OFFICE OF

THE UNDER

SECRETARY

OF DEFENSE
FOR RESEARCH -
AND

ENGINEERING

83 83

Approved for public release; distribution unlimited.




A publication of

THE SHOCK AND VIBRATION
INFORMATION CENTER

Code 5804, Naval Research Laboratory
Washington, DC 20375
(202) 767-2220

Henry C. Pusey
Director

Rudolph H. Volin
J. Gordon Showalter
Jessica P, Hileman

Elizabeth A. McLaughlin

THE SHOCK AND VIBRATION DIGEST

Volume 15, No. 2
February 1983

STAFF

SHOCK AND VIBRATION INFORMATION CENTER
EDITORIAL ADVISOR: Henry C. Pusey

VIBRATION INSTITUTE
TECHNICAL EDITOR: - Ronald L. Eshleman

EDITOR: Judith Nagle-Eshleman

RESEARCH EDITOR. Milda Z. Tamulionis

PRODUCTION: Deborah K. Howard

Gwen Wassilak
Vicki Pate

BOARD OF
R. Belsheim W.D. Pilkey

ED‘TORS R.L. Bort E. Sevin
J.D.C. Crisp J.G. Showalter
D.J. Johns R.A. Skop
B.N. Leis R.H. Volin
K.E. McKee H.E. von Gierke
C.T. Morrow

)

“The Shock and Vibration Digest is a monthly publication of the Shock and
Vibration Information Center. The goal of the Digest is to provide efficient
transfer of sound, shock, and vibration technology among researchers and
practicing engineers. Subjective and objective analyses of the literature are pro-
vided along with news and editorial material. News items and articles to be
considered for publication should be submitted

Dr. R.L. Eshleman

Vibration Institute \

Suite 206, 101 West 55th Street

Clarendon Hiils, lllinois 60514
(312) 654-2254

Copies of articles abstracted are not available from the Shock and Vibration
Infarmation Center (except for those generated by SVIC). Inquiries shouid be
directed to library resources, authors, or the criginal publishers.

This periodical is for sale on subscription at an annual rate of $140.00. For
foreign subscribers, there is an additional 25 percent charge for over'. .as deliv-
ery on both regular subscriptions and back issues. Subscriptions are accepted
for the calendar year, beginning with the January issue. Back issues are avail-
able - Volumes 9 through 14 - for $20.00. Orders may be forwarded at any
time to SVIC, Code 5804, Naval Research Laboratory, Washington, D.C.
20375. Issuance of this periodical is approved in accordance with the Depart-
ment of the Navy Publications and Printing Regulations, NAVEXOS P-35.

e



P

L

Uit 0 - a - .
ATty v o [0t o o e OO I A A N FRNEAE JLIC T S AR R Rk B

sy ol hd " ’ Vo
E .!"DI’I“.‘ a1 s

ey NORACRIM O ad
. JPCN W)

SVIC NOTES

Stress screening is controversisl and has received a lot of publicity. How can we establish meaningful test levels?
How much do stress screening tests cost? Do the results justify the cost? Who pays for it all? These are some of
the questions raised in the controversy. The fact remains that the Department of Defense requires that certain
complex systems be subjected to stress screening tests for the purposs of reducing the high early failure rates in
some equipment. Low level random vibration and high/low temperature cycling tests appear to be the most use-
ful stress inputs to screen out what are commonly called infant mortalities in equipment. It also appears that
there is widespread agresment that stress screening tests are valuable, yet the controversy continues.

As | see it, poor communication is at the root of the problem. Consider that there are three separate and distinct
groups involved in stress screening: (1) the electric component manufacturers, (2) the Automatic Test Equip-
ment (ATE) community, and (3) the environmental testing community. Each of these communities has its own
parochial view of what stress screening is all about. Furthermore, the three groups do not function the same
way or use the same technical terms.

The environmental testing community, as typified by the Institute of Environmental Sciences (IES), are oriented
to laboratory testing, often with an emphasis on structural performance. In some laboratories, testing is viewed
primarily as a search for static or dynamic structural defects. On these occasions when environmental testing
does not include functional testing of the equipment, the tests are go or no go. The equipment is either broken
or unbroken. Many environmental test laboratories do relatively little electrical diagnostic work on the equip-
ment under test; this would require that they have both specialized test sets and an intimate knowledge of the
function of the equipment under test, They sometimes have neither, What they do have for sure, however, is a
test laboratory with general purpose shakers, temperature chambers, test engineers, and a charter to perform
ENVIRONMENTAL tests,

By contrast, the ATE community thinks of the world in electrical terms. They are extremely knowledgeable
about the electrical performance of their units under test. They also have all the diagnostic and auxiliary units
needed to make their units function while under stress. They usually do not have dedicated environmental test
laboratories. They often lack the general purpose test equipment and the capability to do environmental testing.

Finally, the electrical component manufacturers produce the products that a good deal of the screening is all
about, It is the electronics of a system that is of fundamental importance to this group. They are completely
familiar with the types of early failures that can be expected in their equipment. it may be, for example, that
stress screens should be optimized with integrated circuits {IC’s) in mind. The IC manufacturers know that each
component type has defects that can be best screened by specified tests. They emphasize that temperature burn-
in is probably the best way to screen.

In summary, the information exchange among these separate groups needs to be improved. Thev heed to talk to
one another. Furthermore, considerable thought should be given to the problem of whio :hould be developing
stress screening test requirements. All interests should be represented. It shouldn’t be dumped on the doorstep
of the environmental test laboratories like an abandoned baby, Other options shouid be considered, such as or-
ganizing teams made up of representatives from all three groups. Since each of the three groups has a piece of
the puzzle, they must combine their efforts in order to solve stress screening problems.
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EDITORS RATTLE SPACE

THE ROLE OF THE DIGITAL COMPUTER
IN DESIGN AND DEVELOPMENT

After ail the machine specifications, functions and constraints were agreed upon,
the engineer entered in a dialog with the computer -- communicating by sight
(cathode ray tube) and sound. He was presented several alternate designs of the new
machine for approval. After selection, complete tapes for automatic manufacturing
were sent to the production facility and a report on the details of the new machine
was printed. In less time than it takes to explain the function of the machine,
another new machine was designed by the computer.

The preceding paragraph appeared in my editorial of August 1973. At that time
we were a long way from that scenario. Today, ten years later, we have the compu-
tational power to do fast, efficient design calculations and drafting on smaller
computers than anyone believed possible, However, computer design calculations
are still based on mathematical models of phy sical systems -- which at best are not
perfect. In fact the ‘art’” of modeling has not evolved as fast as the hardware and
software of the computer -- principally because there is not much economic gain
in quantification of physical phenomena, Therefore, there is a limit to what can be
done in computer aided design so long as models are imperfect,

Despite these limitations the use of the digital computer in design has changed
engineering practice significantly. In the vibration area, we can eliminate much
exploratory testing by using computer models to eliminate nonworkable concepts.
On the other hand | don't believe we can be confident of the end design without
full-scale testing; unless, the equipment is grossly overdesigned. Therefore computer
design can eliminate some of the work traditionally required in the development
of equipment; however, in the final acceptance of the equipment, performance
and structural integrity must be proven,

We are fortunate to have powerful, efficient computational tools to aid in design
and development; however, we must not abuse these tools by attempting to substi-
tute them for engineering judgment and rational thinking,
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RECENT RESEARCH ON DYNAMIC MECHANICAL
PROPERTIES OF FIBER REINFORCED COMPOSITE
MATERIALS AND STRUCTURES

R.F. Gibson*

Abstract. This article reviews recent analyticsl and
experimental efforts to characterize the Internsl
damping and dynamic stiffness of fiber-reinforced
composite materials and structures under vibratory
loading. The implications of these findings and
directions of continued ressarch are discussed,

Research continues in many of the new areas identi-
fied in 1979 [1]. For example, significant gains have
been achieved in analysis and testing of short {(dis-
continuous) fiber composites, in assessment of
environmental effects on dynamic properties of
composites, and in finite element analysis of com-
posite micromechanical and structural elements.
In addition, experimental techniques have been
improved and automated, and relationships between
material damage and dynamic properties have been
studied. New areas of emphasis during the last three
years include analysis of bimodulus composites,
finite element analysis with material damping, optimi-
zation of damping in discontinuous fiber composites,
testing of new metal matrix composites and Kevlar
composites, and new aerospace structural applications
of composites. A new ASTM standard method for
measuring material damping has also been released.

Because no survey article can completely cover a
given field, it is appropriate to mention related survey
articles that have been published during the last three
years, Ross, Sierakowski, and Sun (2] have devel-
oped an introduction to the analysis and measure-
ment of dynamic response of composites, Ting [3]
has reviewed analytical approaches to predicting
dynamic response of composites, Bert has surveyed
recent work on damping of composites [4] and
vibration of composite structures [B5]. A survey of
phenomenological damping of mechanical vibrations

and acoustic waves has been published [6], as has a
report on damping of filled plastics (7).

The proceedings of two recent conferences on damp-
ing in aerospace structures [8, 8] contain a wealth
of information, some of which has strong implica-
tions for future composite materials research, Al-
though these conferences were concerned with all
possible means of achieving damping, it is recognized
that the high strength-to-weight and stitfness-to-
weight ratios and good damping properties of com-
posites make them very attractive for many aero-
space applications,

One such application is in large orbiting space struc-
tures now being planned [10]. In a survey of passive
damping requirements and mechanisms for such
structures, Trudell, Curley, and Rogers [11] have
pointed out that “the development and optimization
of damping composite materials appear to be a
particularly fertile area for work when all of the
property requirements for structural materials for
Large Precision Space Structures are considered,”
Ashley [12) has stated that, even when active control
of such structures is employed, passive structural
damping is still necessary for system stability, For
a number of reasons, therefore, the dynamic prop-
erties of composite materials and structures will
continue to be of considerable interest in aerospace
applications,

ANALYSIS

Finite element modeling. Dynramic behavior of
composites can be modeled using finite element
approaches at both the macromechanical and the
micromechanical levels. At present, however, essen-
tially all of the finite element maodeling of dynamic

*Assocince Professor, Mechanica! Sngineering Department, University of Idaho, Moscow, Idaho 83843




behavior has been done at the macromechanical level,
l.e., structural elements such as laminated plates and
shells. A recent survey by Reddy [13], for example,
shows that a considerable amount of work has been
done on free vibration of layered, anisotropic com-
posite plates and shells, The publications he reviewed
[13] are concerned with both linear and nonlinear
elastic response but not with damped response, The
recent flurry of activity in finite element modeling
of damped structures [14-18) has been oriented
toward constrained viscoelastic layer (add-on) damp-
ing rather than integral composite material damping,
but the technology appears ripe for application to
both micromechanical and macromechanical analy-
sis of composites. Soni and Bogner [18) have de-
scribed the MAGNA-D finite element program for
free vibration and steady-state vibration analysis of
complex structures for which damping analysis by
complex stiffness and frictional dissipation is appro-
priate, They provided an application of the program
to a sandwich panel as well as other non-compaosite
applications,

Beams and plates -- other analyses. Asymptotic solu-
tions of the general three-dimensional elasticity
equations for an anisotropic beam have been used
by Sayir [19] to show that shear effects can be
dominant even for wavelengths much larger than
beam thickness. Shear effects have also been con-
sidered by others [20, 21}. The importance of fiber
orientation and mode number in the torsion-flexure
coupling effect in generally orthotropic beams has
been investigated [22].

In a related static analysis, Sandorff [23] analyzed
the short beam shear test and showed that Saint-
Venant's principle might not apply in highly aniso-
tropic beams; that is, high stresses and distortions in
the stress distribution due to concentrated loads or
discontinuities are not as localized for anisotropic
beams as they are for isotropic ones. This finding
has important implications for dynamic properties,
especially damping due to interlaminar shear. Recent
research in classical solutions for dynamics of com-
posite and sandwich plates has been reviewed [24].

Bimodulus composites. The elastic properties of
bimodulus composites differ, depending upon wheth-
er the strain along the fiber direction is tensile or
compressive. Cord-rubber composites are the most
common examples. A recent symposium was devoted
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to mechanics of bimodulus materials in general [25).
Most of the work in this area before 1979 was con-
cerned with static properties and behavior, but
dynamic behavior has been investigated in recent
research, Bert and his colleagues [26-33] have con-
tributed the bulk of the work. They have analyzed
vibrations of thick bimodulus composite plates [31],
dynamics of thick bimodulus beams [32], and
vibrations of cylindrical shells [33]. In all of this
work only elastic behavior and undamped natural
frequencies and mode shapes have been investigated;
damping has not been considered. Thus, damping in
bimodulus composites would be a good topic for
future investigations.

Discontinuous fiber composites. As reported in the
previous survey [1] McLean and Reed [34] found
that discontinuous fibers rather than continuous
fibers could significantly increase damping, Similarly,
Gibson and Yau [35] found that measured damping
in short fiber-reinforced sheet molding compounds
(SMC) was greater than the estimated upper bound
from micromechanics. The predicted bounds did not
take into account the actual stress distribution along
a discontinuous fiber, however,

Recognizing that the shear stress concentration in
the viscoelastic polymer matrix close to the fiber
end could lead to additional dissipation, Gibson,
Sun, and Chaturvedi [36] developed two analytical
models. Both showed that an optimum fiber aspect
ratio for maximum damping in a discontinuous
aligned fiber composite exists and that predicted
optimum aspect ratios lie in the range of actual
whisker and microfiber aspect ratios. In a later
paper [37] they showed that the predicted optimum
aspect ratios are in the range of whisker and micro-
fiber aspect ratios only when fiber damping is small.
When fiber damping is great enough, however, the
optimum fiber aspect ratio corresponds to continuous
fiber reinforcement. Experimental verification of the
analysis has been completed only for high aspect
ratios.

For small fiber damping the predicted optimum
aspect ratio also corresponds to the optimum con-
straining layer aspect ratio for constrained visco-
elastic layers [38). The correspondence results from
similarities in stress distributions along discontinuous
fibers and along discontinuous constraining layers.
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In practical short fiber composites the fibers are
often randomly oriented. The analysis of Chon and
Sun [39] showed that the maximum shear stress
close to the fiber end is increased still further by
off-axis fiber orientation. Weng and Sun [40] also
reported on the effects of fiber length on elastic
moduli of randomly oriented chopped fiber com-
posites, These results could explain some earlier
observations [35) regarding damping in random
short fiber SMC. Related elastostatic analyses of
short fiber composites have been reported (41, 42).

Viscoelastic behavior. The previously mentioned Air
Force conference proceedings [8] and a paper by
Jones [43) provide state-of-the-art coverage of
viscoelastic damping in polymers. The application
to polymer matrix composites is not given adequate
treatment, however; the emphasis is instead on such
damping treatments as constrained viscoelastic
layers that are added to existing structures. As has
been pointed out work is needed to improve and
optimize dynamic properties in composites; the
damping and stiffness would be designed into the
structure and not added on at the expense of added
weight. This is particularly important for aerospace
and transportation applications.

Kligman, Madigosky, and Barlow [44] used an
extension of the self consistent field approach to
derive general expressions for the dilatation modulus
and density of viscoelastic composites. A compre-
hensive theory for dynamic response of structural
members with constitutive relations in the form of
the hereditary law has been developed [45]. A new
nomogram for presenting viscoelastic damping data
has been described [46] . The effects of hygrothermal
expasure  on  viscoglastic response Of composite
laminates have been treated [47] .

Lipatog [45] hos discussed the booortange of the
interfacial fiber/matrix boundary layer that has
different viscoelastic properties than the polymer
matrix itself. He points out that this difference leads
to a ternary system of matrix, filler, and boundary
layer and that little work has been done on the visco-
elastic behavior of such systems. The relaxation
spectra of all three components need to be accounted
for. Lipatov does not mention this need, but the
implications for damping behavior are important
because the boundary layer is the site of most of the
energy dissipation. An energy method has been used
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to derive expressions for the complex viscoelastic
modulus of fiber-reinforced composites (49]) and
particle-reinforced composites [50].

The complex viscoelastic modulus can be represented
as a ratio of polynomials of fractional powers in the
frequency; this simplifies experimental characteriza-
tion (61, 62). These relationships have been used
in conjunction with the elastic-viscoelastic correspon-
dence principle to develop finite element models of
viscoelastically damped structures [63]. Again it
appears that the technology developed for general
viscoelastic damping analysis is ripe for application
to composite material analysis.

Analysis of damage effects. As has been mentioned
[1] damping is sensitive to microstructural damage,
Although these early studies showed that damping
measurements can be used qualitatively to detect
damage, two major problems remain: damping has
not been functionally related to the type, location,
and extent of damage, and the experimental tech-
niques used have not generally been suitable for in
situ measurements on full-scale composite structures.

Regarding the first problem Plunkett [54] used a
shear lag analysis to show that increased damping
in a cracked cross-ply laminated beam bears a func-
tional relationship to the maximum strain and result-
ing density of transverse matrix cracks. This rela-
tionship explains previous results [55) .

Crack density has been related to a reduction in
stiffness in a shear lag analysis [56]. These results
are encouraging, but more work is needed, especially
concerning the effects of type and location of damage
cr dynamic propsrties, The second problem, that of
measurement, is discussed later in this article,

Elosly melsted 1 damage ollects s 3 stuly of tie
influence of small randomly distributed pores on the
dynamic response of elastic structures [57]. Other
investigators have derived expressions for the com-
piex modulus of a porous material using Biot's theory
for deformable poroelastic media [58].

MEASUREMENT

Techniques. After laboring through six drafts in
three years, a Task Group within ASTM Committee
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E-33 on Environmental Acoustics developed ASTM
Standard E-756-80, ‘‘Standard Method for Measuring
Vibration Damping Properties of Materials” [69].
The technique is based on resonant half-power band-
width measurements on a cantilever QOberst-style
test bar. Although the method has a number of
limitations (all of which are not mentioned in the
Standard), it is hoped that wide use of the Standard
will lead to refinements and improvements as its
limitations are better understood (60] .

The apparatus for the Standard method is similar
to that of several commercially available devices. It
should be pointed out, however, that these devices
were developed primarily for testing elastomers
and polymers that generally have much higher damp-
ing than do metallic or composite materials. It is my
opinion that, due to such parasitic losses as clamping
friction in these machines, damping data for rels-
tively low loss metallic and composite specimens
could be in considerable error. The parasitic losses
are not so significant for high loss elastomers and
polymers.

Read and Dean [61] have published a useful book
on test methods and data analysis. They emphasize
analysis and correction of data from flexural, tor-
sional, and longitudinal resonant tests of polymers
and composites. This would be a good reference for
those planning to use the ASTM Standard Method
for testing composites because it contains details of
the [imitations of the various methods,

Several papers have been published on improving
and automating various tests for dynamic properties.
Gibson, Yau, and Riegner [62] described improve-
ments in a resonant dwell flexure test. The original
technique had been used to measure the complex
moduli of automotive SMC materials [63] at room
temperature and humidity. The improved technique
was developed to test the same materials during
exposure to various environmental conditions (64).

A progressive wave apparatus with an automated
data processor has been described [65). The Fourier
transform of the waveform of damped torsional
oscillation has been used instead of wave height
analysis in a decay test [66] . With this improvement,
such parasitic motions as flexural or precessional
motions were separated from basic torsional motion,
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The mechanical impedance of a specimen has been
determined by using a harmonically excited rod
equipped with strain gages [67]. A free-free flexure
test for detecting cracks in composites has been
developed [68]. Experimental determination of dy-
namic elastic moduli of composites has been dis-
cussed [69]., Hooker [70] developed an apparatus
for measuring damping in metals under combined
torsional and flexural vibrations. He and Mead [71)
developed another apparatus for finding the effect
of mean strain on damping in metals,

The effects of mean stress and combined stress on
the dynamic properties of composites have received
little attention to dste. It would seem that the
presence of various coupling effects in composite
laminates would make this an appropriate topic for
future study,

In the previous review [1] the impulse-transfer func-
tion technique was described as ripe for application
to composite material testing. This technique also
has the potential for solving the portability problem
mentioned earlier (see Analysis of Damage Effects).
Thus far, however, the method has been used only
to characterize stiffness, Damping and the sensitivity
of damping to damage have not been characterized
with this new method. The technique has been used
to measure the elastic constants of automotive com-
posites [72] and to relate the size of flaws in a metal
bar to changes in stiffness [73].

Pritz reported on the use of transfer functions (not
necessarily from impulsive excitation) to determine
the complex moduli of spring-like specimens [74]
and rod-like specimens [75] of acoustic materials.
Additional papers on transfer function and frequency
response methods have been published [76-80) .

Environmental effects. The influence of elevated
temperature, moisture absorption, and chemical
attack on the vibration characteristics of automotive
E-glass/polyester SMC materials has been reported
[64). Noteworthy was the definite statistical correla-
tion between increased moisture content and in-
creased damping. Tests were conducted over the
range from fully dry to fully saturated; the effect
was found to be reversible when specimens were
re-dried, Two possible mechanisms were proposed:
matrix swelling-induced changes in the interfacial
stresses and moisture-induced changes in the matrix
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glass transition temperature, Moisture diffusion coef-
ficients for these same materials have been measured
(81].

The effects of temperature and moisture on dynamic
properties of graphite/epoxy aerospace composites
have been studied (82, 83]. The effects of environ-
mental conditions in space on dynamic properties
of graphite/epoxy have been measured {84] ,

A new damping peak above the glass transition
temperature has been found for a unidirectional
glass/epoxy composite [85]. The peak was possibly
related to the resin characteristics in the interfacial
region. Similar results have been reported [86]. In
torsion pendulum tests of epoxy filled with glass,
carbon or aramid fibers, or glass beads a new relaxa-
tion peak was again possibly related to matrix degra-
dation in the interfacial region.

Greenberg and Kusy [87] measured the influence
of temperature and volume fraction of aluminum
oxide particles on the dynamic mechanical properties
of polymer/aluminum oxide composites. Fiberglass
cloth/epoxy composites have been tested at tempera-
tures down to liquid nitrogen temperature [88];
damping varied inversely with the dynamic elastic
modulus under these conditions. Flutter of compos-
ite panels has been related to environmental condi-
tions, damping, and shear deformation [89] .

In related work it has been found [90]} that the rate
of moisture absorption, the maximum moisture
content, and the diffusion coefficient of glass/epoxy
and graphite/epoxy composites increased with
increasing external stress. The diffusion coefficient
for moisture diffusion in epoxy resins was shown to
increase if the epoxy was under tensile stress and to
decrease if the epoxy was under compressive stress
[91]. These results have important implications for
further studies on the mechanisms for changes in
damping and stiffness under changing environmental
conditions.

Damage assessment. The use of dynamic mechanical
property measurements to detect damage has received
considerable atiention. Thus far, however, definite
correlations of the type, extent, and location of dam-
age (type and location, in particular) with changes
in such properties as damping have not generally
been shown. Richardson (92] has surveyed the
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literature in the general area of damage detection by
dynamic property measurement., Matrix cracking and
delamination have received the most attention in
composite material studies; e.g., the work of Plunkett
(64) in matrix cracking referred to earlier.

Correlations have been reported between acoustic
emissions and changes in damping and stiffness for
E-glass/epoxy cross-ply laminates with matrix cracks
{93]. Damping measurements have been made on
graphite/epoxy specimens during the course of
fatigue studies using both the log decrement and
bandwidth techniques [94]. Vibration frequency
has been found to be an important fatigue-life-limit-
ing parameter for fiberglass composites [95]. As
frequency increased, the temperature on the surface
of the specimens increased and the number of cycles
to failure decreased.

Additional findings on fatigue of unidirectional and
laminated composites have been given [96, 97]. In
related work on metallic materials, Pye and Adams
[98] reported on a new technique for finding the
stress intensity factor for notched specimens; they
measured the natural frequency of the specimen
before and after crack introduction,

The effect of delamination on the natural frequencies
of a laminated beam has been studied [99]. It was
found that delamination effects on natural frequen-
cies were more pronounced for the higher modes
and that measured effects were much smaller than
those predicted by a finite element substructure
analysis. Aithough this appears to be the only publi-
cation in the area of delamination/dynamic property
relations, several relevant publications on impact-
induced delamination are also of interest. For exam-
ple, Takeda, Sierakowski, and Malvern have published
extensively on delamination and cracking of E-glass/
epoxy cross-ply laminates under ballistic impact
{100-103). Rhodes, Williams, and Starnes [104] have
reported on low velocity impact damage in graphite/
epoxy laminates, Delamination growth under cyclic
loading has been studied extensively [105-107].

Many composite materials rescarchers feel that
delamination is the major concern regarding damage
tolerance and durability of composite laminates for
structural use, Thus, it appears that the use of dynam-
ic property measurements to characterice delamina-
tion damage should be another arca of active re
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search, In view of the sensitivity of damping to dam-
age, the delamination/damping connection seems
particularly appropriate for future investigations.

Disxcontinuous fiber composites. Discontinuous fibers
make it theoretically possible to improve and even
optimize damping in composites [36, 37]. The
theoretically optimum fiber aspect ratio for maxi-
mum damping has not yet been verified because
verification requires testing of whisker and micro-
fiber reinforced polymers, This means additional
development work in specimen fabrication.

Initial experiments [36, 37) involved testing of
E-glass/epoxy specimens made by cutting pre-preg
tape to the appropriate length, The resulting fiber
aspect ratios were well above the optimum range,
however., The analysis predicted that higher modulus
fibers would shift the optimum aspect ratio to higher
values while also increasing the magnitude of damp-
ing at the peak. As a result, the authors have now
shifted their attention to such higher modulus fibers
as short graphite fibers [108] or whiskers and micro-
fibers [109] .

Measurements of the complex moduli of automotive
SMC materials have been reported [35, 62-64]; the
findings were summarized earlier in this article, Dy-
namic mechanical properties of SMC materials have
been measured at various times during the molding
cycle [110]. The properties changed substantially
from initial non<crosslinked conditions to final cured
conditions. Such testing was invaluable in demon-
strating the role of various fiilers and other constitu-
ents.

Dynamic tests of short steel fiberreinforced silicone
rubber have been carried out with both bonded and
unbonded fiber/matrix interfaces [111, 112]. Inter-
facial slip had a significant effect on damping and
stiffness, but it was concluded that the high shear
stress at the end of the fiber with a bonded interface
was the most viable mechanism for increasing damp-
ing. The lack of structural integrity of materials with
unbonded interfaces outweighed the advantages of
increased damping. Related research involves the
possibility of improving damping with high damping
inserts [113]. Inserts of cast iron, bakelite, or per-
spex were used in an aluminum strip.

Composite structures. Most of the experimental
work on dynamic properties of composites is neces-
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sarily done on small specimens, The properties
derived from small specimens should be related to
corresponding properties of actual composite struc-
tures. One major problem is that, in structures, a
number of damping mechanisms operate in addition
to material damping,

A survey of dynamic stiffness and damping of com-
posite beams, curved bars, rings, and panels has been
published [5). Georgi [114] reported the results of
dynamic tests on composite |-beams, wing boxes,
rotor blades, and sandwich panels. Included were
boron, carbon, glass, and synthetic fiber composites,
The parameters considered were amplitude, tempera-
ture, mode number, frequency, air pressure, aspect
ratio, and fiber orientation, It was conciuded that
predicting system damping on the basis of damping
measurements of simple and similar specimens is
possible if the structure is not too complex.

Gibson [115) obtained limited data on extensional
and flexural damping of small specimens of graphite/
epoxy laminates that have been proposed for use in
nestable columns for large space structures [116].
Comparison of small specimen damping values with
measured damping of assembled composite columns
indicated that, in this instance, material damping is
possibly more important than frictional joint damp-
ing. Mansfield and Sobey [117] have commented on
the prospects of aeroelastic tailoring of stiffness of
composite helicopter blades, Soovere [118] found
that a uniaxial high modulus graphite fiber composite
is highly suited for use as the constraining layer of a
constrained viscoelastic layer damping treatment.

Metal matrix composites. The damping mechanisms
operating in metal matrix composites are entirely
different from those that operate in polymer matrix
composites. It appears that thermoelastic dissipation,
while negligible in most polymers at practical vibra-
tion frequencies, is the predominant mechanism for
metals. Thermoelastic damping of unidirectional
metallic composites has been examined for possible
application to space structures [12]. Single fiber
tests have been used to determine the complex
moduli of boron, silicon carbide, and alumina fibers
{119]. Frequency and temperature dependence have
been used to determine the complex moduli of
boron/aluminum composites [120]. Damping of
aluminum alloy/mica composites has been investi-
gated [121],
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Keviar composites. Because Kevlar* aramid polymer
reinforcing fibers are relatively new, not much
information is available on the dynamic properties
of composites made from these materials. A DuPont
memorandum [122] indicates that damping in
Keviar 49/epoxy composites is three to five times
greater than damping in glass or graphite fiber/epoxy
composites. These results were based on decay tests
of cantilever beam specimens of fabric and unidirec-
tional reinforced composites. The tests were done in
air, however, so that aerodynamic damping could
have contributed to some of the differences.

Air damping of a cantilever beam is proportional to
the amplitude of vibration and the ratio of air density
to material density [123]. For example, Keviar
fibers have roughly half the density of glass fibers.
Air damping of a Kevlar/epoxy beam would thus be
approximately twice the air damping of a glass/epoxy
beam having the same dimensions and fiber volume
fraction and vibrating at the same amplitude. How-
ever, the Kevlar fiber itself has a polymeric micro-
structure; it is therefore possible that the fiber
actually has better damping characteristics than
glass or graphite fibers,

it is also known that strong interfacial bonds develop
less easily between Kevlar fibers and various polymer
matrices than with glass or graphite fibers; interfacial
slip could thus be contributing some of the additional
damping in Kevlar composites. Wallace and Bert
[124] used the half-power bandwidth method to
determine the complex moduli of Kevlar 49 fabric/
polyester beams, Damping factors were considerably
higher than those reported for Kevlar/epoxy [122],
Yut the polyester resin could have had higher damp-
ing than the epoxy.

Obviously, much more work is needed on damping
mechanisms in these materials before definite conclu-
sions can be drawn. If the damping properties of
Kevlar composites are truly superior to those of other
composites, such properties could be worth consider-
ing in the optimization studies mentioned earlier.
For example, discontinuous Kevlar fibers with the
optimum fiber aspect ratio might substantially im-
prove damping over present composites., Finally,
such hybrid laminates as those with short Kevlar
fibers for damping and continuous graphite fibers for
stiffness would appear to offer almost unlimited
design flexibility.
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CONCLUSION

Many of the topics cited as needing further work
in the previous review article have been researched
in more detail, but much work remains to be done,
As in any scientific endeavor, the more we learn,
the more we find there is to learn, But it Is particu-
larly gratifying to see that research on dynamic
behavior of composites now has a direct or indirect
effect on so many different areas within the general
scope of composite materials research, Though
gratified, | am finding it increasingly difficult to
keep up with all these direct and indirect effects,
| therefore appeal to those working in these areas
to relay their findings to me during the next three
years, so that the next article in this series can be
even more comprehensive than this one.
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LITERATURE REVIEW: i smatint

The monthly Literature Review, a subjective critique and summary of the liters-
ture, consists of two to four review articles each month, 3,000 to 4,000 words in
length. The purpose of this section is to present a ‘‘digest” of literature over a
period of three years. Planned by the Technical Editor, this section provides the
DIGEST reader with up-to-date insights into current technology in more than
150 topic areas. Review articles include technical information from articles, reports,
and unpublished proceedings. Each article also containg a minor tutorial of the
technical area under discussion, a survey and evaluation of the new literature, and
recommendations. Review articles are written by experts in the shock and vibration
field.

This issue of the DIGEST contains articles about helicopter vibration control and
beam models for ship hull vibration analysis.

Dr. G.T.S. Done of The City University, London, UK has written an article de-
scribing advances that have been made since 1979 in the contro! of helicopter
vibration and reviews the associated literature,

Dr. JJ. Jensen of The Technical University of Denmark, Lyngby, Denmark has
written a paper reviewing beam models used for hull vibration analysis.
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FURTHER ADVANCES IN HELICOPTER VIBRATION CONTROL

G.T.S. Done®*

Abstract. This srticle describes advances that have
been made since 1979 in the control of helicopter
vibration and reviews the associated //terature. Vibra-
tion isolation, absorbers, direct rotor control, struc-
tural design and modification, and vibration studies
are considered,

Earlier articles [1, 2] reviewed progress in and litera-
ture on helicopter vibration control up to the end of
1979, The present paper covers the last three years,
It is concerned only with airframe forced vibration
and does not include consideration of instability
phenomena o0~ "oise.

One notable happening in the area of control of
helicopter vibration was a three-day meeting in late
1981 devoted to the subject, The American Heli-
copter Society North-East Region National Special-
ists’ Meeting on Helicopter Vibration was entitled
“Technology for the Jet Smooth Ride.”” The 27
papers that were presented provide an important
statement of the current state of the art.

In fact, the current scene has been well summarized
by Reichert [3], who stresses that all manufacturers
are aiming for the jet-smooth helicopter; it promises
to become a reality before the end of the century,
This paper surveys all aspects of helicpter vibration
and its control and explains the basic mechanics
behind the source of vibration and its suppression.
The paper by Balke [4) also surveys achievements
of the past and the current situation, although he
tends to accentuate the successes of Bell and to ig-
nore those of other firms,

The impression gained by studying the past three
years of published material is that, in the area of
mechanical isolation, advances have been made and
a steadily increasing store of experience has been
gained. Mechanical absorbers can be either rotor- or

fuselage-borne; as in the case of isolators experience
in the reliable operation of these devices continues
to be built up. In the area of direct rotor control
there has been steady progress although the final
objectives still seem to be some way off.

Structural modification continues to attract interest
although examples of practical applcation are scarce.
Under this heading is the subject of rotor blade
dynamic tailoring. It is an old idea but has increased
possibilities of success due to advances in blade manu-
facture using composites and in numerical optimiza-
tion techniques. Finally, it is clear that there has
been some effort to improve the basic understanding
of the nature of fuselage and coupled fuselage/rotor
vibration; in the past papers in this area were almost
nonexistent, hut several have recently appeared.
These areas are reviewed below.

VIBRATION ISOLATION

An account of the DAVI (Dynamic Antiresonant
Vibration Isolator) system has appeared in published
form [5] as has a description of its performance in
isolating the floor and fuel tanks of a Boeing Vertol
Chinook [6]. Experience gained more recently has
been recounted (7). The DAV! isolator balances
the momentum of a large mass having a small dis-
placement and the momentum of a small mass having
a large displacement; the two masses are coupled
mechanically,

The same principle is used in a new type of isolator
in which the balancing mass for the momentum is
provided by a dense liquid such as mercury. A dia-
gram of such an isolator is given in the Figure. That
used by Bell is termed a LIVE (Liquid Inertia Vibra-
tion Eliminator) system; its application and use have
been described [8]. Details of a similar device have
appeared [9]); in this case, however, the moving
liquid also drives a solid mass.

*Professor of Applied Mechanics, Department of Mechanical Engineering, The City University, Northampton Square, London

EC1V OHB, England
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Figure 1. LIVE Isolator

The isolators mentioned above are passive, but the
possibility exists for active or semi-active types.
Kuczynski and Madden [10] have described a system
in which low frequency loads are reacted actively;
high frequency loads are reacted passively. Margolis
[11] has described a system in which damping is
controlled actively by means of a variable orifice in
liquid-filled device. A fully active system has been
described [12] in which the gearbox of a MBB BO
105 is supported by servo-actuators. Laboratory
tests are also described. The usefulness of state feed-
back has been shown on system design [13].

ABSORBERS

An account of how fuselage sprung-mass and rotor-
borne pendulum absorbers are used successfully to
alleviate vibration is given by Gupta and Wood [14).
Although the latter have been used in several in-
stances, the application appears to have been in ad-
vance of an overall theoretical knowledge of behavior.
This can involve much complicated analysis as the
papers by Murthy and Hammond [15) and Hamouda
and Pierce [16) indicate. An interesting new pendu-
lum-type absorber is the monofilar (see Figure 2)
which has the ability, unlike the more familiar
bifilar, to reduce vibration simultaneously at two
frequencies. This is because the device has two main
degrees of freedom, lts behavior is analyzed and
performance assessed by Mouzakis (171,
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DIRECT ROTOR CONTROL

Interesting and thoughtful papers have been present-
ed by Kretz and Larché [18] and McCloud [19) who
have explored the potential of direct rotor control
not only in suppressing vibration but in minimizing
the effects of other sources such as gusts and blade
stall. A practical application with wind-tunnel tests
is described by Ham [20) and Ham and Quackenbush
[21], who also discuss the dilemma of whether to
control blade pitch directly or indirectly via the
swash-plate. Papers which also present wind-tunnel
test results are those of Shaw and Albion (22, 23].
In these tests the model is a four-bladed rotor with
actuators below the swash-plate, A considerable
reduction of resultant rotor hub forces and moments
was achjeved and despite some increase in blade
fatigue loads under certain flight conditions, the
authors suggest that the technology is ready for
full scale implementation. An analytical study has
been made by Yen [24) to compare the advantages
gained in the cases of a two-bladed teetering rotor
and a four-bladed hingeless rotor. Optimization tech-
niques are used by Jacob and Lehmann [25] and
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Biener [26, 27] to provide best performance in sup-
pressing rotor vibration harmonics. Application of
optimization to circulation controlled rotors has been
made by Abramson and Rogers (28] .

STRUCTURAL DESIGN AND MODIFICATION

An interesting study has been made in the area of
structural design or modificaton of the fuselage to
minimize vibration response (29] . Use of the Vincent
circle technique was compared with the method of
strain energy density. Vincent circles have also been
utilized in other analyses [30, 31]. Sobey [32] ex-
tended the circle technique and suggested better
ways in which to apply it; Gaukroger [33] indicated
how the technique can be applied to undamped
structures, thereby reducing some of the complexity.
Walker [34) used the circle approach in an experi-
mental investigation into the vibration characteristics
of a helicopter tail-cone.

More conventional methods of mathematical optimi-
2ation have been employed by Done [35] to deter-
mine ways to reduce fuselage vibration. An economic
method of sensitivity analysis that relies neither on
optimization nor on Vincent circles has been pre-
sented [36].

Blade design itself can have a profound influence on
the level of forcing that is impressed on the fuselage.
Design has tended to follow traditional methods,
but with dynamic tailoring of blades a prospect due
to advances in composites and optimization methods,

- the subject is beginning to be explored again. Wind-

tunnel experiments [37] were partly concerned with
investigating the effect of various parameters on
vibratory force reduction; another paper [38] is
devoted to the topic. Still another paper is that of
Taylor [39).

VIBRATION STUDIES

Understanding the behavior of the fuselage and of
the fuselage and rotor as a coupled system when
oscillatory forcing is present is important in ulti-
mately achieving suppression of vibration Several
studies involving finite elements and experimental
dynamic tests have recently appeared [40-46]. A
significant development is the widening of interest in

coupled fuselage/rotor system dynamics (47-52].
This aspect will eventually have to be completely
understood if enslytical methods ere to help in
achieving the goal of the jet-smooth helicopter,
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BEAM MODELS FOR SHIP HULL VIBRATION ANALYSIS

1J. Jensen*

Abstract. Beem models used for hul! vibration analy-
sis are reviewed, The main conclusion drawn Is that
the Timoshenko beam theory, with a proper defini-
tion of the shear coefficlent, can accurately predict
the /owest vertical hull vibration modes and corre-
sponding natural frequencies. For coupled horizontsl-
torsional vibrations a redlistic modeling of major
discontinuities in the hull beem Is necessary in order
to achieve reliable results.

It is appropriate to divide the problem areas in the
analysis of ship vibration problems into four groups,
depending on the types and extensions of the vibra-
tion modes (1] :

® beam-like hull vibration modes; 0.6 - 1.5 Hz
< frequency < 3- 6 Hz

©® integrated hull vibration modes in which the
hull modes interact with the vibration of such
large subsystems as the double bottom or
longitudinal bulkheads 3 - 6 Hz < frequency
<6-12Hz

® superstructure vibration modes; 7 - 8 Hz <
frequency < 12- 14 Hz

® local vibration of plate panels and frames;
10 Hz < frequency < 40 Hz

The frequency ranges given above are to be consid-
ered typical for ordinary merchant ships. The present
review is a follow-up of previous reviews (6, 12] and
will therefore focus on beam-like hull vibrations.
However, a short discussion of the various methods
available for analyzing all of the above vibration
problems is given below,

Pure hull vibration modes can be analyzed by model-
ing the hull as a single, non-prismatic beam. The

analysis Is usually treated as vertical vibration and
coupled horizontal-torsional vibration. The various
beam models used to predict these modes is reviewed
in the following sections, It should be mentioned that
the exciting forces for these modes are due mainly
to waves; however, propeller-induced forces can be
important in the highest region of the frequency
range of Iinterest. Reviews of current methods for
estimating wave-induced forces are available [2-4],
as are reviews of propeller-induced forces [4, 5].

Models consisting of a few coupled beams represent-
ing the hull and the subsystems have been used
successfully to analyze integrated hull vibration
modes. Examples of such models are available [1, 6).
It should be recognized, however, that determination
of coupling coefficients between the beams involved
is rather difficult; thus this approach is not generally
accepted as a useful method.

The finite element method has been used by a num-
ber of authors [1, 7, 8). Such studies have yielded
useful results regarding choice of element type,
mesh size, and two-dimensional versus three-dimen-
sional models. However, general conclusions are not
yet possible,

The most severe ship vibration problems today are
probably superstructure vibrations, Excitation from
propeller-induced forces can be extensive in such
structures, and vibration levels in the superstructure
can annoy ship crew and passengers and cause prob-
lems with electronic equipment, The finite element
method seems to be the only method now available
that yields sufficiently accurate results for free and,
to some extent, forced vibrations of superstructures
[6, 7-9]. It should be mentioned that it is at present
not possible to perform accurate forced vibration
analysis of ship structures even with the most elabo-
rate finite element modeling. The reasons include
lack of knowledge in propeller-induced force estima-

*Department of Ocean Engineering, The Technical University of Denmerk, DK - 2800 Lyngby
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tion [6) and inability to assess structural damping
[10]). In addition, the effect of the surrounding
water deserves a proper treatment [11] for these
complex vibration modes,

The main problems in the determination of vibration
characteristics for local vibrations of plate panels,
transverse frames, and other minor substructures
include estimating realistic boundary conditions and,
for forced vibration, the damping and exciting forces.
The methods most often used are the Rayleigh-Ritz
method in the case of regular boundaries or the finite
element method. Examples are available [8, 9] as is
a review of current literature related to this field (4] .
A complete survey, including 352 references, of the
state of the art regarding ship hull vibration has been
published [12].

VERTICAL HULL VIBRATIONS

The Timoshenko beam theory has been widely ac-
cepted as a suitable model for calculating vertical
hull vibration modes up to about nine nodes (4],
In the Timoshenko beam equations governing free,
undamped vibration modes, the hull is specified by
sectional quar.tities. They are: hull stiffness, as
represented by bending and shear rigidities; hull
mass and mass moment of inertia; the so-called
added or virtual mass of water; and the mass of the
cargo. These quantities should be specified section
by section; the accuracy of tie resulting mode shapes
and corresponding natural frequencies depend on the
accuracy to which these quantities are determined.

It is straightforward but tedious to determine most
of these sectional gquantities. The exceptions are the
shear rigidity and the added mass of water, both of
which possess some fundamental problems. The
following discussion therefore concentrates on these
two quantities.

The shear rigidity. Present methods for calculating
shear rigidity range from semi-empirical formulas
based on projected (vertical) areas to relatively com-
plicated formulas based either on integration of the
equations of three-dimensional elasticity theory
{13, 14] or on exact formulas for the natural fre-
quencies and mode shapes for prismatic beam-like
structures [15, 16]. The capability of these methods
to give proper shear stiffnesses has been investigated

ORI OO e AN A IS A N SN
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{18]. The conclusion [16] was that the shear stiff-
nesses derived from formulas proposed by Cowper
[13]) or Stephen [14] are superior to more semi-
empirical formulas, partly because they eliminate the
need for mode-dependent reduction of the bending
rigidity due to shear lag effects; as, for instance, the
reduction perforined by Carlsen [1]). This observation
has also becnt noted elsewhere [7].

The evaluation of shear rigidities by formulas of
Cowper [13] or Stephen [14] requires calculation
of the exact shear stress distribution in complicated
thin-walled cross sections such as are found in ship
structures. Computer programs able to perform these
calculations have been reported [17, 18]. For ship
sections, it has been found [16] that the shear
rigidities obtained by the methods of Cowper [13]
and Stephen [14) would be almost equal and only
about one half the value obtained by the semi-empiri-
cal approach. A reduction in the bending rigidity is
thus necessary if a semi-empirical formula for shear
rigidity is used.

Added mass of water. The frequency range relevant
for ship hull vibrations is usually so high that the free
surface condition can be neglected when the added
mass of water is calculated. Methods based on either
fluid finite elements [11, 20} or Green’s function
[19] have recently been reported; they can be used
to calculate the correct three-dimensional added mass
distribution, However, such calculations are very
time consuming even on large computers; therefore,
simpler methods, based on two-dimensional (strip
theory) solutions that have been modified by a cor-
rection factor (J-factor) for three-dimensional effects,
are still valuable 3, 6).

Results obtained by three-dimensional source meth-
ods have been compared with those found using two-
dimensional Lewis formulas multiplied by a J-factor
derived exactly for a vibrating ellipsoid [19]. Re-
markably good agreements were found for modes
with ten or more nodes [19]. Similar results have
been reported [20] in which the classic J-factor,
derived by Kumai for prismatic Lewis sections of
finite length, were verified by results obtained using
fluid finite elements, Thus it seems that the simple
approach based on a two-dimensional added mass
distribution corrected by a J-factor derived either
for an ellipsoid (preferable for ships with fine lines)
or using Kumai’'s formula for Lewis’ forms of finite
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length (preferable for full form ships) will yield a
sufficient accurate added mass distributions for ship
hull vibration analysis using the Timoshenko beam
equations.

HORIZONTAL-TORSIONAL HULL VIBRATIONS

For ships that lack or have only modest hatch open-
ings, the lowest natural frequencies for coupled hori-
zontal-torsional vibration modes will usually be much
higher than the natural frequencies corresponding
to the lowest vertical vibration modes. However, the
recent trend has been toward building ships with
larger hatch openings, especially container ships. The
torsional rigidity of such ships can be so small that
the lowest natural frequencies for the coupled hori-
zontal-torsional modes decrease to the magnitude of
those corresponding to the lowest vertical vibration
modes {21, 22, 24, 25]. These vibrations can be
excited by waves [2) when a ship is sailing in an ob-
lique seaway.

Analysis of the problem requires inclusion of warping
deflections in the open parts of the hull beam; various
beam formulations have been suggested. The Timo-
shenko-Vlasov theory has been used [22, 23, 25};
solution of the governing equations for the free,
undamped vibration is achieved using either a matrix
formulation [22], the transfer matrix method [23],
or the Mykiestad method [25) . A more general beam
theory for the coupled horizontal-torsional vibrations
has been derived [21]. This beam theory reduces to
the Kollbrunner-Hajdin theory [26] in the case of a
beam with double symmetric cross sections.

Implicit in the derivation of these beam formulations
is that hull geometry changes smoothly only in the
longitudinal direction. For ship structures this as-
sumption does not hold, especially at the transitions
between a deck with large hatch openings and closed
sections at the forward and aft parts of the ship, In
such transition areas the warping displacement pat-
tern changes abruptly, yielding a highly incompatible
longitudinal displacement field. In some cases this
effect has not been accounted for [22, 23, 25}, How-
ever, in one instance [21] discontinuity conditions
were formulated at these transitions in an effort to
reduce the gap in the warping displacements; some
orthogonality conditions were proposed. These
discontinuity conditions have been validated with a

T TR T T T T LT T T ‘-"-.-\ 1.\‘.\"‘ _". e Ve a1 g ‘-_"-';'_"- - -"‘C.\“'A_" O _‘\-'."

T B S Do T AT WO M

numerical example solved by the finite element
method.

CONCLUSION

Beam theories for the determination of pure ship
hull vibration modes and corresponding natural
frequencies are available, They seem to be able to
predict reliable results for mode shapes of practical
interest, Problems involving forced vibration analysis
are due to uncertainties in estimating structural
damping and the exciting forces due to waves.

It should be recognized that a number of assumptions
are inherent in the beam theories available. Among
these assumptions are:

® variations of longitudinal components in the
cross sections are assumed small compared to
the variation in the displacements. A beam
theory [27] suggested without this assumption
results in an extremely complicated theory,
mainly due to the large number of sectional
constants and derivatives needed. No numerical
examples were given [27] .

@ cross sectional shapes are assumed to be undis-
torted. The argument is that transverse stiffen-
ing will prevent such deformation, but the
effect of this assumption deserves further
investigation,

® large nonstructural masses due to cargo and the
added mass of water are neglected in calculating
shear rigidity. The validity of this simplification
also should be investigated.
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BOOK REVIEWS

STRUCTURAL DYNAMICS -- AN INTRO-
DUCTION TO COMPUTER METHODS

R.R. Craig, Jr.
John Wiley & Sons, New York, NY
1981, 527 pages, $31.95

Are you adept in using structural dynamics to solve
problems? If you are, this book will supplement your
knowledge. If you are not, this book will provide
guidance,

A number of recent books on structural dynamics
present some of the basics of vibration theory but
make no reference to computer programs. This book
contains information about many facets of structural
dynamics as well as an excellent discussion of prin-
ciples and a number of examples and computer
applications. It is also a pleasure to read,

The book consists of three parts divided into 20
chapters. Chapter 1 is a discourse on the science and
art of structural dynamics. Chapter 2 introduces
Part |, single-degree-of-freedom (SDOF) systems.
Included are the mathematical models describing
SDOF and a discussion and applications of virtual
displacements. Chapter 3 is about free vibration of
undamped and damped SDOF systems, including
experimental determination of fundamental natural
frequencies, damping factors, and an explanation of
the role of coulomb damping in SDOF systems.

The next chapter includes the response of undamped
SDOF systems to harmonic excitation, damped sys-
tem response, vibration isolation, and complex fre-
quency response. The chapter concludes with an
explanation of the use of frequency response data in
determinations of the natural frequency and damping
factor of lightly damped SDOF systems,

Chapter 5 considers the response of SDOF systems
to various shock type inputs; i.e., step, ramp, rectan-
gular pulse, and unit impulse response. The author
makes no mention of step-triangular pulse (the most
severe) or sawtooth pulse but does describe the
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response of SDOF systems to general dynamic
excitation using the Duhamel integral method,

Chapter 7 has to do with numerical evaluation of
dynamic response and the Wilson 8§ method; that is,
step by step integration for both linear and non-
linear systems, The reviewer feels that Newmark's
beta method and Houbolt's method should have been
included because they are used in 8 number of com-
puter programs,

Chapter 8 has to do with the response of SDOF sys-
tems to periodic excitation; simple and complex
Fourier transforms are used. The author provides a
short but interesting explanation of the fast Fourier
transform (FFT) as it is applied to digital signat
analysis. The reviewer feels that a more detailed
explanation of FFT would have been helpful because
most present-day spectrum analyzers use FFT.

Part |l introduces continuous systems; included are
Newton’s laws, Hamilton's principle, and Timoshenko
beam theory. The reviewer believes that Dunkerley’s
rule should have been included.

Part |1l on multiple-degree-of-freedom (MDOF) sys-
tems is the heart of the book. Chapter 11 on mathe-
matical modeling includes a good explanation of
Newton’s Law and the Lagrangian equation and their
application to lumped parameter systems, The chap-
ter concludes with constrained coordinates and
Lagrangian multipliers. Chapter 12 focuses on vibra-
tion of undamped two-DOF systems; Chapter 13 is
about the vibration of MDOF systems and includes a
discussion of some properties of natural frequencies
and natural modes. An interesting consideration of
the Rayleigh-Ritz approach for obtaining approxi-
mate frequencies of MDOF systems is presented.

Chapter 14 describes methods for solving algebraic
eigenproblems and vector iteration methods, Many
books neglect the iteration procedure, which s
powerful when properly applied. The author intro-
duces his program ISMIS for solving eigenvalue
problems. A more detailed listing of the program
would have been useful,
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Chapter 15 introduces the reader to mode-super-
position methods, including mode-displacement and
mode-acceleration as applied to determining dynamic
stresses.

Chapter 16 introduces thie reader to the finite ele-
ment method (FEM). Included are beam elements
(two and three dimensional), consistent mass ma-
trices, and assembly of system matrices. Not included
is shear deformation in the derivation of stiffness
matrices. The chapter concludes with an introduction
to reduction of degrees of freedom systems.

Chapter 17 shows how FEM can be used in vibration
analysis. The author utilizes his ISMIS program and
the Guyan reduction method.

Chapter 18 extends the direct integration method for
SDOF to MDOF. Again, the author considers only
the Wilson 8 method. The chapter concludes with
applications of time integration schemes (direct
integration of the equations) and the required numer-
ical integration algorithm,

Chapter 19 is on component mode synthesis. This
powerful method enables the analyst to solve large
structural dynamic problems by dynamic reduction
methods or substructure coupling. The author begins
with the well known Hurty method and goes on to
system synthesis for undamped free vibration, attach-
ment, inertia-relief attachment modes, and residual
attachment modes. The auhor and his students have
been developers of the latter. The author states that
this powerful tool can be employed in damped sys-
tems but furnishes no referenced examples.

The concluding chapter has to do with response
spectra used in seismic analysis, The material is
interesting but too brief. The author does provide
an illustrative example.

This is an excellent book. The reviewer would have
preferred a section on matrix analysis and a section
on random vibration. Transfer matrices should have
been included because many programs utilize them
in determinations of natural modes, eigenvectors,
and responses. The reviewer recommends this book
to both the advanced analyst and the neophyte.

H. Saunders
General Electric Company
Schenectady, NY 12345
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STRUCTURAL DYNAMICS -- AN INTRO-
DUCTION TO COMPUTER METHODS

R.R. Craig, Jr.
John Wiley & Sons, New York, NY
1981, 527 pages, $31.95

Two decades ago dynamic analyses of many complex
structural systems were not possible due to a lack of
fast computational means. The advent of digital
computers has led to the development of scveral
numerical algorithms and computer codes that can
be used to analyze complex structures, The numecrical
analysis of vibrating structures now widely known as
structural dynamics is an extension of mechanical
vibration,

Professor Craig has written an excellent text on the
computer methods of structural dynamics. The book
takes the reader systematically from the fundamen-
tals of mechanical vibration and concepts of discrete
and continuous systems to advanced computational
methods. The 20 chapters are divided into three
parts: [, single-degree-of-freedom (SDOF) systems;
I, continuous systems; and I, multi-degree-of-
freedom (MDOF) systems. The first chapter is an
overview of the science and art of structural dynam-
ics. Each chapter has a uniform format that empha-
sizes mathematical modeling and numerous solved
examples, The consistency of sign convention is
rarely found in other texts.

The analysis of SDOF systems is covered in chapters
2 through 8, In Chapter 2 Newton's laws and the
principle of virtual displacements are used to formu-
late mathematical models, Damped free vibration
and forced vibration responses to harmonic excita-
tion are treated in Chapters 3 and 4. Chapter 4 covers
a number of topics including the complex frequency
response, vibration isolation, vibration measuring
instruments, and structural damping. Forced vibra-
tion response to special forms of excitation and to
general dynamic excitations are introduced in Chap-
ters 5,6,and 7.

Chapter 5 treats step, rectangular pulse, ramp, and
impulse forcing functions. Chapter 6 deals with the
Duhamel integral method. Chapter 7 describes two
methods for numerical solutions of complex forms
of excitation, The first method, the interpolation of
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the excitation function, is convenient for linear
systems. The second method, approximation of
derivatives in the differential equation of motion,
can be used for linear and nonlinear systems,

The response of SDOF systems to periodic and
non-periodic excitations is analyzed in chapter 8,
The author introduces the concepts of real and
complex Fourier series and the Fourier transform for
aperiodic arbitrary excitation, The Fourier transform
for breaking the excitation function into its frequen-
cy spectrum provides a link between frequency
response and impulse response, These relationships
are used to introduce the reader to some concepts
of statistical properties of random processes. The
reviewer feels that Part | would have been more
complete if the author had added a chapter on the
response of SDOF systems to random excitations.

Part Il pertains to the modeling and the free vibra-
tions of continuous systems, Chapter 9 deals with
the modeling of beams under axial vibration and
bending (Euler and Timoshenko beams) vibration
and of shafts under torsional vibration. Newton's
laws and Hamilton's principle are used to derive the
partial differential equations of motion of these
elements. The exact solution for the eigenvalue
problem is described in Chapter 10. Some properties
of natural modes including normalization, orthogon-
ality, and the Rayleigh gquotient are introduced.
Chapter 10 also contains the eigenvalue analysis of
a flat plate with a pair of simply supported opposite
edges.

Part 11l is a major subject of the book and consists
of ten chapters. It deals mainly with the numerical
methods of MDOF systems. Chapter 11 demonstrates
the application of Newton's laws and Lagrange's
equation for modeling lumped parameter and con-
tinuous systems, For continuous models the assumed-
modes method is introduced. The free and forced
vibrations of undamped two-degree-of-freedom sys-
tems are solved in Chapter 12. This chapter also
includes semi-definite systems that exhibit rigid body
modes (zero eigenvalues).

Chapter 13 introduces a number of properties and
natural modes of MDOF systems. The Rayleigh-Ritz
method is also outlined in Chapter 13. Chapter 14
contains a review of three categories for numerical
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evaluation of modes and frequencies, among which
are the vector iteration methods. The author intro-
duces his code ISMIS (interactive Structures and
Matrix Interpretive System) for obtaining modes and
frequencies of MDOF systems,

Chapter 16 treats the dynamic response of undamped
systems and systems with a special form of viscous
damping. The normal mode method is utilized to
transform the coupled equations of the system into
a set of uncoupled equations in terms of the principal
coordinates, The mode-acceleration solution for the
response of undamped MDOF systems is introduced
as a means for improving the convergence of the
mode-displacement solution.

The finite element method is introduced in Chapter
16. The author should be commended for the clarity
and excellent presentation of this chapter. The
element stiffness and mass matrices as well as the
load vector for axial, bending, and torsion vibrations
are formulated in terms of the element coordinate
reference. Transformation of element matrices into
the global coordinate frame is established. Procedures
for the assembly of system matrices by the direct
stiffness method for unconstrained and constrained
systems are outlined. The numerical solution for the
eigenvalue problem by the finite element method
together with the ISMIS program are discussed in
Chapter 17,

Chapter 18 deals with nonlinear systems and systems
the response of which cannot be properly determined
from the normal mode method., This chapter de-
scribes a number of numerical integration algorithms,
Chapter 19 presents a class of reduction methods
known as component mode synthesis or substructure
coupling for dynamic analysis. The last chapter
briefly treats the response of structures to earthquake
excitations, It includes the response of SDOF and
MDOF systems to earthquake-type base motion,

As a first edition the book contains a number of
printing mistakes that should be eliminated in the
next edition. A complete manual solution is expected
to be available very soon, This book is highly recom-
mended for undergraduate and graduate courses in
mechanical vibration or structural dynamics. It is
also recommended for those involved in using struc-
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tural dynamic computer programs. The book In
general is readable and clearly written,

R.A. Ibrahim

Department of Mechanical Engineering
Texas Tech University

Box 4289

Lubbock, TX 79409

VIBRATION AND SOUND

P.M. Morse
American Institute of Physics, New York, NY
1981, 468 pages, $15.00

This reprint, a paperback version of the second
edition of a book that was written in 1936, con-
tains a mathematical development of the basic
physical concepts of vibration and sound. The volume
consists of an introductory chapter mostly devoted to
mathematics, four chapters on vibrations, and three
chapters on sound. Also included are a bibliography,
a glossary, tables and graphs of mathematical and
physical functions, and an index.

The concise chapters clearly present sufficient theory
and problems to make the reader aware of the scope
of each topic treated. The 14-page section on mathe-
matics, for example, covers the range from trig-
onometric functions to Fourier transformations.
{Throughout the other sections, even more mathe-
matics are introduced when needed to elaborate
the physics involved.)

The chapters on vibration take the reader from the
theory of free and forced vibrations of a single-
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degree-of-freedom discrete system to the complex
free and forced motions of continuous systems,
Morse thus provides concepts that are necessary for
the analysis of noise and vibration control, musical
instrument design, and microphone response. How-
ever, the treatment of vibrations is directed at an
explanation of sound rather than vibration control.
He does not even discuss longitudinal vibrations of
elements.

in treating sound the author uses the vibration
concepts he introduced earlier to study the equations
of motion of plane waves. He advances to sound
propagation, radiation, and scattering and concludes
with an exposition of standing waves,

The example problems at the end of each chapter are
clearly stated. It is obvious, however, that some
questions were posed prior to the introduction of
portable electronic calculators.

The style of writing is excellent: Morse provides
elegant treatments of both rnathematics and physics.
Each chapter naturally evolves from the previous
ones, so that information given earlier in the book
is reinforced and expanded in later chapters.

It is clear that Morse wrote a book that will become
a classic in the field, | hope every reader of the
Digest and every person who works in the field has
read one of the editions of Vibration and Sound, This
inexpensive paperback edition will give those who
were not able to acquire a copy the opportunity to
do so.

R.J. Peppin

5012 Macon Road
Rockville, MD 20852
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SHORT COURSES

Contact: Ms, Deborah Stowitts, Southwest Re-

PRSI | LA L R I

<4

MARCH

VIBRATION AND SHOCK SURVIVABILITY,
TESTING, MEASUREMENT, ANALYSIS, AND
CALIBRATION

Dates: March 7-11, 1983

Place: Washington, DC

Objective: Topics to be covered are resonance and
fragility phenomena, and environmental vibration and
shock measurement and analysis; also vibration and
shock environmental testing to prove survivability.
This course will concentrate upon equipments and
techniques, rather than upon mathematics and
theory.

Contact. Wayne Tustin, 22 East Los Olivos St.,
Santa Barbara, CA 93105 - (305) 682-7171.

EXPLOSION HAZARDS EVALUATION

Dates: March 14-18, 1983

Place: San Antonio, Texas

Objective: Fundamentals of combustion and transi-
tion to explosion including recent experimentation
on large-scale systems, current testing technigues and
their utility, accidental explosions, and preventive
measures are reviewed., Free-field explosions and
their characteristics including definition of an explo-
sion, characteristics of explosions, and the fallacy of
“TNT'* equivalence are defined. Loading from blast
waves such as reflected waves - both normal and
oblique, diffraction and diffracted loads, internal
blast loading, and effects of venting will be covered.
Structural response to blast and non-penetrating
impact including approximate methods,the P-i con-
cept, Bigg’s methods, numerical methods, and appli-
cable computer codes will be reviewed. Fragmenta-
tion and missile effects (trajectories and impact
conditions), thermal effects (fireballs from explo-
sions and radiation propagation), damage criteria
(buildings, vehicles, and people), and design for blast
and impact resistance (general guidelines, design
using approximate methods, and computer-aided
design) will be reviewed.
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search Institute, P.O. Drawer 28610, 6220 Culebra
Road, San Antonio, TX 78284 - (512) 684-5111.

DYNAMIC BALANCING SEMINAR/WORKSHOP
Dates: March 16-17, 1983
April 27-28, 1983

Place: Columbus, Ohio

Objective: Balancing experts will contribute a series
of lectures on field balancing and balancing machines.
Subjects include. field balancing methods; single-,
two-, and multi-plane balancing techniques; balancing
tolerances and correction methods. The latest in-place
balancing techniques will be demonstrated and used
in the workshops. Balancing machines equipped with
microprocessor instrumentation will also be demon-
strated in the workshop sessions, where each student
will be involved in hands-on problem-solving using
actual armatures, pump impellers, turbine wheels,
etc. with emphasis on reducing costs and improving
quality in balancing operations.

Contact: R.E. Ellis, IRD Mechanalysis, Inc., 6150
Huntley Road, Columbus, OH 43229 - (614) 885-
5376.

MAY

ROTOR DYNAMICS

Dates: May 23, 27, 1983

Place: Syria, Virginia

Objective: The role of rotor/bearing technology in
the design, development and diagnostics of industrial
machinery will be elaborated. The fundamentals of
rotor dynamics, fluid-film bearings; and measure-
ment, analytical, and computational techniques witl
be presented. The computation and measurement
of critical speeds vibration response, and stability of
rotor/bearing systems will be discussed in detail.
Finite elements and transfer matrix modeling will
be related to computation on mainframe computers,
minicomputers, and microprocessors. Modeling and
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computation of transient rotor behavior and non-
linear fiuid-film bearing behavior will be described.
Sessions will be devoted to flexible rotor balancing
including turbogenerator rotors, bow behavior,
squeeze-film dampers for turbomachinery, advanced
concepts in troubleshooting and instrumentation,
and case histories involving the power and petro-
chemical industries.

Contact: Dr, Ronald L. Eshleman, Vibration Insti-

tute, 101 W. 65th St., Suite 206, Clarendon Hills, 1L
60514 - (312) 654-2254,

JUNE

MACHINERY VIBRATION ANALYSIS
Dates: June 14-17, 1983

Place: Nashville, Tennessee
Dates: August 16-19, 1983
Place: New Orleans, Louisiana
Dates: November 15-18, 1983
Place: Chicago, lllinois

Objective: In this four-day course on practical
machinery vibration analysis, savings in production
losses and equipment costs through vibration analysis
and correction will be stressed. Techniques will be
reviewed along with examples and case histories
to illustrate their use. Demonstrations of measure-
ment and analysis equipment will be conducted
during the course. The course will include lectures
on test equipment selection and use, vibration mea-
surement and analysis including the latest informa-
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tion on spectral analysis, balancing, alignment, iso-
lation, and damping. Plant predictive maintenance
programs, monitoring equipment and programs, and
equipment evaluation are topcis included. Specific
components and equipment covered in the lectures
include gears, bearings (fluid film and antifriction),
shafts, couplings, motors, turbines, engines, pumps,
compressors, fluid drives, gearboxes, and slow-speed
paper rolls.

Contact: Dr. Ronald L. Eshleman, Vibration Insti-
tute, 101 W. 56th St., Suite 206, Clarendon Hills, IL
60514 - (312) 664-2254.

VIBRATION DAMPING

Dates: June 19-22, 1983

Place: Dayton, Ohio

Objective: The utilization of the vibration damping
properties of viscoelastic materials to reduce struc-
tural vibration and noise has become well developed
and successfully demonstrated in recent years. The
course is intended to give the participant an under-
standing of the principles of vibration damping
necessary for the successful application of this tech-
nology. Topics included are: damping fundamentals,
damping behavior of materials, response measure-
ments of damped systems, layered damping treat-
ments, tuned dampers, finite element techniques,
case histories, problem solving sessions.

Contact. Michael L. Drake, Kettering Laboratory

104, 300 College Park Avenue, Dayton, OH 45469 -
{613) 229-2644.
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NEWS BRIEFS

Call for Papers

SECOND INTERNATIONAL CONFERENCE
ON RECENT ADVANCES IN STRUCTURAL
DYNAMICS
April 9-13, 1984
Southampton, England

The Second International Conference on Recent
Advances in Structural Dynamics, sponsored by the
Institute of Sound and Vibration Research, the
University of Southampton, England and supported
by the Air Force Wright Aeronautical Laboratories
will be held April 9-13, 1984 in Southampton, En-
gland.

Papers are solicited in the following areas:

® Analytical/Numerical Methods -- including
deterministic and random vibrations, nonlinear
vibration, response to shock loads, structure-
fluid and structure-acoustic interaction, finite
element methods, boundary element methods,

® Experimental Techniques -- including develop-
ment in testing technigues, acquisition and
analysis of vibration data, system identification,
interpretation of experimental data for vibra-
tion control.

® Materials and Fatigue - including composite
structures, damping materials, fatigue life
estimation,

@ Structural Applications - including aircraft,
spacecraft, ships/submarines, off-shore struc-
tures, land vehicles, buildings, bridges, nuclear
reactors, machinery, active and passive vibra-
tion control.

Authors wishing to offer a paper should mail 5 copies
of a 500 word abstract of proposed papers for the
Nonlinear Vibration session to Howard F. Wolfe,
AFWAL/FIBED, Wright-Patterson AFB, OH 45433 -
(513) 255-5229; and proposed papers to all other
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® and Future Shock and
s Vibration activities and svents

sessions to Dr. Maurice Petyt, Institute of Sound
and Vibration Research, The University of South-
ampton, S09 5NH, England - (0703) 668122 Ext
2297.

Abstracts must be received by April 4, 1983. The
abstract must include the name, company affiliation,
telephone number and complete mailing address for
each author, Authors will be notified of acceptance/
rejection of their papers by June 6, 1983. Final
manuscripts are to be prepared by mid August.

FLUID POWER LABORATORY
ESTABLISHED BY OHIO STATE UNIVERSITY

The Department of Mechanical Engineering at The
Ohio State University is establishing a Fluid Power
Laboratory whose primary goal is to conduct research
and educate undergraduate and graduate students in
the field of fluid power. This laboratory has been
initiated through a recent grant from the Fluid Power
Educational Foundation; however, the bulk of its
support will be derived from an industrial consortium
of fluid power companies in the state of Ohio. The
laboratory activities will be governed by the recom-
mendations of the Advisory Board consisting of
industrial sponsors and participating faculty.

The Department of Mechanical Engineering is already
heavily involved in fluid power research and develop-
ment activities supported by industry and govern-
ment. Typical projects deal with positive displace-
ment pumps and compressors, power actuators and
shock absorbers, digital control of hydraulic systems,
robotic applications, and fluid transients. The Depart-
ment also operates two other industrial consortiums --
Advanded Design Methods Laboratory, and Gear
Dynamics and Gear Noise Research Laboratory,
which have acquired national leadership roles.

The “kick-off” meeting of the Laboratory took
place on December 17, 1982 with representatives
from a number of industrial organizations. At this
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_ meeting the objectives and structure of the Fluid

Power Laboratory were discussed, A tour of the
Mechanical Engineering facilities and laboratories,
with emphasis on the fluid power research projects,
was also conducted. The next organizational meeting
will be held in the spring of 1983,
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For more information contact. Professor Rsjendra
Singh, Director, Fluid Power Laboratory, Depart-
ment of Mechanical Engineering, The Ohlo State
University, 206 W. 18th Avenue, Columbus, OH
43210 - (614) 422-9044/2289.
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ABSTRACTS FROM
? THE CURRENT LITERATURE

Copies of articles abstracted in the DIGEST are not available from the SVIC or the Vibration Institute (except
those generated by either organization). Inquiries should be directed to Yibrary resources. Government reports cen
be obtained from the National Technical Information Service, Springfield, VA 22161, by citing the AD-, PB-, or
N-number. Doctoral dissertations are available from University Microfilms (DA), 313 N. Fir St., Ann Arbor, MI;
U.S. Patents from the Commissioner of Patents, Washington, DC 20231. Addresses following the authors’ names
in the citation refer only to the first author, The list of periodicals scanned by this journal is printed in issues
1,6,and 12.

-« ¢ o5 .

l ABSTRACT CONTENTS

MECHANICAL SYSTEMS . .. .37 MECHANICAL COMPONENTS.50 MECHANICAL PROPERTIES. .66

. . Absorbers and Isolators . . .50
| Rot'atmg M'achmes. EREREE 37 SOIINGS » v v v v 51 DAMPING .+ v veen e 66
§ Reciprocating Machines ., . .37 " Estiaue 67
Metal Working and Tiresand Wheels. . ... ... 51 a 9. 085,00 000 1000000
: Forming % Blades. . ..o er e 51 Etasticity and Plasticity . ..70
""""" Bearings. . ............952
g Gears .. ... ve it 52
I- STRUCTURAL SYSTEMS . . . .38 Fasteners............. 53
‘ EXPERIMENTATION...... .71
i gf if:g?s -------------- gg STRUCTURAL COMPONENTS. 53
; L OO OR SACG , Measurement and Analysis .71
TOWHE... . .\ - oo o ssatas 39 Stringsand Ropes . . .. . .. 53 DVOBTIETERE 3 o s s o e s 72
4 Foundations. . . ........ 39 Cables. . ............. 53 ; ;
- Diagnostics. . . . ........ 72
] Underground Structures . . . 40 Barsand Rods. . .. ...... 54 Monitoring 73
Lo S EEETOUTR STRRRIES e A e T, Monitoring. L L.l
Harbors and Dams. . . .. . . 41 Beams............... 54
Roadsand Tracks . ... ... 41 Cylinders. ............ 55
Power Plants. . ......... 41 Framesand Arches . ... .. 55
Off-shore Structures, . . . . . 42 Membranes, Films, and
Webs............. 56 ANALYSISAND DESIGN....73
) RANElS. . suulows = = G o5 o 77 56
VEHICLE SYSTEMS. . . ..... 42 Plates ............... 56 Analytical Methods . . . . . . 73
Shells ... ............ 58 Nuwmerical Methods . . . . . . 77
Ground Vehciles.. . . . .. .. 42 Pipesand Tubes . . ...... 59
SUIRE L B DI Bt o ot 44 Ducts .. ...ovevnne 60
Aircraft. . ... ......... 44 Building Components. . . . .60
Missil d S ft 48
' e GENERAL TOPICS. . . ...... 77
DYNAMIC ENVIRONMENT. . .60
BIOLOGICAL SYSTEMS. .... 49 Acoustic Excitation. .. ... 60 Tutorials and Reviews . .. .77
Shock Excitation. . ... ... 63 Bibliographies. . .. ... ... 77
Human .. ............ 49 Vibration Excitation . . . .. 64 Useful Applications. ... .. 77

36




- et
q-“.l LirSFod

FUFCd SR v 2~ "

| P

1AW,

‘..- v ] J' p LAY

R .“ "v_.u' W e, ot b ey B b A -

~ 0
~J'..-A.J.-.\.I_'J'J-‘-J‘ s St

MECHANICAL SYSTEMS

ROTATING MACHINES
(Also see Nos, 308, 307)

83.239

Rotor Wake Characteristics Relevant to Rotor-Stator
Interaction Noise Generation

L.M, Shaw and J.R, Balombin

NASA Lewis Res. Ctr., Cleveland, OH, J. Alircraft,
19 (11), pp 954-962 (Nov 1982) 16 figs, 2 tables,
24 refs

Key Words: Interaction: rotor-stator, Noise generation

Mean and turbulence wake properties st three axiel locations
behind the rotor of an asrodynamically loaded 1.2 pressure
ratio fan were measured using s stationary cross-film ane-
mometer in an anechoic wind tunnel. Wake characteristics
at four radisl immersions across the duct st four different
fan speeds were determined utilizing a signal enhancement
technique. The shapes of the waveforms of the mean rotor
relative and mesn upwash velocities were shown to change
significantly across the span of the blades. An increase in
fan rotational speed caused an increase in the maximum
wake turbulence intensity levels near the hub and tip. Spec-
tral analysis was used to describe the complex nature of the
rotor wake,

83-240

The Stability of a Rigid Rotor in Ruptured Finite
Journal Bearings

W.A. Crosby

Mech. Engrg. Dept., Faculty of Engrg., Univ. of
Alexandria, Alexandria, Egypt, Wear, 80 (3}, pp
333-346 (Sept 1, 1982) 9 figs, 20 refs

Key Words: Rotors, Rigid rotors, Besrings, Journal bearings,
Fluid film bearings, Unbalanced mass response

The plane motion stability of a rigid rotor supported in fluid
film journa! bearings having a finite length and subjected to
8 steady externa! load and an unbalance load is theoretically
snalyzed, Qil whirl is investigated for a ruptured film under
separation boundary conditions. The nonlinear equations of
motion are solved by using numerical methods. Journsl
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ocenter trajectories ere obtained for different conditions of
loading and speed.

838.241

A Discrete Model for Nonlinear Structural Dynamics
of Rotating Cantilevers

M. E)-Essawi

Ph.D. Thesis, Duke Univ,, 262 pp (1982)

DA8221143

Key Words: Rotors, Centilever besms, Rotating structures,
Geomaetric imperfection effects, Computer programs

A general geomstrically nonlinear discrete mathematical
model governing the dynamic bshavior of e rotating cent
lever with initis! geometric imperfections, and with arbitrary
orientation with respect to the axis of rotation, is developed.
The modsl consists of a set of second order quasi-linser
ordinery differentisl equations of motions for coupled axial-
bending-torsion deformations. The derivation of the model
is besed on the extended Hamiiton principle for elastody-
namics. A genersl purpose computer program for the sys
tematic generation and application of the discrete model is
described.

RECIPROCATING MACHINES
(Also see No. 426)

83.242

Analysis and Control of Mechanical Noise in Internal
Combustion Engines

N.E. Parsons, R.G. DeJong, and J.E. Manning
Cambridge Collaborative, Inc., MA, Rept. No. EPA-
550/9-82-334, 96 pp (July 1982)

PB82-247925

Key Words: Internal combustion engines, Noise reduction,
Noise source identification, Diagnostic techniques, Elssto-
meric bearings, Acoustic linings

This report reviews the state-of-the-srt for internal combus-
tion engine noise reduction and presents new techniques
for reducing engine block vibration end radisted noise. A
vibration analysis technique based on measured mobilities
was developed as a diagnostic tool for identifying noise
sources and vibration transmission paths. This technique
makes it possible to identify and rank order the scurces of
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nolse within the engine, New design techniques using resilient
beerings and modified cylinder liners are slso described.

METAL VVORKING AND FORMING
(See No, 408)

STRUCTURAL SYSTEMS

BRIDGES
83-243
The Vibrational Behaviour of Three Composite Beam-
Slab Bridges

PJ. Moss, A J. Carr, and G.C. Pardoen
Dept. of Civil Engrg., Univ. of Canterbury, Christ-
church, New Zealand, Engrg. Struc., 4 (4), pp 277-
288 {Oct 1982) 11 figs, O tables, 7 refs

Key Words: Bridges, Beams, Prestressed concrete, Vibration
analysis

Field measurements of the vibrational frequencies of three
bridges with prestressed concrete beams and in situ concrete
deck slabs are described. In each bridge, the beams are simply
supported over each span while the composite deck is con-
tinuous over three or four spsns with short, full width,
crumple slabs between the beam disphragms over each pier.
Analytical analyses were also carried out and compared with
the fisld measurements. Vaiues are also given for the damping
determined from the tests.

83.244

Dynamic Tests and System Identification of Bridges
B.M. Douglas and W.H. Reid

Dept. of Civil Engrg., Univ. of Nevada, Reno, NV
89557, ASCE J. Struc, Div., 108 (ST10), pp 2295-
2312 (Oct 1982) 10 figs, 4 tables, 34 refs

Key Words: Bridges, Reinforced concrete, System identifi-
cation techniques, Dynamic tests, Seismic response, Inter-
action: soil-structure
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A five-span, four-hundred-foot long, reinforoed concrete box
girder bridge supported on single column plers that ere
plle-founded wes subjected to extensive dynamic tests. The
pullback and quick-relesse maethod of excitation was used,
Two D-8 crawler tractors were used to apply totel releass
losds thet had @ megnitude of about onequarter of the
serthquake design loads. The tranwerse mode shapes and
natural frequencies obtained from these tests were used in
conjunction with the system identification procedure out-
lined herein, By using these techniques, it is possible to
identify the in situ dynamic stiffnesses of the pler founde-
tions as well as the sbutment structures,

BUILDINGS

83.245

A Scale Model Investigation of Sound Radiation from
a Large Aperture in a Building

D.J. Oldham and Y. Shen

Dept. of Bldg. Science, Univ. of Sheffield, Sheffield
S10 2TN, UK, Appl. Acoust,, 15 (6), pp 397-409
(Nov 1982) 7 figs, 2 tables, 7 refs

Key Words: Buildings, Openings, Sound waves, Modal testing

A scale model study of sound radisted from the most severe
acoustic point of s facade of a building; nemely a large
sperture, is described. Messurements were made on a 1:20
scale model and the experimentsl resuits were compared
with the pradictions of a simple theorstical model.

83-246

Cross-Wind Response of Tall Buildings

K.C.S. Kwok

School of Civil and Mining Engrg.,, The Univ. of
Sydney, Sydney, Australia, Engrg. Struc., 4 (4), pp
256-262 (Oct 1982) 5 figs, 3 tables, 16 refs

Key Words: Buildings, Wind-induced excitstion, Random
vibration, Displacement analysis, Acceleration analysis, De-
sign procedures

A design procedure was developed using random vibration
theory and uses modegeneralized cross-wind force spectra
and serodynamic dats to calculate the cross-wind displace-
ment and acceleration responses of tali buildings. The force
spectra of a number of building shepes and sizes in both
suburban and city center type wind flow are presented. The
proposed design procedure gives reasonable estimates of the
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crose-wird response, compared with wind wunnel measure-
ments, s1 reduced wind velocities and at structural demping
velues consistent with modern habitable tall building design.

83-247

Modal Damping for Torsionally Coupled Buildings on
Elastic Foundation

T. Balendra, CW. Tat,and S.-L. Lee

Dept. of Civil Engrg., Natl. Univ, of Singapore, Singa-
pore, Intl. J. Earthquake Engrg. Struc. Dynam,,
10 (6), pp 735-766 (Sept/Oct 1982) 8 figs, 4 tables,
23 refs

Key Words: Buildings, Elestic foundations, Model damping,
Normal modes, Seismic response

A method to determine the approximate normal modes and
the model demping for torsionally coupled buildings on an
slastic foundation is presented. The modal demping is deter-
mined by an iterative procedure which matches the spproxi-
mate normsl mode solution with the rigorous solution, The
response quantity to be matched is selected in a consistent
and logical menner. The normal modes and the damping
ratios thus found are then used to determine the seismic
response of the interaction system by the response spectrum
technique,

83-248

Torsional Provisions in Building Codes

W.K. Tso and V. Meng

McMaster Univ., Hamilton, Ontario, Canada L8S 4L7,
Can. J. Civil Engrg., 9 (1), pp 3846 (Mar 1982) 12
figs, 14 refs

Key Words: Buildings, Seismic response, Torsional response,
Standerds and codes

A study is made of the accuracy of the static code provisions
on torsional effects, with special reference to the National
Building Code of Canada of 1977. A uniform frame type
monosymmetric 12-story building is used as an example,
The static story torque is compared with the dynamic torque
computed using the response spectrum technique as outlined
in Commentary K of the Code.

83-249

Motions of Rigid Bodies and Criteria for Overturning
by Earthquake Excitations

Y. Ishiyama
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intl, Inst. of Seismology and Earthqueke Engrg.,
Bldg. Res. Inst., Ministry of Construction, Govt, of
Japan, Tatehara 1, Oho-Machi, Tsukuba-Gun, Ibarski-
Ken, Japan, Intl. J. Earthquake Engrg. Struc. Dy-
nam., 10Q (5), pp 636-860 (Sept/Oct 1982) 15 figs,
3 tables, 16 refs

Koy Words: Buildings, Floors, Earthquake response

This investigation desls with motions of rigid bodies on &
rigid floor subjected to esrthquake excitstions and criterls
for overturning of the bodles. The motions are classified into
six types: rest, slide, rotation, slide rotstion, transistion jump
and rotation jump, The equations of motion, transitions of
motion, and motions sfter impact between the body and the
floor are studied. One of the features of this investigation
is the introduction of the tsngent restitution coefficient
which enables one to estimate the megnitude of the tangent
impulse st the instant of impact. A computer program was
developed to simulste the motions of bodies subjected to
horizontsl and verticsl ground motions, numerically solving
the non-linear equations of motion.

TOWERS
83-250
Structural Reliability and Croms-Wind Response of
Tall Chimneys
R.V. Milford

Natl. Bldg. Res. Inst,, CSIR, Pretoria, South Africa,
Engrg. Struc., 4_(4), pp 263-270 (Oct 1982) 9 figs,
3 tables, 23 refs

Key Words: Chimneys, Wind-induced excitation

The structural safety of tsll industrisl chimneys at lock-in
is investigated in terms of upcrossing probabilities. In this
manner the inherent random nature of the load, as well as
the uncertainties in the description of the load, are accounted
for. Peak factors and load factors in excess of those currently
used in codes of practice sre obtained.

FOUNDATIONS

83-251
Reliability Procedure for Fixed Offshore Platforms
W.D. Anderson, M.N. Silbert, and J.R. Lloyd
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Exxon Co. USA, New Orleans, LA, ASCE J. Struc.
Div., 108 (ST11), pp 2617-2638 (Nov 1982) 14 figs,
3 tables, 13 refs

Key Words: Pile foundstions, Foundetions, Off-shore struc-
tures, Drilling platforma, Wave forces

A method of calculsting the "“notional’’ risk of overioad as-
soclated with fixed offshore platforms subjected to random
wave joading is presented, The lifetime sxposurs of the struc-
ture to potentially demaging storms is trested within a rigor-
ous mathematical framework, The procedure used to estab-
lish the long term extreme wave load distribution is empha-
sized. This procedure utilizes presently evailsble ocesno-
graphic information in a stetistical model of the wave envi-
ronment. The composite probebility of exceedance associ-
sted with all significant loading events is computed for a life-
time exposure to the ocean environment,

83-252

Dynamic Behaviour of Rigid Foundations of Arbi-
trary Shape on a Halfspace

W. Rucker

Bundesanstalt f. Materialprufung (BAM), Berlin,
W. Germany, Intl, J. Earthquake Engrg. Struc. Dy-
nam,, 10 (5), pp 675-690 (Sept/Oct 1982) 12 figs,
1 table, 25 refs

Key Words: Plates, Rigid foundations, Viscoelastic half-
space, Approximation methods, Green function

An spproximate method for computation of the compliance
functions of rigid plates resting on an elastic or visco-elastic
haifspace excited by forces and moments in all degrees of
freedom is presented. The method is based on s Green's
function approach. These functions are given for all degrees
of freedom in form of well-behaved integrals.

83-253 g
Convolution Analysis in the Seismic Soil-Structure
Interaction

G. Marmureanu

Ctr. of Earth Physics and Seismology, Bucharest,
Romania, Rev. Roumaine Sci. Tech., Mecanique,
Appl., 27 (3), pp 373-389 (May/June 1982) 7 figs,
2 tables, 6 refs

Key Words: Interaction: soil-structure, Seismic response,
Convolution analysis
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The use of the convolution anelysis enabled the identification
of the amplification spectrum (ampiification function) of a
system site consisting of horizontally stratified leyers over-
lying & homogeneous half-space. The amplification spectrum
obtained by using dynamic peremeters (sheer modulus,
damping ratio, etc.) for esch layer from the resonant column
apperatus for sheer strain amplitudes between 0.0001% and
0.55% Is different from that found by classical methods
when constant dynamic parameters are essumed for eech
layer from the system.

83-254

The Effects of Anisotropy and Strain on the Dy-
namic Properties of Clay Soils

G.F. Bianchini

Ph.D. Thesis, Case Western Reserve Univ., 327 pp
(1082)

DAB217676

Key Words: Clays, Dynamic properties

The dynamic behavior of clay has been intensively investi-
gated in the last twenty yesrs in the framework valid only
for Isotropic materials. Recently resserchers have started
thinking in terms of the fabric anisotropy resulting from the
deposition and the one-dimensional consolidation of clay in
nsture, It is well established that this process results in clay
particles being arranged, and bonds being crested, such that
the material is cross anisotropic with the axis of symmetry
slong the direction of consolidation. In this study s specially
designed resonant column [s used in which thin long hollow
cylinders can be K,-conwlidated. Both longitudinal and
torsional vibrations can be performed to determine the
specimens moduli and damping ratios. Testing both hori-
zontal and vertical specimens results in enough information
to determine the elastic stress-strain equation for the cross-
anisotropic material.

UNDERGROUND STRUCTURES
{Also see No. 283)

83.255

Seismic Behavior and Design of Urban Area Tunnel
Linings

S.C. Anand and J.C. Parekh

Dept. of Civil Engrg., Clemson Univ., SC, Rept. No.
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NSF/CEE-82022, 103 pp (Jan 1982)
PB82-249038

Koy Words: Tunnel linings, Selsmic response

Resserch to sscertain the influence of wperimposed ocon-
centrated footing loads of bulidings on shellow, burled rigid
pipes in urben sreas in the event of an serthquake is summa-
rized, Static analyses using the finite element technique are
performed for verious loading conditions, and dynemic
snelyses ere performed on the finite element model of the
system using both linesr and nonlineer soll properties.

HARBORS AND DAMS

83-256

Natural Frequencies of Arch Dam Reservoir Sys
tems - By a Mapping Finite Element Method

B. Nath

Faculty of Engrg., Queen Mary College, Univ, of
London, London, UK, intl. J. Earthquake Engrg.
Struc. Dynam,, 10 (5), pp 719-734 (Sept/Oct 1982)
11 tigs, 1 table, 20 refs

Key Words: Dams, Natural frequencies, Mode shapes, Finite
element technique

A simple mapping finite element method is used to calculate
the coupled natural frequencies and mode shapes of reslistic
srch dem reservoir systems in which the dem is circuler
cylindrical with non-uniform cross-section. This method,
in which both the dam and the reservoir domains are mepped
into geometrically simpler shapes using cylindrical-polar
transformations, is found to give accurate resuits, achieved
simply and economically.

ROADS AND TRACKS

83.257

The Prediction of Track Performance under Dynamic
Traffic Loading

H.E. Stewart

Ph.D. Thesis, Univ. of Massachusetts, 365 pp {1982)
DAB8219853

Key Words: Railroad tracks, Moving loads

Track performance was assessed in terms of vertical track
settiement, and the factors that contribute to these settle-

ments at specific field sites. The sites consisted of in-servioe
revenue track heving concrete and wood cross-ties end
wood and concrete tie sections from the DOT Facility for
Aoccelerated Service Testing, Fieid tests were conducted to
amess the physicel states of the bellast materials prior to @
treck maintensnce operstion, The physicsl state tests were
repeated after the wrfacing to determine the resuliting
changes in the bellast properties. Stenderd penstration
tests, Dutch cone tests, and undisturbed tube sampling for
laboratory tests were used to Investigete the subgrade. The
dynamic whesl load distributions at ssch site were messured,
A method wes presented to account for the mix of wheel
loads that contributed to the track deformations,

POWER PLANTS
(Also see No, 409)

83-258

Seismic Analysis of PNR-RCC Fuel Assemblies

A. Preumont, P. Thomson, and J. Parent
Belgonucleaire S.A., Rue du Champ de Mars 25,
B-1060 Bruxaelles, Belgium, Nucl. Engrg, Des., 71 (1),
pp 103-119 (July 1982) 15 figs, 8 tables, 15 refs

Key Words: Nuclesr reactor components, Nuclear fuel ele-
ments, Seismic excitation, Natural frequencles, Computer
programs

The dynamic behavior of PWR-RCC fuel assemblies under
stismic excitation is investigated. A simple vibrational model
of the fuel sssembly is proposed, which lesds to natursl
frequencies whose spacing agree with experimental dets.
Availabie experimental results are reviewed. Impact charac-
teristics of Zircaloy spacer grids are also discussed.

83.259

Computation of Hydraulic Resonance for Hydro-
electric Plants in the Case of Complex Schemes
A. Halanay and M. Popescu

Univ. of Bucharest, Romania, Rev, Roumaine Sci.
Tech., Mecanique Appl., 27 (3), pp 325-345 (May/
June 1982) 4 figs, 4 refs

Key Words: Power plants (facilities), Hydroelectric power
plants, Hydraulic resonance, Resonant frequencies

Resonance in hydroelectric plants is studied for the case of

the basic hydraulic scheme with two surge tanks in the
system and for the following complex hydraulic schemes:
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perallel system of surge tenks, complex hydraullc system
with two sccumulations and three surge tanks, complex
hydraulic system with n surge tanks on the admission gallery,
and complex hydraulic system with n sccumulstions and
one surge tenk,

83-260

Advantages of Using a Node-Oriented Sparse-Matrix
Solver in Nuclear Plant Dynamic Analyses

K.R. Leimbach and C, Zeller

Institut f. Konstruktiven Ingenieurbau, Ruhr-Univer-
sitat, Postfach 102148, D-4630 Bochum, W. Ger-
many, Nucl. Engrg. Des.,, 70 (1), pp 85-100 (June
1982} 7 figs, 5 tables, 4 refs

Key Words: Nucleer power plants

Nuclear plant dynamic analyses are commonly carried out
by directly integrating the equations of motion of the model
or by using the free vibration characteristics with methods
besed on modsl decomposition. In both spproaches a large
system of linear equations with little or no change in the
cosfficient matrix has to be solved repestediy, sither in the
sigensoiver or in the time integrator. The efficiency of the
linear equation solver determines, to a large extent, the cost
of the numerical production. The present linesr equation
solver has been designed to meet 8 number of objectives. The
system matrices are assembled in terms of node-oriented
submatrices instead of individual coefficients. Nodal quan-
tities considered sre not restricted to displacements. The
Gauss elimination scheme is geared to sparseness rather than
bandedness of the coefficient matrix, Matrix decomposition,
snd forwsrd and beckward substitutions, are ssparated.

OFF-SHORE STRUCTURES

83-261

Wave and Earthquake Response of Offshore Struc-
tures: Evaluation of Modal Solutions

S.A. Anagnostopoulos

Inst. of Engrg. Seismology and Earthquake Engrg.,
Hapsa 1, Thessaloniki, Greece, ASCE J, Struc. Div,,
108 (ST10), pp 2175-2191 (Oct 1982) 7 figs, 6
tables, 12 refs

Key Words: Off-shore structures, Wave forces, Seismic re-
sponse, Modal analysis

42

Direct numericsl integration of the squstions of motion Is
used to eveluate the adequacy of modal solutions, as spplied
to the analysis and design of large offshore structures under
wave and serthquake loedings. Two such solutions are con-
sidered: mode ecceleration and simple modsl supsrposition.

VEHICLE SYSTEMS

GROUND VEHICLES
(Also see Nos, 295, 302, 384, 405)

83.262

Plastic Hinge Approach to Vehicle Crash Simulation
P.E. Nikravesh, |.S. Chung, and R.L. Benedict

Ctr, for Computer Aided Design, College of Engrg.,
Univ. of lowa, lowa City, |IA 52242, Computers
Struc., 16 (1-4), pp 395400 (1983) 10 figs, 17 refs

Key Words: Collision resesrch (sutomotive), Simulation

This paper presents 8 computer-based method for formule-
tion and efficient solution of nonlinesr, constreined differ-
ential equations of motion for spatial dynamic snalysis of
mechanical systems and its application to vehicle crash
simulstions. The program can be used to snalyze plastic
deformations of structures by employing a plastic hinge
concept.

83.263

Engine Compartment Encapsulation on the YW Golf
(Karosserieseitige Gerauschkapsel am VW Golf)

H. Hartwig and B. Staudinger

Gaussstrasse 4, 3180 Wolfsburg 1, Automobiltech.
Z., 84 (9), pp 411, 412, 415, 416, 421 (Sept 1982)
9 figs, 3 refs

{In German)

Key Words: Noise reduction, Ground vehicles

Some standard VS Golf models with different engine units
{petrol engine with manual and sutomatic gearbox and
Diesel engine with manual gearbox) were encapsulated by
enclosing the bottom of the engine compartment with a
sheet panel. Using absorbing materials on the sheet and under
the bonnet and a quieter muffler system, the exterior drive
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nolse (excluding tire noles) could be reduced by up to 8
dB(A) depending on the engine unit used,

88-264

Development and Testing of Passenger Car Seats
(Entwicklung und Erprobung von Sitseam fur Per-
sonenkraftwagen)

H.-G, Haldenwanger

Automobiitech, Z., 84 (9), pp 437442, 445 (Sept
1982) 14 figs, 9 refs

(In German)

Key Words: Automoblie seats, Vibration tests, Design tech-
niques

The effects of vibration, srgonomics, orthopedics, tempers-
ture snd humidity on the economic and functional sheping
and design of ssets In cars are investigated using an Audi
all-fosm seat as an example.

83-263

Identification of the System Vehicle-Road Param-
eters

0. Kropat and J. Sprinc

Aeronautical Res. and Test Inst,, Prague-Letnany,
Czechoslovakia, Vehicle Syst. Dynam., 11 (4), pp
241-249 (Sept 1982) 2 figs, 1 table, 5 refs

Key Words: Ground vehicles, Interaction: wheel-pavement,
Interaction: road-vehicle, Parameter identification technique

A simple and quick method for estimating the parameters
governing vehicle motion caused by road vehicle intersction
is presented,

83-266

Track Train Dynamics Analysis and Test Program:
Methodology Development for the Derailment Safety
Analysis of Six-Axle Locomotives

P.P. Marcotte and K.J.R. Mathewson

Martin Marletta Aerospace, Denver, CO, Rept. No.
NASA-CR-162026, 161 pp (May 1982)

NB82-26047
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Key Words: Locomotives, Reliroad tracks, interaction: rail-
vehicle, Suspension systems (vehicies)

The operstional ssfety of six-axie locomotives is snelyzed,
A locomotive model with correponding date on suspension
charscteristics, 8 method of treck defect characterization,
ond 8 method of cheracterizing operstions! ssfety are used.
A user orlented softwere package is developed as part of the
methodology and used to study the effect (on operstional
safety) of verious locomotive perameters and operstional
conditions such as speed, tractive effort, and track curve-
ture,

83-267

Digital Simulation of the Dynamic Response of a
Vehicle Carrying Liquid Cargo on a Random Uneven
Surface

R.S. Khandelwal and N.C, Nigam

Dept. of Mech, and Industrial Engrg., Univ. of Roor-
kee, Roorkee, 247672, India, Vehicle Syst. Dynam,,
11 (4), pp 196-214 (Sept 1982) 7 figs, 2 tables, 7 refs

Key Words: Tank cers, Railroad cers, Containers, Fluld-filled
containers, Rail trensportation, Sloshing, Digital simulation,
Track roughness

The dynamic responss of a raliway weagon cerrying liquid
cergo on a railway track is investigated, The dynemic be-
hevior of the sloshing liquid-mass is considered through its
mechanical model, Two vehicle-liquid system models are
considered to determine the dynamic response of the system
moving with constant acceleration,

83-268

Structural Optimization, Dynamic Performance and
Stress Analysis of a Bulkhead Flat Car

Y.L. Wang

Ph.D. Thesis, lltinois Inst, of Tech.,, 146 pp (1982)
DA8220269

Key Words: Railroad cars, Freight cars

A study was made of a particulsr design of 100-ton bulkhead
flat cer. The first part was devoted to the statical optimizs-
tion. A finite element model and mathematical optimization
technique were developed and used to find the most practi-
cal engineering design of the car. The second part was de-
voted to 8 study of the dynamic performance of the car,
including the roll angle, lateral acceleration, center plate
loads, side bearing loads, wheel loads and spring deflection.
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in the third section, a dynamic stress analysis of the cer's
underframe wes performed.

SHIPS

83-269

Experimental Program for the Determination of Hull
Structural Damping Coefficients

P.Y. Chang and T.P. Carroll

Res. Lab,, U.S. Steel Corp., Monroeville, PA, Rept,
No. SSC-306, 85 pp (Sept 1981)

AD-A117 058

Key Words: Ship hulls, Demping coefficients, Vibration
damping, Testing techniques

A progrsm of full-cale and model experiments for the
determinstion of hull dsmping coefficients is outlined. A
literature survey discusses available date for ship vibration
damping, and assesses analytical and experimental tech.
niques used in the past.

AIRCRAFT
{Also see Nos. 385, 366)

83-270

Advanced Facility for Processing Aircraft Dynamic
Test Data

D.J. Stouder

Douglas Aircraft Co., Long Beach, CA, J. Aircraft,
19 (11), pp 990-998 (Nov 1982) 14 figs, 2 tables,
2 refs

Key Words: Aircraft, Dynamic tests, Experimental test dats,
Data processing

An advanced facility has been developed to mest future
requirements for processing aircraft dynamic test data, The
capabilities of this facility are described using examples from
8 variety of flight and laboratory tests of commercial and
military transport sirplanes.

83-271
Designing for Aircraft Structural Crashworthiness
R.G. Thomson and C. Caiafa
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NASA Langley Res, Ctr,, Hampton, VA, J. Alrcraft,
19 (10), pp 868-874 (Oct 1982) 11 figs, 1 table, 34
refs

Key Words: Aircraft, Crash resesrch (alrcraft), Dynemic
tests, Computer progrems, Crashworthines

This report describes structural avistion crash dynamics
ressarch activities being conducted on general evistion alr-
craft and transport aircraft. The report includes experimentsl
and anelytical correlations of load-limiting subflioor and seet
configurations tested dynamically in vertical drop tests and
in a horizontal sled deceleration facility. Computer predic-
tions using a finite-slement nonlinear computer progrem,
DYCAST, of the scceleration time histories of these innove-
tive seat and subfloor structures are presented,

83.272

Attenuation of Propeller-Related Vibration and Noise
J.F. Johnston and R.E. Donham

Lockheed-California Co., Burbank, CA, J. Aircraft,
19 (10), pp 858867 (Oct 1982) 20 figs, 3 tables,
17 refs

Key Words: Alrcraft, Propslier induced excitation, Interior
noise, Interior vibration, Noise reduction, Vibration control

The potential sources and paths by which a propelier pro-
duces structural responses resulting in vibration and noise in
the cabin of a transport aircraft are discuseed. New low-cost,
convenient experimental and analytical techniques asre de-
scribed for evalusting the excitstions - propelier airborne
pressures on the fuselage shells, slip-stream-induced forces
on the wing and tail, and oscillatory forces on the propeller.

83-273
In-Flight Structural Dynamic Characteristics of the
XV-15 Tilt-R otor Research Aircraft

J.M. Bilger, R.L. Marr, and Z. Zahedi
Bell Helicopter Textron, Fort Worth, TX, J. Aircraft,
19 (11), pp 1005-1011 (Nov 1982) 24 figs, 3 refs

Key Words: Aircraft, Tilt rotor aircraft, Airframes, Naturs!
frequencies, Flight test data

The XV-156 tilt-rotor research aircraft has recently completed
a contractor flight test program, During these development
and envelope expansion flights, the aircraft has been tested
up to 8 maximum true airspeed of 567 km/h (348 mph, 301
knots). Results of the structural characteristics obtained
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during this testing ere pressnted, Included s a discussion
oonoerning the rotor and airframe loads, netural frequency
placemants, sirframe control system interaction, and wing/
rotor/pyion seroslestic stability. Measured dete are compered
with predicted vaiues for meny cases,

83-274

Dynamics and Control of a Heavy Lift Airship
Hovering in a Turbulent Cross Wind

B.L. Nagabhushan and N.P, Tomlinson

Goodyear Aerospace Corp., Akron, OH, J. Aircraft,
19 (10), pp 826-830 (Oct 1982) 11 figs, 7 refs

Key Words: Aircraft, Vertical takeoff sircraft, Wind-induced
excitation

Dynamics and control characteristics of @ quadrotor heavy
Iift airship with s sling load are determined while the vehicle
is hovering in » turbulent cross wind, Results are presented
which show the significance of the dynamic coupling be-
tween the vehicle and payload In their response to wind
disturbances and control inputs. Typical characteristics of »
closed-loop control system and its ability to limit the excur-
sions of the vehicle and payiosd during losding or unloading
are also examined,

83-275

Nonlinear Transonic Flutter Analysis

C.J. Borland and D.P. Rizzetta

Boeing Military Airplane Co., Seattle, WA, AlAA J.,
20 (11), pp 1606-1615 (Nov 1982) 6 figs, 41 refs

Key Words: Aircraft wings, Flutter

A numericel procedure is presented for predicting the static
and dynamic aeroslastic characteristics of thin, clean swept
wings in transonic flow. The method is based upon the simul-
taneous time integration of the equations governing the
coupled nonlinear fiuld dynamic and structural aeroelastic
system. Governing equations for the system are developed
and the numerical algorithm, including the coupling pro-
cedure for their solution, is discussed.

83-276
Prediction of Transonic Flutter for a Supercritical
Wing by Modified Strip Analysis

 SUNSIAT IR

\)
DL L N Y

E.C. Yates, Jr., E.C. Wynne, M.G. Fermer, and R.N,
Desmarals

NASA Langley Res, Ctr., Hampton, VA, J. Alrcraft,
19 (11), pp 989-1004 (Nov 1982) 9 figs, 15 refs

Key Words: Alrcraft wings, Flutter, Finits strip method

It is shown that use of a supercritical sirfoil can adversely
affect wing flutter speeds in the transonic range. A modified
strip analysis Is used to predict the transonic flutter boundery
for the supercritical wing. The steady-state spanwise distribu-
tions of the section Iift-curve slope and serodynemic center,
required as input for the flutter calculations, were obtained
from pressure distributions.

83.277

Sensitivity Analysis and Optimization of Aeroelastic
Stability

A.P. Seyranian

Inst. for Problems in Mechanics, USSR Academy of
Sciences, Moscow 1175626, USSR, Intl. J. Solids
Struc,, 18 (9), pp 791-807 (1982) 12 figs, 42 refs

Key Words: Alrcraft wings, Flutter, Optimization

This paper deals with problems concerning sensitivity analysis
and optimization of seroelastic stability of distributed sye
tems. The optimization problem of aerosiastic stability of a
slender wing in incompressible flow is formulated and solved.
The problem of determining the optimal distribution of non-
structursl mass along the wing span is considered,

83.278

Application of Modal Control to Wing-Flutter Sup-
pression

AJ. Ostroff and S. Pines

NASA Langley Res. Ctr.,, Hampton, VA, Rept. No.,
NASA-TP-1983, 73 pp (May 1982)

N82-24209

Key Words: Aircraft wings, Active flutter control

A discrete modal control design spproach that is applied
to & single control surface, unswept aircraft wing subject to
bending torsion flutter is described. The modal approach is
a mathematical method to decouple the equations of motion
into isolated differential equations, In this paper, a pole-
placement approach is then applied to determine stability
gains in the discrete plane using only the two complex-
conjugate flutter-mode equations.
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83-279

Analysis and Flight Data for a Drone Aircraft with
Active Flutter Suppression

J.R. Newsom and A.S, Pototzky

NASA Langley Res. Ctr.,, Hampton, VA, J. Alrcraft,
18 (11), pp 1012-1018 (Nov 1882) 13 figs, 1 table,
16 refs

Key Words: Aircraft, Active flutter control, Flight test deta

A compaerison of analysis and flight test dsts for @ drone
aircraft equipped with an active flutter suppression system is
presented. Emphasis is placed on the comparison of model
dampings and frequencies s 8 function of Mach number,
Results are presented for both symmetric and antisymmetric
motion with flutter suppression off, Only symmetric resulits
are presented for flutter suppression on,

83-280

Eigenspace Techniques for Active Flutter Suppression
W.L. Garrard

Inst, of Tech., Univ, of Minnesota, Minneapolis, MN,
Rept. No. NASA-CR-168931, 116 pp (Mar 31, 1982)
N82-24206

Key Words: Aircraft, Active flutter control, Wind-induced
excitation, Computer programs

Mathematical models to be used in the control system design
were developed. A computer progrem, which takes aerody-
namic and structursl dats for the ARW-2 aircraft and con-
verts these data into state space models suitable for use in
modern control synthesis procedures, was developed. Re-
duced order models of inboard and outboard control surfsce
actuator dynamics and a second order vertical wind gust
model were developud, An analysis of the rigid body motion
of the ARW-2 was coaducted,

83-281

Comparison of Analytical and Wind-Tunnel Results
for Flutter and Gust Response of a Transport Wing
with Active Controls

I. Abel, B. Perry, and J.R. Newsom

NASA Langley Res. Ctr.,, Hampton, VA, Rept. No.
L-15099, NASA-TP-2010, 47 pp (June 1982)
N82-26703

Key Words: Aircraft wings, Flutter, Active flutter control

Two flutter suppression control laws were designed and
tested on a low speed aeroelastic model of a DC-10 deriva-
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tive wing, Both oontrol lews demonstrated Incresses in
flutter speed in exoese of 28 percent above the passive wing
fiutter speed, In addition, one of the control laws was effeo-
tive in reducing loads due to turbulence genersted in the
wind tunnel, The effect of variations in gein and phese on
the closed-loop performance was messured and Is compered
with predictions.

83-282

Active Control of Forward-Swept Wings with Di-
vergence and Flutter Aeroelastic Instabilities

K.E. Griffin and F.E. Eastep

U.S. Air Force Academy, Colorado Springs, CO, J.
Aircraft, 19 (10), pp 886-891 (Oct 1982) 12 figs,
b refs

Key Words: Aircraft wings, Flutter, Active flutter control

A study is made of simple active control lsws to suppress
seroelastic flutter and divergence on forwsrd-swept advanced
composite wings. Two selected wing designs sre used as
examples where leading- and trailing-edge flaps are used as
control devices. Thess fleps are actusted using simple feed-
beck signals from ascceleration, velocity, and displacement
sensors. The analysis method uses root locus plots of the
cheracteristic roots from the transformed equations of
motion to determine the asroelastic stability of each feed-
back controlled configuration.

83.283

A Research Program to Reduce Interior Noise in
General Aviation Airplanes. Influence of Depressuri-
zation and Damping Material on the Noise Reduc-
tion Characteristics of Flat and Curved Stiffened
Panels

R. Navaneethan, B. Streeter, S. Koontz, and J.
Roskam

Ctr. for Research, Inc., Univ. of Kansas, Lawrence,
KS, Rept. No. NASA-CR-169035, 310 pp (Oct 1981)
N82-27088

Key Words: Panels, Aluminum, Aircraft, Interior noise,
Material damping, Noise reduction

Some 20 x 20 aluminum panels were studied in a frequency
range from 20 Hz to 6000 Hz. The noise sources used were 8
swept sine wave generator and a random noise generator.
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On the Design and Test of a Low Noise Propeller
G.P. Succi

Bolt, Beranek and Newman, inc., Cambridge, MA,
Rept. No. NASA-CR-166938, 62 pp (Nov 1981)
N82-27089

Key Words: Alrcraft propeliers, Nolse generation, Design
techniques

An extensive review of noise and performance of genersl
avistion propeliers was performed. Resserch wes done in
thres aress: scoustic end serodynemic theory of genersl
avistion propellers, wind tunnel tests of three one-Querter
scale models of general evistion propci- : «nd flight test
of two low nolse propellers. The desig. : «i testing of the
second propelier is reviewed, Gensral serodynamic considers-
tions needed to design 8 new propalier are described.

83-283

Effects of Filter Response on Analysis of Aircraft
Noise Data

L.C. Sutherland

Wyle Labs., El Segundo, CA, Rept. No. WR-81-59,
FAA/EE-82-2, 83 pp (May 1982)

AD-A116 458

Key Words: Aircraft noiss, Noise measurement, Data pro-
cessing, Filters

This report snalyzes the effects of non-ideal filter transmis-
sion characteristics upon the messurement, correction, or
extrapolation of aircraft noise dats, The report is based
primerily upon, and represents an abbrevisted summary of,
two previously published, more detasiled reports on this
topic.

83-286

Executive Summary of Systems Analysis to Develop
Future Civil Aircraft Noise Reduction Alternatives
L.A. Robinson

PEER Consultants, Inc,, Rockville, MD, Rept. No.
FAA-EE-82-3, 75 pp (May 1982)

AD-A116 467

Key Words: Aircraft noise, Noise reduction

This executive summary contains the results of the study,
‘‘System Analysis to Develop Future Civil Aircraft Noise

Reduction Alternatives.” The original study first developed
ond examined o st of projected scenarios of U.8. cerrier
slecraft flest compositions for three planning yeers: 1980,
1900, snd 2000. An anelysis of the costs and benefits of
siternative methods of achleving noise reductions sround
sirports wes then made,

83-287

Experimental Verification of Propeller Noise Predic-
tion

G.P. Succt, D.H. Munro, and J.A. Zimmer
Massachusetts Inst. of Tech,, Cambridge, MA, AIAA
J., 20 (11), pp 1483-1491 (Nov 1882) 21 figs, 14 refs

Key Words: Alrcraft noise, Propslier noise, Noise prediction

An experimental study of the sound field of %-scale geners)
svietion propellers has been completed. The resuits of thes
experiments, slong with a comperison of the wake surveys
and pressure signatures to the theoretical calculations, are
presented. The caiculations are both serodynamic and
scoustic. Given the ekfoil section properties, the blade
loeding is csicuiated using &8 modified strip snelysis pro-
cedurs,

83-288

Evalustion of Noise Control Technology and Alter-
native Noise Certification Procedures for Propeller-
Driven Small Airplanes

D. Brown and L.C. Sutherland

Wyle Labs., El Segundo, CA, Rept. No, WR-82-4,
FAA/EE-82-14, 224 pp (May 1982)

AD-A116 495

Key Words: Aircraft noise, Regulations

This report considers the effectiveness of current noise
regufations, examines the potential effectiveness of future
technology to achieve further noise reduction, and evalu-
ates 8 number of new concepts for noise certification pro-
cedures for propeller-driven small aircraft,

83-289

Helicopter Noise Definition Report UH-60A, S-76,
A-109, 206-L

J.S. Newman, E.J. Rickley, and D.W. Ford
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Office of Environment and Energy, Fed, Avistion
Admn,, Washington, DC, Rept. No. DOT-FAA-EE-
81-16, 687 pp (Dec 1981)

AD-A116 3683

Key Words: Helicopter noise, Noise messurement, Experl-
mental test dete

This document presents noise data for the Sikorsky UH-80A
Blackhawk, the Sikorsky 8-76 Spikit, the Agusts A-109 and
the Bell 208-L. The scoustical date are sccompanied by
phototheodolite tracking dsta, cockpit Instrument panel
photo dates, and meteorological data scquired from radio-
sonde balioons, Acoustical metrics inciude both noise certifi-
cation metrics as well as community/sirport noise assessment
metrics.

83-290

Quantification of Helicopter Vibration Ride Quality
Using Absorbed Power Measurements

D.D. Hollenbaugh

Army Res. and Tech. Labs., Fort Eustis, VA, 18 pp
(June 18, 1982) (Presented at Army Sciences Conf.,
June 15-18, 1982)

AD-A117 290

Key Words: Helicopters, Vibration absorption (equipment),
Ride dynamics

The sbsorbed power concept offers certsin advantages over
pure accelerstion for helicopter ride quality evaluation, It
takes into account multi-frequency, multi-axial vibration
across a broad frequency range and it provides proper weight-
ing functions for all frequencies and axes according to body
response. It is applicable to random as well as periodic ac-
celerations,

83-291

Aerodynamic Interactions between a 1/6-Scale Heli-
copter Rotor and a Body of Revolution

M.D. Betzina and P. Shinoda

NASA Ames Res. Ctr., Moffett Field, CA, Rept. No.
NASA-TM-84247, 15 pp {June 1982)

AD-A117 063

Key Words: Helicopters, Rotors, Propeller blades, Aerody-
namic loads

48
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A wind-tunnel investigation was conducted in which inde-
pendent, steady-stete aerodynamic foroes and moments were
meswured on 8 2.24-m-diam, two-bladed helicopter rotor
and s body of revolution, The objective wes to determine
the intersction of the body on the rotor performance and the
offect of the rotor on the body ssrodynamics for variations
in velocity, thrust, tip-psth-plane angle of sttack, body angle
of attack, rotor/body position, and body nose geometry.

83.292

Helicopter Vibration Suppression Using Simple
Pendulum Absorbers on the Rotor Blade

M.-N, Hamouda

Ph.D. Thesis, Georgia Inst. of Tech., 186 pp (1982)
DA8221808

Key Words: Helicopter vibration, Vibration control, Pendu-
lums, Vibration absorption (equipment), Propelier blsdes

A comprehensive analytical design procedure for the instelle-
tion of simple pendulums on the blades of a helicopter rotor
to suppress the root resctions is presented. To schieve this
goal, a frequency response enalysis is conducted of typical
rotor blades excited by e harmonic varistion of spanwise
sirload distributions as well as s concentrated load et the
tip.

MISSILES AND SPACECRAFT

83-293

Response of MX Horizontal Shelter Models to Static
and Dynamic Loading

V.T. Cost and G.E. Albritton

Army Engineer Waterways Experiment Station,
Vicksburg, MS, 15 pp (June 18, 1982) (Proc. Army
Sciences Conf,, June 15-18, 1982)

AD-A117 098

Key Words: Missile silos, Hardened instaliations, Under-
ground structures, Dynamic tests

A concept considered for basing the Missile X System was to
emplace the missile in a buried, horizontal shelter. In support
of the MX Horizontal Shelter Component Test Program, a
program of static and dynamic model tests was developed
and performed so that response data on specific structural
details and shelter components could be obtained. The
objectives of the test program were to evaluate the load
capacity merits of various shelter soil-structure design con-
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ospts and to optimize certain parameters, while providing 8
design teem with timely data necessary for structure surviv-
ability verification and construction economy compaerisons,

83-294

Interaction of Oscillations of Channel Flow and Flow
Separation at Duct Discontinuities

E.W. Price, J.E. Hubbartt, W.C. Strahle, E.A. Oguz,
and P.M, Sagdeo

Georgia Inst, for Res,, Athens, GA, Rept. No, NWC-
TP-8302, 34 pp (Aug 1981) (Presented at JANNAF
Combustion Meeting, 17th, Sept 1980, NASA Lang-
ley Research Center, Hampton, VA)

AD 116 801

Key Words: Ducts, Rocket motors, Discontinuitycontaining
media, Stability

The subject of vortex flow and coupling between vortices
and scoustic wave motions in rocket motor chambers has
become a topic of high interest to rocket motor stability
specialists in the past several years. Although the phenome-
non was first noted to be a significant factor in the stability
of very large booster motors, recent experiences in tactical-
sized motors indicate that vortex-scoustic wave interactions
can become an important factor in determining scoustic wave
amplitudes in all solid-propellant rocket motors, regardiess
of size, A two-dimensional experiment was used to study the
flow fluctuations in the sepersted region resuiting from a
wall-slot-step (convergent step), This geometry corresponds
to the geometry present in a segmented solid rocket motor
in the region of the ends of adjoining segments.

BIOLOGICAL SYSTEMS

HUMAN

83-295

Possibility of Hearing Loss from Exposure to Interior
Aireraft Noise

K.S. Pearsons and J.F, Wilby

Bolt Beranek and Newman, Inc.,, Los Angeles, CA,
Rept. No. FAA-AEE-81-15, 81 pp (Nov 1981)
PB82-231804

Key Words: Aircraft noise, Interior noise, Human responee

This report reviews criteria for heering demage developed
by the Committee on Hesring, Bioscoustics and Biome-
chanics of the Nations! Academy of Science. it presents
noise levels ocourring in narrow and wide body commercial
sircraft, business jet alecraft and short takeoff and lending
sircraft. It presents estimates of time exposure for pliots and
crews based on FAA permitted flight times. It also provides
estimations of posible hearing demage resulting from differ-
ent exposures to interior noise of verlous aircraft types

83-296

Community Annoyance from Aircraft and Ground
Vehicle Noise

K.D. Kryter

SRI International, 333 Ravenswood Ave.,, Menlo
Park, CA 94025, J. Acoust. Soc. Amer., 72 (4), pp
1222-1242 (Oct 1982) 16 figs, 7 tables, 44 refs

Key Words: Aircraft noise, Human response

Data from published noiss-annoyance surveys are related to
8 common meswre of noiss exposure L. The resits
provide means for predicting the annoyance (experienced
by percencages of people of normal and of supersensitivity)
attributable to noiss from aircraft and from street and rosd
traffic,

83-297

Relisbility of Social Survey Data on Noise Effects
F.L. Hall and S.M. Taylor

McMaster Univ., Hamilton, Ontario, L8S 4K1, Cana-
da, J. Acoust, Soc. Amer., 72 (4), pp 1212-1221 {Oct
1982) 2 figs, 10 tables, 26 refs

Key Words: Aircraft noise, Traffic noise, Human response

The results of household interviews provide essentisl data
for the formulation of noise control policies. This paper
investigates four topics: the equivalence of three commonly
used snnoyance scales; the test-retest relisbility of two such
scales, for aircraft and overall noise as well as for road traffic
noise; the repeatability of meesures of average response,
such as percent highly annoyed; and the effect on relisbility
estimates of the range of noise levels included in a survey.

49

-t gt



e .
----------

MECHANICAL COMPONENTS

ABSORBERS AND ISOLATORS
{Also se8 No. 202)

83-298

Silencers for LC, Engines -- from Absorption Silencers
up to Wool-Free Silencers (Schalldimpfer fiir Ver-
brennungsmotoren -- Yom Absorptionsschalldimpfer
bis zum wollelosen Schalldampfer)

W, Seeger

Automobiltech. Z., 84 (9), pp 401-405 (Sept 1982)
18 figs

{In German)

Key Words: Silencers, Muffiers

The demands made upon an exhaust silencer and a complete
silencer unit used in 1.C. engines are investigated,

83-299

Behavior of Elastomeric Materials under Dynamic
Loads - 111

E.C. Hobaica

General Dynamics, Electric Boat Div,, Dept. 443,
R&D Annex, Eastern Point Rd., Groton, CT 06340,
Shock Vib. Dig., 14 (10), pp 13-16 (Oct 1982) 30
refs

Key Words: Elastomers, Periodic excitation, Small ampli-
tudes, Reviews

This is a review of literature published since 1979 on the
behavior of rubber materials under small amplitude, sinu-
soidal forces, Advances in the field in the past three years
were most significant when applied to the fieid of damping.

83-300

Passive and Active Seismic [solation for Gravitational
Radiation Detectors and Other Instruments

N.A. Robertson, R.W.P. Drever, I. Kerr, and J. Hough
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Dept. of Natural Philosophy, Univ. of Glasgow,
Glasgow G12 8QQ, UK, J. Phys,: E, Scl. Instrum,,
15 (10), pp 1101-1106 (Oct 1982) 6 figs, 10 refs

Key Words: Vibration isolation, Active isolstion, Ssismic
lsolation, Instrumentation mounts

Some new passive end active methods for reducing the
offects of seismic disturbances on suspended masees are
described, with specisl reference to grevitationsl radistion
detectors In which differentisl horizontal motions of two or
more suspended test masses are monitored.

83.301

Motor Vehicle Suspension Systems: Vibrational
Effects and Stability, 1973 - July, 1982 (Citations
from Information Services in Mechanical Engineering
Data Base)

NTIS, Springfield, VA, 133 pp (July 1982)
PB82-871773

Key Words: Suspension systems (vehicles), Bibliographies

This bibliogrephy contains citstions concerning the effects
of vibration and ride stability, uneven tire wear, and resulting
steering difficulties associsted with motor vehicle suspension
systems. Hydropneumatic leveling, independent suspension,
and active suspension systems are discussed.

83-302

Active Vibration Isolation of Driver’s Seat in Un-
sprung Vehicles (Aktive Schwingungsisolierung des
Fahrerplatzes ungefederter Fahrzeuge)

W. Kauss and H. Gohlich

Automobiltech. Z., 84 (9), pp 425-428, 431, 432,
434 (Sept 1982) 16 figs, 24 refs

({n German)

Key Words: Vibration isolation, Active isolation, Off-high-
way vehicles, Automobile seats

The insulation of low frequency vibration in unsprung, off-
road vehicles by means of conventional passive seat suspen-
sion is limited. Nevertheless it is possible to protect the
driver from dangerous and uncomfortable vibration by using
active hydraulic vibration insuiation. In this case the dis
advantages of conventional suspension can be avoided. Sys-
tematic investigations of the closed loop transmissibility
and stability of active Iinsulation systems resulted in an
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slectrohydraulic laboratory model, The results of experl
ments which ere presented confirm the theorstical model
ond moreover show the possibility to insulste vibrations of
off-road vehicles with reslistic amount of power,

88-303

Air Bag Impact Attenuation System for the AQM-
84V Remote Piloted Vehicle

C.T. Turner and L.A, Girard, Jr.

Teledyne Ryan Aeronautical, San Diego, CA, J. Air-
craft, 19 (11), pp 984-989 (Nov 1982) 10 figs, 4 refs

Key Words: Landing gear, Alrbegs (soft landing), Energy
sbsorption

This psper describes the air bag impact attenuation system
for the AQM-34V remote piloted vehicle. The developed
hardwere, consisting of the main bag, tail bag, and inflation
systems, is described. Operation of the system from electricel
Initlation through cover deployment, main and tall bag infla-
tion, and ground impact is discussed. Development ground
drop tests, environmental tests, structural tests, and the
contractor flight tests are summarized. Test results sub-
stantisted system performance.

SPRINGS

83-304

Pneumatic Toroidal Springs

F. Kogtny

Strojnicky Casopis, 33 (4), pp 477486 (1982) 4
figs, 11 refs

{In Czech)

Key Words: Springs, Pneumatic springs, Tires, Pneumatic
tires, Stiffness coefficients

The pneumatic toroidal spring is, essentially, a pneumatic
tire under specific exploitation conditions. The stiffness
coefficients are defined by means of the theory of the
equilibrium shape and the symmetric deformations. The
wring construction enters into calculations through these
coefficients, which is shown by asymmetric radial deflection,
Numerical results and s comparison between pneumatic
spring and elastic ring are given,
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TIRES AND WHEELS
{See No, 304)

BLADES

83.303

An Experimental Investigation of Gapwise Periodicity
and Unsteady Aerodynamic Response in an Oscil
lating Cascade. 1: Experimental and Theoretical
Results

F.O. Carta

United Technologies Res. Ctr., East Hartford, CT,
Rept. No. NASA-CR-3513, 103 pp (June 1982)
N82-26229

Key Words: Blades, Airfolls, Cascades, Aesrodynamic demp-
ing, Asrodynemic loads

Tests were conducted on a linesr cascade of airfoils ouxil-
lating in pitch to messure the unsteady pressure res.onse on
selected biades slong the leeding edge plane of the caxcade,
over the chord of the center blade, and on the sidewall in
the plane of the leading edge. The pressure dats were reduced
to Fourier coefficient form for direct comparison, and were
also processed to yield integrated loads and, particularly, the
serodynamic damping coefficient, Results from the un-
steady Verdon/Casper theory for cascaded blades with
nonzero thickness and camber were compared with the
experimental measurements,

83-306
On the Operating Characteristics of the Variable
Geometry Wind Turbine

C. Teodorescu-Tintea, H. Dumitrescu, St.N. Savulescu
INGREST, Bucharest, Romania, Rev. Roumaine
Sci. Tech., Mecanique Appl., 27 (3), pp 347-360
{May/June 1982) 6 figs, 3 refs

Key Words: Turbines, Wind turbines, Blades, Turbine blades,
Aerodynamic losds

Functional characteristics (power and torque) versus tip
velocity ratio of a new type of vertical wind turbine are
determined, A simplified global theory of the vertical wind
turbines is presented, and an introduction is made into the
aerodynamic study of the blades.
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83-307

Aerodynamic Forces Acting on the Blades of Stall
Regulated Propeller Type Windmills

F. Rasmussen

Risoe Natl. Lab., Roskilde, Denmark, Rept. No.
RISO-M-2316, 37 pp (Aug 1981)

DES2901178

{in Danish)

Key Words: Windmills, Propelier blades, Blades, Aerody-
namic loads, Shafts

This report deals with ssrodynamic forces acting on the
blades of stall regulated propeller type windmills. General
congiderations of the expected dynamic behavior of the losds
are outlined,

BEARINGS

83-308

Effects of Injected Fuel Mass Non-Uniformity on the
Hydrodynamic Behaviour of Diesel Engine Bearings
T. Turcoiu, N. Apostolescu, St. Nedelcu

The Natl. Inst. for Thermal Engines, Bucharest, Ro-
mania, Rev. Roumaine Sci. Tech,, Mecanique Appl.,
217 (3), pp 417-426 (May/June 1982) 17 figs, 1 table,
5 refs

Key Words: Bearings, Diese! engines, Lubrication, Hydro-
dynamic response

The influence of the injected mass non-uniformity upon the
minimum fubricant film thickness, the side-leakages flow and
the friction torque on the journal and bushing surfaces are
anslyzed for the bearings of a diesel engine crankshaft, A
special calculation program for bearings loaded by variable
loads and speeds is used.

83-309

A Study on Characteristics of Externally Pressurized
Gas Thrust Bearings with Surface-restriction Compen-
sation (Continued Report; Dynamic Bearing Charac-
teristics)

H. Yabe, H. Mori, and H. Tanahashi

Faculty of Engrg., Kyoto Univ., Yoshida-Honmachi,
Sakyo-ku, Kyoto, Japan, Bull. JSME, 26 (207), pp
1451-1456 (Sept 1982) 8 figs, 3 refs

52

Key Words: Beerings, Ges bearings, Hydrodynamic beerings,
Damping cosfficlents, Stiffness coefficients

An externally pressurized gas-lubricated thrust bearing with
surface-restriction compenmtion Is snalyzed theoretically
for hydrodynamic bearing characteristics such as dynamic
stiffness and damping cosfficient applying two kinds of ges
flow models. One considers an equivalent recessed thrust
bearing neglecting the circumferential flow in the beering
clearance, and the other takes Into sccount the effect of the
circumferential flow by a simple evalustion. Theoreticsl
results sre discussed and compared with experimental resuits.

GEARS

83310

Noise and Transmission Efficiency under Deforma-
tion of Tooth Form of Nylon Gear

N. Tsukamoto, T. Yano, and H, Sakai

Chiba Inst. of Tech,, Narashino, Japan, Bull. JSME,
25 (207), pp 1465-1473 (Sept 1982) 11 figs, 3 refs

Key Words: Gear teeth, Plastics, Geometric effects, Noise
generation

In this investigation changes in noise and transmission effi-
ciency are investigated when the tooth form of nylon gesr
is deformed during operation,

83-311

On the Effect of the Tooth Profile Modification on
the Dynamic Load and the Sound Level of the Spur
Gear

Y. Terauchi, H. Nadano, and M. Nohara

Hiroshima Univ., Shitami, Saijo-cho, Higashi-hiro-
shima-shi, Hiroshima, Japan, Bull, JSME, 25 (207},
pp 1474-1481 (Sept 1982) 3 tables, 7 refs

Key Words: Gears, Spur gears, Structural modification
effect, Noise generation

Measurements of gear noise and dynamic load acting on the
meshing teeth of gears with and without profile modification
which are shifted by different amounts of addendum modifi-
cation were carried out using power-circulating gear test
rigs until a surface failure caused by scoring was observed.
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FASTENERS

83.312

Fatigue Crack Propagation Rates and Threshold
Stress Intensity Factors for Welded Joints of HT80
Steel at Several Stress Ratios

A, Ohta, E. Sasaki, M, Nihei, M. Kosuge, M. Kanao,
and M, Inagaki

Natl, Res. Inst. for Metals, 2-3-12, Nakameguro,
Meguro-Ku, Tokyo 153, Japan, Intl, J. Fatigus,
4 (4), pp 233237 (Oct 1982) 8 figs, 3 tables, 24
refs

Key Words: Joints (junctions), Welded joints, Fatigue life,
Crack propagstion

Fatigue crack propagestion rates and threshold stress inten-
sity fectors were measured for welded joints and base metal
by using 200 mm wide center-cracked specimens. The fatigue
crack propsgstion properties of welded joints were similar
in spite of the different zones in which the cracks propagated
and the different welding processes used. They were, how-
ever, inferior to those of the base metal,

STRUCTURAL COMPONENTS

STRINGS AND ROPES
(See No. 417)

CABLES
{Also see No. 397)

83-313

Validation of Finite Segment Cable Models

R.L. Huston and J.W. Kamman

Dept. of Mech. and Industrial Engrg., Mail Location
No. 72, Univ. of Cincinnati, Cincinnati, OH 45221,
Computers Struc., 15 (6), pp 653-660 (1982} 5 figs,
4 tables, 18 refs

Key Words: Cables, Mathematical models

Analytical and experimental data is presented validating a
finite segment cable model. The model consists of a series
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of pinconnected rigid rods which may have different lengths,
dismeters, snd masses. The model is capable of simulating
large, three-dimensional motion of flexible cables. Its princl-
pal areas of spplication are expected to be with the simuls-
tion of long, heavy, towing and hoisting cables.

83314

Strand-Break-Detection System for Fatigue Tests of
Overhead Conductors

G.E, Ramey

Dept. of Civil Engrg.,, Auburn Univ., Auburn, AL
36849, Exptl. Techniques, 6 (5), pp 12-14 (Oct
1982) 4 figs

Key Words: Cables, Transmission lines, Wind-induced exci-
tation, Fatigue tests, Vibratory stresses

Asolian vibrations are high-frequency vibrations ceused by
steady winds moving across a conductor. Fatigue failures
casused by thess vibrations sre a long standing problem in
the design of slectrical transmission lines. Rational seolian
fatigue design of overhead conductors requires a knowledge
of their fatigue-endurance cepabilities, i.e., their S-N curves,
Because of interstrand slippage and fretting, the curves for
conductors are significantly different from those of individ-
ual aluminum strands, A lsboratory testing program was
developed to generate S-N curves for conductors and is
briefly described,

83315

On the Analytical Modeling of the Nonlinear Vibra-
tions of Pretensioned Space Structures

J.M. Housner and W.K, Belvin

NASA Langley Res. Ctr,, Hampton, VA 23665, Com-
puters Struc,, 16 (1-4), pp 339-352 (1983) 12 figs,
10 refs

Key Words: Cables, Nonlinear theories, Cable stiffened
structures, Periodic excitation

Linear, quasi-linear and nonlinear analyses have been used
to investigate a relatively simple two-dimensiona! cable-
stiffened structure under sinusoidal excitation. For linear
vibrations, both an exact and a simplified analysis in which
each cable is modeled as a spring with its mass lumped at
the ends have been compared. The exact analysis, which
accounts for distributed cable inertia, indicates a .mass
lumping procedure which is valid for both low and high
ratios of cable to joint mass and represents an improvement
to using a consistent mass lumping.
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BARS AND RODS

83-316

Analysis of Vibrating Bar-Systems by Means of
Graphs and Structural Numbers

J. Wojnarowski

Inst, Fundamentals of Machine Des,, Tech, Unk,
of Silesia, Gliwice, Poland, Strojnicky Casopis, 33
(4), pp 467-474 (1982) 20 figs, 8 refs

Key Words: Bars, Graphical analysis, Axisl vibration, Flex-
ural vibration

A method of analysis of the vibrations of plane bar systems
is presented by means of grephs and structursl numbers.
Axial vibrations of or ssgments with constant extensionsl
stiffness sre described by a three-vertices loaded greph of
the secondary category. Flexural vibrations are described
by a five-vertices graph.

BEAMS

83.317

A Variable Cross Section 3-D Beam Finite Element
for Static and Free Vibration Analyses

L. Resende and W.S. Doyle

Dept. of Civil Engrg., Cape Town Univ., South
Africa, Rept. No. TR-806S, 38 pp (Oct 1980)
N82-27766

Key Words: Beams, Variable cross section, Finite element
technique, Computer programs

The development of a nonprismatic (variable cross ssction)
3-D beam finite element is discussed. The validity and advan-
tages of the variable cross section formulation are investi-
gated in the cases of static and fres vibration analyses of
structures consisting of members whose constitutive rela-
tionship is linear elastic. The formulation of the element
is based on the quadratic isoparametric class of finite ele-
ments, The three noded element is versatile in that it can be
used for thick as wel' as thin beam analysis.

83-318

Certain Discussions in the Finite Element Formula-
tion of Nonlinear Vibration Analysis

B.S. Sarma and T.K, Varadan
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Defence Res. and Dev, Lab,, Hyderabad, India,
Computers Struc,, 15 (6), pp 643646 (1982) 2
tables, 19 refs

Key Words: Beams, Nonlinser vibration, Finite slement
technique, Equivalent linesrization method

The finite element formulation and equivaient linesrizetion
technique used in the study of nonlinesr vibrations of beems
are resxemined, Errors pressnt in the equivalent lineerization
procedure, in the substitution of inplane boundery condi-
tions at the element level Instead of st the system level,
and in the use of different connotation for the frequency,
ore discussed. A simply-supported beam with immovable
ends is considered as sn example to evaluate these errors.
A formulstion in terms of transverse displacement alone is
8ls0 presented based on the sssumption of sverege nonlinesr
stretching force,

83319

Vibration of Beams on Partial Elastic Foundations
P.F. Doyle and M.N. Pavlovic

Allot & Lomax, Consulting Engineers, Sale, Cheshire,
UK, Intl. J. Earthquake Engrg. Struc. Dynam., 1Q
(5), pp 663-674 (Sept/Oct 1982) 4 figs, 7 refs

Key Words: Beams, Pile structures, Elestic foundstions,
Natural frequencies, Mode shapes

The natural response of s besam or pile having only s portion
of its span supported by an elastic foundation is investi-
gated for two cases when both ends are either simply sup-
ported or free. The derivation of the shape functions and the
computed natural frequencies are compared with the extreme
cases where the element is either completely supported by,
or fully detached from, the elastic foundation.

83-320

Coupling Loss Factors at a Beam L-Joint Revisited
M.J. Sablik

Southwest Res. Inst,, San Antonio, TX 78284, J.
Acoust. Soc., Amer., 72 (4}, pp 1285-1288 (Oct
1982) 5 figs, 12 refs

Key Words: Beams, Joints (junctions), Structure-borne
vibration

Transmission coefficients and coupling loss factors are
obtained for an L-joint between two beams when incident
flexural waves are vibrating out of the plane of the L-joint.
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in the anslysis, it Is found that torsionsl waves develop st
the L-joint and that flexural-to-torsional transmission can be
more efficient than flexural-to-flexurs!l transmission, Al
treated are the ceses of an incident torsional wave at the L.
Joint and en incident torsionsl wave st s butt joint, The
expressions developed in this psper may be utilized In a
statistical energy analysis of 8 beam network,

CYLINDERS

83.321

Torsional Impact Response of a Flat Annular Crack
in a Finite Elastic Cylinder

Y. Shindo

Dept, of Mech. Engrg. |1, Faculty of Engrg., Tohoku
Univ,, Sendai 980, Japan, J. Acoust. Soc. Amer.,
12 (4), pp 1268-1263 (Oct 1982) 7 figs, 8 refs

Key Words: Cylinders, Crack propagation, Impact response,
Torsional response

The torsional impact response of a flat annular crack in an
elastic cylinder of finite radius is investigated in this study.
Laplece and Hankel transforms are used to reduce the prob-
lem to the solution of a set of triple integral equations, These
equations are solved by using an integral transform technique
and the result is expressed in terms of 8 singuler integral
squation of the first kind, The singuiar stress field neer the
crack tip and the dynamic stress-intensity factor are deter-
mined. Numerical results on the dynamic stress-intensity
factor sre obtained to show the influence of inertia, geom-
etry, and their interactions on the load transmission to the
crack tip.
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