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Practice:

Perform acoustic and random vibration testing supplemented with additional sine vibration testing
as appropriate to qualify payload hardware to the vibroacoustic environments of the mission,
particularly the launch environment and to demonstrate acceptable workmanship.

Benefit:

Adherence to the practice alleviates vibroacoustic-induced failures of structural stress and fatigue,
unacceptable workmanship, and performance degradation of sensitive subsystems including
instruments and components.  Implementation of this practice assures that minimal degradation of
"design reliability" has occurred during prior fabrication, integration and test activities.

Programs That Certify Usage:

All Flight Programs Managed By GSFC including GOES, HST, COBE, etc.

Center to Contact for More Information:

GSFC

Implementation:

The GSFC vibroacoustic qualification program for flight hardware requires an acoustics test at
the payload level of assembly and random vibration tests on all components.  In addition, a
random vibration test is required on the payload when practical to better simulate the structure
borne inputs.  For small payloads, such as those launched by the Scout class launch vehicle,
random vibration tests are required and the need for an acoustic test must be assessed.

Subsystem level random vibration tests and component level acoustic tests are required when the
payload configuration indicates that these exposures are likely to induce significant stress during
the mission.  In addition, subsystem level acoustic tests may be required.

GSFC uses protoflight hardware for verification testing and the basic
provisions of this method apply to protoflight hardware but are in general
applicable to prototype.  Protoflight hardware is flight hardware of a new
design and is subjected to a test program that combines elements of
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prototype and flight acceptance verification; that is, the application of design qualification test
levels and flight acceptance test durations.  Prototype hardware is hardware of a new design that
is not intended for flight and is subjected to a design qualification test program.

Vibroacoustic test level limits for protoflight qualification are defined as the maximum expected
flight levels (limit levels) plus 3 dB .  Random vibration levels are determined by responses to the2

acoustic inputs plus the effects of vibration transmitted through the structure.  As a minimum,
payload and component vibroacoustic test limits must be sufficient as determined on a case by
case basis to demonstrate acceptable workmanship.

The acoustic environment at launch is usually the primary source of vibration; however, other
transients and sources of vibration must be considered.  These sources include possible torsional
oscillation imparted by the launch vehicle, vibrations produced by retro/apogee motors on the
payload, and sustained oscillations due to Main Engine CutOff (MECO) and pogo effects. 
Additional vibration tests (such as sine vibration) are required to qualify payload and payload
hardware for these inputs if they are expected to occur during the mission.

Payload Vibroacoustic Tests:

a.  Payload acoustic testing - Protoflight payloads must be subjected to an acoustic test
to verify their ability to survive the launch acoustic environment and to provide final workmanship
acoustic tests.  The test specification is dependent on the payload-launch vehicle configuration
and must be determined on case-by-case basis; however, guideline specifications are given in
appendix A of reference 2.

1.  Facilities and test control - Acoustic tests must be conducted in a reverberant
chamber large enough to maintain a uniform sound field at all points surrounding the test item and
to produce reverberant acoustic modes in the lowest third octave band specified.  The sound
pressure level must be controlled at one-third octave band resolution.  The preferred method of
control is to average four or more microphones with a real-time device that effectively averages
the sound pressure level in each filter band.  When real-time averaging is not practical, a survey of
the chamber must be performed to determine the single point that is most suitable for control of
the acoustic test.

Additional information on the test facility, the test control methods, and the test setup are
contained in paragraph 2.4.2 of reference 2.
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b.  Payload vibration tests - Random vibration tests must be performed on the protoflight
payloads subject to any limitations of the available test facilities to verify the ability of the
payloads to survive the launch environments and to provide a final assessment of workmanship. 
The test is required for small payloads (<1000 lb) and must be assessed for larger payloads on a
case-by-case basis.  Appendix A of reference 2 provides the maximum expected random vibration
levels at the spacecraft interface for various expendable launch vehicles (ELV) and other
information and guidance on vibration testing.  Additional qualification tests must be performed if
expected environments are not enveloped by this test.  Sine vibration tests must be added to the
verification program if sustained oscillations are expected to occur, or to satisfy other load
requirements.

1.  Launch random vibration:  Protoflight as well as prototype payloads must be
subjected to a random vibration test to verify flight worthiness and workmanship.  The
qualification test limits are the maximum flight levels plus 3 dB.  The test is intended for payloads
of low  (<1000 pounds) to moderate (1000 to 5000 pounds) weight and size such as Scout
launched spacecraft, small attached STS payloads, etc.  The test covers the full 20 - 20,000 Hz
frequency range.  For moderate-sized payloads, the test is intended to verify the hardware in the
frequency band below 200 Hz where acoustic tests do not excite the payload to the levels it will
encounter during launch.

The payload in its launch configuration is attached to a vibration fixture by use of a flight-type
launch-vehicle adapter and attachment hardware.  Vibration is applied sequentially at the base of
the adapter in each of three orthogonal axes, one of which is parallel to the thrust axis.  The
excitation spectrum as measured by a control accelerometer(s) equalized such that the
acceleration spectral density is maintained within ± 3 Db of the specified level at all frequencies
within the test range and the overall RMS level is within ± 10% of the specified level.

If the random vibration test is not performed at the payload level, the feasibility of performing the
test at the next lower level of assembly must be assessed.

2.  Additional Vibration Tests - If additional vibration tests are required to qualify
its performance, the payload is tested in a configuration representative of the time the stress
occurs during flight with appropriate flight type hardware used for attachment.

Subsystem Vibroacoustic Tests:
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Subsystem vibroacoustic testing - Subsystems must be exposed to random vibration
testing unless analyses show that the test exposures are not needed.  Specific test levels are
determined on a case-by-case basis.  The test levels must be equal to the qualification level
(highest predicted flight level +3 dB) predicted at the location where the input is controlled. 
Subsystem acoustic tests must also be performed if the subsystem is judged to be sensitive to this
environment.

Additional vibration tests to simulate expected mission environments such as sustained periodic
oscillations must be performed if applicable.

For very large payloads, the random vibration tests may be impractical because of test facility
limitations.  In these cases, testing at the subsystem or instrument level must be considered.

Component Vibroacoustic Test:

Component Vibroacoustic Testing - For qualification as well as screening for design and
workmanship defects, components must be subjected to a random vibration test along each of
three mutually perpendicular axes.  In addition, an acoustic test must be considered when
components are particularly sensitive to the acoustic environment.

1.  Random vibration testing - Components must be subjected to random
vibration along each of three mutually perpendicular axes for one minute each.  When possible,
the component random vibration spectrum is based on levels measured at the component
mounting locations during previous subsystem or payload testing.  When such measurements are
not available, the levels must be based on statistically estimated responses of similar components
on similar structures or on analysis of the payload.  In the absence of any knowledge of the
expected level, the generalized vibration test specification given in Table 1 must be used.  If the
hardware contains delicate optics, detectors, sensors, etc., that could be damaged by the levels of
the workmanship test in certain frequency bands, the test levels may be reduced in those
frequency bands after appropriate management review.
 If possible the hardware, less the sensitive items, should be subjected to the full test levels.  As a
minimum, all components are subjected to the levels of Table 2, which represent a workmanship
screening test.
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          Frequency (Hz)             Acceleration Spectral
                                         Density (G/Hz)2

             20                               0.01
          20 - 160                         +3 dB/oct
         160 - 250                          0.08
         250 - 2000                        -3 dB/oct
            2000                              0.01
          Overall Level                     7.4 Grms

The plateau acceleration spectral density level (ASD) may be
reduced for components weighing between 50 and 400 pounds
according to the component weight (W) up to a maximum of 9
Db as follows:

      dB  = 10 Log(W/50)reduction

      ASD  = .08*(50/W)(plateau level)

The sloped portions of the spectrum shall be maintained at
plus and minus 3 dB/oct.  Therefore, the lower and upper
break points, or frequencies at the ends of the plateau become:

F  = 160*(50/W)   F  = frequency break point low end               L L

           of plateau

F  = 250*(W/50)   F  = frequency break point high                    H H

          end of plateau

The test spectrum shall not go below 0.01 G /Hz.  For2

components whose weight is greater than 400 pounds, the
workmanship test spectrum is 0.01 G /Hz from 20 to 2000 Hz2

with an overall level of 4.4 G .rms

TABLE 2.  COMPONENT MINIMUM WORKMANSHIP 
             RANDOM VIBRATION LEVELS
                 (50 LB OR LESS)

             Frequency                                 Acceleration
                (Hz)                              Spectral Density (G           

2/Hz)

                20                                        0.026
              20 - 50                                   +6 Db/oct
             50 - 800                                     0.16
            800 - 2000                                  -6 Db/oct
               2000                                       0.026 
            Overall Level                               14.1 Grms

The Acceleration Spectral Density (ASD) level may be reduced for
components weighing less than 50 pounds according to:

                 Db  = 10 Log(W/50)reduction

                 ASD  = .16*(50/W)(50-800)

                 Where W = component weight

The slopes shall be maintained at + and -6 dB/oct for components
weighing up to 130 pounds.  Above that weight, the slopes shall be
adjusted to maintain an ASD level of 0.01 G /Hz at 20 and 2000 Hz.2

For components weighing over 400 pounds, the test specification will

be maintained at the level for 400 pounds,                           

TABLE 1.    GENERALIZED VIBRATION TEST LEVELS
                PROTOFLIGHT COMPONENTS (STS OR ELV)
                                 (50 LB OR LESS)

Refer to Reference 2 for requirements on the
mounting of components to test fixtures and other
test setup requirements.

For very large components, the random vibration
tests may have to be supplemented or replaced by
an acoustic test if the vibration test levels are
insufficient to excite internal hardware.  If neither
the acoustic nor vibration excitation is sufficient to
provide an adequate workmanship test, a
screening program should be initiated at lower
levels of assembly; down to the board level, if
necessary.

2.  Acoustic Test - If a component level
acoustic test is required, the test set-up and
control are in accordance with the requirements
for payload testing.

3.  Additional Vibration Tests -
Additional vibration tests may have to be
performed to qualify the hardware for other
vibrational inputs expected during the
mission; such as a sine sweep to simulate
periodic oscillations.

Fatigue Life Considerations - The nature of
the protoflight test program prevents a
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demonstration of hardware lifetime because the same hardware is both tested and flown.  When
hardware reliability considerations demand the demonstration of a specific hardware lifetime, a
prototype verification program must be employed, the test durations modified accordingly. 
Specifically, the duration of the vibroacoustic exposures is extended to account for the life that
the flight hardware will experience during the mission .  In order to account for the scatter factor
associated with the demonstration of fatigue, the duration of prototype exposures are at least four
times the intended life of the flight hardware.

Acceptance Testing - Vibroacoustic and other vibration testing for the acceptance of previously
qualified hardware are conducted at the maximum expected flight levels using the same duration
(1 min.) as used for protoflight hardware.  The payload is subjected to an acoustic test, and the
payload (when practical) and components levels are subjected to random vibration tests in the
three axes.  As a minimum, the random vibration levels shall represent the workmanship test
levels.  In addition, subsystems receive vibroacoustic testing as required by project specific
requirements.

Retest of reflight hardware - The amount of retest that is needed is determined by
considering the amount of rework done after flight and by comparing the stresses of the upcoming
flight with those of the previous flight.  The principle objective is to verify the workmanship and
to ensure that structural degradation has not occurred.  If no disassembly and rework was done,
retests may not be required.  The effects of storage and elapsed time since last exposure are
considered in determining the need for retest.  Subsystems that have been taken apart and
reassembled must be subjected ,as a minimum, to an acoustic test (levels are equal to the limit
levels) and a random vibration test in at least one axis.  More comprehensive exposures must be
considered if the rework has been extensive. 
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Performance Monitoring:

Before and after each vibroacoustic test, the test item must be examined and functionally tested. 
During the test, power is applied when appropriate and the performance of the test item is
monitored.

Technical Rationale:

Payloads can be sensitive to the vibroacoustic environment depending upon the degree of
coupling between the acoustic excitation and the payload structure.  Lightly stiffened, thin-panel
type payload structures with large surface areas and low-mass loading are most susceptible to
direct acoustic excitation.  Truss-type structures are less susceptible to direct acoustic excitation
because they have relatively high stiffness and small surface areas; however, the response of truss-
type structures to acoustically induced random interface motions may be severe if the truss
structure is mechanically coupled to the acoustically sensitive panel-type structures.

The acoustic environment at launch is usually the primary source of vibration; however, other
transients and sources of vibration can cause hardware problems.  These sources include possible
torsional oscillations imparted by the launch vehicle, vibrations produced by retro/apogee motors
on the payload, and sustained oscillations due to MECO and pogo effects.

Impact of Nonpractice:

Failure to perform vibroacoustic testing could result in payload failures when subjected to the
vibroacoustic environments of the mission, particularly the severe acoustic environment of launch. 
In addition, the simultaneous occurrence of low-frequency random vibration with high-intensity,
low-frequency acoustics can cause failure of load-carrying elements.  Examples of components
that are susceptible to failure due to random vibration excitation are thin films, filaments,
electronic circuit boards, and optical elements.
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Related Practices:

"Powered-On Vibration", PT-TE-1405;  "Sinusoidal Vibration", PT-TE-1406;  "Assembly
Acoustic Tests", PT-TE-1407.
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