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8.1.2 Rationale for Space Vehicle Test Baseline Requirenents.

Environnental qualification tests are a fornmal denonstration that
a production vehicle (or prototype) is adequate to successfully
sustain specified environnental "deSign levels. These tests are
mainly performed to determne if there are factors that may have
been over| ooked during design, analysis, or manufacturing.
Additionally, the environments used dur|n% 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, incorporate margins which are added to
the range of environnental extrenes and stresses expected to occur
in service. Before qualification testing, the space vehicle
shoul d have been subjected to the same controls, inspections,
alignnments, and tests inposed on flight vehicles. hi s includes
conpl etion of the environnental acceptance tests.

~ The environmental tests required for space vehicle qualifi-
cation are EMC, acoustics (vibration for certain configurations),
?yrotechnlc,shock, t hermal bal ance, thermal vacuum and pressure
est of fluid subsystens before and after the pyraotechnic shock
and acoustic tests. Functional tests are requifed before and
after each environmental test. Thermal cycling at anbient pressure
I's an optional test but becomes a required test if thermal cycling
I's 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 noise
may not adequately excite vibratory responses, due to insufficient
surface area over which the acoustic pressures na% act, and due to
a_frequency m smat ch between the excitation and the natural
vibration frequencies related to the dimensions of the space
vehicle. In such a case, vibration testing is used to generate a
more realistic response In the test specinen.

Envi ronment al acceptance tests are conducted on space vehicles
to dermonstrate flightworthiness and to disclose quality deficiencies
in the flight article. Acceptance tests are intended to satisfy
t hese goals by subjecting the space vehicle to the maxi mum environ-
ment al “exposufes expected in service. The testmﬁrogran1|s conpri sed
of a series of tests; sone are required tests, ile others are
optional. Required vehicle-level acceptance tests include thermal
vacuum acoustic (or vibration for certain configurations), pressure
test of fluid subsystems, and functional tests before and after each
environmental test. Augnentln% the required tests are those
optional tests which are considered appropriate in accordance with
the goal s and characteristics of a given RBgce vehicl e program

Anong the optional acceptance tests are E pyrot echni ¢ shock, and
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thermal cycling. | f thermal cycling is performed, the therma
vacuum testing requirenments for the space vehicle are reduced, and
t he number of thermal cycles specified forthe thermal vacuum test
may be reduced from four to one.

- 8.1.3 Guidance for Use of Space Vehicle Test Baseline

Requi renent s. The suggested sequence of environnental tests is
based on three considerations: preserving the sequence or
concurrent nature of the service environnents, assuring that
otential failures will be detected as early as possible with the

east cost and schedul e inpact, and assuring detection of ,
dynan1ca||¥ induced intermttents. Therefore, dynamc tests, which
sinulate the launch and ascent environment and are generally of
short duration with limted performance testing, should precede
thermal vacuum tests, which sinulate long durafion orbita
environments where greater opportunity is afforded for nore
extensive diagnosticC testing. The dynamc tests provide an
opPortunlty for the detection of dynamcally induced intermttents
not usually detected in post-dynamc functional tests. However, in
recognition of programpeculiar requirements, such as the buildup
sequence and | ogistic considerations, the order of testing in
M L-STD-1540B is only a suggested rather than a required sequence.
However, the sequencing used shoul d recognize that the thernal
vacuum test offers an opportun|tx of performng a conpletely
integrated orbital performance check and should be run towards the
end of the test sequence.

_ In order to mnimze changes to test setups and
instrumentation, the acceptance test exposures required for the
qualification article may be integrated with the qualification test
pro?ranwby_perforn1ng the acceptance level test just prior to the
qual'ification level test. For exanple, in conducting the space
vehicle acoustic qualification test, the acceptance |evel acoustic
environnment would be inposed for its prescribed duration before
imposition of the full qualification acoustic environnment. By
conducting the acceptance test just before the applicable _
qual i fication test exposure, a secondary objective of validating
the environnental acceptance test programis acconplished.

The thermal cycling test, which naY be inposed at the space
vehicle level, has proved to be extrenmely useful and cost-effective
in disclosing latent defects. Thernmal cycling tests are also
useful for periodic testing of vehicles in storage to assure that

they remain flight-ready.

_ The mechani cal and electrical functional tests are extrenely

inportant elements in the test baselines. The functional tests are

conducted prior to and after each of the environnental tests. They
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shoul d be designed to ver|f¥ that performance of the conponents and
of the space vehicle neets the specification requirenents, that the
conponents and the space vehicle are conpatible with ground support
equi prent, and that all software used is validated, such as in
conput er-assi sted conmandi ng and dat a YOCESSIH?: In addition, the
el ectrical functional tests should include negafive |O?IC testing to
verify lockout, to assure that no function other than The intended
function was perforned, and to verify_that the signal was not
?resent ot her than when programmed. ~To the extent practicable, the
unctional tests should also be designed so that a data base_of |
critical paranmeters can be established for trend analysis. This Is
acconpl i shed b{ measuring the same critical paraneters in all of the
functional tesfs conducted before, during, and after each of the
basel i ne environnental tests. During these tests, the maxinum use
of telemetry should be enployed for data_acquisition, problem
identificatiion, and problem isolation. This can assist in
mechani zing the data base for trend analysis and provides training
for on-orbit flight support.

~ The trend data and the final anbient functional test conducted
Prlor to ShlBﬁEnt of the space vehicle to the |aunch base provide

he data to be used as success criteria during |aunch base testing.
For this reason, the vehicle level functional tests should, be
de3|?ned so that they can be duplicated, as nearly as possible, at
the Taunch base.

It is extrenely inportant that functional tests be conducted
before and after each environmental test. These functional tests
provide the criteria for judging successful survival of the space
vehicle in a given test environment. It is also |nPortant_to perform
functional tests of _space vehicle subsystens while the environnment
is being inposed. This is especially |nﬁortant for the thermal
bal ance or thermal vacuumtests, since the space vehicle is_ expected
to be fully operational under these conditions. It is considered
appropriate during acoustic or random vibration acceptance tests to
have the vehicle In an operatln?_nnde representative of |aunch and
ascent. The launch and ascent tine period usually involves a
m ni mum [ evel of functional performance wth many subsystens
inoperative. It is probable that any undetected dynamcally induced
faul t which was not detected in the post-test functional test woul d
be found during the thernal test which requires full subsystem
per f or mance nDn|t0r|n%. This again is rationale for perform ng
dynam ¢ tests before thermal environnental acceptance testing.  For
qualification and protofllght space vehicles; however, dynanic tests
shoul d be perfornmed on fulTy functional space vehicles wth their
performance nonitored for intermttent. My design related
defects such as inproper nounting, inadequate clearances or
electrical intermttents, which otherw se escape detection by pre-
and post-test functional checks, reveal thenselves during dynamc
environmental qualification or protoflight testing.
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Practical limtations frequently restri : _
operation of space vehicle subsystens during the relatively brief
acoustic test. In recognizing this problem M L-STD 1540B permts
extended functional testing wth subsystens operatln? and
moni tored, but conducted at a level 6 dB |ower than the required
te?t #e%$l, after the required environmental exposure has been
satisfied.

|c% t he extent of

~For small conpact spacecraft, acoustic testing will not

provi de adequate environnental sinulation, and random vibration
shoul d suppl'ant the acoustic test. M L-STD-1540B directs that
vibration testing be considered for vehicles of conpact shape and
wei ght |ess than 180 kil ograns (a&grOX|nately 400 pounds) . ~For a
| aunch vehicle such as the STS, I ch produces considerabl e
acoustic noise in the |ow frequency range bel ow 100 Hz, the
wavel engt hs of the dom nant frequencies are |onger than 10" feet.
|f a small heavy cylindric space vehicle, 4 feet in dianmeter and 3
f eet Ion?,_mere_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, randomvibration testing could become the ,

referred mpde of testing. [If there is insistence on an acoustic

est node, it may becone necessary to include the interfacing
structure with the space vehicle test specinen to achieve adequate
simulation. This could include cradles which hold the space
vehicle or _associ ated upper stage, or even a portion of the |aunch
vehicle. The proportions of the test article should correlate
with those of the environmental frequency range of interest.
Wiere either test nay be appropriate, equivalent vibration and
acoustic criteria should be derived by analysis or enpirical
observations to PIOVIde corresponding criteria. In addition to
considering fidelity of sinulation, a nunmber of practical issues
are involved in this matter. Random vibration eqU|Pnent
capabilities are limted in ternms of displacenent, force output,
and frequency range. An acoustic chanber which sinmulates the
ascent acoustic environnment from 25 to 10,000 Hz can usually
accommodate relatively large vehicles, regardless of their .
weight. However, a randomvibration test facility inposes weight
limtations based upon vehicle plus fixture weight because of its
force limtations. In addition, mechanical vibration exciters
have difficulty generatln? frequenci es above 2000 Hz. Also, a
very real danger exists of anomal ous behavior of the vibration
exciter such as sudden shutdowns, runaways, and |ine_ transients.
Wen the space vehicle is intimtely attached to a vibration
exciter of significant force capability, nuch damage can be
inflicted unless careful attention is devoted to safeguards. The
decision to performeither acoustic or randomvibration tests

I nvol ves nuch engineering judgnent. Situations may arise in which
some conbination of acoustic and vibration tests provides the best
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arameters shall be provided to detect intermttent failures.

unctional tests are required before and after the environnental
exposure.

0 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 |evels encountered
during acoustic acceptance testing of subsequent vehicles.

8.2.1.3 Quidance for Qualification Acoustic Test A

critical element in the space vehicle acoustic qualification test

is the instrumentation used to neasure the acoustic |levels and the

vi bration _response of the equipment subjected to the acoustic
nputs. The quantity of instrunentation required may vary wdely

|
from programto programdue mainly to the size and conplexity of
the test vehicle; however, sufficient vibration data should be
obtai ned such that every conponent nay be evaluated. For large
vehicles, it would not be unusual to have in excess of 100
accel erometer nmeasurenents. \Were |arge nunbers of measurements
are not feasible and when each conponent cannot be instrumented,
emphasi s shoul d be Placed.on t hose conponents which have exhibited
Roor component |evel qualification history or which are known to
ave less than 6 dB qualification margins. |t may be feasible to
choose | ocations which are representative of several conponent
muntings . In general, neasurements should be nade on primry or
secondary structure at conPonent attachnent points. Masurenent on
t he conponent attachment flanges or lugs is acceptable only when
there is no roomon the adjacent structure.

_ In general, triaxial nmeasurements 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 num conponent sensitivity. ~The data
acqui sition system shoul d have the capability of acquiring accurate
data from20 to at |least 2000 Hz.

8.2.2 Acoust ic Accept ante Tests

8.2.2.1 n i la. Contents of Paragraph 7.1.3 of
M L- STD- 1540B (requirenents for space vehicle acceptance acoustic
test) are as follows:

7.1.3 Acoustic Test, Space Vehicle Acceptance

7.1,3.1 Purpose. This test sinulates the acoustic and vibration
envi ronment |nFosed on a space vehicle in flight in order to
a

detect material and workmanship defects that mght not be detected
inastatic test condition
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7.1.3.2 Test Description. Sane as 6.2.3.2

7.1.3.3 Test Levels and Duration. The acoustic spectrum shall
represent the maxinmum predicted flight environment as defined in
3.20. The overall sound gressure | evel for acceptance testing
shal| not be less than 138 dB. The exposure tine at full
acpeﬁtance test level shall equal or exceed the maxinum expected
flight exposure time, but the test time shall not be |ess than 1
m nut e. erating tine should be divided approxinately equallg
between redundant “circuits. Were insufficient tine is available
at the full test level to test all redundant circuits, al
functions, and all nodes, extended testing at a |evel 6 dB | ower
shal |l be conducted as necessary to conplete functional testing.

7.1.3.4 Supplengn%ar¥ Requirenents. During the acoustic
acceptance test all electrical and electronic conponents which
are operat|n? during the launch, ascent, or reentry phase shal
be electrically energlzed and sequenced through operational modes
to the maxi mum extenf possible. ~Continuous monitoring of severa
?ercept|ve arameters shall be provided to detect intermttent
ailures. Functional tests are required before and after the
envi ronmental exposure.

8.2.2.2 Rationale for Acceptance Acoustic Tests.. Acoustic
acceptance tests are conducted on space vehicles to denonstrate
flightworthiness and to disclose quality deficiencies by
subjecting each flight _article to the nmaxi num acoustic exposure
expected in service.” The space vehicle acoustic acceptance test
al so serves as a source for vibration data which may be used to
conmpare with conPonent expected flight |evels, conponent
acceptance test levels, space vehicle qualification levels, and as
a diagnostic aid in the event of conponent malfunction or failure.

_ 8.2.2.3 (@idance for Acceptance Acoustic Tests An _

I mportant element 1n the space vehicle acoustic acceptance test is
the instrumentation used to neasure the acoustic levels and the

vi bration response of the equi pment subjected to the acoustic
Inputs. The quantity of instrumentation is ?overned by the size
and COHD|EXII% of the test vehicle. Particular attention shoul d
be given to those conmponents 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 nmeasurenents may be nmade
In lieu of triaxial, when that axi's has been shown to be the

hi gher response axis or is the axis of maxi num conponent
sensitivity. A total of 12 measurenents is considered nom nal

In some instances, the acceleroneter and sone of its wiring may be
left in place for flight, if its removal would require partia

di sassenbly and thus cause additional testing. In general,

accel erometer |ocations should duplicate those used in the
qualification testing.
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