph
7.3.7 of L- STD- 1540B before flight.

9.3 COVPONENT LEAKAGE TESTS
9.3.1 Standard Criteria. Contents of Paragraphs 6.4.11

and 7.3.8 of requirements for conponent
qual i fication and acceptance |eakage tests) are as follows:

\

6.4.11 Leakage Test, Conponent Qualification

6.4.11,1 Purpose. This test demonstrates the capability of
pressurized conponents to meet the design | eakage rate
constraints specified in the component specifications.

6.4.11.2 Test Description and Alternatives. Conponent |eak
checks shall be made prior to initiation of, and follow ng
the conpletion of, conPonent qualification thermal and
vibration tests. Proof pressure tests per 6.4.10 shall be
successfulhy conpl eted before conducting |eakage tests. The
test nethod enployed shall have sensitivity and accuracy
consistent with the specified maximum allowable [eak rafe.
ne of the follow ng recomended nethods shall be used:

a.  Method | (gross leak test). The conﬁonent shal | be
conpletely 1mersed in a liquid so that the upfer
most part of the test itemis 5+ 25 cm(2 ¢
Inches) below the surface of the |iquid. The
critical side or side of interest of the conponent
shall be In a horizontal plane facing up. The
liquid, mesmn|zug gas, and the test item shall
be 23 + 10 deg ¢ (73 = 18 deg F). The gas used for
pressurizing shall be clean and dry with a dewpoint
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of at least -32 deg C (-25 deg F). Any observed
| eakage during Inmersion as evidenced bY a
continuous stream of bubbles emanating Tromthe
component indicates a failure of seals.

Method I (fine leak test). The conponent shall be
purged wth nitrogen and then charged with helium
to the required pressure (as specitied in the
conmponent det ai speC|f|cat|onE bef ore being
sealed. The conponent shall then be placed in a
sui tabl e vacuum chanber and tested for helium

| eakage with a helium |eak detector. The |eakage
rate shall be used to determne seal Integrity and
shal | not exceed the amount specified in the
detailed component specification. This nethod is
applicable to tape recorders and simlar conponents

Met hod {II (fo%hbatterv caseshO{IDEessurized ]
con%onmws) . e conmponent shall be pressurize

with dry nitrogen or other appr0ﬁr|ate gas to the
specified value. The pressure shall be nonitored
by a ga%e (or pressure transducer) for the required
tim.  The drop in pressure shall not exceed the

permtted amount as specified under the conponent
speci fication.

Vet hod 1V (fo%hhegneticallﬁ FFaLed ?Ikalhne shoraqe
atter|es}. e battery shall be cleaned wt

alcohol while in the digcharged state. Asuitable
indicator (e.g., dilute solution of phenolphthalein
or other suitable color change Indicator) shall be
apB]|ed to all seans, termnals. and pinch tubes

subject to leakage of electrolyte. A change in the
color of the indicator shall be an Indication of a

| eak. After testing, the test solution shall be
remved (e.g., wth distilled water).

Method V (for conporients of pressurized fluid

S Ste”ﬁg ~ The conponents shall be pressurized to
t¥e|p Xi mum wor ki ng Eressure in each of the
functional nmodes. Leakage shall be detected using
an appropriate nethod ﬁ .2.6.4). Propul sion system
tanks and thrusters shall also be evacuated to the
Internal pressure normally used for propellant

| oading and the Internal pressure monitored for

I ndi cations of |eaking.

6.4.11.3 Test Levels and Duration. The leak tests shall be
performed wth the conponent pressurized at the maxinmum

0
|

P

erating
the sea

Pressure and then at the mninum operating pressure
s are dependent upon pressure for proper sealing.
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The test duration shall be sufficient to detect any
significant Ieaka?e. The test levels and duration for the
typical nethods of 6.4.11.2 are

a.  Mthod I. The duration of Immersion shall be 60
mnutes at each pressure,

b.  Method II. The external test pressure shall be
0.133 pascals (0.001 Torr) or less and the duration
of the test shall be 4 hours (for equipment that is
operational in orbit for more than one day).

c.  Method IIl. The test pressure is usually less than
343 kilopascals (50 s|3. The pressure drop shal
not exceed the specified amount (typically about
6.9 kilopascals (1 psi) in a 6-hour period at room
tenperature).

d. Method |V. The test results are visable within
seconds.

e.  Method V. The duration of the evacuated propulsion
system conponent |eak test shall not exceed the
time that this condition is normally experienced
during propellant |oading.

6.4.11.4 Supplementary Requirenents. Conponent |eak tests
are considered adjunctive to the conponent qualification
environmental tests in that their results are part of the
success criteria for these tests.

7.3.8 Leakage Test, Conponent Acceptance

7.3.8.1 Purpose. This test demonstrates the capability of
pressurized conponents to meet the |eakage rate requirements
specified in the component specifications.

7.3.8.2 Test Description and Alternatives. The conponent

| eak checks shall he made before and after exposure to each
environmental acceptance test. The test method enployed
shal| have sensitivity and accuracy consistent with the
conﬁonents specified maxinmum allowable |eak rate. One of the
methods given in 6.4.11.2 shall be used.

7.3.8.3 Test Levels and Duration. Same as 6.4.11.3.

9.3.2 Rationale for Leakage Test Requirenents. The
| eakage tests are iIntended to denonstrate the capability of
pressurized conponents to nmeet their design |eakage rate
constraints.
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9.3.3 Quidance for Use of Leakage Test Requirenents,
The NASA |eakage testing handbook, NASA S-69-1117, provides
detail ed guidance for |eakage testing Methods II, IIl, I'V, and V
plus a nunber of other specialized nethods, including the use of
radioactive tracers. The |eakage test method shoul d be sel ected
to suit the design and performance requirenents of the hardware
item It should prove that the itemcan functioninits
operational environment wthin specifications and w thout
danagi ng Ieaka%ﬁ. Each test nmethod listed in Paragraph 6.4.11.2
of L- STD- 1540B al so lists typical hardware to which the nethod
can be applied.

Method | (gross |eak test) describes an immersion | eakage
test which is a potentially destructive test. It Is sonetines
used on small parts where a gross leak in the itemmght be
mssed, due to the small cavity size, if a fine |leak test were
the only leak test conducted. "Because it is a potentially
destructive test, Method | is not recommended for space vehicle
conponents.  This method m ght have applicability for
speci al i zed devel opment tests, qualification tests of sone
items, or tests of nonflight hardware.

9.4 COVPONENT LIFE TEST

9.4.1 Standard Criteria. Contents of Paragraph 6.4.13 of
M L- STD- 1540B (requirements for life test, conponent
qualification) are as follows:

6.4.13 Life Test, Conponent Qualification

6,4.13.1 Purpose. This test demonstrates the reliability of
the conponent and increases confidence that conponents which
my have a wearout, drift, or fatigue-type failure node have
the capability to withstand the maxi num duration or cycles of
operation to which they are expected to_oEerate durln?,
repeated ground testing and in flight wthout degradation of
their function outside of allowable [imts.

6.4.13.2 Test Description. One or nore conponents shall be
set up to operate in conditions that sinulate the flight
conditions to which they would be subjected. These
environnental conditions shall be selected for consistency
with end use requirements and the significant |ife
characteristics of the particular conponent. Typica
environnents are anbient, thermal, thermal vacuum and
various conmbinations of these. The test sanple shall be
selected at random from production units or shall be a
3ua||f|cat|on unit. The test shall be designed to
emonstrate the ability of the conponent to withstand the
maxi num operating the and the maximum nunber of operationa

123



Downloaded from http://www.everyspec.com

M L- HDBK- 340 ( USAF)
01 JULY 1985

cycles predicted during its service life with a suitable
margin. For conponents having a relatively |ow Eercentage

duty cycle, it shall be acceptable to conpress the

operational duty cycle into a tolerable total test duration.
For components whi ch operate continuously in orbit, or at
very high percentage duty cycles, accelerated test techniques
may be enployed if such an approach can be shown to be valid.

6.4.13.3 Test Levels and Duration

a.  Pressure. Anbient pressure shall be used except
for unsealed units where degradation due to a
vacuum environnment may be anticipated. In those
cases, a pressure of 0.0133 pascals (0.0001 Torr)

or |ess shall be used

b.  Environmental Levels. The maxinum predicted

environnental [evels shall be used. For

accelerated |ife tests, environnental levels may be
selected that are more severe than flight levels.
PrOVIded the higher stresses can be correlated wth

introduce additional failure nechanisns.

ife at the predicted use stresses and do not

c. Duration. The total operating tinme or nunber of
operational cycles for a conponent life test shall
be twice that predicted during the service life
including ground testing. in order to denonstrate

an adequate margin.

d. Functional Duty Cycle. Cbnﬁlete functiona
shal [ Dbe conducted before t

_ tests
e test begins, after

each 168 hours of operation and during the last 2
hours of the test. ~An abbreviated functional test
shal | be conducted periodically to ascertain that
the component is functioning wthin specification

limts.

6.4.13.4 Suppl enentary Requirenments. For statistical

type

life tests, the duration is deBendent upon the number of

sanpl es, confidence, and relia

ility to be denonstrated.

9.4.2 Rationale for Life Test Retirenents. This test is

intended to denonstrate a conponent’s capability to
Its mssion duration. It is anticipated that it wl

erform for
be used

when wearout, fatigue, or drift characteristics are unknown, and

when premature failure will conpromse mssion goals.

When

t hese characteristics for an item have been determned to be

adequate, a qualification life test is not required.

Thi s test

does not denonstrate a quantitative reliability, such as
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obtained froma Reliability Denonstration Test. The primry
concern is hardware having noving parts, e.g. , noving nechanica
assenblies or electronmechanical assenblies.  Oher items such as
batteries and pressure vessels may also be of concern.

9.4.3 (@idance for Use of Life Test Requirenents. It is
necessary to plan the [ife test specifically for each hardware
item The test should closely simulate actual usage conditions
in terms of function, cycling, environnment, and stress.
ldeal |y, the test should continue to failure, and it shoul d
enpl oy ‘statistical sanples which determne the mean wear out and
variance, with the [ow end of the variance being in excess of
the life requirenents. However, this approach s usually not
cost-effective or practical. Test unit availability is usually
limted, with only one itemoften specified for qualification.
Because two times the design life is specified as a duration for
the test, the testing time can be excessive. Aso, the life
capability may be far in excess of the requirements, so testing
to failure could take a long tine.

Some classes of conponents rarely need life testing. Most
of these conponents are electronic hardware. The life of
el ectroni ¢ hardware which use solid state technol ogy, proven
packagi ng, and proven interconnection techniques has been
adequate for normal space vehicle life requirenents. |If a
conponent uses unproven interconnection or packa?[ng t echni ques,
then failure or fatigue due to inconpatible coefficrents of
exBanS|on shoul d be considered. Such a conponent should be
subjected to tenperature cycling tests with many cycles of
extreme range. Assurance of adequate life of electronic
components can often be denonstrated at the part level. Parts
shoul d receive qualification tests, wusually |nplud|n? life
testing. Part life qualification tests, eSpecially tests of
el ectromechani cal parts, should be reviewed for conpatibility
with mssion needs.

9.5 COVPONENT BURN-IN TEST
9.5.1 Standard Criteria. Contents of Paragraph 7.3.9 of

M L- STD- 15408 (requirenments for burn-in test, conponent
acceptance) are as follows:

7.3.9 Burn-in Test. Conponent Acceptance

7.3.9.1 Purpose. The purEose of the burn-in test shall be
to detect material and workmanship defects which occur
early in the conponent [ife. ,

7.3.9.2 Test Description. A nodified thermal cycling test
shal | be used to accurmulate the additional operationa
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hours.required for the burn-in test of electronic and
electrical conponents. While the conponent is operating
(power on) and while perceptive paraneters are being
monitored, the tenperature of the unit shall be reduced to
the specified |ow tenperature level. The unit shall be
operated at the |ow tenperature |evel for one hour or
longer. The unit tenperature shall then be increased to
the specified high tenperature level and operated for 1
hour or longer. The tenperature shall then be reduced to
anbient to conplete one cycle of the burn-in test. The
transitions between low and high tenperatures shall be at
an average sate greater than 1 deg C per minute

For valves, thrusters, and other itens where the
nunber of cycles of operation rather than hours of
operation iS a better method to ensure detecting infant
mortality failures, functional cycling shall be conducted
at ambient tenmperature. For thrusters, a cycle is a hot
firing which includes a start. steady state operation, and
shutdown.  For hot f|r|nPs of thrusters utilizing hydrazine

ropellants, action shall be taken to assure that the

light valves are thorou?hly cleaned of all traces of
h%dra2|ne propel lant followng the test firings. Devices
that have extrenely limted life cgcles,such as positive
expul sion tanks are excluded from burn-in test requirements

7.3.9.3 Test Levels and Duration

a.  Pressure. Anbient pressure should normally be
used.

b.  Tenperature. For cycling of electronic and
electrical components. the extreme tenperatures
specified in 7.3.3.3.b shall be used.

c. Duration. The total operating the for
electronic and electrical conponent burn-in shall
be 300 hours including the operating time during
thermal cycling per 7.3.3.  The mninum nunmber of
tenperature cycles shall be 18 including those
conducted during the thermal cycling acceptance
test. Additional test time beyond that required
for thermal cycling shall be conducted at either
maxi mum or nininum tenperature. The |ast 100
hours of the conponent burn-in test shall be free
of failures. For valves, thrusters, and other
conponents where functional cyclic testingis a
better burn-in nethod, a mninumof 100 cycles
shal | be conduct ed.
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d.  Functional Duty Cycle. Functional tests shall be
conducted at the start of this test to provide a
baseline reference for determning if performnce
degradation occurs. The functional test shall be
repeated after 150 hours of operation and during
the last 2 hours of the thermal cycling test.
Perceptive paraneters for all circuits. Including
al | redundancy, shal | be nonitored to the maxinum
extent possible during the entire test sequence.
On- of f cycI|n% of the electronics conponent shall
be conducted during the test to sinulate
operational usage.

7.3.9.4 Supplementary Requirenents. The reduction of
system | evel TarTures by burn-in at the conponent |evel has
a favorable inpact on costs and schedul es by stabilizing
the failure rate at or near its mninumand ensuring the

hi ghest probability of mssion success.

0 9.5.2 Rationale for Conponent Acceptance Burn-in Test
Requi renents. These tests are conducted at the conponent
acceptance level as a screen for workmanship and material
defects, or for some nechanical conponents, to wear-in moving
surfaces. The objective is to elimnate infant nortality,
“debug” the hardware, and enhance long-termreliability. Useful
screens to enhance these objectives are tenperature cycling,
constant tenperature soak, continuous power application, power
cycling, vibration, and various combinations of these tests.
Random vi bration is usually a separate test, but tenperature
cycl|ng, tenperature soak, and power on-off cycling are all part
of the typical burn-in test. Temperature cycling with power
cycled on and off is usually considered the nost effective
screening test for electronic hardware. Anmbient tenperature
power-on screening may be effective for wear-in of movin
surfaces. The length of the operating cycle gduty cycle? can
have an effect on reliability.  Frequent on-off cycling in
service mght introduce failure nodes which shoul d be "debugged”
during burn-in by sinulating the expected usage conditions. The
tenperature soak mght provide a screen for failure nodes that
could occur during 1n-service tenperature cycling.

Most satellite prograns performw thin conparatively benign
tenperature conditions. If the tenperature cycle range were
based only on these benign conditions, little thermal stress
woul d be groduced. ~Therefore, the conditions established in
M L- STD- 1540B, providing for an 85 deg C range, 300 hours
duration (including other tests), and 18 cycles mninum were
gefl%ped to produce thermal stress which will screen out |atent

ef ects.
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- 9.5.3 @idance for Conponent Acceptance Burn-in Test
Requirenents. The nost inportant burn-in test Is tenperature
cycling. The three key variables are the nunber of cycles, the
rate of change in tenperature, and the tenperature range.

Usual |y, the faster the rate of change, the Iar?er the range,
and the nore cycles, the nore effective the test.

Rates of change from -17.2 deg C per mnute to 4.4 deg C
er mnute have been used, with the faster rates prOV|d!nﬁ t he
est screening. The rates in ML-STD 1540B were established to

be consistent with the capabilities of equipment available to
nost contractors.

. It is inportant that intermttent discrepancy conditions be
di scovered. herefore, the test should be performed in a
nnn!tgred power-on node, including the tenperature transition
peri ods.

The hardware maturity, hardware design, and conditions of
manufacture and quality control are variables which can affect
the needed burn-in period. ML-STD 1540B has standardized on
300 hours as_the needed period, based on successful program
practices. This 300 hours is the cumul ative power-on testing
durlng_the entire conponent acceptance test. Due to the
potential variables which can affect the burn-in period, the
duration could be considered a tailoring parameter. |f data are
avail abl e which show (for a given manufacturer and design) that
| onger or shorter times are needed to reach the end of  the
infant nortality period, then tailoring should be considered.
The 100 hours failure-free requirement should be maintained to

rovide a |little confidence that the infant nortality period has

een passed. O course, for items that are intended to last for
years without failure, the 100 hours of failure-free operation
IS nmore reassuring that statistically significant.
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SECTION 10
SUBASSEMBLY LEVEL QUALI FI CATI ON AND ACCEPTANCE TESTS

10.1 STANDARD CRITERI A

Contents of Paragraphs 6.5 and 7.4 of M L-STD 1540B
(requirements for subassembly |evel qualification and acceptance
tests) are as follows:

6.5 SUBASSEMBLY LEVEL QUALIFICATION TESTS

subassenbly level qualification tests shall be conducted
on those subassenblies that are subjected to environmenta
acceptance tests at the subassembly |evel. For other
subassenblies, qualification tests are to be considered as
optional unless specified otherwise in the contract
Functional or environnental qualification tests may be
conducted at the subassenbly level to detect material and
wor kmanship defects, or to measure critical paraneters,
that cannot be acconplished satisfactorily at higher
levels of assembly. Wen subassenbly |evel qualification
tests are planned, the subassenblies may be tested to
simlar requirements as components, or if nore stringent
requirenments are used for acceptance test stress screening.
then the more stringent |evels shall be the basis for the
qualification tests.  In general, all parts shall be
qualified to maximumand mni num environnental |evels well
in excess of the levels predicted for their specific
application in the space vehicle.

7.4 SUBASSEMBLY LEVEL ACCEPTANCE TESTS

These tests are to be considered as optional unless
specified otherwise in the contract. However, subassenbly
| evel acceptance tests are often cost-effective neasures
for reducing or avoiding failures in higher level tests
and P055|bly in orbital operations. Acceptance test
shoul d be conducted at the subassenbly |evel where this
| evel PrOV|des a more perceptive test than would be
ossible at either the part or the conponent |evel
unctional or environmental acceptance tests are usually
conducted at the subassenbly level to detect material and
wor kmanship defects, or to ‘measure critical paraneters,
that cannot be acconplished satisfactorily at higher
levels of assembly. Wen these acceptance tests are
planned on subassenblies, they may be tested to simlar
requirenents as conponents, or more stringent requirenents
for stress screening my be used.

129



Downloaded from http://www.everyspec.com

M L- HDBK- 340 ( USAF)
01 JULY 1985

10.2 RATIONALE FOR REQUI REMENTS

~The general rule is that it is alnost always cheaper to
find a problem at the |owest |evel of assenbl% possible. This
means that subassenbly testing should always be considered. The
fact that ML-STD 1540B may not specifically require subassenbly
testing does not in any way nean that it should not be done.
Proper design requires that items at each |level of assenbly
shoul d have broader parameter tolerances and narrower o
environnental ranges than the subtier items that are used in its
fabrication. In that way, manufacturing defects can be screened
out at the |owest |evel of assenblg possible, and items that
pass subtier screening tests should not be expected to fai
subsequent tests. Also, critical paraneters that cannot be
accurately measured at higher levels of assenbly nmust be
evaluated at |ower levels of assenbly. This usually means that
sone form of stress-screening tests are cost-effective at the
subassenbly | evel

~ The extrenely hi?h cost of an on-orbit space vehicle
failure means that all parts, materials, subassenblies, and
components must be designed and fabricated to assure high
relrability. Testing of the space vehicle itself and its
conponents” provides necessary screening checks, but they are
insufficient to assure the reliability of the space vehicle. The
other words, in-process screening tests, including stress
screen|n?, must be used at the-subassembly |evel, and at all
suEI|Fr evel s where appropriate, to assure a reliable space
vehicle.

10.3 GUI DANCE FOR USE OF REQUI REMENTS

10.3.1 Applicability of Subassenbly Testing to Mechanical,
El ectronechanical, and Electronic Subassenblies. Subassenbly
testing Is alnost always applicable to electronic egU|pnent Such
as printed circuit or wiring boards. Mechanical an
el ectromechani cal subassenbly tests are generally perforned on
equi pment containing noving parts if the parts can be
practically tested when renmoved from the case of the assenbly or
component.” For exanple, they are applicable to a solenoid coi
or to actuator subassenblies for space vehicle shrouds, solar
panel s, and antennas. In a conponent |evel test the conponent
case is the fixture for the subassenbly, but in a subassenbly
test a special fixture is used to hold the subassenbly.
Difficulty in de3|qn|ng and using such test fixtures may result
in a decision to elimnate environnental stress from the
subassenbly tests.

~ Electronic subassenbly test fixtures are often sinpler to
design and use than mechanical subassenbly fixtures. wever
fixture design to simulate nmounting within the conponent
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relative to dynanic and ther mal resPonses.can al so be conpl ex.
The subassenbly tests are essentially environnental and
functional tests of individual circuit boards. The testing
concentrates on the electronic functioning of the circuit when
It is exposed to environnents such as vibration and tenperature
extremes. At the electronic conponent |evel, there is often
dlffICU|tY in disassenbly or failure isolation, and proper
subassenb_y repair or replacenent can be dificult due to test
point availability and access problems. Subassenbly |evel tests
with or without stress screening can be used to alleviate these
probl ens.

Parts screening usually is conducted using the maxi mum
range of design or qualification conditions in the part
specifications. Assumng proper applications of the parts,
those conditions woul d always be nore severe than the conditions
specified for subassenbly or conponent screening. Since the
subassenbly or conponent tests do not duplicate the stringent
conditions of part level testing, they should never be viewed as
a substitute for part |evel screening.

10.3.2 Test Procedures for Subassenbly Tests. The _
followng are mpjor tests performed as conmon industry practices
on space system subassenblies, as applicable to the individua
unit under ‘test:

0 Electrical tests--continuity and short test,
dielectric withstanding voltage, and insulation

resi stance
0 Functional test
0 Burn-in and wear in tests

0 Thermal cycling test

0 Random vi bration test

0 Particle screening test
0 Over-stress screening

The nature of sonme subassenblies inposes restrictions on
some of these stress-screening subassenbly tests. For instance,
tenperature limtations may be inposed if certain oscillators
are present on a circuit board, because they wll not wthstand
nore than a |imted tenperature range. Sone boards may have
i nherent limtations for exposure to vibration, such as with
board6 of a “foamed” conponent which are to be tested before
foamng. In that case, the vibration test spectrum nust be
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tailored to avoid damaging the mounted but unfoaned parts.

Anot her exanple is electro-optical subassenblies, which can be
damaged by nmore than a limted rate of tenperature change during
thermal cycling tests. Al tests nust be designed with the
applicable restrictive factors in mnd.

Over-stress screening is a special testing t echni que where
the test levels used exceed the design levels for the item
Over-stress screening is usually invented after an item has been
fabricated to uncover particular types of latent defects or
incipient failures that were just discovered in the itenms, and
that cannot be uncovered by other means. For exanple, nicks may
be discovered in the insulation of some of the wiring used in a
W ring harness designed for a 28-volt circuit. It is known that
when insulated wiring is exposed to about 1500 volts, an
exam nation of |eakage current will indicate the presence of
ni cks and other defects in the insulation. By exposing the
28-volt wiring to 1500 volts as required to reveal the defects
in the insulation, an over-stress screen|n? of the.mnr|n% can be
used to |dent|f¥ the defective wire. SimTlarly, higher than the
design levels of shock, vibration, tenperature, pressure,
radiation, or combinations of these or other paraneters may be
used to uncover certain types of defects in a particular device

or subassenbly. Cbviously, extreme care nust be used in
selecting any form of over-stress screening in order to avoid
test conditions that may danage the item being tested. For this
reason, an over-stress screening test that is appropriate for
one particular type of item may be inappropriate for another
the of item even though the type of defect being screened is
the sane.

To illustrate the kind of problems that need to be avoided,
suppose the 1500 volts used for indicating the presence of nicks
and other defects in the wiring harness over-stress screening
damage a connector or other part attached to the wring
harness. Clearly, that would not be a good over-stress
screening test. " In another case, a vibration over-stress
screening test intended to identify any |oose electrica
connections could produce a condition which causes small| cracks
(a potential or latent failure) in one of the-itens. The cracks
may cause an actual failure in a subsequent conponent or system
test. That in turn mght result in long delay and expense to
correct the failure. , an undi scovered crack mght cause a
failure in orbit, resulting in partial [oss of the mssion.
This illustrates that there is sone financial and technical risk
i nherent in subassenblﬁ over-stress screening. However, carefu
anal ysis and prudent choice of the over-stress can greatIY.
reduce the risk. O course, the over-stress damage potentia
could be avoided by always including all test environments in
the required design environment and thereby avoid after-the-fact
over-stress screening decisions.
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~Technical necessity and cost-effectiveness of subassenbly
testing are both dependent on the specific program being
considered. Design factors such as board design conplexity,
nunber of subassenblies, parts reliability, parts testing
program toughness of subassenbly environments, and amount of
subassenbly testing time are dependent on the specific program
under consideration. Cost factors such as the cost of test
equi pnment and the testing costs are al so dependent on the
specific item under consideration. If possible, a risk versus
cost-effectiveness analysis for subassembly testing should be
perfornmed for each item

10.3.3 Significant Data from Subassenbly Thermal Cycling
Stress Screening. Data which indicate the test-effectiveness
and cost-effectiveness of subassenbly thermal cycling stress
screening have been reported by two |arge corporation.

Corporation “A’ Ilnvestigation

_ Corporation “A’ performed an extensive experinenta
investigation of effectiveness of thermal cycling stress
screening of circuit boards.

There were 1,248 mssile systemcircuit boards stress-
screened in a thermal cycling environnment between -40 deg C and
+75 deg C for up to 48 Cycles, while prior normal circuit board
anbi ent tenperature acceptance tests were retained. The rate of
change in tenperature was 10 deg C and 20 deg C per mnute.

The failure histories of conponents containing these
stress-screened boards and identical conponents wth
unstress-screened boards were nonitored from anbient tenperature
subassenbly tests and environnental conponent tests through
customer anbient tenperature conponent tests. The conponents
containing stress-screened circuit boards proved to have | ower
failure rates, as their failure rate (in the customer conponent
tests) was only one-fourth of the failure rate of conponents
W th unstress-Screened boards.

It was concluded that circuit board thermal cycling stress
screenln% Is clearly effective for reducing conponent failure
rates. he available data were not sufficrent to show the
effect of circuit board stress screening on systemlevel failure
rates, but the potential exists for reducing systemlevel
failures and inproving system level reliability.

Corporation “B" Operations

_ Corporation “B” started thermal cycling stress screening of
circuit boards while still retaining anbient tenperature
subassenbly testing. There were 55 repetitions of a 2-hour
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cycle between -55 deg C and +80 deg C. For 68 conputer nenor
circuit boards, the Tailure rate in the subassenbly l|evel tests
Berfornﬁd before and after stress screening was reduced from
7.4 to 11.8 percent, a reduction of 57 percent in failure

rate. The failure rate at the conponent |evel was reduced from
20.8 to 13.2 percent, a reduction of 37 percent in failure

rate. This is illustrated in Table XVI. A cost-effectiveness
conput ation showed a net yearly savings of 12,573 person-hours

for electronics test operations due to the institution of stress

screening.

TABLE XVI. Reduction in Failure Rate Due to
Stress Screening.

Tests on No Stress| Wth Stress| Percent Reduction

68 Circuit Boards Screening | Screening in Failure Rate
Subassenmbly tests Failure Failure 57%

rate rate

= 27.4% = 11. 8%
Component tests Failure Failure 37%

rate rate

= 20.8% = 13.2%

10.3.4 Significant Data from Subassenbly Testing for A
Large Space Vehicle Program Consultations with engineers
closely involved in testing of a large mlitary satellite
program reveal ed the data shown in Table XVII concerning these
space vehicle tests. These data are from normal testing
operations (not stress screening).

The nunber of failures was |argest at the subassenbly
level . Failures at the higher levels were dramatically |ess
than subassenbly test failures. These data tend to indicate the
test-effectiveness of subassenbly tests. The data do not prove
that subassembly testing inproves space vehicle reliability; but
the potential for inproved reliability exists, since it is not
clear that testing only at the higher levels of assenbly woul d
have revealed all the failures found by subassenbly tests. O
course, it would have been nore costly ‘to correct the failures
had they been discovered during testing at the higher |evels of
assenbl y.
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TABLE XVII. Data from Subassenbly Testing for a
Large Space Vehicle Program

Test Tot al Nunber of
Har dwar e Fail ures
Circuit boards and slice tests for 3700 boards, 192
4 satellites (subassembly tests) 1256 slices
Conponent acceptance tests for 388 conponents 69

4 satellites

Satellite integration operations 3 satellites 18
(subsystem tests)

Satellite acceptance tests 3 satellites 12
(space vehicle tests)

10.3.5 Guidance Sunmary. SubasseanK testing decisions
are conponent and program dependent, and shoul d be nade by
program management w th gui dance from design and test .
engineering. Subassenbly tests nay be optional; however, if
crrtical paraneters cannot be adequately verified by tests at
hlgher or |ower assenbly levels, they should be verified by
subassenmbly tests. Testing and replacement of defective units
at the subassenmbly level usually involve relatively fewer

engi neers, technicians, and pieces of test equipnent than at the
conponent or space vehicle level. A test failure at the
conponent, subsystem or systemlevel can involve many engineers
and technicians and |arge-scale test setups, and can cause
extensive delay to an entire project. The expense of an
extensive subassenbly test program can often be justified based
only on avoiding the potentiall'y higher expense of what
otherwi se could be failures during conponent, subsystem or
systemtests. However, a risk versus cost-effectiveness

anal ysis should be perfornmed to evaluate the effectiveness of
subassenbly tests for each specific test program

Unfortunately, the technical necessity of specific subassenbly
tests, and the related historical cost data, are generaIIY
unavail able. Also, insufficient data exist at thrs time to
prove whether on-orbit reliability of spacecraft have been

I ncreased by performng subassenbly tests. However, it is clear
that there is both a potential for cost savings and a potenti al
for inproved reliability.
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It is generally cost-effective to require space system
subassenmblies to be subjected to electrical continuity,
functional, burn-in, thermal cycling, and random vibration
tests. The technical paraneters of these subassenbly tests
shoul d be specified individually for each item by the system
program office with guidance from design, test, and reliability
engineers. The testing should be perforned either to the sane
stress-screening environmental l[imts as the higher tier
conponent tests or to tougher stress-screening limts applicable
to each subassenbly.

136



Downloaded from http://www.everyspec.com

M L- HDBK- 340 ( USAF)
01 JULY 1985

SECTION 11
FLI GHT USE OF QUALI FI CATI ON EQUI PMENT

11.1 STANDARD CRI TERI A

~ Contents of Paragraphs 8.0 through 8.4 of M L-STD 1540B
(flight use of qualification equipment) are as follows:

8.0 FLIGHT USE OF QUALIFI CATI ON EQUI PVENT

SUa]|f|cat|on tests are conducted to demonstrate that the
esign, manufacturing. and assenbly have resulted in
hardware conformng to specification requirements, The
qualification tests required by this document incorporate
the environmental design margin into the test levels to
assure that flight units wll meet the operationa
requirenents for their service life. The vibration tests
acoustic tests, and thermal tests produce cyclic stresses
that can encroach on the fatigue nmargins of interconnect
wiring, solder joints, structural nembers, and simlar itenms
In the qualification test units. If equipment that has been
subjected to qualification test|n% is planned for subsequent
flight use, It is possible that the remaining fatigue
margins are so low as to present a high risk of failure
dur|n? flight. This is Prlnarlly due to the use of high
test Tevels and long test durations during the baseline
qualification tests.  Therefore, the actual vehicle used for
the 6.2 vehicle qualification tests or the conponents used
for the 6.4 conponent qualification tests my not be
suitable for subsequent flight.

Nevertheless. Initial programcosts and schedul e constraints
may force the consideration of ways to make units used for
qualification testing acceptable for flight. It should be
recogni zed that the use of qualification items for flight

al ways presents a higher risk than the use of standard
acceptance-tested items for flight. This risk my be
reduced bY various strategies such as reducing qualification
test levels and durations to reduce the encroachnent on
fatigue and wearout margins. The strategy used shoul d he
based upon specific program considerations. One nethod has
been to replace all cm?ommtsontheun|ﬂcm|onvemcIe
with “new’ conponents that have passed conponent acceptance
tests (see 8.3). Another way was to |ower the space vehicle
qualification test levels and test duration to avoid
excessive encroachment on margins (see 8.2). on sone
progranms, one or more qualification conponents have been
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used as flight conponents (see 8.1). In such cases where
program consi derations are overriding. the contract may
direct, or the qontractlnP_off|cer may approve, the use of
qualification units for f |8ht. Some” of the strategies that
have been used are presented in the followng exanples.

8.1 USE OF THE QUALIFICATI ON COVPONENTS FOR FLI GHT

\Wen the qualification conponents are planned for flight

use, the component qualification test program shall be

modi fied fromthat specified in Section 6 to reduce cyclic
stress levels. In addition, the conponent qualification
testing shall be conducted on flight spares so that flight
use is delayed or possibly never required. The flight space
vehicle in which these qualification conponents are
installed shall be acceﬁtance-testedlln accordance with the
requirenents of 7.1. This space vehicle qualification would
be based on the requirenments of 6.2

8.1.1 Conmponent Qualification Tests. Wen the conponent
qualification tests are conducted on a conponent intended
for subsequent.f||?ht. the conponent acceptance tests .
required by this standard are waived, excePt for the burn-in
accePtance test of 7.3.9, and only the qualification test
baseline specified in 6.4 is required with the follow ng
exceptions:

a.  For the conponent thermal vacuum test (6.4.2). the
tenperature extremes shall be 5 deg C beyond the
mninum and maxi num predicted tenperatures.

b.  For the conponent thernal cycling test (6.4.3),
the tenperature cycles shall be conducted at 5 deg
%7nggqg 5he acceptance tenperature extrenes

c. For the conponent vibration qualification test
(6.4.5). the test level shall he 3 dB greater than
the maximum predicted level but not [ess than 9
gr .

d.  For the conponent acoustic qualification test
(6.4.6), the test level shall be 3 dB greater than
ége naxuqun1pred|cted | evel but not less than 141
overall,

e.  For the conponent pyrotechnic shock test (6.4.7),

the shock spectrum shall he 3 dB greater than the
maxi mum predicted |evel
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f. For the conponent pressure test §6.4.10), onlr
proof pressure tests per 6.4.10.3 a and b shall be
conduct ed

8.1.2 Conmponent Certification for Flight. Upon conpletion
of the nodified qualification test program the conponent
test history shall be reviewed for excessive test the and
potenti al fatlgue.the failures to determne if the unit is
acceptable for flight or If refurbishment is required.
MsmonamimﬁmYIM|Ucalqumlﬂcmloncmmmwms shoul d
not be used for flight in systenms where a redundant
conponent is not provided.

8.2 USE OF THE FLIGHT VEH CLE FOR SPACE VEH CLE LEVEL
QUALI FI CATION

WWen the flight vehicle is also used for the vehicle |eve
qualification tests, the space vehicle qualification test
| evel s and durations shall be reduced as defined in 8.2.1
The conponents installed in this flight vehicle shall be

acceptance-tested in accordance with the requirements of

7.3. " The conponent qualifications woul d be based on the

requirenents of 6.4.

8.2.1 Space Vehicle Qualification Tests. If the space
vehicle qualification tests are to be conbined with the
flight vehicle acceptance tests, the space vehicle leve
acceptance tests required by this standard are waived, and
only the qualification test baseline in 6.2 is required wth
the fol lowi ng exceptions:

a.  For the space vehicle acoustic qualification test
(6.2.3), the test level shall be 3 dB greater than
the maximum predicted level but not |ess than 141
dB overall. The duration of the test shall be the
same as for the space vehicle acoustic acceptance
test (7.1.3.3).

b.  For the space vehicle vibration qualification test
(6.2.4), the test levels shall produce vibration
responses in the equipnent which are 3 dB greater
than the maxinum predicted level. The duration of
the test shall be the same as for the space
vehicle vibration acceptance test (7.1.4.3).

¢.  For the space vehicle thermal vacuum qualification
test (6.2.7), the nunber of hot-cold cKcIes shal |
be four and the tenperature extrenes shal| be 5
deg C beyond the m ni num and maxi mum predi ct ed
t enperat ur es.
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d. If the optional space vehicle therml cycling test
(6.2.9) 1s adopted as haseline, the mnimm space
vehicle tenmperature range shall he 60 deg C. The
test should include 15 percent nore thermal cycles
than the %face vehicle thermal cycling acceptance
test (7.1.8.3).

8.2.2 Space Vehicle Certification for Flight. Upon
conpletion of the modified space vehicle qualification test
program the vehicle test history shall be reviewed for
excessive test the and potential fatigue-type failure to
determne if the vehicle is acceptable for flight or if
refurbishnent is required. If significant nodifications are
incorporated or numerous conponents are refurbished or
replaced with new conﬁpnents subsequent to qualification
testing, the space vehicle accePtance baseline specified in
7.1 shall be required prior to launch certification.

8.3 USE_OF THE QUALIFICATION VEH CLE FOR FLIGHT

\When the space vehicle used for vehicle level qualification
testing of 6.2 is planned for subsequent flight use. all
conponents shall be replaced with “new conponents that have
passed the conponent acceptance tests. The space vehicle is
certified for tlight when it satisfactorily conpletes the
vehicle level acceptance tests of Section

8.4 QIHER STRATEQ ES

Various combinations of strategy may be considered. depending
on specific program considerations and the degree of risk
deemed acceptable. For exanple, nethod 8.1.1 may be

conbined with a vehicle qualified at reduced |evels per

8.2.1 or with the qualification vehicle per 8.3. In such
cases, the provisions of both methods apply, and the
resultant risk would be increased appropriately.

11.2 RATILONALE FOR FL| E ALL F| CATI EQUI PVENT
REQUI REMENTS

~Past test practices (per M L-STD 1540A) inﬁjicitly _
?rohlblted flight use of components or space vehicles subjected
o qualification test levels. ML-STD 1540B recognizes that
proPranlcon5|derat|ons.nay dictate the flight use of ,
qualification test articles. The increased cost and conplexity
of space vehicles in conmbination with nounting pressure for cost
reductions are the usual driving forces |leading to this gromnn?
practice of flying qualification test articles. Both components
and space vehicles which have undergone environnental test at
qualification levels have been commtted to an operationa
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role. The conventional practice of retiring qualification
specimens fromfurther service is still valid froma technica
point of view, since the reliable |ife remaining in an article
after the rigors of qualification testing cannot be established
wWth certainty. It is safer, in a technical sense, to test
flight conmponents and vehicles to only acceptance test |evels of
environnent.  These acceptance test |evels represent the maxi mum
expected in service, but lie below qualification test |[evels by
the design margins. Driven by cost considerations, however

sone space vehicle programs have decided to fly their
qualification test articles. The operational performance of
such equipnent in Air Force and NASA space vehicles has

generally proven satisfactory. In nost cases, however, there
were nodifications to the usual qualification test programto
reduce the risk of flying “worn out” test articles. It is

likely that the practice of flying qualification test articles
wi Il continue and expand. Cuidance is therefore needed to
fornul ate appropriate qualification test prograns for equipnent
which will subsequently be used in service.

11.3 GUI DANCE FOR FLIGHT USE OF QUALI FI CATI ON EQUI PMENT

- ML-STD 1540B recogni zes that there are no standard
criteria for flight use of qualification equipment. It is noted
that the use of qualification equipment for flight presents a
higher risk than the use of standard acceptance-tested items for
flight. For itenms tested to their nomnal design level (ful
qualification), this higher risk is primarily due to the
uncertainties regarding fatigue margins and the uncertainties
regarding the remaining lifein the test articles follow ng the

ualification test. For items qualified to [ess than their ful
esign levels (i.e., reduced environmental margins for .
qualification) , the higher risk in using the test articles is
primarily due to uncertainties re?ardlng di fferences between the
test environments and the actual flight environnents as well as
uncertainties regarding the fatigue and wearout limts of the
test units. If a reduced level qualification test is used, then
production variabilities may also increase the risk in usin
other units that may only be acceptance-tested, i.e., tested to
the maxi mum predicted flight environnmental range.

~In order to discuss the possible flight use of
qualification test articles, It is necessary to define the
various possible categories of the flight items. In this
di scussion, it is assumed that the design environnments for the
items are in accordance with the definitions in ML-STD 15408,
Sections 3.8, 3.9, and 3.10 (see Section 5.1 in this handbook).
Full qualification testing neans that the itens are tested to
those design levels, and normal acceptance testing woul d _
typlcally e to the maxi num predicted environnmental range during
flight. “In this context, there are four possible categories of
flight itens as defined in Table XVIII.
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TABLE XVI1I.  Possible Categories of Flight Itens.
Cat egory Description
Category | Itens that have passed all normal acceptance

tests and whose qualification is based upon
the full qualification testing of another

production unit

Category I Itenms that have passed all normal acceptance
tests and whose qualification is based upon
reduced qualification testing of another
production unit

Category 111 | A test item that has passed reduced |eve
qualification testing and is then used as a

flight unit

Category IV | Atest itemthat has passed the full
qualification testing and is then used as a
flight unit

Al though the conponents installed in a flight space vehicle,
particularly a production vehicle, are normally Category |
Items, it is clear that any of the components could Instead be
Category |I, Category 111, "or Category IV itenms. Simlarly, the
flight space vehicle into which the conponents are installed
woul'd normal |y be a Category | item however, it is also clear
that it could instead beconme a Category II, Category IIlIl, or
Category |V space vehicle, dependln?.qun both the vehicle |eve
testing that 1s conducted on that flight vehicle and the
qualification testing conducted on a separate space vehicle.

The baseline test program outlined in ML-STD 1540B assumes
that Category | conponents are used in a Category | flight
vehicle. ~That may nean higher testing costs than other
alternatives, since it requires a full qualification test
Progran1on anot her set of conponents and a full qualification

est program on a separate space vehicle. This particular
subsection addresses ways to reduce the program costs wthout
increasing the risks beyond what is acceptable. Therefore, this
subsection wll not address the baseline category, i.e.

Category | conponents in a Category | space vehicle.
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Exanple A illustrates an extrene case. (One could postulate

a program where only a single set of conponents is built and
installed in a single space vehicle. One could further
Bostulate that the conponents and the space vehicle are only to

e tested over the maxi mum predicted flight environmental range
(i.e., at normal acceptance test levels). The rationale in this
exanpl e woul d be that if there is only one set of hardware
produced, and if it is tested to the maxi mum predicted flight
environnents, that should be enough to prove it is flightworthy.
In this exanple, the conponents are Category IIl and the space
vehicle would be Category IIl. Certainly, the one set of

equi pment used in this case is less costly than the two sets
required for Categorr |; and certainly, the one set of tests at
acceptance test levels Is |ess expensive and will have fewer
failures than the two sets of tests required for Category I.
The problemw th this case is that the reductions in test |evels
have conpletely elimnated any provisions for the environmental
design margin.  The environnental design margin assures against
environnents that may not adequately sinulate flight _
environnents, allows retest without the risk of fatigue failure,
and provides for test equipnent tolerances. For exanple, the
design nargin acconmodates the fact that the test environments
are applied one at a tine, while in flight they are conbined.

In addition, acceptance test levels are typica I% t he maxi mum
gredlcted flight [evels that may onIY be the 95th percentiles.
his means that more extrene flight levels n1ght be expected on
sone conponents at |east some of the time, and that fact
increases the risk of failure during flight. It would therefore
seem unlikely that a space vehicle 8rog;an1mould_be willing to
accept the increased risks inplied by Exanmple A in the hope that
the total equipnent and testing costs would be reduced.

_Exanple B illustrates another case. It is assuned that the

guallflcat[on test articles that were tested over their ful
esign environnental range (full qualification) were installed
on a flight space vehicle that was then given a ful
ggallflcatlon test. In this case, the conponents would be,

tegory IV and the space vehicle would al so be Category IV.
Here the reduction in hardware costs and testing costs 1S
essentially the same as in Exanple A, however, since the test
| evel s are higher in Exanple B, there are added risks that the
itens may not pass the tests. If the tests are satisfactorily
conpleted, the risk of having a flight environment exceed the
conponent or space vehicle test environnents is greatly reduced,
and the probability of mssion success increases. On the other
hand, the potential for a conponent fatigue failure or wearout
has been increased due to the nore severe testing in this
example. It would seemunlikely that a space vehicle program
woul d accept the increased risks inplied by this exanmple in the
hope that the total equipment and testing costs would be reduced.
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~ The exanples given in Section 8 of ML-STD 1540B for the
flight use of qualrfication test articles are intended to
present a nore reasonable bal ance between increasing risks and
reducing costs than either Exanple A or Exanple B above. It Is
i mportant to recognize that the reduced qualification tests
di scussed in Paragraphs 8.1.1 and 8.2.1 of ML-STD 1540B are
suggestions and are not to be construed as recommendations or as
SReCIfIC requirements. In order to provide visibility regarding
these reduced qualification test exanples, Tables XX
and XX conpare the reduced qualification tests wth standard
qualification test levels and durations.

TABLE XIX.  Flight Use of Qualification Conponent; Mdified
Test Program - Reduced Level Qualification Test.

Component s for Qualification Com
M L- STD- 1540B ~ Standard onents for Flight
Conponent Qualification Test se: Reduced Level
Tests (Nonflight Use) Qualification Test
Ther mal Test | evel has 1o0°c Test level has 5°C
Vacuum margin beyond nmax. & * nmargin beyond max. &
mn. predicted. mn. predicted
M ni mum of 3 cycles. M ni mum of 3 cycles.
Ther mal Test level has 1o0°c Test level has sec
Cycling margin beyond nmax. & margin beyond max. &
mn, predicted. mn, predicted.
M ni mum of 24 cycles. M ni mum of 24 cycles.
Random Test level has 6 dB Test level has 3 dB
Vi bration narg;n beyond max. narg;n beyond max.
' predicted. Mn. of redicted. Mn. of
12 grins overall. Mn. grins overall. Mn.
of 3 mn per axis. of 3 mn per axis.
Acoustic Test level has 6 dB Test level has 3 dB
mar gi n beyond nax. mar gi n beyond naex.
predicted. Mn. of predicted. Mn. of
144 dB overall. Mn. 141 dB overall. Mn.
of 3 mn. of 3 mn.
Pyrot echnic Test level has 6 dB Test level has 3 dB
Shock margin beyond max. margi n beyond max.
predicted. 3 shocks predicted. 3 shocks
per direction per per direction per
axis; 18 shocks total. axis; 18 shocks total,
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TABLE XX. Flight Use of épalification Space Vehicles; Mdified
Program - Re

Test duced Level Qualification Test
Space Vehicle for 6ya[ification Space
M L- STD- 1540B Standard Qualification| Vehicle for Flight
Space Vehicles | Test Use: Reduced Leve
Tests (nonflight use) Qualification Test
Acoustic Test level has 6 dB Test level has 3 dB
margin beyond max. margin beyond max.
predicted. Mn. of predicted. Mn. of
144 dB; mn. of 3 mn. 141 dB; mn. of 1 mn.
Random Test |level has 6 dB Test |evel has 3 dB
Vi bration narg!n beyond max. narg!n beyond max.
predicted. M nimm predicted. M ninum
of 3 mn per axis. of 1 mn per axis.
Ther mal Test level has 10°c Test level has 5°C
Vacuum margi n beyond max. & mar gi n beyond nmax. &
mn. predicted. Mn. mn. predicted. Mn.
of 8 cycles. of 4 cycles.

Tabl e XI X shows exanpl es of reduced qualification test
|l evel s for qualification conponents intended for fllght and a
conparison of these reduced test levels wth standar .
ualification test levels. Simlar exanples are shown in Table
X for reduced qualification |evel space vehicle tests conpared
with standard tests.

Note that the reduced qualification |evel conmponent tests
are at one-half the design margins for full qualification
durations. The reduced qualification |evel space vehicle tests
are at one-half the design margins, and the test durations are
the same as the nom nal vehicle acceptance test durations. This
stratng still provides a funnel effect to maxim ze test rigor
at the Tower level of assembly. Oher variations in strategy
are possi ble and shoul d be considered. depending on specific
program consi derati ons.

0 11.3.1 Guidance for Qualification Test Margins_on
Qualification Equipnent Used for Fll?ht. ~Qualification test
requi renents are established at |evels which exceed environnents

and stresses expected in operational service and in nornal
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acceptance testing. This is acconplished by application of
environnental design nmargins to the maxinmum anticipated extremes
of the service environnent. In general, the nmaxinum expected
service environmental condition is augnented in ternms of
anplitude and duration for dynam c and | oad-inducing
environnents and in terms of tenperature range for therma
environments.  Numerous considerations are involved in
determining appropriate margins, Only those which are affected
by a decision to fly qualification articles are treated herein.

_ 11.3.1.1 Anplitude vgr?us Time. There is an uncertain
risk in using equipnent wth a relatively small reminin

fatigue Iife for flight. However, the Tisk of fatigue ?ailure
can be reduced significantly by reducing qualification test
margins. In regard to the "dynam c environments, vi bration

e.g.,
and acoustics, the fatigue life is nore strongl¥ af?ected by
anpl i tude than by exposure duration. Assuming that stress

| evels in a dynan1c qualification test are above the endurance
limt (where fatigue damage is accumulated), a reduction in test
anPlltude by a factor of two is expected to extend the fatigue
life by nore than an order of magnitude. This expectation Is
based upon study of fatigue characteristic of typical materials
used in space Vehicles. est duration provides an inportant
contribution to test effectiveness by allowing sufficient tine
to nonitor operational performance over an extended tine. |f
concern for possible fatigue damage during qualification tests
notivates a reduction in test requirenents, an anplitude
decrease is therefore better than a test duration decrease.

11.3.1.2 Fatigue Damage Concerns., \Wen the decision is
made to fly qualification equipment, concern is often expressed
regarding the probable fatigue damage suffered by these articles
during qualification tests. In response to this”concern,
concessions are sonetimes granted in terms of decreased test .
| evel s and exposure duration in order to reduce the possibility
of fatigue failure during flight. Such reduction should be
cautious, since the rigorousness of the qualification test is
t hereby di m ni shed. though it is anticipated that the space
vehicle and conmponents will not encounter flight conditions
exceeding the maxi mum predicted environments, sone uncertainty
is inherent in the predictions. The design test margins were
established to conpensate for these and other uncertainties. A
reduction of the design test margins means a reduction in the
qualification test levels which I'ncreases the risk that
unexpected events may exceed the equi pment design capability.
It i's sometimes argued that rather than increasing the risk of
fatigue failure in“flight, the qualification test” specinmens are
| ess risky, because they benefit from substantial test margins
relative to the conparatively benlﬂn flight environnment.
Essentially it is argued that the higher the test margins, the
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| ower the risk of flight damage. Also, later flight articles
tested at acceptance levels benefit from high qualification test
margi ns, because nore acceptance test repetitions can occur
before the capability denonstrated by qualification is .
exceeded. However, regardless of the margin applied in setting
qualification test levels, the life remaining in the
qualification test article is still undefined due to
uncertainties in estimating fatigue life.

~11.3.1.3 Thermal Extrenmes. Thernal testing is generally
believed to be a | ess serious fatigue damage threat than dynamc
testing. The nunber of test tenperature cycles and the test
exposure time are usually considerably IesS than the flight
environment.  The nunber of thermal stress cycles is not
sufficient to provide the large nunber of stress reversals
required for fatigue failure. ~ Thermal margins, which are fixed
i ncreases in the maxi num expected tenperature ranges, do not
appear to influence fatigue life as strongl% as the ratio-type
margins of dynamc and |oad environnent. he hazard in testing
flight equipment to qualification tenperature extremes lies in
the risk of exceeding the tenperature design limts of the
hardware, but this risk is generally small.” In npbst cases, the
qualification tenmperatures may be used for flight hardware with
a relatively low risk

0 11.3.1.4 Vehicle Design. Another ingredient involved in
qualification test margins 1s the space vehicle de5|8n
phi | osophy. =~ Mdst space vehicles incorporate a high degree of
redundancy in _system design by using redundant strings of
conponents . This redundancy 1s enhanced by cross-strapping of
i ndi vi dual conponents from one string to another

Wth redundant conponent. it is assuned that on|¥ one of
t he conponents has been qualification-tested and that the other
has been acceptance-tested. For this case, if qualification-
tested equipment is used in one string and standard acceptance-
tested equipnent is in the other string, a decision nust be made
as to which string should be active inrtially, and which string
should remain dormant until required. Consideration should be
given to the sonmewhat higher risk of fatigue failure for the
qual ification-tested equi pment in one string, and the decision
shoul d be nade accordingly.

For mssion-critical nonredundant application, it appears
safest to fly standard acceptance-tested conponents that were
qual ified using other nonflight qualification units.

011.3.1.5 Nunber of Flight Articles. Full qualification
testing is performed to show that the generic equi pnent can
operate at environnental |evels that are nore extrene than
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redicted. This provides confidence that variabilities anmong

light articles and uncertainties in the testing and in the
prediction of environments are accounted for. At the same tine,
a higher qualification test |level adds sonme risk of fatigue or
other damage to the test article.

I f the nunber of flight articles is large, no reduction of
qualification test |evels may be appropriate. Al though higher
qualification test levels may add some risk of fatigue damage to
the qualification test article, they add nuch confidence in the
adequacy of the generic design. Successful conpletion of
qualification tests with larger margins also allow an increased
nunber of repetitions of acceptance tests of subsequent copies
W thout fear of fatigue damage. The articles followi ng the
qualification article may be acceptance-tested only.

~If just one or two flight articles are involved, the

qual i fication equi pment used for flight represents a large
ercentage of the total build. In order to mininize the risk of
atigue damage to this equipment, a reduction in qualification
tests may be appropriate as shown in Tables XI X and XX of this
document.” If relatively small variability exists between
roduction articles, the second and other” articles followng the
irst article that was given a reduced qualification test nmay be
acceptance-tested only. =~ If considerable variability exists,
those generic followon articles are recommended to be
qualification-tested with the same qualification margins as the
first flight article.

~11.3.1.6 Consistency with Level of Assembly. The
advisability of maintaining consistent qualification margins for
testing at different l[evels of assenbly is sometines
questioned. However, the relationship of test rigor and |evel
of assembly is purposeful. It is intended to aid in early
identification of environnental susceptibility. This “funnel
effect” is best preserved b%.na|nta|njng consistent margins in
both component and space vehicle testing. |If test requirenents
are consistent and properly established, the system |evel test
wi [l approach, but not exceed, the stress |evel of conponent
test margins.

~11.3.2 Quidance for Application Strategy on Flight Use of
Qualification Equipment. Beyond the consideration of test
margins, a number of flight- and test-related questions may
arise.  Should conmponents which have been tested to
qualification levels be used to assenble the qualification test
vehicle, or should the vehicle be built from conponents tested
at acceptance levels? |If the latter, how should qualification-
tested conponents be utilized? Should they serve-as flight
spares? Should qualification test conmponents be refurbished and
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retested at acceptance levels prior to flight? Wat constitutes
refurbi shnent? In what order should the qualification test
vehicle be flown relative to other flight vehicles? Sonme views
on these guestlons are in the following text. The treatnent is
not intended to be prescriptive but to provide points for

consi derati on.

0 11.3.2.1 Use of Qualification Conponents in Qualification
Vehicle. In general, It appears reasonable to use the
conponent s subgected to qualification testing to build the
qualification test vehicle. Testing at |ower |evels of assenbly
I's normal |y nmore rigorous environmentally than at higher |evels
of assenbly, to aid in early problem identification.

_Therefore, during the vehicle qualification test, the
qual i fication conponents will accumulate fatigue damage at a
relatively |ower rate than they did during conponent .
qualification. The idea of containnent of the fatigue risk
within a single flight vehicle is also worthy of consideration.
In any event, space vehicles with adequate redundancy can
provi de backup for the qualification conponents wth redundant
conponents whi ch have not been exposed to conponent .
qualification test levels. The risk of Catastrophic failure
causing loss of the mssion is thereby dimnished. This benefit
IS Aos , however, if internally redundant conponent designs are
used.

11.3.2.2 Use of Qualification Conponents as Spares
Some believe that the qualification test conponents are best
utilized as spares to be used in the factory as needed and fl own
only if needed, and that the qualification test vehicle should
be fabricated with acceptance-tested conponent. This strategy
appears prudent if the program makes no other provisions for
spares. In that case, it should be understood that these
qualification test conponents may be flown as needed wi thout
reservation. This does not elimnate concerns with fatigue

damage . Spare units are subject to rework due to engineering
des!Pn changes or Part repl acement while on the Shelf. Such
modi fication usually requires additional environmental

acceptance testing to validate the rework. In this manner
qual I fication conponents used as spares may accumul ate much nore
test time than the normal acceptance test units. This should be
considered in estimating the risk

11.3.2.3 Refurbishnent. The question of refurbishment

of qualification equipment 1s ambiguous. It infers that
equi pment exposed to qualification test |evels requires
I nspection or perhaps upgrade or repair. It may be prudent to

replace delicate nechanisns (such as precision bearings) which
could suffer life-limting damage that is difficult to
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i medi ately detect. However, the advisability of partial

di sassenbly, inspection, and rework of suspect areas in
qual i fication conmponents on a routine basis should be
questioned. Such rework usuallg | nposes a requirenment that
environnental acceptance tests be conducted after reassenbly.

~Discovery of inpiﬁient fatigue failures (which would
require rework) is highly uncertain. In fact, conponent
construction wth foam sealants or potting conpounds, and use of
many extrenely small parts, makes visual 1nspection difficult.
Aside from rework necessitated by mandatory eaglneer[ng change,
repl acement of suspect parts, and mechanisms whose life is

di mini shed by test exposure, refurbishment does not appear
fruitful and tends to add further test exposure to the equipment.

11.3.2.4 Flight Strateqy The deci si on concernin? when

to fly the qualification test vehicle nust be based on limted
experience. In the normal situation, where the first vehicle
bullt is qualification-tested, it seens logical to fly it
first. Past successes indicate that the risk of |atent fatigue
or over-stress failure is low Furthernore, the longer the
qualification test vehicle remains in the nmanufacturing
facility, the more likely it is to be reworked and retested.
Due to rapidly advanci ng technol ogy, it is also subject to
obsol escence due to redesigned conponents. As long as the
qual i fication test conponents have been built to full .
flight-quality standards, it appears logical to fly the vehicle
as soon as possible. This often would meke it the first flight
article. Production or launch schedules may dictate that the
second production unit be conpletedlprlor to completion of all
qualification tests on the first unit. This would usuallyY
result in designating the qualification unit as a launch spare
and then as the second flight article.

11.3.3 Summary of Guidance for Qualification Test Margins
and for Flight Use of Qualification Equipment. The follow ng
sunmary is a guide for structuring an environmenta
qualification test program for test articles to be used as
flight hardware:

a. For dynamic tests, reduplng the qualification
margin in ternms of anplitude rather than time
causes |less fatigue damage and permts nore
t horough performance testing.

b. Regardl ess of test margins, the fatigue dana?e
sustained by qualification specimens is undefined
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From a possible fatigue damage viewpoint, there
IS | ess necessity for redu0|ng test margins for
thermal qualification tests than for dynamc
tests.

Redundant system design reduces the mssion risk
associated with flying qualification-tested
equi pment .

A program planning to build a significant nunber
of the same space vehicles may benefit by

mai ntaining larger design (qualification test)
mar gi ns.

Consistent test margins at different |evels of
assenbly woul d appear appropriate in nost cases.

Building the qualification test vehicle with
qualification-tested conponents represents a
reasonabl e approach

For sone components, general refurbishnent of the
qualification test article may not be desirable
and may even be harnful.

If the qualification test vehicle is to be flown,
there appears to be little value in delaying the
flight until later in the program

The use of qualification-tested conmponents as
initial factory checkout units, or as flight

spares to be uSed only if needed, has been a

successful policy on many space prograns.
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SECTI ON 12
PRELAUNCH VALI DATI ON TESTS

12.1 PRELAUNCH VALIDATI ON TEST DESCRI PT| ON

12.1.1 Standard Criteria. Contents of Paragraphs 9.4,
9.4.1, 9.4.3, and 9.4.4 of ML-STD 1540B (descri ption of

prel aunch validation tests) are as follows:

9.4 PRELAUNCH VALI DATION TEST DESCRI PTIONS. The prelaunch
validation tests shall exercise and denonstrate satisfactory
ogerat|on of the space vehicle through all of Its mssion
phases. to the maximum extent practical. Test data shall be
conpared to corresponding data obtained in factory tests to
I dentify trends which indicate performnce degradatlon
within specification limts. Each test procedure used shal
include test limts and success criteria sufficient to
permt a rapid determnation as to whether or not processing
and |nte?ra ion of the vehicle should continue. However

the final acceptance or rejection decision, in most tests
depends upon the results of post-test data analysis.

9.4.1 Functional Test. Electrical functional tests
shal | be conducted that duplicate. as neark% as possible.
the factory functional tests of 7.1.1.2. Nechanical tests
for |eakage, valve and mechani smoperability, and fairing
cl earance shall be conducted.

9.4.1.1 Sinulators. Sinulation devices shall be
careful ly controlTed and shal| be permtted only when there
is no feasible alternative for conducting the test. \hen it
IS necessary to enploy simuilators in the conduct of
prelaunch validation tests of the space vehicle, the
Interfaces disconnected in the subsequent replacenent of the
sinulators with flight hardware shall be revalidated.
Simulators shall be used for the validation of ground
support equi pment prior to connecting it to flight hardware

9.4.2.2 Explosive Circuits. \Wen explosive circuits
are involved, approved sinulation devices shall be used
where appropriate. Before connection of pyrotechnic devices
to their respective circuits, ||ne_cont|nU|tY checks shal |
be made for the presence of the "Fire" signal at the squib
connection when conmanded. A line continuity stray yolta?e
check shall be made imediately prior to the connection o
any pyrotechnic device, and this check shall be repeated
whenever that conection is opened and prior to
reconnection
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9.4.3 Integrated System Tests. Total launch system
readi ness shal [ be denonstrated through an integrated, fully
assenbl ed launch systens test prior to flight. "This test
shal | include an evaluation of radio frequency ir
interference between systemelenents, electrical power
interfaces, and the conmand and control subsystems. On a
new space vehicle design or a significant design change to
the telemetry. tracking, or recerving subsystem of an
existing space vehicle, a test shall he run on the first
vehicle to ensure nomnal operation and that pyrotechnics
(simulators) do not fire when the vehicle is subjected to
the worst case range electromagnetic Interference
envi ronnent .

9.4.4 Conpatibility Test, On-orbhit System

9.4.4.1 Purpose. This test validates the
conpatibility of the space vehicle and the on-orbit commnd
and control network. For the purﬂose of establishing this
testing baseline, it is assumed that the on-orbit conmand
and control network is (or operationally interfaces wth)
the Air Force Satellite Control Facility (AFSCF). This test
denonstrates the ability of the space vehicle, when in
orbit, to properly respond to the AFSCF hardware, software
and operations team as specified in the AFSCF Obhita
support Plan. For prograns which have a dedicated ground
station, conpatibility tests shall also be performed wth
the dedicated ground ‘station.

9.4.4.2 Test Description. Facilities to perform
on-orbit system conpatibility tests exist at the Western
Test Range (WIR) and the Eastern Test Range (ETR). At both
| ocations, the AFSCF can conmand the space vehicle and
process telenetry fromthe space vehicle as well as perform
tracking mdramuw,tMsvm|WHmtherfcmmM|mHt%
the comand software, and the telemetry nodes. The tests
include the fol | ow ng:

a. Verification of rf, analog. and digital .
Fo atibility of conmand, telemetry, and tracking
i nks.

b.  Verification of AFSCF_caFabiIity to control the
space vehicle using single, block, unsecure, and
secure conmands as required for on-orbit support.

¢c. Verification of AFSCP capability to Frocess

display, and record space vehicle telemetry link
or links as required tor on-orbit support.
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d.  Verification of AFSCF capabilitY to track the
space vehicle using angle, dopg_er, and range
tracking as required for on-orbit support.

9.4.4.3 Supplenentary Requirenents. This test should
be run as soon as feasible after the space vehicle arrives
at the launch base. The test is made with every space
vehicle to verify system interface conpatibility. ~The test
shal | be run u3|nﬂ the software nodel versions that are
integrated into the operational on-orbit software of the
space vehicle under test. A prelimnary conpatibility test
may be run prior to the arrival of the Space vehicle at the
| aunch base by the use of Prototype subsyst ems, conponents,
or sinulators as required to prove the interface. o
Prelimnary conpatibility tests may be run using Prelln1nary
software. ~Normally. a prelimnary conpatibility test is run
once for each series of space vehicles to check de5|ﬁn .
conpatibility, and is conducted well in advance of the first
launch to permt orderly correction of hardware. software
and procedures as required. Changes in the interface from
those tested in the prelimnary test shall be checked by the
conpatibility tests conducted just prior to [aunch

12.1.2 Rationale for Prelaunch Validation Tests. The
purpose of the prelaunch validation tests is to verlfK by
end-to-end tests that each critical path in the launch system
in the on-orbit system and in the reentry systemis
satisfactory; i.e., there are no out-of-tolerance conditions or
anonmal ous behavior. Duplication of the factory functional tests
Is also intended to provide data for trend analysis that m ght
provide evidence of a problem even though all measurement were
within tolerances. \hether electrical, mechanical, or both, al
critical paths or circuits shall be verified fromthe
application of the initiating signal through conpletion of each
event. This testing is intended to verify that an event command
or signal was properly 8enerated and sent on tine, that it
arrived at its correct destination, that no other function was
performed, and that the signal was not present other than when
programmed. Once successfully acconplished, that particular
critfical path or circuit is considered validated. Not al
end-to-end tests can be Perforned with only flight hardware, as
in the case where an explosive event is involved. In cases
where end-to-end testing cannot be perforned with the flight
hardware, appropriate sinmulation devices should be used to
exercise the flight hardware to the maxi mum extent possible.
Simul ation devices shoul d be careful]g control | ed and shoul d be
permtted only when there is no feasible alternative for
conducting the test. Al of the events that occur during the
m ssion profile should be tested in the flight sequence to the
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extent that is practical. The space vehicle should be operated
through the ascent sequence, separation and engine ignition
phase, orbital injection, on orbit, and if apﬁllcable, recovery
phase. Redundant conponents and subsystens should al so be
validated in the same manner

12.1.3 Guidance for Use of Prelaunch Validation Tests.
Because signals or conmands can be communi cated to the space
vehicle in a variety of ways, no single end-to-end test
configuration can be defined. Consequently, the term
“end-to-end test" was not used in ML-STD 1540B, but the

relaunch validation tests described include the classical
runctional tests, end-to-end tests, and sequential tests defined
in other documents. The end-to-end tests should include
negative logic tests to verify lockout, to assure that no other
function than the intended function was performed, and that the
signal was not present other than when progranmed.

- For the space shuttle cargoes that have a |ink through the
orbiter, the end-to-end test includes verification of orbrter to
cargo interfaces through an orbital functional sinulator prior
to cargo installation in the orbiter.

The compatibility of the space vehicle and the on-orbit
command and control network is a further part of the system
end-to-end testing.

12.2  PROPULSI ON SYSTEM LEAK AND FUNCTI ONAL TEST

12.2.1 Standard Criteria. Contents of Paragraph 9.4.2
of ML-STD-1540B (requirenents for propul sion system |eak and
functional test) are as follows:

9.4.2 Propulsion System Leak and Functional Test. A
functional test of the space vehicle propulsion subsystem
shall be conducted to verify, to the maxinum practical
extent. the proper operation of all conponents

Pr0ﬁu|sion system | eakage rates shall be verified to be
within allowable linmts

12.2.2 Rationale for Propulsion System Leak and Functi onal
Test Requirenments, Functional testing of the propulsion
subsystem s conducted to verify that all conmponents are
operating properly. Leakage testing of the propul sion subsystem

is performed to verify that space vehicle transport and handling
has not degraded the previously factory-tested system

12.2.3 @Quidance for Use of EEQQHlSiFD ?yslem Leak and
Eunctional Test Requirements. Prior to [eakage testmc{\;ﬁ,E a
OP)

pressure test at maximum expected operating pressure ( I'S
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recoomended.  Leakage rates are reconmended to be verified at
the MEOP unless specified otherwi se. However, testing should be
conducted at the mnimumpressure if the valves or fittings have
a greater tendency to leak at mninum operating pressures than
at maxi num

_ |f the structural integrity of the system has been viol ated
since the time that the |ast proof pressure test was conducted,
a proof pressure test prior to |eakage test is reconmended. Al
pressure tests at the launch site should be performed within the
requirements inposed by the existing range safety requirenents,
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13.2 MIL-STD-1540B PARAGRAPH CROSS REFERENCE INDEX

The cross reference in the following Table XXI is provided
to indicate which paragraphs of MIL-STD-1540B are discussed in
this handbook, and to 1dent1fv the paragraph numbers and page

numbers of the corresponding dlscu981on in the handbook.
Paragraphs of MIL-STD-1540B that are not listed in this cross

reference are not specifically addressed in the handbook.
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