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High frequency mechanical vibrations are induced in the spacecraft and its
equipment during laundldue to the effects of rocket and aerodynamic noise
transmitted into the payload bay of the launch vehicle. he payload bay
noise level is <1SO dB and of short duration, and the random vibration
levels arising at the spacecraft interface are quite low. As a result
acoustic fatigue of primary structure is unlikely. However, the
vibrations induced in the structure can create problens for service and
payload equipment together with their supports. Similarly, the acoustic
energy accepted by equipment with large surfaces can augment these
vibraticn levels.

The means for predicting sud-A vibratim levels at an early stage of the
spacecraft design and in defining sub—system vibration test levels and test
requirenents have yet to be fully developed into a readily available design
aid. 'lhe ELSA-sponsored research work is attempting to achieve such aims.
A general description of these on-going activitis is presented here.

zoning the spacecraft into regiors mere vibration levels are likely to be
similar has been considered in past aerospace investigations. including
those at WA and EBA. Additionally, past acoustic fatigue
investigations, have denonstrated that it is possible to confine oneself to
structural segments rather than the complete structure When wnducting
investigations. 'lhese concepts are being further investigated in current
ESA researdi activity. 112 ultimate goals are to provide a better
understanding of response baaviour, reduce the complexity of both
theoretical and experimental modelling, and to evolve improved structural
configurations for housing payloads and equipnent from high frequency
vibraticn aspects. It should also lead to more realistic test levels
where mechanical test sinulation of acoustic environmental effects is \sed
in the qualification of equipment.
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In order to obtain experimental observations to explore the zoning of the
spacecraft, a sinplified satellite configuration was evolved which wuld be
readily broken down into its constituent parts. '1th the ounplete
assembly or sub-assemblies could be examined under armistic ucitation to
delnnstrate the relevant importance of individual components and their
structural/acoustic muplings. The dynamic properties of such wupcments
are also investigated. Corresponding theoretical estimations are being
made in order that the scope and accuracy of such prediction methods can be
understood. '
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1i reverberant sound field is ssumed in acoustic testing and theoretical
predictions. Hmever, the near field soun‘l characteristics within a

.- launch vehicle payload Humid can modify the local structural response and
this aspect is the subject of additional studies using a sinulatai shrouid
enclosure containing the satellite structures. This combination is also

subjected to reverberant excitaticn in the acoustic chanber. 'lhe testing
is mainly carried out in the mystic facility at IABG, Munich.

In order to provide more oonplex configuratims, a similar programme of
Kirk is being undertakm using a MAME prototype flight model and
sub—assalbly wnponents for separate dynamic tests. Investigations will

shortly take place using a development version ofthe Spacelab pallet.

APPLICATIQI OF STATISTICAL ENEMY ANALYSIS

 

Because of the possible frequency range of interest (25 to 10,000 Hz) and

the large number of modes that can be present, Statistical Energy Analysis
(SEA) is extensively used to obtain average responSe predictions.

Appropriate sub-systems are selected. web as the noise field inside a
rocket payload shroud, and different mmponents of the structure (for
example, central (Dre, platforms. sidewalls. etc.). SE‘A considers the
vibratory pave: flow between these coupled sub-systens and establishes the
power balance between them.

British Aerospace (Aircraft Group) Bristol have developed a suite of
programs for BA called WP. 'lhis allows the SEA technique to be,
applied to a wide range of spacecraft components including such items as
plain and stiffened thinwalled cylinders. beams, frames, together with
appropriate represaitatim of acoustic cavities.

’me suite has been developed on a nodular basis which facilitates ease of
application, trouble shooting and the introductim of new features.

In the first step the basic propertis of the noise field and the structure
are introduced. 'lhis information is then diecked and some basic
sub-system SEA parameter properties are calculated. In subsequent steps
matrices of modal density, loss factor and coupling loss factor for the
sub-systems. are mustructed. Further steps permit the assessment of the
power distributiai and calculation of me mergies in the sub-systems.
Finally, average response or sound transmissim characteristia for the
appropriate subsystem are established. ’lhe program is capable of
handling twenty linked sub—systems.

mum of the or 'rent effort is producing a data bank of infatuation for use
with this program, such asdamping values, and modal density

characteristics where Sud] infomatim is not fully available. Durirg the
related initial experimental work carried out at ETBC difficulties were
experienced in establishing sud: parameters.
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Means of establishing both the loss factor and modal density indirectly
have been developed a a result of theoretical and experimental studies

1 conducted at the Institute of Sound and vibration Research, Southampton
University. Using SEA power flow concepts, it is possible to demonstrate
that the modal density and loss factor can be established by measuring the
input force generated by point excitation ard msidering the spatial
average response velocity characteristics. In most of the work, a fast
sine sweep (transient excitation) has been used. Similar results can be
obtained using stationary random point excitation, though more
sophisticated data reductim is required in this case.

INTERIM FINDIME

It ha been found that over most of the important high—frequency range it
may hell be possible to test platform-mounted equipment using a
representation of the platform alone. mis could simplify development
testing and provide more representative conditions than realised in
mechanical vibration tests. (Zn-going investigations will provide more
information on this concept.
- The presence of a large central mass, whid'z could be an apogee boost
motor or fuel bank, had little effect m the response levels of the
satellite structure.
- Struts only noticeably modify the responses of adjacent structures in
the frequency bands where fundamental flexural strut resonanca occur.
- Cable harness has some effect on local frequency response
characteristics, but little impacton spatial average behaviour.
— The method of mounting the simplified satellite specimen in the
acoustic chamber, sud! a with a lad frequency sling or by a support at its
base, had little effect on its high frequency response characteristics.
- Comparison of the effects of the shroud enclosure configuration with
the results of basic reverberant room tests indicate that platform
responses may be enhanced at frequencies greater than one kilohertz, but
the antral cylinder levels are reduced in the lower frequency regime.
’lhe response of appendages relatively close to the shroud wall are likely
to be significantly increased.
— More quantitative assessments are expected after completim of the
MAROl'S specimen studies.
- 'Ble findings for the modal densities of plat; ard cylinders compare
closely with theoretical values except at the cylinder ring frequency. In v
general good correlation has been observed when comparing predictions and
test findings for a number of configurations. However, errors are evident
at the ring and critical frequencies.

Some difficulties were incurred with response predictions for honeycomb
structures, but a better understanding of the inportant structural
parameters in the response behaviour has recently led to improved
assessments.

Other work being undertaken wing the test structures and simulated
experiments, appendags and equipment, considers the effects of
mechanically induced high frequency vibrations at the base of the
structure. ’mis will provide guidelines on the likely vibratim levels
induced in different regions of the structure by this means. 
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‘lhe work also servS to illustrate that, as a result of the directional
5 nature of.such vibrations andtheir localised input, substantial
differenca in the relative response behaviours of different structural
zones are observed when compared with those set up bythe loadings induced
by a diffuse sound-field. This dananstrata that it is often impractical
to simulate amustic excitation by mechanical testing, at least for conplex
configuratims. Mechanical testing is suitable for many classa of
equipnent bhen it can be dEJIDnstrated that the vibratory energy is mainly
transmitted ty the local structure. ’lhis will not be the case if the
eqdipnent in question has large flexible surfaceslikely to accept acoustic
energyflirrent activities will culminate in the first issue of a Structural
mustics Design Guide, later this year. 'lbpics will include:

- Glide to modelling techniques and he»: they would be Ised
- mere appropriate, guidance on choir: of SE‘A parameters
- Glossary of loss factors
— Recommended test methods, including guidance on simulation of

structural vibrations in testing of equipment
- Reconniendations o1 means of scaling past test data for use in

confirming vibration levels
- General observations from surveys of various acoustic and high

frequency mechanical vibration testing
— Examples of application of prediction an! scaling methods.
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Future work will consider the application of SEA to mechanically induced
vibration and explore the practical boundaries of such techniques. In
this context the low frequency, low nodal density requirements are
receiving attention with a View to establishing simple theoretical models,
of sufficient engineering accuracy.

With the establishment of greater understandirg of the response behaviours,
inproved scaling laws can be expected. 'lhese will permit the
extrapolation of test data to cover a wide range of laundt configurations.

Additional bark is required in order to design against high frequency
vibration problars. The use of artificial danping treatments to reduce
vibratim levels is one aspect of this work.

Further stulis of coupling loss factor have to be undertaken, arr] the
nodal densities of advanced structural configurations such as carbon fibre
honeyconb have yet to be properly investigated. Behaviours in cylinder
ring frequency and critical frequency reqines require further study.

More detailed accounts of aspects of this work will be contained in an
article to be publishai in the May issue of the $33 Bulletin and the June
issue of the ESA Journal (1981). A description of the indirect method for
establishing nodal density and loss factor characteristis is to be
published stortly in the Journal of Round and Vibration (co-authors,
B. L. Clerksm and R. J. Pope, Institute of Sourr] and Vibration Research). 


