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SVIC NOTES ?

Some Thoughts on Fragility

Very little has been published about the concept of fragility in the open literature, the concept of
fragitity is not widely used, and its true meaning may not be widely understood. This is a good
opportunity to briefly explain the concept of fragility, to discuss some of the difficulties associated
with establishing the fragility of equipment, and to discuss some of the uses of fragility data.

The fragility of equipment refers to the maximum load it can withstand before a failure occurs,
regardless of the failure mode, e.g., malfunction, irreversible loss of performance, or structural dam- c
age To establish the true fragility of equipment, it must be tested at potentially destructive loads, }
and depending on the potential failure mode, several samples may have to be tested to account for '
the variations in tolerances, materials properties, and manufacturing processes. For these reasons,
and because many items of equipment are often extremely expensive, fragility tests are expensive, so
fragility tests are rarely conducted; this is why true fragility data for equipment are scarce.

Another reason why fragility tests are not conducted is fragility is not a simple concept. The
type of fragilty must be defined, e.g., shock fragility or vibration fragility. The potential failure modes
and the relevant failure criteria for the equipment must be defined, and the failure points must be ]
known Deriving the inputs to characterize the shock or the vibration fragility is difficult because \
several types of inputs can be used. Further, the damage potential of a given level of input to an item
of equipment depends on a widely variable combination of parameters. Other potentially complicating
factors include the interaction between the test article and the test equipment, nonlinear behavior of
the equipment, and the transfer functions between the input points to the equipment and the mount-
ing points of critical components.

In spite of the expense and the difficuities of obtaining fragility data for equipment there may be
times when such data are essential. Certain items of equipment must operate properly in, or survive
their operating environments to ensure system safety. If it i1s known that the equipment will not sur-
vive its operating environment, then fragility data are necessary to design an isolation system to pro-
tect it. One author has suggested fragility data might identify minor design changes that could be
made to upgrade the capability of the equipment to withstand its operating environment (1). Fragility
data may still be useful even if the equipment can pass its qualification test. Quite often the operat-
ing environment is more severe than predicted; if the equipment’s fragility is known it may reduce the
need to reanalyze, requalify, or redesign the equipment. Although not as important as system safety,
the same reasoning applies to equipment that is used in an environment that differs from the one for
which it was originally designed (2). Other uses for fragility data have been suggested, and some of
them may have been based on misconceptions of the meaning of fragility. Once one understands the
true concept of fragility then 1t is possible to appreciate the uses and the limitations of fragility data
for equipment.

References:

1 Port, R.J, "Controlling Parameters for the Structural Fragility of Large Shock Isolation Systems,"
Shock and Vibration Bulletin 41, Part 5, pp 129-134 (December 1970).

—— 2. Rountree, RC. and Safford, FB, "Methodology and Standardization for Fragility Evaluation,”
I Ace 5100 '|,'0!_ Shock and Vibration Bulletin 41, Part 5, pp 111-128 {December 1970).
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EDITORS RATTLE SPACE

At the present time we are in the process of modifying some of the sections of the
Shock and Vibration Digest in an attempt to provide a better product to the reader.

The DIGEBST is a secondary technical journal dedicated to the task of organization,
refinement, and distillation of the literature published in the public domain. The
DIGEST is designed to provide the reader with an efficient and otganized overview
of the literature in a minimum amount of time. To more effectively provide this
setvice we feel that some minor changes need to be made in the DIGEST.

The first goal is to provide more literature reviews in organized serial form. This
would provide more critical evaluation of new literature. The abstract section,
which provides an objective view of the literature, will be distilled to avoid entries
due to republication, trivial contributions, and marginal technical areas. The titdes of
papers published from symposia, conferences, and meetings will be regularly pub-
lished.

We would like to hear your comments on the DIGEST by letter or on the reader
survey form provided in the December, 1985 issue. We are especially interested in
your technical interests. If you wish to participate in the literature review process,
please call or wtite to me,

R.L.E.

~_-_(_,_,,.-._ {.. T (R

AP S S S T R R

- '1 ORI b
. W o 4 & y~ g '- -
=l m.\x.'\.‘;‘.:x YRS '*ﬂj“ "Cy'\. ",('D*,“\',." ’\'C s-‘\"x T

T r————

. w
Wt

Ta 1‘\.‘(},‘_

H\-

s -/. (;\.‘.}1

T
.v-.h._x

AT BT AT 2T S BEIRE 2 A P A, S P PR |

~AETE Y .." L T T EMTRE YN e e .

v -

TN X R YRR W IR R e e TR | g e e

s AT N L 6 2 A M3 3 4

"

‘/‘.«'-/‘Iﬂ LT TR TR N



FINITE ELEMENT ANALYSIS OF VIBRATION OF TAPERED BEAMS

A.K. Gupta®

Abstract. Various approaches for finite element
analysis of vibration of tapered beams and
frames composed of tapered beams are dis-
cussed. Applicability, accuracy, and computa-
tional efficiency of the stiffness and consistent
mass matrices for tapered beam elements, de-
rived by various authors are reviewed.

Tapered member framing has been utilized in a
variety of building frames of steel, concrete, and
timber to achieve a better distribution of strength
and weight and sometimes to satisfy architectural
and functional requirements. The use of tapered
structural elements with tapered depths or widths
was ficst proposed by Amerikian [1] for reasons
of economy. Tapered members are adaptable to
bolted and conventional poured-in-place concrete
construction and, more commonly, to welded
steel and precast concrete construction. These
applications can result in large reductions in the
weight of the framing material as well as appre-
ciable savings in construction costs.

Analysis and design of frames with tapered
members to resist wind gusts, earthquakes, or
forced vibration requites knowledge of natural
frequencies and mode shapes of vibration. There
is an ample bibliography on the subject of vibra-
tion of beams of variable cross section [2-3].
Earlier solutions for vibration of tapered beams
were limited to certain cross sectional shapes,
taper, and end condition and were obtained in
terms of Bessel Functions [4].

Simple structures such as beams for which exact
solution can be developed ate valuable for
evaluation purposes; application of classical
methods for exact solutions to more complex
configurations such as frames with tapered
members is impractical. Approximate analytic
methods and numerical approaches such as finite
difference [5] and finite element methods are
being increasingly applied to vibration analysis. A
favorite method for solving vibration problems of
tapered beams or frames made of tapered beams
is the finite element method. This article re-
views the finite element idealization of tapered
beams and membets of frameworks by uniform
or tapered elements for vibration analysis pur-
poses. Stiffness and consistent mass matrices

for tapered beam elements, developed by various
authors are also presented. Applicability, accu-
racy, and computational efficiency of flexural
vibration analysis of beams and frames composed
of tapered members, using uniform and tapered
beam elements, are discussed.

UNIFORM ELEMENT STIFFNESS AND
MASS MATRIX APPROACH

The finite element method has been applied
successfully to frameworks composed of prismat-
ic members, When treating tapered beams by
the finite element method, the simplest and most
common approach has been to consider the beam
as approximately equivalent to a number of
prismatic elements. The sectional dimensions of
cach element are obtained by averaging those at
the two ends of the element [6]. Values for the
moment of inertia and area of cross section of
each element are calculated at the center of the
element [7]. Stiffness and consistent mass
matrices for a uniform beam element with two
degrees of freedom at each end, one translation
and one rotation, are available [8].

A method for vibration analysis of beams and
frameworks with uniform or nonuniform members
has been published [9,10]. The structural
members are divided into multiple segments in
which the elastic properties are considered uni-
form; masses are lumped at the nodes, It is
expected that the errors in this procedure would
increase rapidly as variation of the moment of
inertia over the segmented length increased.
Results of vibration analysis for some tapered
beams using uniform beam element stiffness and
consistent mass matrices have been given [2,7].
These tesults wete compared with those obtained
using a derived stiffness and consistent mass
matrices for tapered beam elements. A marked
improvement in the results was noted when
tapered beam elements were used instead of
uniform beam elements.

Although the idealization of tapered beams by
uniform elements for vibration analysis leads to
a convergence to the correct solution as the
number of prismatic eclements is increased,
computer time is c¢nstly and data preparation is

® Gupta Engineers, 35690 Gleason Lane, Fremont, CA 54536
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tedious. Therefore, efforts have been made
within the last two decades to derive stiffness
and consistent mass matrices for beam elements
of linear and nonlinear tapers and cross section-
al shapes.

TAPERED ELEMENT STIFFNESS AND
LUMPED MASS MATRIX APPROACH

It can be shown that the accuracy of results of
static analyses do not depend on subdivisions
when stiffness matrices derived from exact dis-
placement functions for tapered beams are used
in the analysis [11]. Similarly, efforts involved
in computing the dynamic response of tapered
beams to arbitrary forcing functions can be
minimized if stiffness and mass matrices of good
accuracy can be used with the fewest number of
degrees of freedom.

The first stiffness matrix for a nonuniform beam
element appears to have been derived by Lind-
betg [12]. The method presented for detiving a
dynamic stiffness matrix [8] for any nonuniform
beam uses a cubic displacement function. A
dynamic stiffness matrix for a lineatly tapered
beam element of some cross-sectional shape is
given in explicit form. Mass lumping was used
by Lindbetg for vibration analysis of a linecarly
tapered cantilever beam., Using the same ap-
proach, Thomas and Documaci [13] introduced
two tapered beam elements for vibration analy-
sis, These elements were derived using a quintic
polynomial displacement function. The results
obtained using these elements were compared
with those obtained from the dynamic stiffness
matrix derived by Lindberg [12].

Avakian and Beskos [14] analyzed a nonuniform
cantilever beam by dividing it into a number of
uniform beam elements for which the dynamic
stiffness matrix was known [8]. Masses were
lumped at the middle of the elements. The
results thus obtained were compared with those
obtained using static stiffness matrix for uniform
clements and those given by Gallagher and Lee

[71.

Some investigators [11,15-18] have developed
static stiffness matrices for tapered beam ele-
ments, Newmark's numerical method of succes-
sive approximation was used to develop a
stiffness matrix for a nonuniform beam-column

symmetric I-section member with linearly varying
depth has been given [17]. The web was ne-
glected. The bending stiffness matrix for a
member of varying section was based on the
assumption that the displacement function for a
uniform beam can be used as an approximation
to the correct displacement function for a ta-
pered beam [18]. This leads to simplicity in the
computation and provides sufficient accuracy for
most purposes.

TAPERED ELEMENT STIFFNESS AND
CONSISTENT - MASS MATRIX APPROACH

When mass matrix coefficients are computed
using the same interpolation functions used to
calculate stiffness coefficients, the result is
called a consistent mass mattix. A lumped mass
matrix is diagonal and leads to a simple tech-
nique of formulation and salution; however, the
computed natural mode frequencies and shapes
may differ greatly from the solution to the exact
problem,

Archer [19] investigated a formulation for con-
sistent mass matrices for finite elements, He
provided stiffness, consistent mass, and rotary
inertia matrices for Timoshenko beam element
with linearly varying stiffness and mass [20].
These matrices were derived using displacement
functions for a prismatic Timoshenko beam
element.

Gallagher and Lee [7] derived flexural and
geometric stiffness and consistent mass matrices
for a genersl nonuniform beam-column element;
they used a cubic displacement function, Moment
of inertia and area of cross section of the
element were prescribed by arbitrtary powers of
the axial coordinate, Numerical results were
obtained for a cantilever tapered beam and
compared with an analytical solution and a
numerical solution based on stepped representa-
tion using uniform elements. Significance of the
inclusion of taper considerations on salution
accuracy was also provided.

Gupta [2,21] has derived static stiffness and
consistent-transverse and rotary inertia matrices
in explicit form for a lineatly tapered beam of
any cross-sectional shape. Cynamic stiffness and
consistent mass matrices [2,22] have been de-
rived in explicit form for the beam element of

!j element [15]. Just [11,16] derived a stiffness closed box of I-Section. These matrices were
A matrix by first obtaining displacement functions derived by the finite element method using an
-2 in tetrms of beam geometry. The accuracy of exact-expression for the required displacement
N the stiffness matrix was verified by analyzing functions obtained from solution of the equation
two propped cantilevers of tapering I-section. A of motion, Variation in area and moment of
-\2 procedure for easily determining a stiffness inertia of cross section along the axis of the
i matrix for major axis flexure of a doubly element is exactly represented by simple func-
b
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tions involving shape factors; this variation is
used in the equation of motion. Numerical
results of vibration analyses for some beams
were obtained using the derived matrices and
compared with available analytical solutions and
approximate solutions based on stepped represen-
tation of the beams using uniform elements.
Results of the investigation showed that conver-
gence of the frequencies to then exact values, at
the same level of grid refinement, is much
faster when dynamic matrices are used instead
of a conventional formulation, especially in the
range of coarse idealization and higher modes. It
was further obsetved that the severity of taper
within the beams significanty affects the accu-
racy and convergence characteristics of the
solution obtained from the stepped representation
of the beams; practically no effect was observed
on solutions obtained from tapered element ide-
alization. Rotary inertia has a significant influ-
ence on the vibration frequenci_s of the beams
[2,23].

A static stiffness matrix has been presented for
a beam element of rectangular cross section with
constant width and linear variation in depth
[24,25], Results for a tapered cantilever beam
using the above matrix and a consistent mass
matrix [7] are given, These results were
compared for accuracy and computational effi-
ciency with those obtained using static and
dynamic stiffness matrices and lumped and
consistent mass matrices for uniform or tapered
elements,

Flexural, axial, and geometric stiffness and
consistent-mass matrices have been given for a
beam element of constant width and linearly
varying depth [3,26]. The beams can have
arbitrary cross section with a vertical axis of
symmetry, constant width, and linearly or nonlin-
early varying depth, The general stiffness
matrices are the same as those of Just [11];
they were derived using displacement functions
obtained from solving the pertinent governing
equations, Explicit expression for stiffness
matrices for beam elements of rectangular, box,
or I-section are provided. Following Lindberg's
approach [12] explicit expressions for an ap-
proximate fiexural stiffness matrix of a linearly
tapered beam element with box or I-section were
derived using a cubic displacement function, The
element consistent mass matrix was constructed
using the cubic displacement function of a uni-
form beam element. Results are given for a
tapered cantilever beam, a continuous beam, and
a gable frame with uniform and nonuniform
members; the various approaches described above
were used.
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The monthly Literature Review, a subjective critique and summary of the literature,
consists of two to four reviews each month, 3,000 to 4,000 words in length., The
putpose 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 proceed-
ings. Each article also contains a minor tutorial of the technical area under discus-
sion, a survey and evaluation of the new literature, and recommendations. Review
articles are written by experts in the shock and vibration field.
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THEORETICAL STUDIES ON FLEXURAL WAVE PROPAGATION IN BEAMS:
A COMPREHENSIVE REVIEW — PART II: TRANSIENT RESPONSE OF TIMOSHENKO BEAMS

M.M. Al-Mousawi®

Abstract. A comprehensive review related to the
problems of flexural wave propagation in beams
is presented in three parts. Pari I is s histori-
cal backgrecund. Part I describes the use of
Timoshenko beam theory, including the effect of
shear distortion and rotatory inertia, for vibra-
tionsl and transient analysis of beams. Part I
covers clastic stress wave propagation in beams
with discontinuities of cross section.

THE TIMOSHENKO BEAM THEORY

The Timoshenko beam theoty is applied to the
flexural vibration of beams. The ptoblem of
transient flexural wave propagation is also de-
scribed.

Flexural vibszation of beams. The simplest theory
governing the flexural vibration of beams, the
Euler-Bernoulli theory, assumes that deformation
of the bar element is in the form of transverse
displacement only. Other assumptions include
uniform homogeneous and constant cross section,
small deflection, and plane cross sections that
temain plane and perpendicular to the neutral
axis after deformation. Thus, shearing deforma-
tions ate neglected. The Euler-Bernoulli equation
for bending vibration also neglects the rotatory-
inertia effect. However, at low frequencies, the
theory is satisfactory for the frequency specttum
and mode shape of beams in steady-state har-
monic vibration,

The Pochhammer-Chree theory includes a set of
equations for flexural vibrations and is applicable
only to an infinite bar in which contimous sinu-
soidal waves are propagated in either direction.
This three-dimensional theory of elasticity cannot
be used to construct solutions for finite and
semi-infinite bars. In addition, the frequency
equations are very complex and therefore diffi-
cult to use for practical solutions,

Even though the Timoshenko beam theoty is
approximate and one-dimensional, femarkable
agreement with the exact theory of elasticity is
possible in the case of an infinite bar of circu-
lar cross section, especially in the first branch

of the dispersion curve, This is the primary
flexural mode [13]. The Timoshenko theory is
more accurate than the Euler-Bernoulli theory
for transverse and flexural free and forced
vibrations of a beam; frequency equations, dis-
placement curves, and mode shapes are deter-
mined. The Euler-Bernoulli equation can be
obtained directly from the Timoshenko beam
equations if the terms that account for the
effects of rotatory inertia and shear deformation
are omitted,

Bresse [6] was the first person to discuss the
effect of nonuniform shear distibution over a
cross section and to include a term for the
effect of rotatory inertia in his equation of
motion for lateral vibration. However, Timo-
shenko first included both terms in the equation
for flexural vibration of beams; therefore, the
theory that accounts for these effects is cred-
ited to him. Timoshenko [4] derived the equa-
tion for flexural vibration and obtained a
frequency equation for a simply-supported pris-
matic bar of length 1, He showed the impor-
tance of the correction for shear, which is
sometimes several times greater than the correc-
tion for rotatorty inertia. Timoshenko [10] also
obtained a solution for the case of a beam of
rectangular section; he found approximate solu-
tions for the cases of plane strain and plane
stress. He also studied a bar of circular cross
section and suggested shear correction factors
for both rectangular and circular cross sections,
His solution was not applicable to other boundary
conditions.

Goens [14] used the Timoshenko equations and
obtained complex exact expressions for the case
of a free-free beam. These expressions yield
vibration frequencies by an approximate numeri-
cal evaluation for bars of circular cross section
and various lengths. Goens used his results to
detetmine Young's modulus.

Davies [15] investigated the transverse vibration
of a fixed-free bar under the effects of a shear
force and bending moment. He used the Timo-
shenko beam equation to solve frequency equa-
tions that satisfied the boundary conditions. The

¢ University of Aberdeen, Department of Engineering, Kings College, Aberdeen, Scotland
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solutions were spproximations of series expan-
sions in which terms of higher orders were
neglected. Fundamental modes were determined
for bars of different materials ai:d dimensions,
The importance of the effects of rotatory inertia
and shear were emphasized,

Kruszewski [16] found general solutions for the
Timoshenko beam equations and salved them for
uniform cantilever and free-free beams. He
presented graphically the frequencies of the first
three modes. His results showed that the effect
of shear increases in the higher modes and
causes a significant decrease in the frequency
value,

Suthetland and Goodman [17] found that shear
distortion is particularly importunt at higher
frequencies. Their general solution for the
lateral free vibration of a pin-ended beam and
natural frequencies was for a simply supported
and for a cantilever beam,

Traill-Nash and Collar [18] pointed out that a
complete new spectrum of natural frequencies
appears when both shear flexibility and rotatory
inertia are taken into account., The importance
of higher frequencies in bending vibration was
shown in connection with such aircraft compo-
nents as wings, fuselages, and propellers. They
investigated various types of end conditions. The
first five natural frequencies were calculated
using a matrix iteration process; the effect of
shear flexibility was considerable,

Anderson [19] compared various solution meth-
ods for flexural vibrations based on the Timo-
shenko beam theory. He pointed out certain
advantages of power series expansions, according
to the principles of superposition, over Laplace
transformation solutions., This series solution is
the same as one published previously [17] for
the case of a simply-supported beam. The slight
numerical diffetence in the values of the graphs
is due to the somewhat higher value used for the
shear correction factor.

Dolph [20] pointed out the existence of two
sinusoidal modes of different frequencies corre-
sponding to the same spatial factor in solutions
based on Timoshenko theoty., He considered the
separation of variables and orthogonelity relations
as in a typical ecigenvalue problem. He pre-
sented a normal mode solution for a uniform
hinged-hinged beam.

Howe and Howe [21] demonstrated the useful-
ness of an electronic differential analyzer for
determining solutions for lateral vibration of
beams according to the Timoshenko beam theory.
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They based theit solution nn a system of four
simultaneous first order Jlifferential equations
previously given by Delph [20]. They paid
particular attention to the mode shapes. A satis-
factory solution according to the normal mode
method, applied to the case of a free-free
beam, required six trials.

Huang [22,23] investigated the effects of rota-
toty inertia and shear on the flexural vibration
of beams. He obtained a solution for the
Timoshenko beam equation by applying the
enetgy method of Ritz to a simply-supported
beam. He also presented frequency equations
for a combination of various types of end condi-
tions using normal mode sdutions.

From 1965 to 1980 the finite element method
was applied to the bending vibration of beams
treated by the Timoshenko theoty. Several
Timoshenko beam elements wete developed; a
brief summary of research published in this area
is given below.

Hurty and Rubenstein [24] wused an energy
approach to develop generalized mass matrix and
stiffness matrix, including the effect of rotatory
inertia and shear. These effects were illustrated
in natural frequencies and corresponding mode
shapes for uniform simply-supported beams.
Atcher [25] presented a consistent mass-matrix
and a stiffness-matrix for the vibration analysis
of a Timoshenko beam. Kapur [26] derived a
finite element for the Timoshenko beam in which
a cubic plynomial function was assumed for both
bending and shear deformation, No coupling
between the two displacements was permitted;
hence, the problem was ovetspecified.

Egle [27] presented an approximate Timoshenko
beam theory designed to eliminate coupling
between shear deformation and rotatory inertia.
Nickel and Secor [28] detived stiffness and
mass matrices for what they called TIM 7, a
matriz of order 7, that was reduced to TIM 4
using the constraint given by Egle [27]. An
element model similar to TIM 4 had a limitation
such that natural boundary conditions at the free
end or hinged end could not be applied [29].

It has been pointed out [30] that errors in the
matrices of one clement given by Archer [25]
caused confusion and led to unacceptable results.
An clement with three degrees of freedom at
cach of the two modes was proposed to calculate
the natural frequencies of a cantilever beam
[30]. The results wete compared with those of
other elements.




Dong and Wolf [31] used quadratic interpolations
for the displacement variables of a finite ele-
ment for the Timoshenko beam. They used
Hamilton's principle to derive the equations of
motion in discrete coordinates and obtained
frequencies for a simply-supported beam, two-bay
frame, and hinged arch. Ramamurti and
Mashrenholtz [32] used simultaneous iteration
methods to determine eigenfrequencies for a
flexural vibration problem. They concluded, fron
the relatively high differences between theoteti-
cal and experimental frequency values, that the
actual structure had to be modified to reduce the
number of modal points to meet the available
storage of the computer.

Thomas and Abbas [33] suggested four nodal
degrees of freedom for a two-noded Timoshenko
beam finite element that incorporated natural
boundary conditions. The mass and stiffness
matrices are based on cubic polynomial expan-
sions; total deflection and bending slope are
detived from energy expressions. It has been
noted [34] that it is not possible to claim that
any one element as the best vibration analysis of
Timoshenko beams. The choice of element must
depend on accuracy required, nature of the
structure, relative importance of shear and rote-
tory inertia, and number of degrees of freedom
available,

Downs [35] detected an additional mode due to
shear oscillation when he teexamined various
equations [20-23]). This mode was identified in
the frequency discretized analysis of an eight-
segment simply-supported uniform Timoshenko
beam; a finite element solution using consistent
mass theory was also used. A finite element
model for vibration of nonuniform beams has
been suggested [36]. Bishop and Price [37]
used the Timoshenko theory in a dynamical
structural analysis of ship hulls as a noncon-
servative system,

Transient flexural wave propagation in beams.
The Euler-Bernoulli theory is inadequate for
transient bending wave propagation problems
because the theory assumes that disturbances with
infinitely short wavelengths, which are associated
with high frequency branches, will propagate with
an infinite velocity. The transient input gives
tise to higher frequencies when the duration of
impact is much smaller than the fundamental
period of vibration of the stucture. Hence,
accordirg to the Euler-Bernoulli theory, transient
disturbances should be felt immediately at the
far end of a beam. This effect is physically
impossible and contrary to the results of the
Pochhammer-Chree theoty, which predicts finite
values for the velocity of propagation of stress

faniiin AR SAR SniL 0N Ball Sal Soal Sk Malh Eak Bal Sah Sall Shi Balh Salk Bak Sak .

waves. Furthermore, the Euler-Betnoulii theory
assumes that the displacement of a bar consists
solely of translation,

The complexity of the displacement and fre-
quency ecquations makes the exact theory impos-
sible for practical problems of flexural wave
propagation, In addition, the exact theory cannot
satisfy the end conditions with zero stresses at
the lateral surfaces, However, the Pochhammer-
Chtee theory has been used to determine phase
velocities and group velocities of sinusiodal
waves in narrow beams and beams of circulatr
cross section,

Dispersion relations play an important role in the
propagation of flexural waves in elastic bounded
solids. A pulse can be seen as the Fourier
integral of a number of simusiodal components of
different frequencies. The components will
travel with different velocities; dispecsion causes
distortion of the wave. Dispersion analysis
tequired determination of the variation of phase
velocity ¢ -- i.e., the velocity of propagation of
surfaces in which phase varies with wavelength
-- as well as group velocity Cgr which is the
velocity of propagation of 2 wave packet of
almost the same wavelength, For flexural
waves, group velocity is more important because
it is the rate at which energy is transmitted.

The Timoshenko beam equation, which takes into
account the cffects of rotatory inertia and shear
on the displacement of a beam, provides a high
degree of accuracy over a wide range of wave-
lengths for flexural waves ir bars. From an
engineering point of view the Timoshenko theory
is the test known theoty for dealing with tran-
sient flexural wave propagation. The Timoshenko
beam theory provides dynamic equations of
motion for transient waves in infinite, semi-infi-
nite, and finite beams., The Timoshenko beam
equations ate applicable to flexural waves due to
transverse impact as well as eccentric longitudi-
nal impact,

In some cases results obtained by theoretical
models have been compared with experiments,
This wortk is summarized briefly. Timoshenko
[38] investigated the transverse impact of a
simply supported beam of square cross section,
He used the theory of lateral vibration and the
Hertz theory to evaluate numerically the deflec-
tion of a short beam 15.35 ¢m long and 1 x 1
cm in cross section that was sttuck in the middle
by a steel sphere of 1 ¢m radius, He consid-
ered transformation of the kinetic energy of the
striking mass irco the potential energy of bending
in the beam and estimated the energy loss due to
impact. The integral equations wete solved
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numerically by dividing the time into small
increments during which the contact force be-

tween the striking mass and the beam could be
considered constant,

The same problem of a central impact of a
simply supported beam was investigated by
Arnold [39]. He compared experimental results
with theoretical calculations based on the Timo-
shenko analysis, A more detailed theoretical
study of the same problem is also available
[40].

Lennertz [41] calculated the fundamental period
and the mazimum deflection of the two simply-
supported beams discussed by Timoshenko [38]
and obtained comparable results. He considered
the impact as a whole rather than as a succes-
sion of steps. Lennertz assumed that the dura-
tion of impact was small compared with the
period of the fundamental mode of vibration.
This assumption is acceptable only if the funda-
mental modes is the only one stimulated; thus,
the effects of higher mode would be neglected.
Such an assumption is not justified.

Lee [42] improved the method used by Lennertz
with a modified Hertzian expression to obtain a
solution for central impact of a uniform sim-
ply-supported beam. His calculations compared
well with the experiments of Arnold [39].

Bancroft [43] solved the Pochhammer-Chree
equations for the propagation of longitudinal
waves. He formulated propagation velocity in
terms of two variables: the Poisson's ratio and
the ratio of the bar diameter to wavelength. He
discussed qualitatively the flexural mode and
pointed out the complexity of the flexural
modes. He obtained only the lowest root of the
equation,

Prescott [44] found the frequency equation in
determinantal form for the case of flexural
vibration, but he did not evaluate the determi-
nant derived from the exact theory of elasticity,
He also derived the Timoshenko beam equations
by energy considerations and found that the
elementary theory of transverse vibration was
inadequate for transient loadings. The velocity of
flexural waves depends on their wavelength and
spproaches that of Rayleigh sutface waves when
the wavelength becomes small compared with the
lateral dimensions of the bar. Prescott obtained
numerical results for the velocity of flexural
waves in a bar of circular cross section.

Fliigge [45] observed that the Timoshenko theory

predicts that discontinuities are propagated at
finite velocities,
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¢y (=/E/p) and c, (=/{ZG/0).

He pointed out that discontinuities of bending
moment and angular selocity are propagated with
¢); discontinuities of shear force or transverse
velocity are propagated with c,,

Hudson [46] solved the determinant of the
frequency equation by Prescott [44] for flexural
vibration, Hudson presented dispersion curves
for various values of Poisson's ratio but over-
looked the higher modes of the flexural waves
and incorrectdy assumed that they did not exist,

Cremer [47] discussed two velocities that appear
in the Timoshenko equation. He pointed out that
better agreement with exact theory can be
reached if the value of the shear correction
factor is adjusted so as to produce a value for
the shear velocity c, that corresponds to the
asymptotic value of the lowest mode of the
exact theory. Davidson and Meier [48] used the
Timoshenko beam theory to study the propagation
of transverse waves in prismatical bars, They
were interested in slender tools used in the
percussion drilling of rock. Eccentric longitudi-
nal impact was studied experimentally.

Pfeiffer [49] used the method of characteristics
in a general solution of the Timoshenko beam
equation as a system of two second order partial
differential equations. He discussed the propaga-
tion of discontinuities and described the steps
needed to carry out the numerical calculation.
However, Pfeiffer did not present a numerical
example. Cooper [50] discussed the dispersive
nature of longitudinal and flexural waves on the
basis of the exact theory. He pointed out that it
is difficult to get information othet than that the
maximum velocity propagation for any distur-
bance is the velocity of dilatational waves ¢p.

Davies [13] verified the Pochhammer-Chree
theoty experimentally and pointed out the differ-
ences between the elementary theory of trans-
verse vibration and this exact theory. Davies
constructed dispersion curves for flexural waves.
He obtained phase velocity and group - clocity
for the first bending modes at a Poisson ratio
Y = 0.29. The vaues for the flexural curve
based on the exact theoty were interpolated from
Hudson's data. The dispersion curves derived
from the Timoshenko theory agreed well over a
wide range of a a/A  with the values derived
from the exact theory. Davies concluded that
predictions based on the Timoshenko theory for
the velocity of propagation of the leading edge
of a flexural pulse --i.e., c2 = ,/ﬁzg/p

-- differ from results based on the exact theory
by only a small percentage for almost any form

L S8 i ol Aol Mk Boll Bl B8 Ba¥ Bl gio¥

SIS L Gl P T e S S Ly A, TR I PR I LR A WAE R N oS B Tt et IR AU I AR IR N
t&v&*){ A A PRI I MO -1 2 R R A R T Y ‘ﬁ‘{ A L R
WIS DL NSy SR RIS R U TRV £ ot D A U S L R A SR LG L AL ER IR SR ERCR TR DN Lt

----- -
. - - - W owm e - of N



of cross section. However, flexural pulses would
be propagated with higher velocities if higher
branches of the dispersion curves atre considered.
Davies included extensive experimental results
based on a modified Hopkinson pressure bar.
These results justified assumed uniform distribu-
tion of stresses over the cross section and hence
use of the one-dimensional theory.

Uflyand [51] used the Timoshenko beam equation
to solve the problem of an infinite beam sub-
jected to a concentrated load of a step-function
time history, He used Laplace transformation to
obtain displacement salutions and showed that
contour integration would give exact traveling
wave solutions for the theory. He approached
the problem by cutting the infinite beam at a
station to one side of the load; he treated the
unloaded, semi-infinite portion of the beam. But
his interpretation of the assumed boundary condi-
tions was incorrect.

De Juhasz [52] presented a graphical analysis of
several longitudinal impact problems. His objec-
tive was to avoid difficulties involved in mathe-
matical analysis. Three-dimensional diagrams, or
stereograms, were constructed from x-t diagrams
and v-p diagrams, The graphical analysis was
based on two assumptions: constant velocity of
propagation and a lineat relationship between the
change of striking velocity v and the change of
stress, Although no dispersion relations were
involved, the sterecograms were too complicated
even for basic problems of longitudinal impact
of bars,

Duwez [53] swdied the deformation of an infi-
nitely long beam subjected to a concentrated
transverse load of constant velocity. He investi-
gated the influence of impact velocity and dura-
tion of impact on the deflection characteristics
of the beam. The plastic deformation of steel
was assumed to be localized at the point of
impact. However, for such soft materials as
annealed copper plastic deformation had to be
considered. The discrepancies between theoreti-
cal and experimental results were attributed to
the effects of end supports and the dispersion
characteristic of the transverse waves.

Derivations and approximate theories for trans-
verse waves in plates and two-dimensional
compressional waves in bars were stimulated by
the Timoshenko beam theory. Mindlin [54] used
three-dimensional equations of motion to deduce
a two-dimensional theory for flexural motions of
plates. The theory accounts for the effects of
rotatory inertia and shear in the same manner as
Timoshenko's theory. Mindlin's theory was simi-
lar to that of Uflyand [51] and Reissner [55].

Mindlin and Hetman [56] derived from the
general theory of elasticity a one-dimensional
theory of compressional waves in elastic rods.
They obtained equations for radial and longitudi-
nal motions of a bar that were similar to Timo-
shenko's equations for rotational and transverse
motions of a beam and could be treated in a
similar manner.

Dengler and Goland [57] pointed out that the
boundaty conditions of Uflyand [51] were incoz-
tect and solved the same problem. They avoided
the boundary conditions by wotking with the
original fourth order nonhomogeneous Timoshenko
equation. A lateral impulsive load was applied
to the beam at the midpoint in the form of a
two Dirac function product in terms of t and x.
The tesults appeared in closed form salutions and
required the evaluation of complicated integrals,
Another difficulty was that of defining proper
boundaty conditions in the total deflection ap-
proach., The contour analysis included an error
in connection with singularity problems; the error
was corrected in a later publication [58].

Schirmer [59] discussed the problem of flexural
waves in a Timoshenko beam and compared
solutions based on a system of two second-order
partial differential equations in terms of trans-
verse displacement y, angular rotation § , and
their derivatives. He used Laplace transforma-
tion for the dispersion analysis and the method
of characteristics to obtain bending moment
distribution along the beam at certain times after
a bending moment input at one end.

Miklowitz [60] pointed out the difficulties in
previous methods [51,57]; he modified the
Uflyand method [51] and correctly interpreted
his boundary conditions. Miklowitz treated the
Iateral deflection components due to rotary iner-
tia and shear separately in essentially the same
was as Schitmer [59]. This approach provided
insight into the physical nature of the traveling
wave, reduced the mathematical difficulties of
establishing the boundary conditions, and allowed
transformation for the case of an infinite beam
under the action of a concentrated transverse
load. It is not always easy to obtain transform
solutions for various end conditions; it is even
mote difficult to evaluate them numerically.
Miklowitz [61] used the same method to obtain a
traveling wave solution for flexural waves in
plates.

Leonard and Budiansky [62] used the method of
characteristics to obtain numerical traveling wave
solutions for Timoshenko beams of various end
conditions subjected to step velocity, step bending
moment, and ramp-platform bending moments.
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However, for mathematical simplicity, the solu-
tions were based on the equality of the two
propagation velocities; this assumption ts physi-
cally unrealistic. The characteristic equation
was based on the Timoshenko beam theory as as
system of four first-order partial-differential
equations. In some cases the solutions were
compared with closed form and modal solutions.

Eringen [63] applied a generalized-Galerkin
method and collocation method to Hertz's law to
obtain contact force and displacement for trans-
verse impact of beams and plates with various
end cunditions. Deflection curves were obtained
by wusing Dirac § -function with the same
impulse as the contact force F(t).

Newman [64] solved the Timoshenko equation
for a half-period sine excitation applied at the
root of a cantilever beam. Appropriate initial
and end conditions were specified by a variation-
al principle. The relation between maximum
dynamic strain and relative impact duration was
plotted. Newman found that a thin slender bar
(L/r=300) was subjected to 25.5 percent higher
strain than a thick short bar (L/r=30) at the
clamped end in short duration impact. Newman
used Laplace transformation for his frequency-
based analysis.

Boley and Chao [65] presented a Laplace trans-
formation solution of the Timoshenko beam
equations for transverse impact of semi-infinite
elastic beams. Laplace transformations were
used for various types of sudden loadings. The
curves obtained for bending moment and shear
force for several positions were compared with
results of elementary beam theory.

Boley [66] described the behavior of beams
under lateral impact by an approximate travel-
ing-wave approach based on energy considera-
tions. Numerical results were obtained over a
vety short time for a very short portion of the
beam close to the point of impact. However,
these short-comings were later removed from
this method, and solutions were obtained for
semi-infinite beams under step-inputs of velocity
and bending moment [67]. Deflection curves
for finite simply-supported beams were con-
strtucted by supetposition of semi-infinite beam
results according to the method of images [62].

Jones [68] used Fourier transforms to obtain a
solution for flexural stresses in an infinite beam
loaded by a transverse point load. His solution
was based on Timoshenko's theory of transvetse
vibration; asymptotic approximations were found
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by the method of stationary phase. Numerical
evaluations for variations in amplitude of bending
moment and in wavelength were presented,

Barnhart and Goldsmith [69] developed a theory
for the transverse impact of sphetes on elastic
beams. The theory incorporated a dynamic
plastic force-identation law and permitted evalua-
tion of the effect of an arbitrarily large number
of beam bending modes. The theoretical stress-
time histories accounted for higher modes. The
histories were in better agreement up to the peak
value with observed data than curves based on
Hertz's law. The shape of these curves during
initial loading increase did not agree well with
cxperimental results. However, the peak value
obtained by both methods was in fair agreement
with experimental results at the point of impact,

It has been pointed out [70] that Hudson [46],
who calculated the first root of the frequency
equation, incorrectly assumed that flexural waves
are propagated only in one mode., The three
lowest modes of the determinant of flexural
wave transmission, based on the Pochhammer-
Chree theory, were calculated [70]. Dispersion
curves presented for Vv = 0.29 were used to
study the rate of energy transmission in terms of
group velocity to gain insight into the physical
phenomena involved in the flexural response of
beams to impulsive loads.

Ripperger and Abramson [71] compared predic-
tions of the Pochhammer-Chree theory concern-
ing the arrival time of flexural waves with
experimental results. They found that initial
distutbances were propagated at the dilatational
wave velocity and that the bending wave pulse
was propagated by a continuous series of arri-
vals. They established the adequacy of the
Timoshenko beam theoty in accurately predicting
arrival times for all but the very sharpest
impact. Amplitude response is also predicted by
the Timoshenko theory. It was concluded that,
for all practical purposes, the Timoshenko theory
provides an adequate representation of the propa-
gational characteristics of bending waves.

Plass [72] extended the method of characteris-
tics to the general case of different propagation
velocities. He studied various types of end
conditions for Timoshenko beams under a half-
sine form of end impacts of moment, shear,
aagular velocity, and transverse velocity, He
sulved the case of a simply-supported semi-infi-
nite beam under the action of a simusoidal end
moment by both Laplace transforms and the
method of characteristics. Comparison with
experimental data [73] showed good agreement
except when the pulses were extremely short.
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Fligge and Zajec [74] investigated several
methods other than the method of characteristics;
none of them could yield a complete salution at
all points of the beam. However, a combination
provided an almost complete solution for a
semi-infinite, simply-supported beam under the
action of a step-function end bending moment.
Numerical results close to the end were obtained
with the Laplace transformation and term-by-term
inversion. For long time intervals the integral

| obtained from contour integration close to the

| point of impact was evaluated to obtain asymp-
totic solutions, The stationary phase method of
Kelvin was used. A complex combination of
several not-so-casily obtainable functions -- the
Bessel function, Laplace transforms, and Fourier
transforms -- was involved.

Kuo presented [75,76] results of a theoretical
and experimental study of bending waves in a
semi-infinite Timoshenko free-free beam sub-
jected to a dynamically applied end moment. He
used the method of characteristics. In order to
simplify the numerical analysis he made k2G/E
equal to unity. This is the same as two equal
characteristic velocities and is physically incor-
tect, Results of studies on the effects of slen-
derness ratio and change in rise-time were
compared with a theoretical treatment based on
Euler-Bernoulli theoty by the normal mode
method. Comparison of results of Timoshenko
beam theory and observed data was limited to
the inital stress buildup. The discrepancy was
most marked in the phase shifting.

Jones [77] used the exact two-dimensional theory
of plane-strain transverse waves in a beam. He
applied a transverse force with a step function
| time variation. The bar width was great in

comparison with its depth; i.c., the bar was in

the form of a plate. The salution was used to
, assess the validity of Timoshenko's theory and its
’ advantage over elementary theory.

Chou and Mortimer [78] pointed out the advan-
. tages of the method of characteristics over the

mode superposition method and the Laplace
; transform method for salving transient response
: problems. They used the method of characteris-
: tics for several elastic wave propagation prob-
: lems, including the Timoshenko beam equation;
. the problems were treated as a system of sec-
' ond-order hyperbolic partial differential equa-
! tions. Governing equations for the propagation
: of discontinuities along characteristic lines were
' obtained. Various types of input loadings were
' used along the characteristic lines to evaluate
: time histories of stresses. The method was an
. improvement on the numerical method of Chou
! and Konig [79] regarding propagation of discon-
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tinuities, Chou and Koenig [79] compared their
results for the method of characteristics with the
results of other methods and found excellent
agreement,

Davids and Koenig [80] used a so-called direct
finite element analysis to solve a dynamic flex-
ural traveling wave problem in infinite beams
and plates. They used Timoshenko beam theory
to obtain numerical results for a very short
cantilever beam with a step velocity input ap-
plied at the free end. The effect of reflection
on the evaluated bending moment and shear
force was included.

Bejda [81] investigated the propagation and
reflection of stress waves in elastic-visco plastic
beams; hie used the method of characteristics for
both regions. Numerical results were obtained
for a cantilever beam under suddenly applied
bending moment and shear force to the free
end,

Edge [82] investigated the response to impact
hook units used to stop aitcraft. He used two
numerical wave propagation methods: the
method of characteristics and the direct finite
element analysis. His solutions based on the
Timoshenko beam theoty were for both naval and
land-based aircraft hook units. He pointed out
the advantage of the method of characteristics
for obtaining bounce dimensions in land-based
cases.

Garrelick [83] considered the response of a link
spring-supported beam subjected to » uniform
velocity input, He represented the Timoshenko
theory as a conservative second ordetr hypetbolic
system and used a dual eigenfunction expansion
in which the system consisted of real and posi-
tive eigenvalues and orthogonal eigenfunctions.
The results for the moment at the center and the
shear at the support were compared with the
results of the Eulet-Bernoulli theory. Discrepan-
cies were greatest close to higher oscillations
tepresenting reflected wave fronts. The results
may be applicable to sonic boom problems and
problems in packaging.

Ranganath [84] employed the Timoshenko theory
to salve the problem of transverse impact of an
infinite elastic beam by a semi-infinite elastic
rod. The hyperbolic equations were solved by
Laplace transformation and compated with ex-
perimental data and a second theoretical solution
obtained by a finite diffetence technique. Both
theotretical tesults correlated closely with ob-
setved data; the finite difference method was in
better agreement. LCiscrepancies at initial times
and at stations close to the point of impact were
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reflected in oscillations at ecarly times. These
discrepancies were not supported by experimental
observations of the strain waves.

Lee and Kolsky [85] based their investigation of
flexural waves generated at the junction of two
non-collinear rods on the Timoshenko theory.
They considered transmitted and reflected flexur-
al waves; the shape of the initial pulse was
assumed as the integral of the difference be-
tween two error functions separated by pulse
length and expressed in an inverted Fourier
cosine transform. Four waves were generated at
the junction: two longitudinal pulses and two
flexural pulses in which both types reflected
back along the first rod and also transmitted into
the second rod inclined at various angles to each

other, The shapes of the four waves were
determined and compared with expetimental
results,

Sagartz and Forrestal [86] compared the Timo-
shenko solution with the Eulet-Bernoulli solution
and with experiments for flexural waves propa-
gating form the clamped end of an impulsively
loaded semi-infinite cantilever beam. The trans-
form method was used to find a salution for the
hyperbolic Timoshenko beam equations. Results
were compared with observed data in which the
input pulse was assumed to have the form of a
sine-squared uniform lateral pressure pulse. The
effects of shear deformation and rotatory inertia
were especially important at the initial time.

Philips and Crowley [87] treated pulse propaga-
tion in a curved beam by the Timoshenko the-
oty. They used the method of characteristics
for the numerical solution. The input pulse was
in the form of a half-sine pulse. Similarities to
the problem investigated by Lee and Kolsky [85]
were pointed out. They concluded that a flexur-
al pulse in a curved beam of moderate curvature
is insensitive to the actual beam curvature inso-
far as bending moment and shear are concerned.
These results are in agreement with conclusions
of Morley [88], who showed that no significant
interaction occurs between extension and flexure
for small curvature,

The accuracy of the results of a two-dimensional
elastic-plastic wave propagation computer code
TOODY have been assessed by comparison with
those based on Timoshenko beam calculations for
an impulsively loaded simply-supported beam
[89]. The transient pulse was a sine-squared
pressure pulse of vety short duration. General
agreement between the two theoretical predic-
tions was good except that higher frequency
oscillations were predicted by TOODY.
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Colton and Herrman [90] used the Timoshenko
beam theoty to calculate beam response before,
during, and after fracture. The method of
characteristics was employed to obtain strain
histories under localized impulsive loading of a
beam of rectangular cross section; three models
of the fracture were postulated. Comparison of
calculated and measured strains showed that a
two-stage fracture model approximated the struc-
tural response. A similar investigation [91]
showed that all fractures wete initiated by bend-
ing stress,

Parker and Neubert [92] obtained the transient
lateral response of a cylindrical rod with free
ends to a short duration half-sine pulse when
either moment or shear was applied to one end.
They used the mode shapes and frequency equa-
tions of Huang [93] as weil as classical separa-
tion of variables. The modal series salutions
involved many modes for the Timoshenko beam
theory with time-dependent boundary conditions.
The theoretical solutions predicted higher peak
values when compared with experimentally ob-
served data [73].

Sun and Huang [94] developed a higher order
finite element of a beam by increasing the nodal
degrees of freedom to three. They tested the
efficiency of the element for impact problems
concerning the response of a simply-supported
beam subjected to a sine pulse and the impact
of a steel sphere on a cantilever beam. Dis-
placement curves and contact force histories
were in good agreement with existing solutions,

Tanaka and Motoyama [95] investigated an infi-
nite circular bar subjected to impulsive bending
load. They used the three-dimensional theory of
elasticity and compared dispersion relations with
those obtained from several approximate theo-
ties. Results of the Timoshenko beam theory
conformed to those of the exact theoty over the
entire region for the first mode and over a
small region of the second mode. Laplace
transforms and Fourier transforms were used in
the analysis. Tanaka and Iwahashi [96] reported
a similar analysis for a bar of rectangular cross
section. The solution was obtained by an ap-
proximate crosswise superposition of two series
solutions, Dispersion curves for the frequency
spectrum of the bending mode were in good
agreement for the fundamental branch when
compared with results of the Timoshenko theory.

A controversial brief note by Nicholson and
Simmonds [97] suggested that, for an elastic
isotropic beam of narrow rectangular cross sec-
tion and clamped at one end, the Timoshenko
beam theory is no more accurate than elemen-
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tary beam theory. This ﬂtovokcd seven discus-
sions [97], all o ich emphasized the

importance of thc Timoshenko theory as a valu-
able engineering tool; the unusual nature of the
example chosen was criticized. It was pointed
out that the Timoshetko beam theory yields
accurate numerical results but is not a consistent
theory from the point of view of asymptotic
theories.

The problems of elastic wave propagation in rods
and beams have been surveyed in many articles
[98]. One survey [99] contains extensive infor-
mation on various types of waves propagated in
tods and beams. Two others [61,100] contain
discussions of the transient wave propagation
problem in beams and rods. Reviews of experi-
mental and theoretical advances in the propaga-
tion of waves in elastic solids ate available
[101,102]. An annotated bibliography has been
published that contains a few recent references
on flexural wave propagation in rods [103],

Detailed treatments of the theory of wave propa-
gation in elastic solids are available in books.
Those by Kolsky [104] and Goldsmith [105] can
be considered standards of the modern history of
elastic waves. A recent revival of interest in
the subject led to the publication of many books
in the 1970s that included comprehensive treat-
ments of wave propagation problems and bibliog-
raphies [1,106,107].

Reasons for interest in this subject during the
last three decades include the rapid development
of computing facilities, the advance of experi-
mental equipment available for producing and
detecting stress waves, and the need for infor-~
mation on the behavior of structures subjected to
impulsive loading. Therte is also an overwhelm-
ing increase in :he literature related to the field
of geophysics and acoustic and electromagnetic
waves,
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BOOK REVIEWS

REVIEW OF NONLINEAR OSCILLATIONS,
DYNAMICAL SYSTEMS, AND BIFURCATIONS
OF VECTOR FIELDS

J. Guckenheimer and P. Holmes
Springer Verlag, Inc., New York, NY
1983, 453 pages, §32.00

Indicative of the backgtound necessaty to read
this book are the review topics presented in
Chapter One: theorems on existence and unique-
ness of solutions to ordinaty differential equa-
tions; stability theory, including Liapunov
methods; the concepts of a flow and an invariant
subspace; lincar, nonlinear, and Poincare maps;
Floquet theoty; and attracting and repelling sets,
Clearly this is no book for the novice. 1 sus-
pect that the average engineer will find the
going tough, On the other hand, he or she will
be richly rewarded. This book offers a unique
blend of absttact theory and concrete physical
examples and details about 2 variety of phenom-
ena,

A goal of Chapter Two is to illustrate bifurca-
tions, chaotic motion, and strange attractors. It
opens with a study of Van der Pol's equation.
For weak nonlinearities the method of averaging
is used to show the existence of limit cycles.
Relaxation oscillations are exhibited for a strong
nonlinearity. Phase-locking and entrainment are
shown for forced motions, and an exhaustive
catalog of the various types of bifurcations that
can occur is given, Representations, or orbits,
of maps as symbol sequences -- known as
symbolic dynamics -- are briefly illustrated.
Results on the Duffing equation are discussed
and include those from an experiment on the
electromagnetic forcing of a cantilever beam.
The chapter closes with additional illustrations of
the Lorenz equations and the dynamics of a
bouncing ball.

Chapter Three is analytical in nature and is
devoted to the study of local bifurcations; spe-
cial attention is given to the examples in Chap-
ter Two. Sadde-Node, transcritical, pitchfork,
and Hopf bifurcation arc examined and illus-
trated. The theme of Chapter Four is the
geometrical interpretation and elaboration of
some standard approximation techniques. Consid-
erable space is devoted tu the method of averag-
ing and to Melnikov's method.
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Chapter Five is very technical. Introductory
remarks can be paraphrased as follows: a
description is given of both the irregular charac-
ter of individual solutions and the complicated
geometric structures associated with their limiting
behavior, The principal technique used is
symbolic dynamics, the theory of which is not
systematically introduced. Instead, some of the
major results are stated. The solving of specific
problems is achieved through numerical or per-
turbation methods, followed by the methods of
this chapter.

Chapters Six and Seven describe global bifurca-
tions. To quote from the preface .. "We discuss
global homoclinic and hetetoclinic bifurcations,
bifutrcations of one-dimensional maps ... in our
discussion of global bifurcations of two-dimen-
sional maps and with hyperbolic sets, we arrive
squarely at one of the present frontiers of the
field. V/e argue that ... the behavior of two-
dimensional diffeomorphisms ... is still incom-
pletely understood. In the final chapter we show
hew global bifurcations ... reappear in degenerate
local bifurcations, and we end with several more
models of physical problems which display these
tich and beautiful behaviors",

This book is an absolute must for those inter-
ested in modern theoretical dynamics. However,
be prepared for a considerable investment of
time in order to digest the material.

R.A. Scott
Dept. of Mech., Enginecering
and Applied Mechanics
University of Michigan
Ann Arbor, Michigan 48109-2121

MASCHINENDYNAMIK

E. Kramer
Springer Verlag, New York, NY
1984, 362 pages, DM 118 (in German)

The author states that the book is written first
of all for the practitioner with a technical
university level background in mechanics and
mathematics. The book is intended to enable the
tcader to represent complex systems by simple
mathematical models for preliminary analysis
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and to use computer programs correctly and
sensibly, The latter requires, according to the
author, a thorough understanding of the me-
chanics and mathematics contained in the
programs,

The book is concerned with vibration analysis
of machines represented by linear models. The
following topics are covered in the chapters:
kinematics of free vibration and plane motion;
mathematical models of eclements with axial,
flexural, and torsional deformations and springs
for vibration insolation; models for viscous,

Coulomb, and material damping; mass geome-
try; principles of kenetics; vibration of single-
degree-of-freedom systems;

matrix analysis of

sttuctures; vibration of multi-degree-of-freedom
systems; dynamics of structures represented as
discrete models; vibration of one-dimensional
continua; and random vibrations,

The book is well written. However, it lacks
numerical methods -- ec.g., for the solution of
cigenproblems and equations of motion by
direct integration -- used in computer analysis.

S.M. Holzer

Dept. of Civil Engineering

Virginia Polytechnic Institute and
State University

Blacksburg, VA 24061
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SHORT COURSES

JUNE machinery monitoring. Subjects covered in the
seminar include troubleshooting, calibration and
maintenance of monitoring systems, and the
applications and installation of displacement,

VIBRATION AND SHOCK SURVIVABILITY, velocity, and acceleration transducers,
TBSTING, MEASUREMENT, ANALYSIS, AND

L At A n K A A A A A Emm—i A _»

CALIBRATION Contact: Bently Nevada's Customer Information
Dates: June 2-6, 1986 Center, P.O. Box 157, Minden, NV 89437 -
Place: Santa Barbara, California 800-227-5514, Ext. 9682,
Dates: August 18-22, 1986
Place: Santa Barbara, California VIBRATION DAMPING SHORT COURSE
3 Dates: October 6-10, 1986 Dates: June 16-19, 1986
‘_ Place: Boston, Massachusetts Place: Dayton, Ohio
b Dates: November 3-7, 1986 Objective: The science of applying viscoelastic
M Place: Orlando, Florida damping technology to reduce strtuctural vibration
-&. Objective: Topics to be covered are resonance and noise has become well developed and suc-
Z and fragility phenomena, and environmental cessfully demonstrated in recent years. This
] vibration and shock measurement and analysis; course gives the participant an understanding of

also vibration and shock environmental testing to  the principles of vibration damping technology

prove sutrvivability, This course will concentrate necessary for the successful application. Topics

upon equipments and techniques, rather than upon included are: damping fundamentals, damping

mathematics and theory. behavior of materials, layered damping treat-
ments, tuned dampers, finite element techniques,

Contact: Wayne Tustin, 22 East Los Olivos case histories, problem solving sessions.

Street, Santa Barbara, CA 93105 - (805) 682-

( 7171, Contact: Michael L. Drake, The University of

Dayton Research Institute, 300 College Park

Avenue, Dayton, Ohio 45469 - (513) 229-2644.

L DL

. VIBRATION CONTROL
75 Dates: June 9-13, 1986

Place: San Diego, CA MACHINERY DIAGNOSTICS
‘ Objective: Participants in this course should Dates: June 16-20, 1986
) leave with an understanding of the options avail- Place: Carson City, Nevada
i able for vibration control, including general Dates: June 24-27, 1986
. design considerations and such control techniques Place: Denver, Colorado
e as isolation and damping. Lectures provide a Objective: This seminar instructs rotating ma-
:: sound review of vibration theory and develop the chinery users on transducer fundamentals, the use
o principles of vibration isolation and damping as of basic diagnostic techniques, and interpreting
! they apply to particular design problems. Exam-  industry-accepted vibration data formats to diag-
. ples and case histories are used to illustrate nose common rotating machinery malfunctions,
- design approaches; participants can solve prob- The seminar includes class demonstrations, case
X lems during wotkshops. histories, and a hands-on wotkshop that allows

[
N

patticipants to diagnose malfunctions on demon-

e Contact: Dr. Ronald L. Eshleman, Director, The strator rotor systems.

0 Vibration Institute, 101 West 55th Street, Suite

¥ 206, Clarendon Hills, IL 60514 - (312) 654-2254. Contact: Bendy Nevada's Customer Information
= Center, P.O. Box 157, Minden, NV 89437 -

800-227-5514, Ext. 9682.

MACHINERY MONITORING

Dates: June 10-12, 1986
Place: Anaheim, California DYNAMIC BALANCING

Objective: The seminar focuses on the princi- Dates: June 18-19, 1986
ples of vibtation measurement for rotating Place: Columbus, Ohio
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Objective: Balancing experts will contribute a
series of lectures on field balancing and balanc-
ing machines. Subjects include: field balancing
methods; single, two and multi-plane balancing
techniques; balancing tolerances and correction
methods, The latest in-place balancing tech-
niques will be demonstrated and used in the
workshops. Balancing machines equipped with
mictoprocessor insttumentation will also be
demonstrated in the workshop sessions, where
ecach student will be involved in hands-on prob-
lem-solving using actual armatures, pump impel-
lers, tutbine wheels, etc., with emphasis on
reducing costs and improving quality in balancing
operations,

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

JULY

FLOW-INDUCED OSCILLATIONS IN ENGINEER-
ING SYSTEMS

Dates: July 1-2, 1986

Place: Bethlehem, Pennsylvania

Objective: The aim of this course is to provide
the practicing engineer with a means of identifi-
cation and assessment of the crucial flow
mechanisms and flow-structure interactions lead-
ing to vibration and noise. Throughout the
course, emphasis will be given to physical and
practical interpretation of the common features
of problems occurring in mechanical-, aero-
space-, hydraulic-, and wind-engineering areas.
The course wili concentrate on the physical
principles of identification, analysis, and attenua-
tion (or cure) of oscillations, followed by practi-
cal case studies, during which the instructor will
cover examples from a variety of applications.

Contact: Dr. James Brown, Lehigh Director of
Continuing Education, Office of Continuing
Education, 219 Warten Square, Lehigh University,
Bethlehem, PA 18015 - (215) 861-3934.

VIBRATION DAMPING TECHNOLOGY

Dates: July 14-17, 1986

Place: Montreal, Canada

Dates: September 15-19, 1986

Place: Dayton, Ohio

Dates: January, 1987

Place: Clearwater, Florida

Objective: Basics of theory and application of
viscoelastic and other damping techniques for

s P L UM WUN LU N W EWN FNEFEAMANARFRURERTFTE T TS

vibration control. The courses will concentrate
on behavior of damping materials and their
effect on response of damped systems, linear and
nonlinear, and emphasize learning through small
group exetcises. Attendance will be sticdy
limited to ensure individual attention,

Contact: David 1. Jones, Damping Technology
Information Services, Box 565, Centerville Branch

USPO, Dayton, OH 45459-9998 - (513) 434-6893.

FINITE ELEMENTS IN MECHANICAL AND
STRUCTURAL DESIGN A: LINEAR STATIC
ANALYSIS

Dates: July 14-18, 1986

Place: Ann Arbor, Michigan

Objective:  Presents energy formulation and
modeling concepts. For engineers tequiring
stress, strain and displacement information,
Attendees use personal computers to develop
models of several problems and use MSC/-
NASTRAN in laboratory sessions. No previous
finite element experience is required,

Contact: William J. Andetson, Engineering
Summer Conferences, 200 Chrysler Center,
North Campus, The University of Michigan, Ann
Arbor, MI 48109 - (313) 764-8490

MODAL TESTING OF MACHINES AND STRUC-
TURES

Dates: July 14-18, 1986

Place: Rindge, New Hampshire

Objective: Vibration testing and analysis asso-
cisted with machines and structures will be
discussed in detail. Practical examples will be
given to illustrate important concepts. Theory
and test philosophy of modal techniques, meth-
ods for mobility measutements, methods for
analy zing mobility data, mathematical modeling
from mobility data, and applications of modal
test results will be presented.

Contact: Dr. Ronald L. Eshleman, Director,
The Vibration Institute, 101 West 55th Street,
Suite 206, Clarendon Hills, IL 60514 - (312)
654-2254.

ROTOR DYNAMICS

Dates: July 14-18, 1986

Place: Rindge, New Hampshire

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 measurement, analytical, and
computational techniqucs will be presented. The
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computation and measurement of critical speeds FINITE ELEMENTS IN MECHANICAL AND

vibration response, and stability of rotor/bearing STRUCTURAL DESIGN C: DESIGN SENSI

systems will be discussed in detail., Finite TIVITIBS, CYCLIC SYMMETRY AND DMAP

elements and transfer matrix modeling will be Dates: July Z8-August 1, 1986

related to computation on mainframe comput- Place: Ann Arbor, Michigan

ers, minicomputers, and microprocessors. Objective: Presents the use of design sensitivi-

Modeling and computation of transient rotor ties and optimization (2 days), cyclic symmetry

behavior and nonlinear fluid-film bearing (1 day), DMAP programming (2 days). Atten-

behavior will be described. Sessions will be dees use MSC/NASTRAN to run sample prob-

devoted to flexible rotor balancing including lems in each topic. These methods greatly

turbogenerator rotors, bow behavior, squeeze- enhance the productivity and are now becoming

film dampers for turbomachinery, advanced widely used.

concepts in troubleshooting and instrumentation,

and case histories involving the power and Contact: William ]. Anderson, Engineering

petrochemical industries. Summer Conferences, 200 Chrysler Center,
North Campus, The University of Michigan, Ann

Contact: Dr. Ronald L. Eshleman, Director, Atbor, MI 48109 - (313) 764-8490.

The Vibration Institute, 101 West 55h Street,

Suite 206, Clarendon Hills, IL 60514 - (312)

654-2254,

AUGUST

ADVANCED TECHNIQUES FOR NOISE CON- DBSIGN AND ANALYSIS OF ENGINEERING

¢ ) S A X W N R A e aEmemT K 2 X w & w .

TROL BXPERIMENTS
Dates: July 17-19, 1986 Dates: August 4-15, 1986
Place: Cambridge, Massachusetts Place: Ann Arbor, Michigan

Objective: Among the topics to be covered are Objective: Recent developments in the field of
modern instrumentation for noise control, modal testing, methods for designing experiments,

= analysis, sound intensity applications, active interpretation of test data, and better utilization

I techniques for noise control, structural and of the existing data. Design of experiments
vibration transmission, and airport noise and with a small number of test pieces or runs with

B monitoring systems. high dispersion is emphasized. Obtaining

o maximum information from limited test data is

- Contact: Institute of Noise Control Engineer-  stressed.

i ing, P.O. Box 3206 Arlington Branch, Pough-

N keepsie, NY 12603, Contact: William J. Anderson, Engineering

l Summer Conferences, 200 Chrysler Center,

G North Campus, The University of Michigan, Ann

- Arbor, MI 48109 - (313) 764-8490.

3

FINITE ELEMENTS IN MECHANICAL AMD MACHINERY VIBRATION ANALYSE I
STRUCTURAL DESIGN B: DYNAMIC AND  Dates: August 19-22, 1986

NONLINEAR ANALYSIS Place: New Orleans, Louisiana

, Dates: July 21-25, 1986 Dates: November 11-14, 1986
Place: Ann Atbor, Michigan Place: Chicago, Llinois
. Objective: Covers vibration, material nonlin- Objective: This course emphasizes the role of
earities, and geometric nonlinearities. Includes vibrations in mechanical equipment instrumenta-
% normal modes, transient response, Euler buck- tion for vibration measurement, techniques for
"« ling, and heat conduction. Attendees use per-  vibration analysis and control, and vibration
® sonal computers to develop models of several correction and criteria. Examples and case his-
o problems and use MSC/NASTRAN in laboratory tories from actual vibration problems in the
v sessions. petroleum, process, chemical, power, paper, and
v pharmaceutical industries are used to illustrate
Contact: William ]J. Anderson, Engineering techniques, Participants have the opportunity to
5 Summer Conferences, 200 Chrysler Center, become familiar with these techniques during
‘_;' North Campus, The University of Michigan, Ann  the workshops. Lecture topics include: spec-
! Arbor, MI 48109 - (313) 764-8490 trum, time domain, modal, and otbital analysis;
g
-
2
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determination of natural frequency, rescnance,
and critical speed; vibration analysis of specific
mechanical components, equipment, and equip-
ment trains; identification of machine forces
and frequencies; basic rotor dynamics including
fluid-film bearing characteristics, instabilities,
and response to mass unbalance; vibration cot-
rection including balancing; vibration control
including isolation and damping of installed
equipment; selection and use of instrumentation;
equipment evaluation techniques; shop testing;
and plant predictive and preventive mainte-
nance. This coutse will be of interest to plant
engineers and technicians who must identify and
correct faults in machinery.

Contact: Dr. Ronald L. Eshleman, Ditector,
The Vibration Institute, 101 West S5h Street,
Suite 206, Clarendon Hills, IL 60514 - (312)
654-2254.

VIBRATIONS OF RECIPROCATING MACHIN-
BRY

Dates: August 19-22, 1986

Place: New Orleans, Louisiana

Objective: This course on vibrations of reci-

ptocating machinery includes piping and founda-
tions. Equipment that will be addressed includes
teciprocating compressors and pumps as well as
engines of all types. Engineering problems will
be discussed from the point of view of compu-
tation and measurement. Basic pulsation theory
--including pulsations in reciprocating compres-
sors and piping systems -- will be described.
Acoustic resonance phenomena and digical
acoustic simulation in piping will be reviewed.
Calculations of piping vibration and stress will
be illustrated with examples and case histories,
Torsional vibrations of systems containing en-
gines and pumps, compressors, and generators,
including gearboxes and fluid dtives, will be
covered. Factors that should be considered
during the design and analysis of foundations
for engines and compressors will be discussed.
Practical aspects of the vibrations of reciproca-
ting machinery will be emphasized. Case histo-
ries and examples will be presented to illustrate
techniques.

Contact: Dr. Ronald L. Eshleman, Ditector,
The Vibration Institute, 101 West 55th Street,
Suite 206, Clarendon Hills, IL 60514 - (312)
654-2254.
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news on current

N Ews B R I E FS ® and Future Shock and
= Vibration activities and events

5th INTERNATIONAL MODAL ANALYSIS CONFERENCE AND EXHIBITS
IMPERJAL COLLEGE OF SCIENCE & TECHNOLOGY
LONDON, ENGLAND
APRIL 69, 1987

Sponsored by: Union College
Schenectady, New York

In cooperation with: Imperial College of Science & Technology
London, England

Papers are sought on the following topics:

Mechanical Mobility Design Methods

Modal Test Methods Processing Modal Data
Analytical Methods Noise/Acoustics

Finite Element Analysis Machinery Diagnostics
Sttuctural Dynamics Modification Substructuring

Modal Testing Software Transducers

Case Histories Experimental Techniques
Instrum entation Linking Analysis and Test
Computer Graphics Seismic

Rotating Machinery Modeling

Vehicular Stress-Strain

Space Structures Others

The purpose of this Conference is to provide an international forum for all those
concerned with the rapidly changing technology of modal analysis. Anyone inter-
ested in the dynamic behavior of mechanical structures will not want to miss this

opportunity for technical interchange.
For further information contact:

Dominick J. DeMichele

Union College

Graduate & Continuing Studies
Wells House -~ 1 Union Avenue
Schenectady, New York 12308-2363
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AVAILABILITY OF PUBLICATIONS ABSTRACTED

None of the publications are available at SVIC or at the Vibration Institute, except
those generated by either organization.

Periodical articles, socicty papers, and papers presemted at conferences may be
obtained at the Engincering Societies Library, 345 East 47th Street, New York, NY
10017; or Library of Congress, Washington, D.C., when not available in local or

company libraries.

Government reports may be purchased from National Technical Information Service,
Springfield, VA 22161. They are identified at the end of bibliographic citation by
an NTIS order number with prefixes such as AD, N, NTIS, PB, DE, NUREG, DOE,

and ERATL.

Ph.D. dissertations are identified by a DA order number and are available from
University Microfilms International, Dissertation Copies, P.O, Box 1764, Ann Atbor,

MI 48108.

U.S. pstents and patent spplications may be ordered by patent or patent application
number from Commissioner of Patents, Washington, D.C. 20231.

Chinese publications, identified by a CSTA order number, are available in Chinese
or English translation from International Information Service, Ltd,, P.O. Box 24683,

ABD Post Office, Hong Kong.

Institution of Mechanical Engineers publications are available in US.: SAE Cus-
tomer Service, Dept. 676, 400 Commonwealth Drive, Warrendale, PA 15096, by
quoting the SAE-MEP numbet.

When ordering, the pertinent otder number should always be included, pot the
DIGEST abstract number,

A List of Periodicals Scanned is published in issues, 1, 6, and 12.
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MECHANICAL SYSTEMS

ROTATING MACHINES

86-943

Estimating the Severity of Synchromous and
Subsynchronous Shaft Vibration Within Fluid-Film
Journal Bearings

J.D. McHugh

General Electric Company, Schenectady, New
York

Vibrations, 1 (1), pp 48 (Junc 1985) 9 figs, 4
refs

KEY WORDS: Shafts, Synchronous vibration,
Subsynchronous vibration, Vibration severity,
Fluid-film bearings

Until now litde information has been available
for judging the degree of severity of shaft vibra-
tion within fluid-film bearings. This paper
describes a method for estimating machine shaft
vibration amplitude using basic bearing parame-
ters -- provided vibration in the casing is not the
predominant vibratory motion.

86-944

Coupled Torsional and Transverse Vibration of
Unbalanced Rotor

R. Cohen, 1. Porat

Technion-Istael Institute of Technology, Haifa,
Istael

J. Appl. Mech., Trans. ASME, 52 (3), pp 701-705
(Sept 1985) 4 figs, 1 table, 10 refs

KEY WORDS: Rotors, Unbalanced mass response,
Torsional vibrations, Flexural vibrations, Coupled
response

A model of an unbalanced rotor, driven by a
torsion-flexible shaft through a constant velocity
joint, is used to investigate the combination-reso-
nance effect in coupled torsional-transverse
vibration. Analysis of the nonlinear equations of
motion by an asymptotic method yields the insta-
bility zones of the system. Results are in very
good agreement with those obtained by direct
numerical solution of the equations of motion.

86-945
DEAN: A Program for Dynamic Engine Analysis
G.G. Sadler, K.]. Melcher

NASA Lewis Res. Ctr,, Cleveland, OH
Rept. No. E-3588, NASA-TM-87033, 18 pp (1985)
N85-28945/2/GAR

KEY WORDS: Turbofan engines, Computer pro-
grams

The Dynamic Engine Analysis program, DEAN, is
a FORTRAN code implemented on the IBM/370
mainframe for digital simulation of turbofan
engine dynamics. DEAN is an intetractive pro-
gram which allows the user to simulate engine
subsystems as well as a full engine systems.
Following the transient run, versatile graphics
capabilities allow close examination of the data.
DEAN's modeling ptocedure and capabilities are
demonsttated by generating a model of simple
compressor frig.

86-946

Antivibration of Horizoatal Precessional Centrifu-
ges

Lu Shoudao

Beijing Institute of Light Industry

Dynamics of Machine Foundations, Proc. of
Symp. Bucharest, Romania, pp 45-48 (Oct 22-24,
1985) 2 figs, 4 refs. AVAIL: Institutul Politehnic
Bucuresti, Catedra de Rezistenta Materialelor,
Splaiul Independentei 313, 79590 Bucurest,
Romania

KEY WORDS: Centrifuges, Vibration control

Precessional centrifuges are quite different in
principle from other kinds of centrifuges. The
drum of a precessional centrifuge rotates about a
fixed point rather than about a fixed axis.
Antivibration aspects of horizontal precessional
centrifuges are discussed.

RECIPROCATING MACHINES

86-947

Totque on the Swashplate of an Axial Piston
Pump

G. Zeiger, A, Akers

Iowa State Univ.,, Ames, IA

J. Dynam. Syst.,, Meas. Control, Trans. ASME,
107 (3), pp 220-226 (Sept 1985) 15 figs, 5 refs

KEY WORDS: Pumps, Pistons, Torque, Equations
of motion
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As part of a study involving methods of control
of an axial piston pump, it is required to obtain
linear or lincarized equations of motion of the
system's states, The torque imposed on the plate
by the pumping action of the pistons is the most
important term in the equation of motion of the

swashplate. Mathematical equations describing
swashplate torque are derived from general hy-
draulic and mechanical considerations given in
this paper. Results of predictions made by the
model are presented and comparted with some
experimental data provided by Sundstrand. An
indication is also given as to changed in torque
resulting from wvariation in swashplate angular
velocity and timing position of the valve plate.

POWER TRANSMISSION SYSTEMS

86948

Analysis of Three-Dimensional Cutting Process
Dynamics

X.G. Yang, K.F. Eman, S.M, Wu

Univ. of Wisconsin-Madison, Madison, WI

J. Engrg. Indus., Trans, ASME, 107 (4), pp
336-342 (Nov 1985) 6 figs, 17 refs

KEY WORDS: Cutting

A new experimental method for three-dimen-
sional cutting analysis based on times series
models and the Dynamic Data System Methodol-
ogy is introduced. Its theoretical formulation
allows the treatment of both orthogonal and
three-dimensional cutting without any additional
complexity. Furthermore, it facilitates an easy
explanation and proof of the independent of the
inner and outer modulation effects and the use
of a simple experimental setup. It is shown that
the overall transfer matrix of the three-dimen-
sional cutting process relating the force and
relative displacement components can be identi-
fied in a single experiment. Based on the
proposed theoretical models of the cutting pro-
cess, experimental procedures and methods were
proposed and used in actual cutting. The ob-
tained results confirmed the theoretical expecta-

tions,

86-949
An Integrated Machining Process Design Simula-
tor for the Optimal Design of Face Milling
Systems

S.J. Lee, S.G. Kapoor,

R.E. DeVor
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Univ. of Illinois, Urbana, IL
J. Engrg. Indus., Trans., ASME, 107 (4), pp
301-308 (Nov 1985) 6 figs, 4 tables, 24 refs

KEY WORDS: Machining, Simulation

An Integrated Machining Process Design Simula-
tor is developed and applied as a gencral tool
for the design of face n.lling systems., The
simulator includes four modules to accommodate
the important factors that affect face milling
operations. The design variables, constraints, and
objective function of the entire system include
structural element size, shape, and weight, cut-
ting forces and vibrations, Machinability meas-
ure including tool life, metal removal rate, and
surface finish are given. Several examples are
included to demonstrate the capability.

MATERIALS HANDLING EQUIPMENT

86-950

Modeling and Control of a Rotary Crane

Y. Sakawa, A. Nakazumi

Osaka Univ., Toyonaka, Osaka, Japan

J. Dynam. Syst.,, Meas. Control, Trans. ASME,
107 (3), pp 200-206 (Sept 1985) 6 figs, 5 refs
(hoists), Mathematical

KEY WORDS: Cranes

models

In this paper a dynamical model for the control
of a rotary crane, which makes three kinds of
motion simultaneously is derived. The results of
computer simulation prove that the open-loop
plus feedback control scheme works well,

STRUCTURAL SYSTEMS

BRIDGES

86-951

Ambient Vibration Studies
Bridge: I. Suspended Structure
A.M. Abdel-Ghaffar, R.H. Scanlan

Princeton Univ., Princeton, NJ

ASCE J. Engrg. Mech., 111 (4), pp 463-482 (Apr
1985) 12 figs, 10 tables, 10 refs

of Golden Gate

KEY WORDS: Suspension bridges, Expermmental

data




Extensive experimental investigations were con-
ducted on the Golden Gate Bridge in San Fran-
cisco, California, to deter nine, using ambient
vibration data, parameters of major interest in
both wind and earthquake problems, ..:h as
effective damping, the three-dimensional mode
shapes, and the associated frequencies of the
bridge vibration. The paper deals with the tests
that involved the simultaneous measurement of
vertical, lateral, and longitudinal vibrai.»n of
the suspended structure; a subsequent paper
addresses the measurement of tower vibration,
Measurements were made at selected points on
different cross sections of the stiffening struc-
ture: 12 were on the main span and 6 on the
sidespan. Goodmodal identificationwas achieved
by special deployment and orientation of the
motion-sensing accelerometers and by summing
and subttacting records to identify and c¢nhance
vertical, torsional, lateral, and longitudinal vibra-
tional modes. In all, 91 modal frequencies and
modal displacement shapes of the suspended span
were recovered: 20 vertical, 18 torsional, 33
lateral, and 20 longitudinal, all in the frequency
range 0.,0-1.5 Hz, These numbers include
symmetric and antisymmetric modes of vibration,
Finally, comparison with previously computed
two- and three-dimensional mode shapes and
frequencies shows good agreement with the ex-
perimental results, thus confirming both the
accuracy of the expetimental determination and
the reliability of the methods of computation,

86-952

Ambient Vibration Studies of Golden Gatc
Bridge: IL Pier-Tower Structure

A .M. Abdel-Ghaffar, R.H., Scanlan

Princeton Univ., Princeton, N]J

ASCE ]. Engrg. Mech., 111 (4), pp 483-499 (Apr
1985) 15 figs, 6 tables, 9 refs

KEY WORDS: Suspension bridges,
coefficients, Experimental data

Damping

Dynamic characteristics such as natural frequen-
cies, mode shapes, and damping ratios of the
Golden Gate Bridge tower were determined using
ambient vibration data. The ambient vibration
tests involved the simultaneous measurement of
longitudinal and lateral vibrations of the main
tower. Measurements were made at different
elevations of the tower and on the pier, at a
total of 10 stations.

86-953
Analysis of the Observed Earthquake Response of
a Multiple Span Bridge
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Pasadena
171 pp (1984) PB85-

California Inst, of Tech.,
Rept. No. EERL-84-1,
240505/GAR

KEY WORDS:
domain method

Bridges, Seismic response, Time

The structure studies, the San Juan Bautista
156/101 Separation Bridge, is typical of many
highway bridges in seismic regions of the United
States. A time-domain technique of system
identification is used to determine linear models
which can closely replicate the observed bridge
response. A three-dimensional finite element
model which includes soil-structure interaction
predicts several important features of the dy-
namic response of the bridge.

BUILDINGS

86-954

Alternative Reference Curves for Evaluation of
the Impact Sound Insulation Between Dwellings
K. Bodlund

National Testing Institute, Boris, Sweden

J. Sound Vib,, 102 (3), pp 381-402 (Oct 8, 1985)
13 figs, 21 refs

KEY WORDS: Buildings, Acoustic insulation

A survey of the sound insulation between modern
Swedish dwellings was made by the National
Testing Institute in 1983, This survey comprised
measurements and interviews with tenants 'n
eight housing areas. A discussion about how to
measure and evaluate the impact sound insulation
of floors was published. A good correlation was
revealed betwcen the mean impact sound index
(determined by ISO 140 and 717) and the corre-
sponding subjective mean score of each housing
area and party construction. There were also
indications ahout how to improve the method of
detiving the impact sound index.

86955

Wind-Induced Fatigue on Low Mectal Buildings
B.A, Lynn, T. Stathopoulos

Concordia Univ., Montreal, Canada

ASCE J. Steuc. Engrg., 111 (4), pp 826-839 (Apr
1985) 8 figs, 13 refs

KEY WORDS: Buildings, Wind-induced excitation,

J.C. Wilson Fatigue life
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Presendy, fatigue is not considered a critical
design factor for low metal buildings exposed to
severe wind storms. Fatigue, however, has been
shown to be the only possible cause of several
roof failures, which occurred during cyclones. A
simple approach for the evaluation of wind-
induced fatigue on low buildings is presented.

86-956

Control of Lateral-Torsional Motion of Wind-
Excited Buildings

B. Samali, J.N, Yang, C.T. Yeh

George Washington Univ., Washington, DC
ASCE J. Engrg. Mech., 111 (6), pp 777-796 (June
1985) 13 figs, 1 table, 26 refs

KEY WORDS: Multistory buildings, Wind-induced
excitation, Turbulence, Active damping

An investigation is made of the possible applica-
tion of an active mass damper control system to
tall buildings excited by strong wind turbulence.
The effectiveness of active control system, as
measured by the reduction of the coupled lat-
eral-torsional motion of tall buildings is studied.
The wind turbulence is modeled as a stochastic
process that is stationary in time but non-homo-
geneous in space. A numerical example of a
forty-story building under strong wind excitations
is given to illustrate the significant reduction of
the building acceleration response by use of an
active mass damper control system.

86-957

Dynamic Response of Tall Building to Wind
Excitation

M.A.M. Torkamani, E. Pramono

Univ. of Pittsburgh, Pittsburgh, PA

ASCE ]. Suuc. Engrg., 111 (4), pp 805-825 (Apr
1985) 7 figs, 16 refs

KEY WORDS: Buildings, Wind-induced excitation,
Torsional response

This paper investigates the dynamic responses of
tall buildings subject to wind loading. One of
the objectives of this research is to study the
importance of the torsional dynamic response,
coupled with translational tesponses.  Finite
element modeling is used to assemble the stff-
ness matrix of the structure. Torsional degrees
of freedom are considered in the stiffness
formulation of elements and systems. Aerody-
namic forces on a tall building are calculated
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assuming a deterministic, pseudo-turbulent ap-
proach, These aero-dynamic forces are distrib-
uted over the height of the building. The
equivalent concentrated aerodynamic loads, acting
at each floor level are calculated using the
principle of virtual displacements. One compara-
tive study has been made between the finite
element model and an equivalent continuous
cantilever beam model. A second comparative
study is between nonlinear and linear models.
The results are presented as response spectra for
different gust frequencies.

86-958

Torsional Instability in Hysteretic Structures
O.A. Pckau, P.K. Syamal

Concordia Univ., Montreal, Quebec, Canada
ASCE ], Engrg. Mech,, 111 (4), pp 512-528 (Apr
1985) 11 figs, 12 refs

KEY WORDS: Buildings, Hysteretic damping,
Torsional response, Seismic excitation

The occurrence of inelastic instability in the
response of idealized eccentric building struc-
tures exhibiting various forms of bilinear hys-
teretic  behavior is  investigated. The
Kryloff-Bogoliubof f method of averaging provides
the response to harmonic ground excitation, with
results examined in amplitude-frequency parame-
ter space.

86-959

System Identification of Hysteretic Structuzes
A.O. Cifuentes

California Inst. of Tech., Pasadena, CA

Rept. No. EERL-84-4, 170 pp (1985) PB85-
240489/GAR

KEY WORDS: Buildings, Hysteretic damping,
Reinforced concrete, Seismic response, System
identific ation techniques

The thesis is concerned with the e¢arthquake
response of hysteretic structures subjected to
strong ground acceleration. Several earthquake
records cotrresponding to different insttumented
buildings are analyzed. Based on these observa-
tions, a new model for the dynamic behavior of
reinforced concrete buildings is proposed. In
addition, a suitable system identification algorithm
to be used with this new model is introduced.
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As a consequence, the new algorithm exhibits
significant advantages from a computational point
of view, Some numerical (xamples using actual
earthquake data are discussed.

8$6-960

Seismic Damage Analysis of Reinforced Conceete
Buildings

Young-Ji Park, A.H.-S. Ang, Yi Kwei
Univ, of Illinois, Champaign-Urbana, IL
ASCE ]. Struc, Engrg., 111 (4), pp 740-757 (Apr
1985) 13 figs, 1 table, 30 refs

Wen

KEY WORDS: Buildings, Reinforced concrete,
Seismic response

A method for evaluating structural damage of
reinforced concrete buildings under random
carthquake excitations is proposed. Extensive
damage analysis of SDF systems and typical MDF
reinforced concrete buildings were performed. On
the basis of these results, a simple relationship
between the destructiveness of the ground mo-
tions, expressed in terms of the "characteristic
intensity," and the structural damage, expressed
in terms of the "damage index," is established.
Reinforced concrete buildings that were damaged
during past esrthquakes were used to calibrate
the proposed damage measure; on this basis,
practical limits of structural damage ate defined.

86-961

Mechanistic Seismic Damage Model for Rein-
forced Concrete

Young-Ji Park, A.H.-S. Ang

Univ, of Illinois, Champaign-Urbana, IL

ASCE ], Stuc, Engrg., 111 (4), pp 722-739 (Apr
1985) 19 figs, 31 refs

KEY WORDS: Buildings, Reinforced concrete,
Seismic design

A model for evaluating structural damage in
reinforced concrete structures under earthquake
ground motions is proposed. Damage is ex-
pressed as a linecar function of the maximum
deformation and the effect of repeated cyclic
loading. Available static (monotonic) and dynamic
(cyclic) test data were analyzed to evaluate the
statistics of the appropriate parameters of the
proposed damage model. The uncertainty in the
ultimate sttuctural capacity was also examined.

-.Jn_\

86-962

Simplified Earthquake Analysis of Structures with
Foundation Uplift

A.K, Chopra, S.C.-S. Yim

ASCE ]. Struc. Engerg., 111 (4), pp 906-930 (Apr
1985) 12 figs, 6 refs

KEY WORDS: Buildings, Seismic response

Simplified analysis procedures ate developed to
consider the beneficial effects of foundation-mat
uplift in computing the carthquake response of
structures. They respond essentially as single-
degree-of-freedom systems in their fixed-base
condition. These analysis procedures are pre-
sented for structures attached to a rigid founda-
tion mat. It is supported on rigid foundation soil
ot flexible foundation soil modeled as two
spring-damper elements, Winkler foundation with
distributed spring-damper elements, or a visco-
elastic half-space, In these analysis procedures,
the maximum earthquake-induced base shear and
deformation of an uplifting structure are com-
puted directdly from the earthquake response

spectrum, & is demonstrated that the simplified
analysis procedures provide results for the
maximum base shear and deformation to a

useful degree of accuracy for practical struc-
tural design.

TOWERS

86-963

Seismic Response of Pile Supported Cooling
Towezs

Bor-Jen Lee, P.L. Gould

Satgent & Lundy, Chicago, IL

ASCE ]. Suuc. Engrg., 111 (9), pp 1930-1947
(Sept 1985) 16 figs, 4 tables, 15 refs

KEY WORDS: Cooling towers, Shells, Seismic
response, Pile structures, Soil-structure interaction

An analytical method is developed to determine
the seismic response of rotational shell struc-
tures. Cooling towers, supported by deep foun-
dations in the form of long piles are considered,
The substructure deletion method is employed
through the development of a dynamic boundary
system at the contact area between the super-
sttucture and the substtuctute, A new mathe-
matical formulation compatible with the shell
deformation is developed to deal with the rigid
body motions due to the negation of the fixed
base assumption. Two pile foundation cases are
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considered in order to examine the effect of

soil-pile-structure interaction on the seismic

response of cooling towers,

FOUNDATIONS

86-964

Simple Model for Transient Soil Loading in
BEarthquake Analysis. II. Non-Associstive Models
for Sands

M. Pastor, O.C. Zienkiewicz, K.H. Leung

Univ. of Wales, Swansea, UK

Ind. ]J. Numer. Anal. Methods Geomech., 2 (5),
pp 477-498 (Sept/Oct 1985) 18 figs, 1 table, 45
refs

KEY WORDS: Sand, Soils, Seismic analysis,
Cyclic loading

This paper extends the bounding surface, gener-
alized plasticity and models to reproduce the
behavior of sands under both static and transient
loading.

86-963

New Elements Regarding the Definition of Spring
Constants and the Elastic Coefficients of the
Foundation — Soil Imteraction

Gh. Buzdugan, I Minca

Polytechnic Institute of Bucharest, Romania
Dynamics of Machine Foundations, Proc. of
Symp., Bucharest, Romania, pp 111-125 (Oct
22-24, 1985), 4 figs, 4 refs. AVAIL: Institutul
Politehnic Bucuresti, Catedra de Rezistenta
Materialelor, Spiaiul Independentei 313, 79590
Bucutesti, Romania

KEY WORDS: Soil-foundation interaction, Elastic
properties, Spring constants

The paper outlines the inditect dependence
between the horizontal elastic force and the
rocking elastic couple on one side, and the
foundation base rotation and its horizontal trans-
lation on the other side. The elastic constants
ate defined as well as the elastic coefficients
corresponding to this elastic coupling of the
effects of horizontal translation (sliding) and
rocking, At the same time, the paper presents
new concepts regarding the definition of the
elastic coefficients of uniform compression and
uniform sliding to make them independent on the
contact conditions between foundation and soil.
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86~966

Vibrations in Nonlinear Viscoelastic Soils

D. Bratosin, 1. Vasile

Center of Eatth Physics and Seismology, Bucha-
rest, Romania

Dynamics of Mach, Foundations, Proc. of Symp.
Bucharest, Romania, pp 89-96 (Oct 22-24, 1985)
3 figs, 2 tables, 4 refs. AVAIL: Institutul Poli-
tehnic Bucuresti, Catedra de Rezistenta Materi-
alelor, Splaiul Independentei 313, 79590
Bucuresti, Romania

KEY WORDS: Soils, Viscoelastic media, Har-
monic excitation, Resonant column tests

Considering soils as nonlinear visco-elastic
materials subject to harmonic strain histories,
analytic forms for the strain dependence of the
dynamic moduli and damping of soils are ob-
tained. The parameters of these functions are
obtained from resonant column tests,

86~-967

Dynamic Patameters of Soils by the Resonant
Column Method

Gh, Mirtmreanu, F. St. Balan, E. Cojocaru
Center of Earth Physics and Seismology, Bucha-
rest, Romania

Dynamics of Machine Foundations, Proc. of
Symp. Bucharest, Romania, pp 127-134, (Oct
22-24, 1985) 5 figs, 3 refs, AVAIL: Institutul
Politehnic Bucuresti, Catedra de Rezistenta
Materialelor, Splaiul Independentei 313, 79590
Bucuresti, Romania

KEY WORDS: Soils, Resonant column tests,
Machinery induced vibrations, Seismic excitations

The tesonant column method and the basic prin-
ciples for computing shear, longitudinal (Y oung)
elastic moduli and damping characteristics of
soils in function of deformation state induced
during machine vibrations and strong earthquake
environments are considered. The strong nonlin-
earity dependence between dynamic parameters
of soils and deformation state is emphasized.

86~968

Comparative Response of Alluvium to Hopkinson
Bar and Gas Gun Loading

E.S. Gaffney, J.A. Brown

Los Alamos National Lab., NM

Rept. No. LA-UR-85-2287, CONF-850736-9, 7 pp
(1985) 5 refs, 6 figs, DE85014068/GAR
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KEY WORDS: Soils, Dynamic tests, underground
strtuctures, Explosion effects

Standard explosive techniques used for dynamic
testing of highly dispersive media materials do
not produce data under conditions relevant to
most real applications. Techniques for testing
soils dynamically at strain rates ranging from
sbout 10 exp ? to about 10 exp 4 sec exp-1 in
uniaxial strain using a Hopkinson Bar have been
developed. This admits direct comparison with
data from gas gun tests whete strain rates are in
the range of 10 exp 4 to 10 exp 5 sec exp-1.
This, in turn, permits the separation of inertial
effects from direct strain-rate effects. In order
to assist in evaluation of the results we have
also developed a one dimensional microphysical
model of soil.

86-969

Experimental Values of the Dynamic Coefficients
of Subgrade Reaction

Gh. Buzdugan, I. Minca

Polytechnic Institute of Bucharest, Romania
Dynamics of Mach., Foundations, Proc. Symp.
Bucharest, Romania, pp 97-109 (Oct 22-24, 19 85)
2 figs, 3 tables, 7 refs. AVAIL: Institutul Poli-
tehnic Bucuresti, Catedra de Rezistenta Materi-
alelor, Splaiul Independentei 313, 79590
Bucuresti, Romania

KEY WORDS: Machine foundations, Vibration
tests, Test equipment, Testing techniques, Soil-
foundation interaction

In vibration computation of large machine foun-
dations, placed directly on the ground, it is often
preferred to use the dynamic coefficients of
subgrade reaction measured in-situ by forced
vibration tests on model foolings. The paper
presents the equipment designed to this purpose.
The testing methodology, as well as a synthesis
of the results obtained during the last decade,
are presented.

86970

Random Vibration of Machine Foundations

D. Makovidka

Czech Technical University, Prague, CSSR
Dynamics of Mach. Foundations, Proc. of Symp.
Buchatest, Romania, pp 49-60 (Oct 22-24, 1985)
6 figs, 4 refs. AVAIL: Institutul Politehnic
Bucuresti, Catedra de Rezistenta Materialelor,
Splaiu! Independentei 313, 79590 Bucuresti,
Romania

KEY WORDS: Machine foundations, Natural
frequencies, Time dependent parameters

The stochastic solution of free and forced vibra-
tion of machine foundations enables to determine
the variation of the response characteristics. The
paper deals with the calculation of the eigen-
frequencies and time dependent displacements of
the system with random variable mass and stiff-
ness patameters. The purpose of the study was
the determination of the probability of occurence
of the vibration parameters.

86-971

Soil-Structure Interaction Effects on Dymamic
Characteristics of Machine Foundations

M. Ifrim, F. Macavei, S. Demetriu, I. Vlad
Civil Engineering Institute, Buchatest, Romania
Dynamics of Mach. Foundations, Proc. of Symp.
Bucharest, Romania, pp 335-44 (Oct 22-24, 1985)
5 figs, 4 refs. AVAIL: Instiutul Politehnic
Bucuresti, Catedra de Rezistenta Materialelor,
Splaiul Independentei 313, 79590 Bucurest,
Romania

KEY WORDS: Machine foundations, Soil-structure
interaction

Foundations soil properties are an important
factor in dynamic analysis and design of founda-
tion-machine system. In the paper a comparative
study is performed concetning the effects of
elastic properties of soil on vibration eigen-
modes. An analysis of some elastic support
members (isolators) on proper dynamic character-
istics of the system is also performed.

86-972

Basic Concepts Governing the Romanian Code of
Practice for Machine Foundation Design

V.L Apostolescu

Institute for Nuclear Power Reactors, IRNE,
Bucharest, Romania

Dynamics of Mach. Foundations, Proc. of Symp.
Bucharest, Romania, pp 17-26 (Oct 22-24, 1985)
2 figs, 14 refs. AVAIL: Institutul Politehnic
Bucuresti, Catedra de Rezistenta Materialelor,
Splaiul Independentei 313, 79390 Bucuresd,
Romania

KEY WORDS: Machine foundations, Design
techniques, Standards and codes
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Both theoretical concepts and their consequences.
for practical design are discussed. Emphasis lies
on consistency of the code with the Limit States
structural design method as practiced for static
loads throughout Romania, Some original features
incorporated in the code are outlined and
commented.

86-973

On the Possibility of Tuning the Foundation-
Machine Assembly

M. Plunelcu,V Butuman

Polytechnic Institute "Traian Vuia", Timigoata
Dynamics of Mach, Foundations, Proc. of Symp.
Bucharest, Romania, pp 135-144 (Oct 22-24,
1985) 7 figs, 1 table, 7 refs. AVAIL: Institutul
Politehnic Bucuresti, Catedra de Rezistenta
Materislelor, Splaiul Independentei 313, 79390
Bucuresti Romania

KEY WORDS: Machine foundations, Elastomers,
Vibration isolators, Tuning

The work deals with a new improved technology
used for difficult foundation soils, that can also
be applied for machine-foundations. By means
of this technology, superior elastic and bearing
capacities are reached by foundation soils.

86-974 :

New Aspects Regarding the Design of Machine
Foundations

D. Weiner

Dynamics of Mach, Foundations, Proc. of Symp.
Bucharest, Romania, pp 73-88 (Oct 22-24, 1989)
5 figs, 10 refs. AVAIL: Institutul Politehnic
Bucuresti, Catedra de Rezistenta Materialelor,
Splaiul Independentei 313, 79590 Bucurest,
Romania

KEY WORDS: Machine foundations, Expansion
Joints

Conventional expansion joints have long been
used to combat vibrations in the surroundings.
They can have the opposite effect to normal
experience, this is shown in this paper. It
presents new aspects regarding the design of
foundations for machines generating horizontal
dynamic forces.

86-973

Some Considerations on the Choice of Foundsation
Systems Aimed to Reduce the Dynamic Effects
in Case of Wide-Band Spectrum Actions

H. Sandi
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Building Research Institute - INCERC, Bucharest,
Romania

Dynamics of Machine Foundations, Proc. of
Symp. Bucharest, Romania, pp 61-71 (Oct 22-24,
1985) 2 figs, 6 refs. AVAIL: Institutul Politehnic
Bucuresti, Catedra de Rezistenta Materialelor,
Splaiul Independentei 313, 79590 Bucurest,
Romania

KEY WORDS: Machine foundations, Shakers,
Earthquake simulation

The paper is intended to contribute to the appro-
priste choice of foundation systems aimed to
teduce the dynamic effects in case of wide-band
specteum actions. A typical example is founda-
tions for large shaking tables intended to simu-
late seismic motions, The main technical
criteria to be considered in this field are dis-
cussed. Some specific features of the case of
wide-band spectrum distutbances are considered.
Some basic relations concerning the oscillations
of foundation blocks are presented.

86-976

Coefficienmts of Elasticity for Improving the Soil
by Ballast Plots, Determined in Situ

P. Marin, J. Avram, L. Eugen

Polytechnical Institute "Trian Vuia", Timigoara
Dynamics of Mach. Foundations, Proc. of Symp.
Bucharest Romania, pp 145-152 (Oct 22-24,
1985) 4 figs, 1 table, & refs. AVAIL: Institutul
Politehnic Bucuresti, Catedra de Rezistenta
Materialelor, Splaiul Independentei 313, 79590
Bucuresti, Romania

KEY WORDS: Machine foundations, Elastic
properties

This paper points out an improved solution of a
weak foundation soil with ballast plots for the
foundation execution of two compressors. Vibra-
tion measutements were done in the improved
terrain in order to determine the coefficients of
elasticity,

86-977

Elastic and Inertial Modelling of Reinforced
Concrete-Frame Machine Foundations for Turbo-
genetators and Turbocompressors

M, Ifrim, F. Macavei

Civil Engineering Institute, Buchatest, Romania
Dynamics of Mach. Foundations, Proc. Symp,
Bucharest, Romania, pp 225-236 (Oct 22-24,
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1985) 6 figs, 2 tables, 8 refs. AVAIL: Institutul
Politehnic Bucuresti, Catedra de Rezistenta
Materialelor, Splaiul Independentei 313, 79590
Bucuresti, Romania

KEY WORDS: Machine foundations, Concrete,
Turtbom achinery, Natural frequencies, Mathemati-
cal models

Vibration eigenmodes synthetically characterize
the structure from the dynamic point of view.
They depend on the elastic and inertial charac-
teristics of the machine foundation. Significant
eigenmodes, necessary for the analysis, are
specified by action and response.

86-978

The Effect of Design Parameiers on Forced
Oscillations of Tutbogenerator Supports (BinfluB
von Konstruktionsparametern auf die erzwungenen
Schwingungen von Turbogeneralotr-stindern)

D. Albrecht, W. Krause, W.-D, Kriiger
Ingeniewchochschule Zittau, German Dem. Rep.
Maschinenbautechnik, Berlin 34 (6), pp 271-272
(June 1985) 5 figs, 1 table, 1 bibl (in German)

KEY WORDS: Turbogenerators

Safe operation of turbogenerators requites a
precise knowledge of turbogenerator support
vibration response. Using a double plate model
of a generator support, forced vibration ampli-
tudes of the laminated sheet plate and an elastic
housing are calculated.

86-979

Modelling of Turbo Foundations for Dynamic and
Static Analysis Using Finite Element Programs
V.I. Mastat¥, LAl. Sintu

Institute for Power Studies and Designs, Bucha-
rest, Romania

Dynamics of Mach., Foundations, Proc. Symp.
Bucharest, Romania, pp 269-278 (Oct 22-24,
1985) 3 figs, 1 tef. AVAIL: Institutul Politehnic
Bucuresti, Catedza de Rezistenta Materialelor,
Splaiul Independentei 313, 79590 Bucurest,
Romania

KEY WORDS: Turbogecnerators, Machine founda-
tions, Finite element technique, Seismic design

When analyzing structures by means of programs
based on the finite element method, model selec-
tion is essential for appropriate quality results. In
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the present paper the authors make 1 synthesis
of the conclusions drawn from their ¢ 'n model-
ing activity in connection with stotic an.d dynamic
design of turbine-generator foundations.

86-980

Why the Spring-Supported Foundations are the
Best Ones for the Skoda Turbosets

R. Masopurt, M. David

Energoprojekt, Prague, Czechoslovakia
Cynamics of Mach. Foundations, Proc. Symp.
Bucharest, Romania, pp 257-268 (Oct 22-24,
1985) 8 figs, 8 refs. AVAIL: Institutul Politehnic
Bucuresti, Catedra de Rezistenta Materialelor,
Splaiul Independentei 313, 79590 Bucurest,
Romania

'Y WORDS: Turbomachinery, Machine founda-
.n1s, Spring-supported foundations, Vibration
isolation

The main dynamic advantages of the spring-
supported foundations for the Skoda steam tur-
bosets are briefly described and illustrated.

86-981

Tutbine Foundation with Spring-Supported Upper
Plate Using Vertical Adjustment Devices

S. Tatomir, D, Chitu

Power Studies and Design Institute, Bucharest,
Romania

Dynamics of Mach. Foundations, Proc. Symp.
Bucharest, Romania, pp 279-285 (Oct 22-24,
1985) 3 figs, 5 refs. AVAIL: Institutul Politchnic
Bucuresti, Catedre de Rezistenta Materialelor,
Splaiul Independentei 313, 79590 Bucurest,
Romania

KEY WORDS: Turtbomachinery, Machine founda-
tions, Concrete, Spring-supported foundations

The authors present a foundation solution with a
stiff reinforced concrete upper-plate resting on
springs and having also vertical adjustment
devices to control horizontality for 50 MW tur-
bo-sets of the DSL-50 and DKU-50 types.

HARBORS AND DAMS

86-982

Simplified Earthquake Analysis of Concrete
Gravity Dams: Combined Hydrodynamic and
Foundation Interaction Effects

G, Fenves, A.K. Chopra
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Univ. of Texas, Austin, TX
ASCE ]. Engrg. Mech., 111 (6), pp 736-756 (June
1985) 8 figs, 10 refs

KEY WCRDS: Dams, Seismic analysis

A companion paper presented simplified proce-
dures for earthquake analysis of the fundamental
mode response of concrete gravity dams. Sepa-
cate effects of dam-foundation rock interaction
and dam-water interaction with reservoir bottom
absorption were included, These procedures are
extended to develop a simplified analytical
procedure for evaluation of the response of
concrete gravity dams to earthquake ground
motion. The simultaneous effects of dam-water
interaction, reservoir bottom absorption, and
dam-foundation rock interaction were included.
Expressions for the parameters of an equival-at
SDF system thst models the fundamental mode
response of dams are derived. A procedure to
implement the analytical procedure is outlined,
and an extension to consider the tesponse contri-
butions of the higher vibration modes of the dam
is briefly mentioned,

86-983

Simplified Barthquake Analysis of Concrete
Gravity Dams: Sepacate Hydrodynamic and
Foundation Interaction Bffects

G. Fenves, A.K. Chopra

Univ, of Texas, Austin, TX

ASCE ]. Engtg. Mech., 111 (6), pp 715-735 (June
1985) 12 figs, 20 refs

KEY WORDS: Dams, Seismic analysis

Simplified procedures are presented for the
analysis of the fundamental vibration mode
response of concrete gravity dam systems are
given. Dams with reservoirs of impounded water
supported on rigid foundation rock and dams with
empty reservoirs supported on flexible foundation
rock are included.

86~984

Nonlinear Hysteretic Dynamic Response of Soil
Systems

J.-H. Prevost, A.M. Abdel-Ghaffar, A.-W. M.
Elgamal

Princeton Univ., Princeton, NJ

ASCE ]. Engrg. Mech,, 111 (5), pp 696-713 (May
1985) 13 figs, 28 refs

KEY WORDS: Dams, Hysteretic damping
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A simplified analysis procedure for the nonlineatr
hysteretic dynamic response of soil or structural
systems, or both, is presented. The method is
based on a Galerkin formulation of the equations
of motion in which the solution is expanded using
basis functions defined over the spatial domain
occupied by the soil system.

CONSTRUCTION EQUIPMENT

86-983

Determination of Resonat Weights (Zur Problem-
atik der Bestimmung Mitschwingender Massen)
W. Arnold

Technische Hochschule Otto von Guericke,
Magdeburg

Maschinenbautechnik, 34 (4), pp 170-173 (1985) 6
figs, 13 refs (in German)

KEY WORDS: Compaction equipment, Resonant
response

The size of resonating weights, needed for the
determination of the effect of vibration material
on the dynamic tesponse of compaction equip-~
ment is obtained using a vertically excited vibra-
tion table. Vibraiting material is idealized as a
Voigt body. From these results, the possibilities
and limitation to calculate the dynamic response
from the tesonant weights are obtained.

POWER PLANTS

86-986

Model Predictions of Dynamic Instablity Thresh-
old for Boiling Flow Systems

R.P. Roy, R.C. Dykhuizen, D.M. France, S.P,
Kalra

Arizona State Univ., Tempe, AZ

(Annual Meeting of the American Nuclear Soc.,
Boston, MA, Jun 9, 1985) Rept. No. CONEF-
850610-17, 7 pp (Dec 1984) DE85006833/GAR

KEY WORDS: Nuclear reactors, Fluid-induced
excitation, Frequency domain method, Time
domain method

Boiling flow systems such as boiling water nu-
clear reactors and once-through steam generators
may be susceptible to dynamic instabilities of
various types. The most common among these is
a low frequency (0.1 to 2 Hz, typically) oscilla-

ata
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tory flow instability of the limit-cycle type
termed "density-wave oscillations (DWO)". In the
present paper, two different computer models
have been used to predict DWO threshold power
input for various operating conditions of an
experimental system which features an electri-
cally-heated test section assembly and wateras
the experimental system which features an elec-
trically-heated test section assembly and water as
the experimental fluid, One of the models, a
frequency-domain model, has been in use for
quite some time in the nuclear industry. The
other is an improved version of a time-domain
two-fluid model proposed by us recently.

86-987

Experimental and Analytical Study on Buckling of
Fluid-Coupled Structuzes During a Seismic Load
B. Barthelet, P. Geoffroy, A. Combescure

CEA Centre d'Etudes Nucleaires de Saclay,
Gif-sur Yvette, France

(ASME Pressure Vessel and Piping Conf., San
Antonio, TX, Jun 17, 1984) Rept. No. CEA-
CONEF-7327, CONF-840647-34, 15 pp (Jun 1984)
DE85/51099/GAR

KEY WORDS: Nuclear reactors, Seismic analysis

Seismic analysis of liquid metal fast breeder
reactor is generally made with a linear dynamic
model.

86-988

DYNA3D, INGRID, and TAURUS: An Integrated,
Interactive Software System for Crashworthiness
Engineering

D.]. Benson, ].O. Hallquist, D.W, Stillman
Lawrence Livermore National Lab., CA

(ASME Ind. Computers in Engrg. Conf. and
Exhibition, Boston, MA, Aug 4, 1985) Rept. No,
UCRL-92218, CONF-850862-2, 9 pp (Apr 1985)
DE85010928/GAR

KEY WORDS: Crashworthiness, Nuclear fuel
elements, Radioactive materials, Transportation
effects, Computer programs

An integrated, interactive set of finite element
programs for crashworthiness analysis have been
developed. The heart of the system is
DYNA3D, an explicit, fully vectorized, large
deformation sttuctural dynamics code. DYNA3D
has the following four capabilities that are criti-
cal for the efficient and accurate analysis of
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crashes, Fully nonlinear solid, shell, and beam
clements for representing a structure and a broad
range of constitutive models for representing the
materials are included. Sophisticated contact
algorithms for the impact interactions, and a
rigid body capability to represent the bodies
away from the impact zones at a greatly reduced
cost without sacrificing any accuracy in the
momentum calculations ate also included.

86-989

Handbook of Nuclear Power Plamt Seismic Frag-
ilities: Seismic Safety Margins Research Pro-
gram

L.E. Cover, M.P. Bohn, R.D. Campbell, D.A.
Wesley

Lawrence Livermore National Lab., CA

Rept. No. UCRL-53455, 324 pp (Jun 1985)
NUREG/CR-3558/GAR

KEY WORDS: Nuclear power plants, Nuclear
reaction safety, Seismic response

The goal of the Seismic Safety Margins Research
Program is to develop a complete and fully-
coupled analysis procedure, including methods
and computer codes, for estimating the risk of
carthquake-induced radioactive release from a
commercial nuclear power plant. As part of this
program, calculations of the seismic risk from a
typical commercial nuclear reactor were made.
The teport describes the aevelopment of the
required fragility relations and the data sources
and data reduction techniques upon which they
are based. Both building and component fragil-
ities are covered.

86-990

Flow-Induced Vibration: Guidelines for Design,
Diagnosis, and Troubleshooting of Common
Power Plant Components

M.K. Au-Yang

Babcock & Wilcox, Lynchburg, VA

J. Pressure Vessel Tech., Trans. ASME, 107 (4),
pp 326-334 (Nov 1985) 3 figs, 41 refs

KEY WORDS: Power plants, Fluid-induced exci-
tation, Monitoring techniques, Diagnostic tech-
niques

The different techniques of assessing the flow-
induced vibration problems of common power
plant components are reviewed. The components
are divided into categories of single cylinders,

41

e T A N

=ty B s g P B e L R B

e e e e e b e

W W 1 A wm_ e, -



A Y KX Y., S m—— .

VRV B SR

W

31?"- I'
.

(S

Pt

flat plates, pipes containing flowing fluid, cylin-

drical shells, and the tube banks. The mecha-
nisms considered included turbulent buffeting,
instability, vortex shedding, acoustics, and leak-
age flow-induced vibrations. Fmphasis is placed
on applications to industrial problems,

VEHICLE SYSTEMS

GROUND VEHICLES

86-991

Acrodynamic Forces on Motor Vehicles. 1970~
July 1985 (Citations from the NTIS Data Base)
NTIS, Springfield, VA

165 pp (July 1985) PB85-864601/GAR

KEY WORDS: Ground vehicles, Aerodynamic
loads, Bibliographies

This bibliography contains -~itations concerning
aerodynamic lift, drag, and side forces exerted
on moving motor vehicles. Included are forces
generated on moving motor vehicles by other
vehicles, as in a passing or heavy traffic situa-
tion, Many of the cited references pertain to
drag teduction techniques. Aerodynamic forces
that are investigated include those exerted on the
vehicle body, suspension system, steering and
roadability factors, and on air inlets for the
engine., (This updated bibliography contains 177
citations, 38 of which are new entries to the
previous edition,)

86-992

Dynamics of Steel Elevated Guideways — An
Overview

Subcommittec on Vibration Probleins Associated
with Flexural Members on Transit Systems,
Committee on Flexural Members of the Commit-
tee on the Metals of the Sttuctural Division
ASCE ]J. Struc., Engrg., 111 (9), pp 1873-1898
(Sept 1985) 6 figs, 10 tables, 89 refs

KEY WORDS: Guideways, Reviews

The most significant advances over the last 15
years telative to the dynamic problems of aerial
guideways are summarized. Emphasized are
guideways with steel supporting flexural mem-

42

O AR
SR R R R SRt

AN I T T T I )
RS '('__A_J‘ EC N
E A.‘eh\. RN Gt

bets, designed for the exclusive right-of-way of
a particular type of vehicle. Steel wheel-on-
rail, rubber tire, or air-levitated vchicles are
considered. Nondimensional parameters charac-
terizing guideway-vehicle interactions are cata-
logues and related to recent designs and current
design practice,

SHIPS

86-993

Ductile Fractute of Dynamically Loaded Naval
Structures -- Compact Tension Specimen Tests
and Analyses

E.A. Rasmussen, W.E. Carr, L.N. Gifford
David W. Taylor Naval Ship Res. and Dev. Ctr,,
Bethesda, MD

Rept No. DTNSRDC/84/071, 147 pp (Feb 1985)
AD’-A155 472/4/GAR

KEY WORDS: Ships, Fracture properties

A combined experimental/analytical research
ptogram aimed at extending the static J-integral
to the case of dynamic inelastic fracture is
described. This program was a first step toward
the goal of quantifying the fracture response of
naval structures containing flaws subjected to
dynamic loading. One-inch thick HY-80 base-
plate was used because of its known toughness
and its widespread application in naval struc-
tures, For the experimental work, a drop weight
test fixture was designed that permitted con-
trollable, high rate loading of precracked com-
pact tension specimens. A series of specimens
was tested, and applied load, load point displace-
ments, and back face strains were routinely
measured. For the analytical work, two-dimen-
sional finite element analyses were performed in
conjunction with the experiments in an effort to
further develop analytical techniques for dynamic
fracture problems. The analyses petformed
displayed variable correlation with the experi-
mental results,

AIRCRAFT

86-994
Acoustic Intensity Techniques for Airplane Cabin
Applications

G.A. Dalan, R.L,

Cohen
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Boeing Commercial Aitplane Co., Seattle, WA
J. Aircraft, 22 (10), pp 910-914 (Oct 1985) 8
figs, 1 table, 12 refs

KEY WORDS: Aircraft, Interior noise, Noise
source identification, Acoustic intensity method,
Two microphone technique

A technique to measure surface radiation from
an airplane cabin in flight using a two-taicro-
phone acoustic intensity system is described. The
technique addresses the problems of high back-
ground levels and surface absorption that have in
the past complicated cabin radiation measure-
ments, A bare probe for the reflective sidewall
and ceiling regions and a shielded probe for the
absorptive catpet were used, Laboratory tests
were conducted to establish the accuracy and
toletance to background noise for the flight
measurement system, From these tests the
operating range for cach probe was determined
in terms of the difference in sound pressure and
intensity levels. This difference, called the
signal-to-noise indicator, was used to screen out
flight data saturated by the background field.
From the cabin surveys, several strong radiation
areas, such as the ceiling panel and the air
distribution and air return grills, were measured
quantitatively. Small area sources were distin-
guished from adjacent areas, and other weak
sources were identified.

86-995

Verification of Calculation Methods for Unsteady
Aitloads in the Prediction of Transonic Flutter
R.]. Zwaan

National Aerospace Lab., Amsterdam, the Neth-
erlands

J. Aircraft, 22 (10), pp 833-839 (Oct 1985) 15
figs, 15 refs

KEY WORDS: Aircraft wings, Flutter

Various engineering-type methods to calculate
unsteady airloads on wings in transonic flow
were applied in flutter calculations for a semi-
span flutter model of a supercritical wing.
Verification was performed on the basis of
comparing flutter characteristics, in which spe-
cial attention was given to the prediction of
transonic dips in the flutter boundaries. The
methods were able to produce useful results
when applied complementarily,

86-996
Integrated Damped Fuselage Structure
L.M. Butzel

o S
n,._"- ;\'_ ol '*.‘ S\ \ eiea s R -

Boeing Military Airplane Co., Seaitle, WA
(Vibr. Damping Workshop Proc., Long Beach,
CA, Feb 27-29, 1984, pp QQ-1 - QQ-30,
AD-AA152 347) AD-P004 722/5/GAR

KEY WORDS: Aircraft, Viscoelastic damping,
Design techniques

This presentation describes a program, aimed at
developing design guidelines for viscoelastic
damping applied to skin-stringer-frame type
aerospace structure, Periodic structure type
tesponse models developed as a first part of the
program atre discussed. Two procedures for
assigning values of the damping parameters
tequired to these models are presented. Results
of test efforts to develop and verify the damping
patameter assignment procedure and response
ptediction model are also discussed.

86-997

Laminsted Damped Fuselage Structures

R.A. Ely

LTV Aerospace and Defense Co., Dallas, TX
(Vibz. Damping Workshop Proc. Long Beach, CA,
Feb 27-29, 1984, pp OO-1 -0O0-33, AD-A152
547) AD-P004-720/9/GAR

KEY WORDS: Aircraft, Layered damping, Acous-
tic fatigue

This paper discusses the application of con-
strained layer damping, in the form of laminated
skins, frames, and equipment racks, to control of
acoustical fatigue of structures. Vibration of
equipment in the aft fuselage sections of large
aircraft is also covered. Discussions of applica-
tions of constrained layer damping go beyond
conventional skin-stringer configurations to in-
clude honey-comb structures. It is shown that
the influence of constrained layer damping on
the response of a honeycomb panel at its critical
frequency is very different from the influences
on its resonant responses.

86-998

Application of CFD Techmiques Toward the
Validation of Nomlinear Aerodynamic Models
L.B. Schiff, J. Katz

NASA Ames Res. Ctr,, Moffett Field, CA
Rept. No. REPT-85212, NASA-TM-86715, 18 pp
(May 1985) (Presented AGARD Fluid Dyn. Panel
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and Flight Mech. Panel Symp. on Unsteady
Aerodyn: Fundamentals and Appl. to Aircraft
Dyn., Gottingen, W. Getmany, May 6-9, 198%)
N85-26671/6/GAR

KEY WORDS: Aircraft, Aerodynamic loads,
Mathematical models

Applications of computational fluid dynamics
methods to determine the regimes of applicability
of nonlinear models describing the unsteady
aerodynamic responses to aircraft flight motions
are described. The potential advantages of
computational methods over experimental methods
are discussed and the concepts undetlying mathe-
matical modeling are reviewed. The economic
and conceptual advantages of the modeling
procedure over coupled, simultaneous solutions of
the gasdynamic equations and the vehicle's
kinematic equations of motion are discussed.
The modeling approach, when valid, eliminates
the need for costly repetitive computation of flow
field solutions. For the test cases considered, the
aerodynamic modeling approach is shown to be
valid.

36-999

Bffects of Acoustic Treatment on the Imterior
Noise of a Twin-Bngine Propeller Airplane
T.B. Beyer, C.A, Powell, E.F. Daniels, L.D. Pope
NASA Langley Research Center, Hampton, VA
J. Aircraft, 22 (9), pp 784-788 (Sept 1985) 12
figs, 1 table, 18 refs

KEY WORDS: Aircraft, Intetior noise, Noise
reduction

A study of the cabin acoustics of a Fairchild
Merlin IVC twin-engine propeller airplane is
described. The sound field was measured at six
locations inside both an untreated "green" air-
plane and a completely finished airplane. Sev-
eral flight conditions were tested, including
different altitudes, engine power settings, and
cabin pressures. The overall sound pressure
level for ecach test conditions and microphone
position was computed from a one-third octave
band analysis of the data. The blade passage
frequency and its integral multiples were exam-
ined using a narrowband analysis of the data.
The insertion loss due to the added acoustical
treatment was determined by comparing the
narrowband results from the two airplanes,
These insertion loss vealues varied widely, de-
pending on the many factors, such as position in
the cabin, multiple of blade passage frequency,
cabin pressure, and engine torque. The space-
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averaged sound pressure levels corresponding to
specific tests of the treated airplane were found
to be in good agreement with predictions from
the Propeller Aircraft Interior Noise (PAIN)
computer program,

86-1000

Beam Dampers for Skin Vibration and Noise
Reduction in the 747

R.N. Miles

Boeing Co., Seattle, WA

(vVibr. Damping Wotkshop Proc., Long Beach,
CA, Feb 27-29, 1984, pp PP-1 -PP18, AD-A152
547) AD-P004 721/7/GAR

KEY WORDS: Dampers, Beams, Aitcraft noise,
Interior noise, Noise reduction

A special constrained layer damped has been
incotporated into the Boeing 747 upper deck
fuselage structure. This damper replaces a
rivetted stiffener which was installed to reduce
noise levels inside the cabin. It has been found
that the damper installation produced a noise
reduction equal to that achieved by the stiffener,

86~1001

Use of Skin Damping Treatments to Control
Aitframe Dynamic Response for Interior Noise
Control

C.L. Holmer

Cabot Corp., Indianapolis, IN

(Vibr. Damping Wotkshop Proc., Long Beach,
CA, Feb 27-29, 1984, pp RR-2 - RR-20, AD-
A152 547) AD-P004 723/3/GAR

KEY WORDS: Material damping, Aircraft noise,
Interior noise, Noise reduction

This paper defines the role of structural damping
treatments applied to the skin of aircraft; devel-
ops some new materials for use in this particular
application; and demonstrates the role of these
materials in actual aircraft flight tests.

86-1002

Design Guide for Damping of Acrospace Struc-
tures

J. Soovere, M.L. Drake, V.R, Miller
Lockheed-California Co., Burbank, CA
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(Vibr, Camping Wotkshop Proc., Long Beach,
CA, Feb 27-29, 1984, pp VV-1 -VV-10, AD-A152
547) AD-P004 727/4/GAR

KEY WORDS: Damping coefficients, Material
damping, Design techniques, Viscoelastic damp-
ing, Aircraft

The effectiveness of polymeric damping materi-
als in controlling resonant vibration problems has
been established through many successful appli-
cations., The area of these applications range
from aircraft structures to jet engine structures.
An effort is undetway to develop a viscoelastic
damping design guide for use by designers. This
papet provides a brief outline of this effort,

MISSILES AND SPACECRAFT

86~1003

Bxperiments Using Lattice Filters to Identify the
Dynamics of a Flexible Beam

N. Sundararajan, R.C. Montgomery

NASA Langley Reseatch Center, Hampton, VA
J. Dynam, Syst., Meas. Control, Trans, ASME,
107 (3), pp 187-191 (Sept 1985) 8 figs, 9 refs

KEY WORDS: Spacecraft, Patrameter identifica-
tion technique, Beams

An approach for identifying the dynamics of
large space structures is applied to a free-free-
beam, In this approach the system's order is
determined on-line including mode shapes.
Recursive lattice filters which provide a linear
least square estimate of the measurement data
are used. The mode shapes determined are
orthonormal in the space of the measurements.
Hence, the are not the natural modes of the
structute. To determine the natural modes of
the structure, a method based on the fast Fourier
transform is used on the outputs of the lattice
filter. These natural modes are used to obtain
the modal amplitude time series from the mea-
surements,

86-1004

Identification and Control of Structures in Space
L. Meitovitch, R.D. Quinn, M,A. Norris

Virginia Polytechnic Inst, and State Univ.,
Blacksburg, VA

Rept. No. NASA-CR-175790, 18 pp (1984) NB85-
26850/6/GAR

B
e

KEY WORDS: Spacecraft, Parameter identifica-
tion technique, Vibration control

The detivation of the equations of motion for the
Spacecraft Control Laboratory Experiment is
reported. The equations of motion of a similar
strtucture orbiting the earth are also derived. The
structure is assumed to undergo large rigid-body
maneuvers and small elastic deformations. A
perturbation approach is proposed whereby the
quantities defining the rigid body maneuver are
assumed to be relatively large with the elastic
deformations and deviations from the rigid-body
maneuver being relatively small. The pertutba-
tion equations have the form of linear equations
with time-dependent coefficients.  An active
control technique can then be formulated to
permit maneuvering of the spacecraft and simul-
taneously suppressing the elastic vibration,

86-1003

Flexible Structure Control in the Frequency
Domain

R. Harding, A, Das

General Electric Co., Philadelphia, PA

(Vibr. Damping Workshop Proc., Long Beach,
CA, Feb 27-29, 1984, pp CCC-1 - CCC-21,
AD-A152 547) AD-P004 733/2/GAR

KEY WORDS: Spacecraft, Modal damping, Fre-
quency domain method

New techniques to analyze structure and control-
let interaction in the frequency domain are
defined. They ate used to detetmine the modal
damping requirements of the spacecraft structure
to assure control system stability and perform-
ance. Gain and phase versus frequency (Bode
and Nyquist) techniques are described. They
predict system stability in the presence of uncon-
trolled structural modes and etrors in a priori
natural frequencies and quantify control system
margin for these modes. The techniques are
applied to an optimally controlled single axis
satellite with vety latge solar arrays. Control
system actuator and sensor configurations are
based upon system controllability and observabil-
ity of four dominant structural modes. Verifica-
tion of the technique is by simulation,

86-1006

Damping Application to Spacecraft

T.S. Nishimoto

Rockwell International, Seal Beach, CA
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(Vibr. Damping Workshop Proc., Long Beach,
CA, Fel 27-29, 1984, pp SS-1 -SS-8, AD-A152
547), AD-P00¢ 724/1/GAR

KEY WORDS: Spacecraft, Vibration damping,
Design techniques

The purpose of this report is to present various
cases of design application of camping technal-
ogy to spacecraft development. These cases
illustrate various vibration problems for which
damping was used as a design tool. The relative
success and difficulties encountered are pre-

sented. Damping technology in application to
spaceccaft addresses several design problem
areas. Vibroacoustics environment associated

with launch vehicle noise is an area of interest
of long standing. On-orbit S/C controls ptroblems
have also emerged as candidates fot damping
technology. Problems associated with precision
pointing and constrained setding time from con-
trols reorientation are finding similar controls
design solutions are damping concepts. The
cases presented are a progression from smaller
elements to system design applications.

86-1007

Structural Damping of Shuttle Orbiter and Ascent
Vehicles

D.L. Jensen

Rockwell International, Downey, CA

(Vibe. Damping Wotkshop Proc., Long Beach,
CA, Feb 27-29, 1984, pp Z-1 -Z-14, AD-A152
547) AD-P004 708/4/GAR

KEY WORDS: Space shuttles, Experimental
modal analysis, Modal damping, Viscous damping,
Coulomb friction

Experimental sttuctural mode damping factor data
are presented for an actual full size vehicle
sttucture. These data were obtained from vibra-
tion test programs conducted during development
of the shutde orbiter vehicle. Results show
average values of structural damping factor
range from 0.017 to 0.032, Theotetical analysis
indicates a primaty source of enetgy dissipation
due to air mass displacement is directly depend-
ent on amplitude of motion. An analysis of fric-
tional energy loss develops a relation between
viscous damping factor and coulomb friction,
The theoretical and analytical development pro-
vides a basis for understanding and interpreting
the test results,

86-1008

Comparison of Mecasuted Spacecraft
Damping Values

B.K. Wada, ]J.C. Chen

Modal
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California Inst., of Tech., Pasadena, CA

(Vibt. Damping Workshop Proc., Long Beach,
CA, Feb 27-29, 1984, PP Y-1 -Y-7, AD-A152
547) AD-P004 707/6/GAR
KEY WORDS: Spacecraft, Experimental modal
analysis, Modal damping

The presentation summarized the experiences at
the Jet Propulsion Laboratory in the prediction
and the measurement of modal damping values
of spacecraft for use in the determination of
design loads. The initial recognition of the
uncertainty in the prediction of damping and the
direct dependence of damping on the design
loads when subjected to slowly swept sinusoidal
input resulted in an effort to use realistic tran-
sient forcing functions. Expetiences in the solu-
tion of complex eigenvalue response solutions
resulting from modal synthesis of subsystems,
each subsystem assigned modal damping values,
were also discussed. Damping data on both the
Voyager and the Galileo spacecrafts using up to
8 different types of techniques to analyze modal
data wete presented. The preliminary conclu-
sions are that difficulty exists in estimating the
true damping of a structure and the measured
damping values are dependent on the analysis
method of the data, A large quantity of damp-
ing data is available.

86-1009
Concepts and Bffects of Damping in Isolstors
] Ketley

NASA Goddard Space Flight Ctr., Greenbelt, MD

(Vibt. Damping Workshop Proc., Long Beach,
CA, Feb 27-29, 1984, pp L-1 -L-15, AD-A152
547) AD-P004 695/3/GAR

KEY WORDS: Spacecraft, Damping effects,

Design techniques

This paper presents a series of innovative de-
signs and inventions that has led to the solution
of many aerospace vibration and shock problems
through damping techniques. In particular, the
design of damped airborne structures has pre-
sented a need for such creative innovation. The
prtimaty concern has t<en to discover just what
concepts were necessary for good structural
damping. Once these concepts were determined
and converted into basic principles, the design of
hatdware followed.

86-1010

Bxperimental Measurement of Material Damping
for Space Structures

E.F. Crawley, R.L. Sheen
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Massachusetts Inst. of Tech.,, Cambridge, MA
(Vibr. Damping Workshop Proc., Long Beach,
CA, Feb 27-29, 1984, pp F-1 -F-19, AD-A152
547) AD-P004 691/2/GAR

KEY WORDS: Spacecraft,
analysis, Material damping

Experimental modal

An experimental procedure for this measurement
of material damping is described. In this proce-
dure, the free decay of free-free beams, when
lofted into free fall in a vacuum, is recorded
and analyzed. Tests were petformed on alumi-
num, graphite/epoxy, and graphite/magnesium
metal matrix materials,

86-1011

Damping in Support Structures for Satellite
Equipment Reliability — RELSAT (Reliability for
Satellite Bquipment in Environmental Vibration)
J.A. Staley, C.V. Stahle

General Electric Co., Philadelphia, PA

(Vibr. Damping Workshop Proc., Long Beach,
CA, Feb 27-29, 1984, pp UU-1 - UU-26, AD-
A152 547) AD-P004 726/6/GAR

KEY WORDS:
responses, Launching,
Vibration damping

Spacecraft  instrumentation
Spacecraft platforms,

This paper presents a discussion of the General
Electric Reliability for Satellite Equipment in
Environmental Vibration program. This program
is sponsored by the Flight Dynamics Laboratory,
Air Force Wright Aeronaytical Laboratories, The
need for and benefits from applying vibration
during launch and ground vibration tests are
discussed. Application of the same technology
would directly benefit efforts to provide very
stable platforms to meet high pointing accuracy
requirements of satellites. The technology would
directly benefit efforts to provide very stable
platforms to meet high pointing accuracy re-
quirements of satellites. The technology used to
develop damped panel designs is discussed
briefly, and a cost reliability model used to
assess the cost benefit of reduced vibration is
described.

86-1012

Application of Damping to Improve Reliability of
IUS (nertial Upper Stage) -Type Satellite Equip-
ment — RELSAT (Reliability for Satellite Equip-
ment in Environmental Vibration Program)

R. Ikegami, C.J. Beck, W.]. Walker

Boeing Aerospace Co., Seattle, WA

(Vibr, Damping Wortkshop Proc., Long Beach,
CA, Feb 27-29, 1984, pp TT-1 -TT-15, AD-A152
547) AD-P004 725/8/GAR

KEY WORDS: Spacecraft insttumentation re-
sponse, Vibration damping, Design techniques

A review of the status of the Boeing Aerospace
Company (BAC) RELiability of SATellite Equip-
ment in Environmental Vibration (RELSTAT)
Program is presented. The program objectives,
approach, goals and schedule are discussed. The
wotk performed to date includes the selection of
the BAC Inertial Uppet Stage as the baseline
system for development in the RELSAT program.
A description of wotk currently being performed
is included. This contains typical passive damp-
ing design concepts under consideration, and
component developmental testing and finite
element modeling results,

86~-1013

Dynamic Aspects of Army Missile Systems
P.L. Green

U.S. Atmy Research, Development and Engineer-
ing Center, Redstone Arsenal, AL

J. Envitron,. Sci., 28 (5), pp 40-44 (Sept/Oct 1985)

. 17 figs

KEY WORDS: Missiles, Environment simulation

An indication of the range of dynamic phenom-
ena involved in Army missile systems can be
found in considering the PERSHING II and the
VIPER. The PERSHING 1, the largest member
of our inventoty, is a 7,248 kilogram (16,000
pound) missile, while the viper weighs about
1,356 kilograms (3 pounds).  Obviously, the
structural design philosophy and dynamic environ-
ments ate at great variance between the two
systems. It is the aim of this paper to provide
some indication of the range of these problems.
A few general obsetvations will be followed by
examples taken from recent experiences.

BIOLOGICAL SYSTEMS

HUMAN

86-1014

Application of Sound and Vibration Technology in
Air and Space Flight Medicine (Schall- und
SchwingungsmeBtechnik fir den Einsatx in der
Luft-und Raumfahrtmedixin)

N. Schenke
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VEB Robotron-MeBelektronik Dresden, German
Dem. Rep

Feingeratetechnik, 34 (5), pp 200-202 (1985) 4
figs, 1 table (in German)

KEY WORDS: Human response, Noise tolerance,
Vibration tolerance

The determination of effecte of noisc and vibra-
tion on humans in space and in wanned {light
vehicles is described. A combination of two
instrtuments, the Schumeter and the Vibrometer,
are used, The apparatus, mounted in a special
container, allows measurements in flight as well
as during preparation in ground stations. The
Schumer measuring units determine the sound
pressure levels relevant to the work place and
personnel. The Vibrometer measures the vibra-
tion acceleration or velocity. By means of built
in filters, the effect of mechanical vibrations on
humans or human body parts, such as hand-arm
systems, can be determined.

86-1015

Subjective Effects of Combined-Axis Vibration:
I. Comparison of X-axis and X-plus-pitch Vibra-
tions

R.W, Shoenberger

Aviation, Space and Environmental Medicine, 3§,
pp 559-563 (1984) 4 figs, 3 tables, 12 refs

KEY WORDS: Human response, Vibration excita-
tion

Seated subjects matched their perceptions of the
intensity of single axis vibrations in the X axis,
or combined-axis vibrations made up of X-axis
and pitch motions, The intensity of sinusoidal, 5
Hz, Z-axis response vibration is used. Stimulus
vibrations were sinusoidal at 3-15, 4,5,6° and 7
Hz. For each frequency, both types of vibration
were presented at three acceleration levels re-
lated to three axis-to-seat distances for the pitch
vibrations. Results showed that Z-axis response
accelerations were essentially constant across
frequency. However, matching responses were
significandy higher for X-plus-pitch and X-axis
vibrations. These findings are in contrast to
those of a previous experiment involving Y-axis
and roll vibrations, and are probably due to
additional input from the seat back for X and
pitch motions, The two experiments do agree on
the importance of the distance of the subject
from the axis of totation for angular motions. In
both experiments, as stimulus acceleration (axis-
to-seat) distance) increased, response acceleration
increased substantially at every frequency.
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86-1016

Noalinear Dynamic Analyses of the Fluid-Struc-
ture Interaction Problems in Cochlear Mechanics
Ching Long Ko

Ph.D. Thesis, Univ. of Oklahoma, 184 pp (1985)
DAB8514197

KEY WORDS: Ears, Fluid-structure interaction,
Nonlinear theories

Two pecuiiar phenomena of the response in the
cochlea (inner ear) have attracted considerable
attention in applied mechanics, One is the phe-
nomenon of the localization of the response with
tespect to frequency variations and the other is
the nonlinearity of the response of the basilar
membrane. The localization phenomenon is
analyzed by implementing an orthotropic heli-
coidal shell model, This model takes into
account the shell nature of the actual geometry
of the basilat membrane. This nature has not
been incorporated into previous analyses which
are based on either beam or plate theoty. The
possibility of geometric nonlinearity being the
major source is also investigated by an ortho-
tropic circular plate model. Perilymph and endo-
lymph are modeled as inviscid fluids interacting
with the basilar membrane. The tesults of the
helicoidal shell analysis indicate that the coiled
gcometry of the cochlea has litle effect on
localization, However, the model does not take
into account the tapet of the basilar membrane
along its length. The tesults of the circular
annular plate analysis indicate that the geometric
nonlinearity is unlikely to be the major source of
the nonlinearity of the cochlea,

86-1017

Hand-Arm Vibration Mcasurement and Assess-
ment of Occupationsl Exposure to Vibrating
Tools

M. Bovenzi

La Medicina del Lavoro, 75, pp 313-321 (1984) 4
figs, 4 tables, 14 refs (in Italian)

KEY WORDS: Human hand, Vibration response,
Pneumatic tools

Hand transmitted vibration generated from 31
pneumatic and electric tools was measured.
Requirements for vibration measuring equipment
and methods of laboratory analysis of the re-
cording signals are discussed. Some comments
are made on the use of integrating vibration
metets. The vibration spectra of the tools were
measured and r.m.s. overall acceleration, r,m.s,
weighted acceleration and r.m.s. acceleration at
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the fundamental frequency of the tools (mean
values plus or minus S.D., m/s 2) are reported.
On the basis of dose-response relationship pro-
posed by ISO/DIS 5349, the risk of onset of
vibration-induced white finger in workers using
the vibrating tools is examined in this study is
evaluated. The need for further research in this
field is emphasized and it is suggested that
extensive epidemiological and engineering surveys
be encouraged in order to assess the risk of
occupational exposure to hand-arm vibration in
Italy.

MECHANICAL COMPONENTS

ABSORBERS AND ISOLATORS

86-1018

Hysteretic Dampers in Base Isolation: Random
Approach

M.C. Constantinou, I.G, Tadjbakhsh

Dtexel Univ,, Philadelphia, PA

ASCE J. Suuc. Engrg., 111 (4), pp 705-721 (Apr
1985) 9 figs, 3 tables, 26 refs

KEY WORDS: Base isolation, Hysteretic damping

A method of random vibration analysis of base
isolated structures with hysteretic dampers is
employed. The hysteretic restoring force is
modeled by a nonlinear differential equation.
The equations of motion for shear type structures
ate linearized in closed form, Nonstationary
response statistics for evolutionary nonwhite
excitation are determined by solving the associ-
ated Lyapunov matrix differential equation. An
optimization study which is based on the station-
ary response is also presented.

861019

Researches on the Elastic and Damping Charac-
tegistics of "Vibramor" Vibratory Isolators

V. Butuman

Polytechnic Institute "Traian Vuia", Timijoara
Dynamics of Mach. Foundations, Proc. Symp.
Bucharest, Romania, pp 161-170 (Oct 22-24,
1985) 7 tables, 6 refs., AVAIL: Institutu]l Poli-
tehnic Bucuresti, Catedra de Rezistenta Materi-

alelor, Splaiul Independentei 313, 79590
Bucuresti, Romania
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KEY WORDS: Vibration isolators, Elastomers,
Elastic properties, Damping coefficients, Machine
foundations

This work presents the results of the experimen-
tal research on the elastic and damping charac-
teristics of isolators made from "Vibramor" —- a
new elastic material produced out of rtubber
waste. The study deals with these new isolators,
the methods and devised employed in the re-
search, as well as the resulted elastic and
damping characteristics. It is concluded that the
new material is endowed with the required
properties for the antivibratory isolation of
machines and their foundations.

86-1020

Experimental Rescarch on the Elastic Character-
istics of Some Materials Exposed to Cyclic
Loading

V. Butuman, S. Holban

Polytechnic Institute "Traian Vuia" Timijoara
Dynamics of Mach, Foundations, Proc. Symp.
Bucharest, Romania, pp 171-178 (Oct 22-24,
1985) 4 figs, 4 tables, 9 refs. AVAIL; Institutul
Politehnic Bucuresti, Catedra de Rezistenta
Materialelor, Splaiul Independentei, 313, 79590
Bucuresti, Romania

KEY WORDS: Vibration isolators, Elastomers,
Cyclic loading, Elastic properties

The paper presents the experimental research
carried out for determining the clastic character~
istics of a new elastic material -- VIBRAMOR--
under the action of repeated cycles of loading-
unloading, with variable parameters,

86-1021

A Dynamic Model of the Antivibratory Isolation
System of Machine Tools

S.T. Chiriacescu, D.H. Van Campen

Univ. of Bragov, Romania

Dynamics of Mach, Foundations, Ptoc. Symp.
Bucharest, Romania, pp 179-186 (Oct 22-24,
1985) 1 fig, 5 refs. AVAIL: Institutul Politehnic
Bucuresti, Catedra de Rezistenta Materialelor,
Splaiul Independentei 313, 79590 Bucurest,
Romania

KEY WORDS: Vibration isolators, Machine toaols,
Optimum design
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In this paper, a model of the antivibratory isola-
tion system of machine tools is presented. This
model can be used for absolute stability analysis
of the dynamic machining system for optimum
design of antivibratory isolators.

86-1022

Use of Vibration -- Isolation System Based on
Air Springs for Foundation of Shaking- Tables
C.R. Constantinescu, M, Stancu

Building Research Institute - INCERC, Bucharest,
Romania

Dynamics of Mach. Foundations, Proc. Symp.
Bucharest, Romania, pp 187-194 (Oct 22-24,
1985) 3 figs, 2 tables, 7 refs. AVAIL: Institutul
Politehnic Bucuresti, Catedra de Rezistenta
Materialelor, Splaiul Independentei 313, 79390
Bucuresti, Romania

KEY WORDS: Vibration isolators, Pneumatic
springs, Shaketrs, Seismic tests

The use of a pneumatic technique for vibration
isolation offers two important qualities required
for the system:small elastic stiffness and great
capacity of supporting static loads. The elastic
medium used consists of air compressed up to
the pressure necessary for supporting the static
load. The paper presents how the pneumatic
technique can be used for isolating the vibrations
produced by shaking tables. Some considerations
about the dynamic system, the mathematical
model, the theoretical relations for air-spring
design, the general design solution, and the main
functional parametets of the system are des-
cribed.

86-1023

Isolators of Weaving Machines

W.-]. Gerasch, H.G. Natke, R. Thiede

Univ. Hannover, West Germany

Dynamics of Mach., Foundations, Proc. Symp.
Bucharest, Romania, pp 195-204 (Oct 22-24,
1985) 4 figs, 4 refs. AVAIL: Institutul Politehnic
Bucuresti, Catedra de Rezistenta Materialelor,
Splaiul Independentei 313, 79590 Bucurest,
Romania

KEY WORDS: Vibration isolators, Textile looms

It is important that the planning of weaving mills
is carried out in such a way that the vibrations
emanating from the mill ate not perceptible in
residential buildings. In the same way, measures
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must be taken in existing mills if the vibrations
are perceptible in the vicinity, This paper shows
the possibilities that exist for reducing the forces
emanating from the weaving machines.

86-1024

Practical Application of Vibration Absorbers for
Machine Bearer Vibration Protection

B.G. Korenev

Moscow Civil Engineering Institute

Dynamics of Mach. Foundations, Proc. Symp.
Bucharest, Romania, pp 205-214 (Oct 22-24,
1985) 2 figs, 14 refs. AVAIL: Institutul Politehnic
Bucuresti, Catedra de Rezistenta Materialelor,
Splaiul Independentei 313, 79590 Bucurest,
Romania

KEY WORDS: Dynamic vibration absorption
(equipment), Machine foundations

The task of this paper is to consider possible
fields of effective application of dynamic vibra-
tion absorbers for machine bearers vibration
ptotection and to describe in general special
features of the dynamics problems arising in this
connection,

$6-1023

The Concept of Dynamic Absotber in the Design
of Sturdy Machine Foundations

G. Ndstasi

Institute of Engineeting and Design for the
Chemical Industry, Iagi, Romania

Dynamics of Mach, Foundations, Proc. Symp.
Bucharest, Romania, pp 215-224 (Oct 22-24,
1985) 5 figs, 3 refs. AVAIL: Institutul Politehnic
Bucuresti, Catedra de Rezistenta Materialelor,
Splaiul Independentei 313, 79590 Bucurest,
Romania

KEY WORDS: Dynamic vibration absorption
(equipment), Machine foundation

An analysis is made on the possibilities of apply-
ing the classical linear dynamic absorber in the
design of sturdy machine foundations and the
performances of two-mass foundations used to
the same purpose.

TIRES AND WHEELS

86-1026

Natural Frequencies and Mode Shapes of an
Automotive Tire with Interpretation and Classifi-
cation Using 3-D Computer Graphics

L.E. Kung, W. Soedel, T.Y. Yang, L.T. Charek
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Ray W. Hetrick Laboratories
J. Sound Vib., 102 (3), pp 329-346 (Oct 8, 1985)
13 figs, 2 tables, 13 refs

KEY WORDS: Tires, Natural frequencies, Mode
shapes, Finite element technique, Graphic meth-
ods

Natural frequencies and mode shapes of s radial
tite have been obtained by using an efficient, 12
degree of freedom, doubly curved thin shell
finite element of revolution with smeared-out
properties of laminate composite materials. The
finite element formulation includes the geometri-
cal nonlinecarities so that the prestressed state of
the tite due to inflation is taken into account.
Theoretical results are compared with experimen-
tal results obtained from modal analysis and good
agreement is shown.

BLADES

86-1027

Vibration Analysis of Rotating Turbomachinery
Blades by an Improved Finite Difference Method
K.B, Subrahmanyam, K.R.V. Kaza

National Aeronautics and Space Administration,
Lewis Research Center, Cleveland, OH

Intl, J. Numer. Methods Engrg., 21 (10), pp
1871-1886 (Oct 1985) 1 fig, 5 tables, 32 refs

KEY WORDS: Rotor blades (turbomachinery)

The problem of calculating the natural frequen-
cies and mode shapes of rotating blades is solved
by an improved finite difference procedure based
on second-order central differences. Lead-lag,
flapping and coupled bending-torsional vibration
cases of untwisted blades are considered. Re-
sults obtained by using the present improved
theoty have been obsetved to be close lower
bound solutions. The convergence has been
found to be rapid in comparison with the classi-
cal first-order finite difference method, While
the computational space and time required by the
present approach is observed to be almost the
same as that required by the first-order theory
for a given mesh size, accuracies of practical
interest can be obtained by using the improved
finite difference procedure. A relatively smaller
matrix size is obtained, in contrast to the classi-
cal finite difference procedure which requires
cither a larger matrix or an extrapolation proce-
dure for improvement in accuracy.
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86-1028

Calculation of Aerodynamic Properties of Tuzbine
Cascades of Profiles at Subsonic Velocities

M. Stastny

koda, Concern Enterprise, Plzen, Czechoslovakia
Strojnicky Casopis, 36 (3), pp 354-364 (1985) 6
figs, 18 refs (in Czech)

KEY WORDS: Turbine blades, Cascades, Aerody-
namic characteristics

Described is a calculation of aerodynamic prop-
erties of turbine cascades of profiles, based on
successive determination of the flow field,
boundaty layers on the profile, and energy losses
due to mixing in the wakes. Enclosed are
examples of results obtained for nozzle cascade.

86-1029

Acrodynamic Detuning Analysis of an Unstalled
Supersonic Turbofan Cascade

D. Hoyniak, S, Fleeter

NASA Lewis Res, Ctr,, Cleveland, OH

Rept., No. E-2546, NASA-TM-87001, 25 pp (Mar
21, 1985) (30th Intern. Gas Turbine Conf. and
Exhibit, Houston, TX, Spons. by ASME (Mar
17-21, 1985) N85-26670/8/GAR

KEY WORDS: Cascades, Flutter, Tuning

An approach to passive flutter control is aerody-
namic detuning, defined as designed, passage-to-
passage differences in the unsteady aerodynamic
flow field of a rotor blade row. Thus, aetody-
namic detuning directdy affects the fundamental
driving mechanism for flutter. A model to
demonstrate the enhanced supersonic aeroelastic
stability associated with aerodynamically detuned
cascade operating in a supersonic inlet flow field
with a subsonic leading edge locus is analyzed,
with the aerodynamic detuning accomplished by
means of nonuniform circumferential spacing of
adjacent rotor blades.

86-1030

Damping Properties of Steam Tusbine Blades
N.F. Rieger

Stress Technology, Inc., Rochester, NY

(Vibr, Damping Workshop Proc., Long Beach,
CA, Feb 27-29, 1984, pp K-1 -K-32) AD-A152
547) AD-P004 694/6/GAR

KEY WORDS: Turbine blades, Damping coeffi-
cients, Steam turbines
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Material hysteresis, attachment friction and
gasdynamic effects are recognized sources of
damping in turbomachinery blading. No com-
parison study of their relative effectiveness
appears to have been made, although there are
diverse opinions on this topic. This overview
paper describes a series of tests which were
made to examine the damping properties of
several types of steam turbine blades. One
objective was to determine the relative contribu-
tions from the above damping sources in these
blade types. These studies were conducted in a
non-rotating damping test rig which used blades
mounted in corresponding real disk root attach-
ments,

BEARINGS

86~-1031

Optimization of Cascade Blade Mistuning, Part
II: Global Optimum and Numerical Optimixation
E. Nissim, R.T. Haftka

Virginia Polytechnic Inst. and State Univ,,
Blacksburg, VA

AIAA ]., 23 (9), pp 1402-1410 (Sept 1985) 2
figs, 8 tables, 4 refs

KEY WORDS: Blades, Cascades, Tuning, Optimi-
zation, Flutter

The values of the mistuning which yield the
most stable ecigenvectors are analytically deter-
mined. It is also shown that random mistunings,
if large enough, may lead to the maximal stabil-
ity, wheteas the alternate mistunings cannot.
The problem of obtaining maximum stability for
minimal mistuning is formulated, based on
numerical optimization techniques. Several local
minima are obtained using different starting
mistuning vectors. The starting vectors which
lead to the global minimum are identified. It is
analytically shown that all minima appear in
multiplicities which are equal to the number of
compressor blades. The effect of mistuning on
the flutter speed is studies using both an optimum
mistuning vector and an alternate mistuning
vector, Effects of mistunings in elastic axis
locations ate shown to have a negligible effect
on the eigenvalues, Finally, it is shown that any
general two-dimensional bending-torsion system
can be reduced to an equivalent uncoupled tor-
sional system,

86-1032

Coupled Vibzation Analysis of Blades with Angu-
lar Pretwist of Cubic Distribution

M. Sabuncu
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Dokuz Eylul Univ., Botnova-Izmir, Turkey
AIAA J., 23 (9), pp 1424-1430 (Sept 1985) 4
figs, 3 tables, 8 refs

KEY WORDS: Blades, Initdal deformation effects,
Coupled tesponse, Finite element technique

This paper presents a finite element model for
the vibration analysis of pretwisted uniform cross
sectional blading.  The variation of pretwist
along the blade length can be in linear or trig-
onometric increments. The dynamic stiffness for
free vibration of the blade is derived from the
strain and kinetic energies using Lagrange's
equation. The cubic polynomial approximation of
the displacements, in two principal ditections, is
assumed. This method gives excellent results
with the use of only a small number of ele-
ments. Good agreement is found with the ex-
petimental and theoretical results of other
investigators for straight and linearly pretwisted
blades. The comparison of theoretical results
between the linearly and nonlinearly pretwisted
beams shows latge deviations when the pretwist
angle increases.

GEARS

86-1033

Fatigue Life Analysis of a Tutboprop Reduction
Gearbox

D.G. Lewicki, J.D. Black, M. Savage, ].J. Coy
NASA Lewis Res. Ctr., Cleveland, OH

Rept. No. E-2559, NASA-TM-87014, 25 pp (1985)
N85-27228/4/GAR

KEY WORDS: Geatboxes, Fatigue life

A fatigue life analysis of the Allison T56/501
turboprop reduction gearbox was developed, The
life and reliability of the gearbox was based on
the lives and reliabilities of the main power train
bearings and gears. The bearing and gear lives
were determined using the Lundberg-Palmgren
theory and a mission profile. The five planet
bearing set had the shortest calculated life
among the various gearbox components, which
agreed with field experience where the planet
bearing had the greatest incidences of failure,
The analytical predictions of relative lives among
the various berarings were in reasonable agree-
ment with field expetience. The predicated
geatbox life was in excellent agreement with
field data when the material life adjustment
factors alone were used.
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FASTENERS

86~-1034

Bffect of Stitching on the Strength of Bonded
Composite Single Lap Joints

J.W. Sawyer

NASA Langley Research Ctr,, Hampton, VA
ATAA ]., 23 (11), pp 1744-1748 (Nov 1985) 11
figs, 2 tables, 5 refs

KEY WORDS: Joints, Fatigue life

An experimental investigation has been conducted
to determine the effect of stitching on the static
and fatigue failure load of bonded composite
single lap joints, The variables considered in the
static tests included adherend thickness, overlap
length, stitch spacing, and number of rows of
stitches, A limited fatigue program was con-
ducted for one configuration to compate the
fatigue life of stitched and unstitched joints, Up
to 38% improvement in static failure load and an
order of magnitude increase in fatigue life
compared with unstiffened results are obtained by
a single row of stitches near the end of the
overlap. Additional rows of stitching or differ-
ent stitch spacing has litde effect on static joint
failure load. Thicker adherends and larger
overlap length result in larger improvements in
static failure load with stitching. Further re-
search is needed to refine the stitching process
in order to obtain the maximum improvements in
joint failure load.

86-1035

Complex Modulus Behavior of a Viscoelastic
Adhesive Mescured at Harmonic Strain Ampli-
tudes of 10-10

T.]. Lagnese, D.L.G. Jones

Wright-Patterson AFB, OH

(Vibr., Damping Workshop Proc., Long Beach,
CA, Feb 27-29, 1984, pp E-1 -E-17, AD-A152
547) AD-P004 690/4/GAR

KEY WORDS: Adhesives, Viscoelastic properties,
Complex modulus, Dynamic stiffness

The complex modulus behavior of a viscoelastic
material, measured by a dynamic stiffness
method, was determined at several low excitation
levels, and several temperatures, to illustrate the
effect of strain amplitude. The material was
found to be linear to strain levels as low as 10
to the minus tenth power m/m.
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86-1036

Fatigue Strength of Weathered and Deteriorated
Riveted Memberzs

J.M.M, Out, J.W. Fisher, B.T. Yen
Lehigh Univ., Bethlechem, PA
Rept. No. DOT/OST/P34-85/016,
1984) PB85-207900/GAR

108 pp (Oct

KEY WORDS: Riveted joints, Fatigue life

This report describes a study that has been
performed on the fatigue and fracture resistance
of corroded and deteriorated riveted members. A
detailed literature study is included which exam-
ines available test data on the fatigue behavior
of riveted members. The most important vari-
ables on the fatigue strength of such members
have been determined as well as the way and to
what extent they influence the fatigue life. The
previous test programs provided no information
on the applicability of the Category D fatigue
limit and litde on riveted connections other than
simple splices. Fatigue tests were carried out on
six 80 year old steel bridge stringers with a
riveted built-up cross section, The stringers
were significantly corroded along the compression
flange, and locally at the tension flange. They
were subjected to stress ranges that were be-
tween the fatigue limits.

SEALS

86-1037

Non-Linear Dynamic Analysis of Noncontacting
Coned-Face Mechanical Seals

I. Green, I. Etsion

Technion-Israel Inst. of Tech., Haifa, Israel
Rept. No EEC-154, 52 pp (Aug 1984)
DE85900588/GAR

KEY WORDS: Seals, Rotors, Critical speeds

The complete nonlinear equations of motion of a
flexibly mounted stator in a noncontacting cone-
face mechanical seal are solved numerically,
The solution utilizes a transient dynamic analysis
and takes into account rotor axial runout and
assembly tolerances in the form of initial stator
misalignment,  Cavitation of the fluid film is
also accounted for. A parametric investigation is
petformed and the effect of various design
patameters and operation conditions on the seal
dynamics is presented and discussed. A critical
shaft speed is found above which the seal
becomes dynamically unstable., A critical rotor
runout is found which, if exceeded, will cause
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seal failure due to local face rubbing contact, A The nonlinear equations of motion for the cou- oL

compatison is made between the numerical re- pled transverse-vertical vibrations of parabolic (

sults and those of a simpler analytical solution. cables are presented. Approximate solutions are f-:'

It is found that the analytical solutior is valid  developed .- wusing the method of multiple :Lﬁ

for most practical applications of mechanical scales, Solutions and numerical results are ==

scals. obtained and discussed for special cases. o

F‘..-

BEAMS (o

STRUCTURAL COMPONENTS =

86-1040 o

STRINGS AND ROPES Distributed Piexoelectric-Polymer Active Vibration 4

Control of a Cantilever Beam e

T. Bailey, J.E. Hubbard .

Massachusetts Inst. of Tech., Cambridge, MA ““

86-1038 (Vibr. Damping Workshop Proc., Long Beach, b -

Dynamic Mechanical Properties of Graphite/ CA, Feb 27-29, 1984, pp XX-1 - XX-23, AD- \T

Aluminum Wires at Audio-Frequencies Al52 547) AD-P004 728/2/GAR 157,

G.F. Lee, C.W. Anderson g

Naval Surface Weapons Ctr., Silver Spring, MD KEY WORDS: Cantilever beams, Active damping, "

(Vibr. Damping Wortkshop Proceedings, Long Continuous parameter method -

Beach, CA, Feb 27-29, 1984, pp T-1 - T-16, )

AD-A152 547) AD-P004 703/5/GAR An active vibration damper for a cantilever beam L

was designed using a distributed-parameter actua- B¢

KEY WORDS: Wires, Aluminum, Graphite, Audio  tor and disttibuted-parameter control theoty, The "‘:

frequencies distributed-parameter actuator was a piezoelectric b

polymer, poly(vinylidene fluoride). Lyapunov's L

Twenty graphite/aluminum wires used in this second method for distributed-parameter systems ‘\:

study have been shown by x-ray to have voids  was used to design a control algorithm for the ol
due to poor impregnation of aluminum in the damper, If the angular velocity of the tip of the

graphite fibers. The dynamic mechanical proper- beam is known, all modes of the bean can be T

ties of these wites wete also determined. It was controlled simultancously. Preliminary testing of N

found that the dynamic mechanical properties the damper was performed on the first mode of o

correlated with the z-ray results. The following the cantilever beam, A linear, constant-gain -:

properties were determined at room tempetature: controller and a nonlinear constant-amplitude
torsional properties - logarithmic decrement and controller wete compared.

shear modulus at approximately 0.5 Hz and

flexural properties - logarithmic decrement and

bending stiffness over a frequency range of 10

PRAAD Il

to 500 Hz,
86-1041 3
On the Dynamic Stability of a Pre-Twisted Beam \
Subject to a Pulsating Axial Load p
M. Giirgoze e
CABLES Technical Univ. of Istanbul, Istanbul, Turkey
J. Sound Vib., 102 (3), pp 415-422 (Oct 8, 1985) o
4 figs, 9 refs :
KEY WORDS: Beams, Initial deformation effects, i
86-1039 Axial force %)
Large-Amplitude Vibrations of Parabolic Cables
S.I. Al-Noury, S.A. Ali This paper is concerned with the investigation of =

King Abdulaziz Univetsity, Jeddah, Saudi Atabia the stability behavior of pre-twisted beam, sub-

J. Sound Vib.,, 101 (4), pp 451-462 (Aug 22, ject to a pulsating axial force. The stability of X

1985) 5 figs, 1% re.s the solutions of this system is investigated by the S

method of Mettler. Th.n the equations of the "

KEY WORDS: Cables boundaries of the inscability regions are given in oe
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a parameter-plane. Finally, the results obtained
are applied for various types of boundary condi-
tions.,

86-1042

Nonlinear Equations for Dynamics of Pretwisted
BEAMS Undergoing Small Strains and Lasge
Rotations

D.H. Hodges

NASA Ames Res, Ctr.,, Moffett Field, CA
Rept. No. A-9833, NASA-TP-2470, 35 pp (May
1985) N85-27258/1/GAR

KEY WORDS: Beams, Initial deformation effects,
Nonlinear theories

Nonlinear beain kinematics are developed and
applied to the dynamic analysis of a pretwisted,
rotating beam element, The common practice of
assuming moderate rotations caused by structural
deformation in geometric nonlinear analyses of
rotating beams was abandoned in the present
analysis., Numerical results obtained for non-
linear static problems show remarkable agree-
ment with experiment,

86~-1043

Dynamic Analysis of Beam-Column Embedded in
an Elastic Medium

C.G. Date

Ph.D. Thesis, Arizona State Univ., 258 pp (1985)
["A8514342

KEY WORDS: Beam-columns, Elastic medium,
Soil-structure interaction, Harmonic excitation

A general method is presented for the analysis
of systems of beam-columns embedded partially
or fully in an elastic medium. They are sub-
jected to time dependent loads of harmonic
variations, The analysis is restricted to systems
of straight bars of constant cross section with
two orthogonal axes of symmetry, subjected to
time independent axial load. The analysis also
assumes linear elasticity, small deformations,
linear vibrations without damping and a linear
elastic medium defined as Winkler's foundation.
A procedure is presented the generates the finite
element matrices from the truncated stiffness
series. It selects the finite element mesh within
the predetermined range of accuracy. The
application 1s illustrated by four numerical

examples, Two computer programs, plane frame

analyzer and space frame analyzer, are also
included.

86-1044

Beam on Generalized Two-Parameter Foundation
T. Nogami, M.W. O'Neill

Univ. of Houston, Houston, TX

ASCE ]. Engrg. Mech,, 111 (5), pp 664679 (May
1985) 10 figs, 6 refs

KEY WORDS: Beams, Soil-structure interaction

A method for analysis of beams bearing on a
ground surface is presented. The method is based
on treating the soil medium as a generalized
two-parameter model. The inputs required for
the model are dimensions and matetial properties
only. This contrasts to other two-parameter
models in which the parameters ate based upon
assumed soil displacement distributions that may
be difficult to predict before the analysis.
Analyses whos the new two-parameter model can
yield responses of loaded beams reasonably close
to those computed by using continuum solutions
or a finite element method.

86-1045

Further Flexural Vibration Curves for Axially
Loaded Beams with Linear or Parsbolic Taper
J.R. Banerjee, F.W, Williams

Univ. of Wales Institute of Science and Technol-
ogy, Cardiff, Wales

J. Sound Vib., 102 (3), pp 315-327 (Oct 8, 1985)
10 figs, 1 table, 4 refs

KEY WORDS: Beams, Parabolic bodies, Flexural
vibration, Variable cross section

Curves are presented which enable the first five
natural frequencies to be found for axially
loaded tapered members with an important family
of cross sections. These cross :.-tions comple-
ment those of an earlier pap.:, such that the
curves in the two papers cover all of the most
common types of tapered member., The cutves
illustrate how natural frequencies and buckling
loads are altered by changing the amount and
type of a member's taper while keeping its mass
constant, Finally, it is shown that, for the
ranges covered by the curves, frequencies which
separate the first five natural frequencies can be
found a priori. The theory used to obtain the
curves was simply to divide the tapered member
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86-1046

A Finite Element Method for Non-Linear Forced
Vibrations of Beams

C. Mei, K. Decha-Umphai

Old Dominion Univ., Norfolk, VA

J. Sound Vib., 102 (3), pp 369-380 (Oct 8, 1985)
6 figs, 4 tables, 13 refs

KEY WORDS: Beams, Nonlinear response,
Harmonic excitition, Finite element technique

Geomettic nonlinearities for large amplitude free
and forced vibrations of beam are investigated.
Longitudinal displacement and inertia are includ-
ed in the formulation. The finite element
method is used. The harmonic force matrix is
introduced and derived. Various out-of-plane and
inplane boundary conditions are considered.
Results showing the dependence of the amplitude
on the frequency ratic and on the strain are
presented for different boundary conditions and
loads. It is concluded that the effects of longi-
tudinal deformation and inertia are to reduce the
nonlinearity.

86-1047

Countetintuitive Behavior in a Problem of Elas-
tic-Plastic Beam Dynamics

P.S. Symonds, T.X. Yu

Brown Univ., Providence, RI

J. Appl. Mech., Trans, ASME, 52 (3), pp 517-522
(Sept 1985) 7 figs, 11 refs

KEY WORDS: Beams, Pulse excitation, Elastic-
plastic properties

In a particular example of short pulse loading on
a pin-ended beam, the permanent deflection is
predicted by a numerical solution to be in the
direction opposite that of the load. Analysis of
a Shanley-type model shows that this surprising
behavior may occur as a consequence of plastic
irreversibility, combined with geometric nonlin-
earity, when the peak deflection produced by
the pulse lies in a certain range of small magni-
tudes. Results from a number of well-known
structural dynamics codes ate shown. These
exhibit a wide spread in the predicted final
deflections, indicating strong sensitivities of both
physical and computational nature.
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86-1048

Dynamiic Fractuze of an Idealixed Fiber-Rein-
forced Cantilever

L.F. Mannion

St. John's Univ., Jamaica, NY

J. Appl Mech., Trans. ASME, 52 (3), pp 580-584
(Sept 1985) 2 figs, 9 refs

KEY WORDS: Cantilever beams, Fiber compos-
ites, Fracture propetties

The dynamic fracture of a double cantilever
beam of fiber-reinforced material is discussed.
The material is modeled by assuming that the
fibers are inextensible and continuously distrib-
uted. The examples considered reduce to the
solution of the wave equation on a time-depend-
ent intetval, The method of characteristics is
used. Two fracture criteria are used to calculate
the crack speed. One of these criteria is the
energy release rate commonly used in elastic
fracture mechanics. In the present model some
fibers can carry a finite force; the second crite-
rion is based on the force in the fiber through
the crack tip. Three simple examples are given
to illustrate the model.

86-1049

Extensions of the Ritz-Galerkin Method for the
Fotced, Damped Vibrations of Structuzal Ele-
ments

A.W, Leissa, T.H. Young

Ohio State Univ., Columbus, OH

(Vibr. Damping Workshop Proc., Long Beach,
CA, Feb 27-29, 1984, pp EE-1 -EE-22, AD-A152
547) AD-P004 713/4/GAR

KEY WORDS: Sttuctural members, Cantilever
beams, Viscous damping, Hysteretic damping,
Ritz-Galetkin method

The classical method for analyzing the forced
vibrations of structural elements such as beams,
plates and shells is to express the displacements
as superpositions of the responses of the free
vibration modes. This is only possible for those
trelatively few problems where exact eigenfunc-
tion solutions exist, and often only with consider-
able difficulty. Ritz-Galerkin methods are
widely used to obtain approximate solutions for
free undamped, vibration problems. The present
papet demonstrates how these same methods may
be used straightforwardly to analyze forced
vibrations with damping. This is done directly
without requiring the free vibration eigenfunc-
tions. Two types of damping--viscous and
material (hysteretic) are considered. Both dis-
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tributed and concentrated exciting forces are
treated. Numerical results are obtained for canti-
levered beams and rectangular plates. Studies
showing the rates of convergence of the solutions
are made. In the case of the cantilever beam,
approximate solutions from the present methods
are compared with the exact solutions,

COLUMNNS

86-1050
Dynamic Instability Analyses of Axially Impacted
Columns
Kunitomo Sugiura, Eiji Mizuno, Yuhshi Fukumoto

State Univ. of New Yotk at Buffalo, Buffalo, NY

ASCE ]. Engrg. Mech,, 111 (7), pp 893-908 (July
1985) 12 figs, 2 tables, 26 refs

KEY WORDS: Columns, Axial excitation, Dy-
namic stability

The dynamic response and critical state of an
inelastic simply supported column under an axial
impact are studied. This problem is analyzed by
solving the dynamic Bernoulli-Euler equation with
an axial inertia effect within the framework of
finite difference approach. The influence of
strain-rate effects on the dynamic response is
first examined by using an elastic-viscoplastic
theory. Then the critical values of an initial
velocity and a mass of striking body for losing
stability are evaluated within the context of the
numerical results from different initial and
boundary conditions, It is found that strain-rate
effects are important in the range of post-
dynamic instability, In addition the mode of the
lateral displacement after an impact depends on
the initial velocity of the striking body and also
on the relationship between the natural period of
the first-order lateral mode and that of the
first-order axial mode. Present study can give a
basic guide to evaluate the dynamic instability of
axially impacted columns from a viewpoint of
the energy loss of the striking body.

86~1051

Influence of Construction Parameters to Forced
Oscillations of Tutbo-Generator Columns - Part 1
(BinfluB von Konstruktionsparametern auf die
erzwungenen Schwingungen von Turbogenerator-
standermn — Tell 1)

D. Albrecht, W. Krause, W.E, Kruget

- atorase-aie R Kin Sia mhh atid sl Ealh Madbdrat bst it o bl il AU A A

Ingenieurhochschule Zitau, Sektion Kraftwerk-
sanlagen und Energieumwandlung Maschinenbau
Maschinenbautechnik, 34 (4), pp 166-169 (1985) 9
figs, 8 1efs (in German)

KEY WORDS: Turbogenerators, Columns, Oscilla-
tion

Field of application of an existing double-disk
model of a generator column for calculation of
natural frequency is enlarged to forced oscilla-
tion. On variation of essential system parameters
amplitudes of the sheet-pack housing at the time
are determined. Results of calculation are
graphically represented.

MEMBRANES, FILMS, AND WEBS

86-1052

Transverse Vibrations of Cemposite Membranes
of Arbitrary Boundary Shape

P.A.A, Laura, L. Ercoli, R.O. Grossi, K. Nagaya
Institute of Applied Mechanics, Puerto Belgrano
Naval Base, Argentina

J. Sound Vib., 101 (3), pp 299-306 (Aug 8, 1985)
*2 figs, 4 tables, 7 refs

KEY WORDS: Membranes, Composite structures,
Flexural vibrations, Conformal mapping

This paper deals with an approximate method
based on the technique of conformal mapping
and a variational formulation which allows for a
straightforward solution of the tide problem for a
certain type of composite membranes. Mumeri-
cal resultr are presented for membranes of
regular polygonal shape., The fundamental eigen-
values are also verified by the Fourier expan-
sion-collocation method and by a finite element
algorithm,

PANELS

86-1053

Effect of Low-Velocity ot Ballistic Impact
Damage on the Strength of Thin Composite and
Aluminum Shear Panels

G.L. Fatley

NASA Langley Res. Ctr., Hampton, VA

Rept. No. L-15942, NASA-TP-2441, 40 pp (May
1985) N85-26924/9/GAR

KEY WORDS: Panels,
materials, Impact tests

Aluminum, Composite
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Impact tests were conducted on shear panels
fabricated from 6061-T6 alumimum and from
woven fabric pre-preg of DuPont Kevlara fi-
ber/epoxy tesin and graphite fiber/epoxy resin.
The shear panels consisted of three different
composite iaminates and one aluminum material
configuration. Three panel aspect ratios were
evaluated for each material configuration, The
results of these tests indicate that ballistic
threshold load (the lowest load which will result
in immediate failure upon penctration by the
projectile) varied between 0,44 and 0.61 of the
average failure load of undamaged panels. Good
agreement was obtained between the e¢xperimen-
tal failure strengths and the predicted strength
with the point stress failure criterion,

PLATES

86-1054

A Study of Dynamic Instability of Plates by an
Extended Incremental Harmonic Balance Method
C. Pierte, E.H. Dowell

Duke Univ., Durham, NC

J. Appl. Mech,, Trans, ASME, 52 (3), pp 693-
697, (Sept 1985) 5 figs, 10 refs

KEY WORDS: Plates, Hatmonic balance method,
Parametric vibrations

The dynamic instability of plates is investigated
with geometric nonlinearities being included in
the model, which allows one to determine the
amplitude of the parametric vibrations. A modal
analysis allowing one spatial mode is performed
on the nonlinear equations of motion and the
tesulting nonlinear Mathieu equation is solved by
the incremental harmonic balance method. It
takes several temporal harmonics into account,
When viscous damping is included, 2 new algo-
tithm is proposed to salve the equation systcm
obtained by the incremental method. For this
purpose, a new characterization of the paramet-
ric vibration by its total amplitude -~ or Euclid-
ian norm -- is introduced. This algorithm is
particularly simple and convenient for computer
implem entation, The instability regions ate
obtained with a high degree of accuracy.

86-10353

Numerical Investigation of Vibrational Energy
Transmission in Coupled Structures: Case of L,T
and + Shape Coupled Plates (Etude numérique de
la transmission d'énergie vibratoire entre struc-
tuzes assemblées: cas d'sssemblages en L,T et
+)

C. Boisson, ]J.L. Guyader, C. Lesueur
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Appliqces de
Lyon, Villeutbanne Cedex, France

Acustica, 38 (4), pp 223-233 (Sept 1985) 25 figs,
1 table, 6 refs (in French)

Institut National des Sciences

KEY WORDS: Plates, Energy transmission,
Damping effects, Geometric effects

In this paper a survey of numerical results on
vibrational energy transmission in L, T or cross
shape coupled-plates is provided. The influences
of damping, thickness, area of the plates, and
with special attention, that of the type of excits-
tion (mechanical or acoustical) are shown.
Means of energy reduction using nonsymmeteical
plates, stiffeners at junctions and damping are
then presented,

86-1056

Large-Amplitude Oscillations of Unsymmetrically
Laminated Anisotropic Rectangular Plates Includ-
ing Shear, Rotatory Inertia, and Transverse
Normal Stress

K.S. Sivakumaran, C.Y. Chia

McMaster Univ., Hamilton, Ontario, Canada

J. Appl. Mech., Trans. ASME, 32 (3), pp 536-542
(Sept 1985) 10 figs, 21 refs

KEY WORDS: Rectangular plates, Layered
materials, Rotatory inertia effects, Transverse
shear detormation effects

This paper is concetned with nonlinear free
vibtations of generally laminated anisotropic
elastic plates. Based on Reissner's vatriational
principle a nonlinear plate theory is developed.
The effects of transverse shear, rotatory inertia,
transverse normal stress, and transverse normal
contraction or extension are included in this
theoty. Using the Galerkin procedure and prin-
ciple of harmonic balance, approximate solutions
to governing equations of unsymmetrically lami-
nated rectangular plates including transverse
shear, rotatory inertia, and transverse normal
stress are formulated for various boundary condi-
tions. Numerical results for the ratio of non-
linear frequency to linear frequency of
casymmetric angle-ply and cross-ply laminates
are presented. Graphical results are given for
various values of elastic properties, fiber orien-
tation angle, number of layers, and aspect ratio
and for different boundary conditions. Present
results are also compared with available data.

86~1037

Transverse Vibrations of Rectangular Plates on
Inhomogenecous Foundations, Part I: Rayleigh-Ritz
Method

P.A.A. Laura, R.H. Gutierrez
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Institute of Applied Mechanics, Puerto Belgrano
Naval Base, Argentina

J. Sound Vib., 101 (3), pp 307-315 (Aug 8, 1985)
2 figs, 6 tables, 4 refs

KEY WORDS: Rectangular plates, Flexural vibra-
tions, Winklet foundations, Raleigh-Ritz method

The tide problem is solved for the case of
Winkler-type inhomogeneous foundation and when
the plate edges are elastically restrained against
rotation. Fundamental frequency coefficients are
determined for several combinations of length to
width ratios and flexibility coefficients. The
solution given in Part I is based on the Ray-
leigh-Ritz method and polynomial co-ordinate
functions while the problem is solved in Part II
by means of the modal constrairt method.

86-1058

Transverse Vibrations of Rectangular Plstes om
Inhomogenecous Foundations, Part II: Modal Con-
straint Method

J.A.G, Horenberg, ].G.M. Kerstens

Shell Research B.V,, Rijswijk ZH, The Nether-
lands

J. Sound Vib., 101 (3), pp 317-324 (Aug 8, 1985)
4 figs, 4 tables, 4 refs

KEY WORDS: Rectangular plates, Flexural vibza~
tions, Elastic foundations, Modal constraint
m ethod

A method is described for establishing the lowest
natural frequencies of simply supported and
clamped plates on inhomogeneous elastic founda-
tions, The method is based upon the modal
constraint technique. The merits of this method
lie in the fact that the eigenvalues and eigen
functions of a simply supported plate and scalar
springs are used to calculate the eigenvalues of
the modified structures. These modifications
consist of coupling these structures and/or adding
rotational constraints. A number of configura-
tions of inhomogeneous elastic foundations have
been considered. Excellent agreement is shown
to exist between the eigenvalues determined in
the present paper and those calculated using the
Rayleigh-Ritz method by Laura and Gutierrez.

86-1059

Thermal Effect on the Transverse Vibration of
High-Speed Rotating Anisotropic Disk

N.C. Ghosh
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Jadavpur Univ., Calcutta, India
J. Appl. Mech., Trans. ASME, 52 (3), pp 543-548
(Sept 1985) 19 refs

KEY WORDS: Disks, Flexural vibrations, Tem-
perature effects

An attempt has been made to consider the
thermal effect on the transverse vibration of a
high-speed rotating disk in a steady-state heat
conduction. The material of the disk, in this
case, is assumed to be thermomechanically
anisotropic. The present attempt is made with
an objective to provide some theoretical studies
on the problem that may serve as a base from
which more detailed investigations with regard to
the usage of composite material may be
attempted to gain new and needed design infor-
mation regarding turbine disks and thereby to
reduce the chances of tutbine failure. In this
connection a new critical speed of disk rotation
has been obtained and consequently this critical
speed is found to depend on central temperature,
thermomechanical anisotropy, and so forth.

86-1060

Vibzation and Stability of Circular Plates Undet

Partially Distributed or Concentrated Inplane

Loads

Y. Narita

Hokkaido Institute of Technology, Sapporo, Japan
J. Appl. Mech., Trans, ASME, 52 (3), pp 549-552

(Sept 1985) 5 figs, 2 tables, 16 refs

KEY WORDS: Circular plates, Flexural vibra-
tions, Natural frequencies, Dynamic buckling

A method is presented for analyzing the free
transverse vibration and elastic stability of circu-
lar plates under nonuniform distribution of the
inplane stresses. A general solution procedure is
developed, and a frequency equation is derived
for the case when a pair of loads are locally
distributed in the plane along the edge. Numeri-
cal results are presented for natural frequencies
and bucking loads of the plates, and the effect
of the partial inplane loading is discussed. A
limiting case for a concentrated inplane load is
also considered.

86-1061

Thermal Gradient Bffects Upon the Vibrations of
Certain Composite Circular Plates, Part I: Plane
Orthotropic

D.G. Gorman
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Univ. of London, London, England
J. Sound Vib., 101 (3), pp 325-336 (Aug 8, 1985)
2 figs, 3 tables, 31 refs

KEY WORDS: Circular plates, Composite struc-
tures, Temperature effects, Flexural vibrations

The effect of a radial parabolic temperature
distribution upon the natural frequencies of small
free transverse vibration (axi- and non-axisym-
metric) of polar orthotropic circular plates is
considered.  Although the problem is solved
primarily by means of the annular finite element
method, close examination of the exact form of
the thermal stress distribution, and utilization of
the Lamb and Southwell approximation, enables
one to present the results in a very efficient
form,

86-1062

Thermal Gradient Effects Upon the Vibration of
Certain Composite Circular Plates, Part I: Plane
Orthotropic with Temperature Dependent Proper-
ties

D.G. Gorman

Univ. of London, London, England

J. Sound Vib,, 101 (3), pp 337-345 (Aug 8, 198%)
5 figs, 5 refs

KEY WORDS: Circular plates, Composite struc-
tures, Temperature effects, Flexural vibrations

This paper extends the work contained in Part ]
to include the extra complicating effect of
temperature dependent Young's moduli upon the
transverse vibration of polar orthotropic circular
plates. Two aspects are considered, namely the
effect upon the flexural aspect of the plate and
the effect upon the geometric stiffness resulting
from the more complicated form of the radial
stress distribution,

86-1063

Investigation into the Comparisons of the Under-
water Shock Effects on a Stiffened Flat Plate to
the Predictive Nature of a Computer Model
J.R. Langan

Naval Postgraduate School, Monterey, CA
Master's Thesis, 75 pp (Mar 1985) AD-A1l55
612/5/GAR

KEY WORDS: Siffened plates, Underwater shock
waves, Underwater explosions, Computer pro-
grams
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An experiment was performed to study the
effects of an underwater explosion on a sub-
merged test panel. An important element of this
thesis was to validate a finite element/finite
central difference computer code developed to
forecast shell responses. Emphasis was placed
upon attaining stiffener tripping and collecting
invaluable dynamic flat plate tripping data.

86~1064

The Bffect of Point Constraints on Transverse
Vibration of Cantilever Plates

Y. Narita

Hokkaido Institute of Technalogy, Sapporo, Japan
J. Sound Vib., 102 (3), pp 305-313 (Oct 8, 1985)
4 figs, 4 tables, 11 refs

KEY WORDS: Cantilever plates, Flexural vibra-
tion, Natural frequencies, Mode shapes, Lagrange
equations

This paper deals with the free transverse vibra-
tion of rectangular cantilever plates subjected to
point constraints against deflection. Particular
emphasis is given to the quantitative evaluation
of effects of the constraints on the vibration
characteristics. The natural frequencies and
mode shapes of the plates are determined by the
Lagrange multiplier method, an extension of the
classical Ritz method. In the numerical exam-
ples it is found that a significant increase in
frequencies occurs when the constraints are
added on certain parts of cantilever plates.

SHELLS

86-1065
Influence of Foundation Mass on the Nonlinear

Damped Response of Orthotropic Shallow Spheri-
cal Shells

Y. Nath, R.K. Jain

Indian Institute of Technology, New L elhi, India
Intl. J. Mech. Sci., 27 (7/8), pp 471-479 (1985) 9
figs, 1 table, 8 refs

KEY WORDS: Spherical shells, Winkler founda
tions, Pasternak foundations, Damped structures,
Periodic excitation

The effect of the mass of the foundations on the
large-amplitude response of clamped and sim-
ply-supported orthotropic shallow spherical shells
continuously supported by Winkler and Pasternak
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elastic foundations, subjected to uniform step
pressure and sinusocidal pulse loadings has been
investigated, with and without damping. Non-
linear governing partial differential equations of
motion are derived and solved in space and
time-domains using Chebyshev polynomials and
an implicit Houbolt time-marching scheme,
respectively. Results show a significant influence
of the foundation inertia on the amplitude and
time-period of the response of orthotropic shallow
spherical shells.

86-1066

Axisymmetric Static and Dynamic Buckling of
Orthotropic Shallow Conical Caps

P.C. Dumir, K.N. Khatri

Indian Inst. of Technology, New Delhi, India
AIAA ., 23 (11), pp 1762-1767 (Nov 1985) 6
figs, 2 tables, 13 refs

KEY WORDS: Spherical shells, Dynamic buckling

This study deals with the axisymmetric static and
dynamic buckling of elastic polar orthotropic thin
shallow conical caps subjected to uniformly dis-
tributed loads. Static and step function conser-
vative loadings on conical caps with clamped
immovable, simply supported immovable, and
simply supported movable edges have been con-
sidered. The governing equations are formulated
in terms of normal displacement w and stress
function Psi, Orthogonal point collocation
method is used for spatial discretization and
Newmark-B scheme is used for time marching,
The present results for the isotropic clamped
immovable conical caps are in good agreement
with the available results, The influence of
orthotropic parameter B and the edge conditions
on the static and dynamic buckling loads has
been investigated. Dynamic buckling loads ob-
tained from static analysis have been found to
agree well with the dynamic buckling loads based
on transient response.

86~1067

Seismic Analysis of Axisymmetric Shells

R.]. Jospin, E.M. Toledo, R.A. Feijoo
Laboratorio de Computacao Cientifica, Rio de
Janeiro, Brazil

Rept. No. LCC-12/84, 17 pp
CE85781136/GAR

(19 84)

KEY WORDS: Shells, Seismic analysis, Finite
element technique
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Axisymmetric shells subjected to multiple support

excitation are studied. The shells are spatially
discretized by the finite element method and in
order to obtain estimates for the maximum
values of displacements and stresses the response
spectrum technique is used. Finally, some
numerical results are presented and discussed in
the case of a shall of revolution with vertical
symmetty axis, subjected to seismic ground
motions in the horizontal, vertical and rocking
directions.

86-1068

A New Displacement Form for the Nonlincar
Bquations of Motion of Shells of Revolution
].G. Simmonds

Univ. of Virginia, Charlottesville, VA

J. Appl. Mech,, Trans. ASME, 52 (3), pp 507-529
(Sept 1985) 10 refs

KEY WORDS: Shells of revolution, A xisy mmetric
vibrations

In the theory of shells of revolution undergoing
torsionless, axisymmetric motion, an extensional
and a bending hoop strain are introduced that are
lineatr in the displacements, regardless of the
magnitudes of the strains and the meridional
rotation, The resulting equations of motion and
boundary conditions are derived and some
common conservative surface loads are listed
along with their potentials, The governing equa-
tions appear to be the simplest possible in terms
of displacements.

PIPES AND TUBES

86-1069

Vibration of Tube Bundles Subjected to Two-
Phase Cross-Flow

M.]. Pettigrew, ]J.H. Tromp, ]J. Mastorakos
Atomic Energy of Canada Limited, Chalk River,
Ontario, Canada

J. Pressure Vessel Tech,, Trans. ASME, 107 (4),
pp 335-343 (Nov 1985) 14 figs, 1 table, 13 refs

KEY WORDS: Tube arrays, Fluid-induced excita-
tion, Damping coefficients, Fluid elastic instabil-
ity, Turbulence

Two-phase cross flow exists in many shell-and-

tube heat exchangers such as condensers, re-
boilers and nuclear steam generators. A com-
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bundle
vibrations subjected to two-phase cross flow is

prehensive study tube

program to
described. This paper presents the results of
expetiments on a normal-triangular and a nor-
mal-square tube bundle. The bundles were
subjected to air-water mixtures to simulate real-
istic vapor qualities and mass fluxes. Vibration
excitation mechanisms were deduced from vibra-
tion response measurements, Results on damp-
ing, hydrodynamic mass, fluid-elastic instability
and random turbulence excitation in two-phase
cross flow are oresented.

86~1070

Bond Graph Models for Fluid Networks Using
Modal Approximation

D.L. Margolis, W.C. Yang

University of California, Davis, CA

J. Dynam. Syst., Meas. Control, Trans. ASME,
107 (3), pp 169-175 (Sept 1985) 14 figs, 30 refs

KEY WORDS: Modal analysis, Bond graph tech-
nique, Transmission lines, Pipelines

Modal bond graph representations of the dissipa-
tive model of rigid, cylindrical fluid transmission
lines with laminar flow are developed. Modal
approximation techniques are used for both
hydraulic and pneumatic lines. The modeling and
simulation procedures for fluid networks coupled
with nonlinear and dynamic systems are greaty
facilitated using bond graphs. The physical
interpretation of the model is preserved in this
approach, Simulation results for hydraulic single
lines are compared with results derived by the
quasi-method of characteristics. The simulation
results for fluid networks for various line and
termination configurations are illustrated.

86-1071

The Open and Blocked Distributed Air Transmis-
sion Lines by the Fast Fourier Transform
Method

S.H.L. Tsang, M.W. Benson, R.H. Granberg
Lakehead Univ., Thunder Bay, Ontario, Canada
J. Dynam, Syst., Meas. Control, Trans. ASME,
107 (3), pp 213-219 (Sept 1985) 9 figs, 15 refs

KEY WORDS: Pneumatic lines, Transmission
lines, Fast Fourier transform, Computerized
simulation

This paper deals with the digital computer simu-
lation of a distributed air transmission line sub-

jected to an impulse, step, or arbitrary
62
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excitation, The rationale is based on the inverse
Fourier transform principle.  The predicted
dynamics of a blocked and an open line sub-
jected to atbitrary periodic excitation are com-
pared with experimental measurements. The
paper also presents some mathematical proofs.

86-1072

Vibration of Piping Systems Containing s Moving
Medium

C.W.S. To, V. Kaladi

The Univ. of Calgaty, Calgary, Alberta, Canada
J. Pressure Vessel Tech,, Trans. ASME, 107 (4),
pp 344-349 (Nov 1985) 5 figs, 1 table, 20 refs

KEY WORDS: Pipelines, Fluid-filled containers,
Fluid-induced excitation, Transfer matrix method

The subject of vibration of piping components
containing a moving medium has been studied
extensively in the past three decades. Special
attention has been paid on the instability of
uniform and tapered tubes with various boundary
conditions, On the othet hand, very limited
information is available for complex piping
systems cartying a moving medium., This paper
proposes a transfer matrix method for the vibra-
tion analysis of complicated piping networks.
Bends, piping components of various diameters,
and lumped masses such as valves with a moving
medium are considered., Closed-form transfer
matrix for various piping elements incorporating
the Coriolis effects are presented and discussion
is made. The proposed approach is much more
cconomical to use than the versatile finite
element method. Moreover, it can be eaaily
implemented in a microcomputer,

86-1073

Transient Hydroelastic Vibration of Piping with
Local Nonlinearities

R.P. Keskinen

Finnish Centre for Radiation and Nuclear Safety,
Helsinki, Finland

J. Pressure Vessel Tech., Trans, ASME, 107 (4),
pp 350-355 (Nov 1985) 7 figs, 1 table, 15 refs

KEY WORDS: Pipelines, Nonlincar systems,
Fluid-induced excitation, Modal superposition
method

A mode superposition algotithm is presented to
solve fluid and structural dynamics problems in
piping systems. A local cross sectional material
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nonlinearity, such as cavitation of fluid or cir-
cumferential cracking of the pipe material can
be considered. Two families of cigenmodes are
used to decompose the total response into
so-called compatibility-controlling and resistance-
controlling responses which satisfy the governing
partial differential equations. The responses are
simultaneously solved in time by means of
convolution integral techniques.

86-1074

An Asscssment of Frequency-Dependent Damping
Using the Nuclear Piping System Damping Data
Base

A.G. Ware

EG&G Idaho, Inc., Idaho Falls, ID

J. Pressiare Vessel Tech,, Trans. ASME, 107 (4),
pp 361-365 (Nov 1985) 16 figs, 16 refs

KEY WORDS: Pipelines, Nuclear reactor compo-
nents, Damping coefficients, Seismic response

The existing nuclear piping damping data base is
examined to assess the relation between fre-
quency and damping in the seismic tange (0 to
33 Hz). A conclusion is reached that the pub-
lished data supports such a correlation for indi-
vidual systems, and that this relation offers
suitable advantages for use in establishing allow-
able damping values for seismic analyses. The
data base for higher frequency systems subjected
to flow-induced loads is presendy vety meager,
and thus a corresponding assessment cannot be
made,

86-1075

Damping in LMFBR Pipe Systems

M.]. Anderson, D.A, Barta, M.R. Lindquist, E.J.
Renkey

Westinghouse Hanford Co., Richland, WA

J. Pressure Vessel Tech., Trans. ASME, 107 (4),
pp 366-372 (Nov 1985) 13 figs, 9 refs

KEY WORDS: Pipelines, nuclear reactor compo-
nents, Damping coefficients, Seismic response

Liquid Metal Fast Breeder Reactor pipe systems
typically utilize a thicker insulation package than
that used on water plant pipe systems. They are
supported with special insulated pipe clamps.
Mechanical smubbers are employed to resist
seismic loads. Recent laboratory testing has
indicated that these features provide significandy
more damping than presenty allowed by Regula-

tory Guide 1.61 for water plant pipe systems.
This paper presents results of additional in-situ
vibration tests conducted on Fast Flux Test
Facility pipe systems. Pipe damping values
obtained at various excitation levels are pre-
sented.  Effects of filtering data to provide
damping values at discrete frequencies and the
alternate use of a single equivalent modal
damping value are discussed. These tests further
confirm that damping in typical LMFBR pipe
systems is larger than presently used in pipe
design.

86-1076

Comparison and Evaluation of Analytical Struc-
tural Solutions with EPRI Safety Valve Test
Results

L.C. Smith, T.M, Adams

Westinghouse Electric Corporation, Pittsburgh, PA
J. Pressure Vessel Tech., Trans. ASME, 107 (4),
pp 380-386 (Nov 1985) 16 figs, 6 tables, 7 refs

KEY WORDS: Pipelines, Nuclear reactor compo-~
nents, Temperature effects, Testing techniques

Of concern in this paper is the operability of the
safety valves and the acceptability of the down-
stteam piping when subjected to the dynamic
thermal hydraulic loadings associated with tran-
sients. To aid in this verification process the
Electric Power Research Institute conducted an
extensive program testing different safety valves
subjected to varying operating conditions, Down-~
stream piping loads associated with the various
loading cases were also measured. This paper
presents and compates analytically determined
solutions for the structural response of the test
configuration to actual test results. A brief
description of the methods used to generate the
thermal hydraulic loads is presented but the
major emphasis is on the piping dynamic re-
sponse., Discussed are the piping and support
modeling techniques, the dynamic solution meth-
ods and the load application methods employed.
Analytically calculated piping stresses, support
loads, displacements, and valve nozzle loads are
compared to the test results.

86-1077

Further Considerations for Damping in Heavily
Insulated Pipe Systems

M.]J. Anderson, M.R. Lindquist, L.K. Severud
Hanford FEngrg. Dev, Lab., Richland, WA
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Rept. No. HEDL-SA-3258-FP, CONF-850670-7, 14
pp (Jan 1985) ASME Pressure Vessel and Piping
Div, Conf,, New Orleans, LA (Jun 24, 1989%)
DE85008494/GAR

KEY WORDS: Pipelines, Damping coefficients,
Seismic design

Over the past several years a body of test data
has been accumulated which demonstrates that
damping in small diameter heavily insulated pipe
systems is much larger than predicted. This data
is generally based on pipe systems using a
stand-of f insulation design with a heater annulus,
Additional tests have now been completed on
similar pipe systems using a strap-on insulation
design without the heater annulus. Results indi-
cate come reduction in damping over the stand-
off designs. Test data has also been obtained on
a larger sixteen-inch diameter heavily insulated
pipe system. Results of these two additional test
series are presented. Revised damping values
for seismic design of heavily insulated pipe
systems are then recommended.

86-1078

Vibzation Transmissibility Characteristics of
Reinforced Viscoelastic Pipes Employing Complex
Moduli Master Cuzves

S.0. Oyadiji, G.R. Tomlinson

Univ. of Manchester, Manchester, England

J. Sound Vibr., 102 (3), pp 347-367 (Oct 8, 1985)
15 figs, 30 refs

KEY WORDS: Pipes, Viscoelastic properties,
Reinforced structures, Vibration transfer

Fibre and wire reinforced flexible viscoelastic
pipes are used in situations where their static
and dynamic characteristics provide much better
petformance than metallic pipes. Because of
their vibration and shock attenuation characteris-
tics, viscoelastic pipes are used as flexible
conduit in applications where it is desitable to
minimize the transmission of vibration and struc-
tural-borne sound to the surroundings. In analy z-
ing the vibration and structure-botne sound
transmission and the vibrational power flow
through systems that incorporate such pipes,
knowledge of the mathematical models that satis-
factorily predict the vibration transmissibility
characteristics of the viscoelastic pipes is advan-
tageous, It is shown that the use of the fre-
quency and temperature dependent complex
moduli of these pipes with the elementary and
the more exact theories of the propagation of
axial and flexural vibration through viscoelastiz

rods and beams provides satisfactory prediction
of the vibration transmissibility characteristics of
the reinforced viscoelastic pipes.

86-1079

Determination of the Complex Moduli of Visco-
elastic Structural Elements by Resonance and
Non-Resonance Methods

S.0. Oyadiji, G.R. Tomlinson

Univ. of Manchester, Manchester, England

J. Sound Vib., 101 (3), pp 277-298 (Aug 8, 1985)
15 figs, 2 tables, 18 refs

KEY WORDS: Pipes, Structural members, Visco-
elastic properties, Complex modulus

The successful prediction of the vibration trans-
missibility characteristics of viscoelastic struc-
tural elements is strongly dependent upon the use
of fairly accurate estimates of the complex
moduli, often they ate frequency and temperature
dependent functions, Two methods, namely the
standing wave resonance and the non-resonance
(dynamic stiffness) methods are used to investi-
gate frequency and temperature dependent chat-
acteristics of the complex Young's modulus of a
composite viscoelastic pipe. It is shown that in
the case of the standing wave resonance method,
the use of the simple classical frequency equa-
tion for the determination of the complex madu-
lus of a viscoelastic prismatic element from the
modal values of frequency and transmissibility
tesults in an absolute error of less than 8% for
loss factors of up to 04, Also, it is shown that
as the loss factor increases the number of modes
for which the classical frequency equation is
applicable decreases and criteria for establishing
the range of validity of the classical frequency
equation are described. Complex moduli data
obtained from experimental testa are then used
with the method of reduced vatiables to produce
master curves and equations of reduced dynamic
Young's modulus and loss factor which cover
many decades of frequency.

86-1080
Pipe Whip — Bounding the Required Restraimt
Capacity
R. Pecek

California Institute of Technology, Pasadena, CA

J. Pressure Vessel Tech,, Trans. ASME, 107 (4),
pp 356-360 (Nov 1985) 5 figs, 12 refs

KEY WORDS: Pipe whip restraints, Nuclear
reactor components
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Energy balance methods used for the design of
pipe whip restraints are based on the solution for
the motion of a rigid-plastic pipe before impact
against the restraint. Energy balance methods
ate not necessarily consetvative because the
plastic hinge which forms in the pipe moves
after impact on the restraint and elastic pipe
deformations are not considered. Here, upper
and lower bounds to the required restraint capac-
ity are derived, In contrast to finite element
methods, which are vety time-consuming, the
upper and lower bounds can be evaluated by
simple hand calculations, Another advantage is
that the required restraint capacity is calculated
directly, No trial and error design is requited.
A numerical example shows that for a typical
pipe and restraint, the upper and lower bounds
differ by as litde as 20 percent,

DUCTS
86~1081
Self-Adaptive Broadband Active Sound Control
System
A, Roure

Centre National de la Recherche Scientifique,
Marseille Cedex, France

J. Sound Vib,, 101 (3), pp 429-441 (Aug 8, 1985)
10 figs, 8 refs

KEY WORDS: Acoustic absorption, Active noise
control, Ducts, Air conditioning equipment

The principle and performance of a broadband
active sound control system in an air-conditioning
duct is described. The system presented, which
is designed for industrial use, is self-adaptive
thanks to a programmable digital filter. It is
possible to obtain attenuations of between 20 and
25 dB over a frequency band from several tens
of Hz up to the first transverse mode of the
duct, Its self-adaptive property means that fully
equipped and preset sections can be built in the
laboratoty and can then be inserted on site in
the same way as mufflers.

DYNAMIC ENVIRONMENT

ACOUSTIC EXCITATION

86-1082

Cylindrical Sound Wave Generated by Shock-
Vortex Interaction

H.S. Ribner

Univ., of Toronto, Downsview, Canada
AIAA J., 23 (11), pp 17081715 (Nov 1985) 12
figs, 23 refs

KEY WORDS: Sound waves, Wave genetation,
Fluid-induced excitation, Turbulence

The passage of a columnar vortex broadside
through a shock is investigated. This has been
suggested as a crude, but deterministic, mode! ~f
the generation of shock noise by the turtbulence
in supetrsonic jets. The plane sound waves
produced by each shear wave/shock interaction
are recombined in the Fourier integral.

86-1083

"A Hole Spoils a Wall'" — Acoustic Analysis of
Sound Transmission Through Slits by the Theory
of Diffraction

G. Rosenhouse

Technion-Israel Inst. Technol, Haifa, Israel
Acustica, 58 (4), pp 189-195 (Sept 1985) 6 figs, 3
tables, S5 refs

KEY WORDS: Sound waves, Wave transmission,
Wave diffraction, Openings

A numerical methodology of solving sound trans-
mission from a sound source to a receiver via
an arbitrarily shaped aperture is the object of
the paper. This specific method gives the reader
insight into the physical nature of the diffraction
problem. The method combined Kirchhoff inte-
gral and "Z-lines method" into a technique which
enables investigation of interference effects in
domains where discrete frequencies dominate,
Consequently, overall energy considerations will
not suffice. The acoustic effect of atbitrarily
shaped plane slits or screens with any absorption
may be easily handled, taking into account phase
shifts. Numerical examples illustrate rigorously
the tule of thumb of the consultants in acoustics:
"A hole spoils 2 wall",

86-1084

Model Studies of Acoustic Propagation Over
Comtoured, Finite Impedence Ground

D.A, Hutchins, H. W, Jones, L.T. Russell
Queen's Univ,, Kingston, Ontario, Canada
Acustica, 58 (4), pp 234-242 (Sept 1985) 11 figs,
7 tefs

KEY WORDS: Sound waves, Wave propagation,
Ground surface
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A scale modeling technique has been used to  the sound power of a source and that certain A
determine excess attenuation data for acoustic  indicators can be used to show when sound -t
propagation over ground surfaces with vatious power results are unreliable, ¥
topographic features. The model surface had an i
impedance and flow resistivity which matched 9
closely that of grass-covered ground outdoors. g
The results indicate that interference effects are SHOCK EXCITATION i
important in many situations, including some
whete the source is on the ground. 3
86-1087 !

Stochastic Analysis of the Seismic Response of 9

Secondary Systems 3

86-1085 K.S. Smith .
Mode Filters and Steered Arrays California Inst. of Tech,, Pasadena, CA :
D.E. Weston Ph.D. Thesis, Rept. No. EERL-85%1, 179 pp .
Admiralty Research Establishment, Portland, (1985) PB85-240497/GAR :
England ’

J. Sound Vib., 102 (3), pp 423-430 (Oct 8, 1985)
3 figs, 1 table, 7 refs

KEY WORDS: Underwater sound, Sound waves,
Wave propagation

A vertical acoustic array in shallow water may
be steered to one of the equivalent plane waves
constituting a given mode, and will then couple
well to that mode. Consideration of disparate
impermeable boundaries shows that the half-
power law is sometimes far from exact. Sev-
eral extensions of these ideas are discussed, and
for practical conditions the half-power law is a
good approximation. A second half-power law
indicated that the steered columnar array can
receive about half the power in a mode.

86-1086

Background Noise Effects on the Measutement of
Sound Power of Small Machines Using Sound
Intensity Techniques

J. Buffa, M.]J. Crocker

General Motors Corporation, Flint, MI

Noise Control Engrg. J., 25 (1), pp 411 (July/
Aug 1985) 13 figs, 16 refs

KEY WORDS: Sound power levels, Acoustic
intensity method, Two microphone technique

This paper describes an investigation of the
effects of varying amounts of background noise
on sound power measurements made using the
two microphone sound intensity approach. Two
sets of measurements were taken on machine
sources: one set at a distance of approximately
0.5 m and the other set very close to the
sources. The results show that the sound inten-
sity method is a viable technique for measuring

66

KEY WORDS: Equipment structure interaction,
Seismic response

The thesis is concerned with the earthquake
tesponse of light equipment in structures, The
motion of the ground during an earthquake is
represented as a stochastic process in order to
reflect uncertainty in the prediction of such
motion. A number of different stochastic earth-
quake models are considered, and analytical
methods are described for these models.

861088

Response Maxima of a SDOF System Under
Seismic Action

M. Di Paola, G. Muscolino

Universita di Palermo, Palermo, Italy

ASCE ] . Stuc. Engrg., 111 (9), pp 2033-2046
(Sept 1985) 9 figs, 23 refs

KEY WORDS: Single degree of freedom systems,
Seismic excitation, Statistical analysis

A semi-empirical method for the evaluation of
the statistical characteristics of the mean, vari-
ance and the maximum response peak of a single
degree of freedom linear system under seismic
action is presented. The non-stationary ground
motion is modeled filtering a white Gaussian
random noise and enveloping the filtered noise
by a deterministic shaping function. The linear
differential equations for the determination of the
spectral moments ate examined and a closed-form
solution given. Extensive studies by means of
digital simulation are made and the proposed
semi-empirical formulation is compated with the
other apptoximate methods available in the lit-
erature within the framework of the first passage
problem,
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$6-1089

Dislocation Kinetics Behind Shcar Shocks

R.B. Stout, G.D. Anderson

Lawrence Livermore National Lab., CA

Rept. No. UCRL-92255, CONE-850736-24, 6 pp
(June 198%5) (Amer, Phys. Soc. Topical Conf,
Shock Waves in Condensed Matter, Spokane, WA,
July 22, 1985) DE85014811/GAR

KEY WORDS: Shock wave propagation, Shear
waves

High velocity oblique impact experiments result
in both compression and shear shock waves.
Behind the shear shock wave the particle velocity
is transverse to the shock front. At large trans-
verse particle velocities, dislocation kinetics can
contribute a portion of the velocity. Based on a
kinematic and thermodynamic model of disloca-
tion kinetics, an analysis is made of the trans-
verse strain and velocity behind a shear shock,
Kinematics of dislocations in transverse motion
behind the shock is formulated. A solution is
given for an ideal case where the dislocation
density function propagates as a pulse behind the
shear shock.

86-1090

Investigation to Optimize the Passive Shock
Wave/Boundary Layer Control for Supercritical
Airfoil Drag Reduction

H.T. Nagamatsu, R. Dyer

Rensselaer Polytechnic Inc., Troy, NY

Rept. No. NASA-CR-175788, 33 pp (Dec 1984)
N85-26665/8/GAR

KEY WORDS: Airfoils, Shock wave-boundary
layer interaction, Wind tunnel testing

The passive shock wave/boundary layer control
for reducing the drag of 14 %-thick supercritical
airfoil was investigated in the 3 in x 15.4 in,
RPI Transonic Wind Tunnel with and without the
top wall insert at transonic Mach numbers. Top
wall insert was installed to increase the flow
Mach number to 0.90 with the model mounted on
the test section bottom wall, Various porous
surfaces with a cavity underneath were positioned
on the area of the airfoil where the shock wave
occurs,

VIBRATION EXCITATION

86-1091

Frequency Control and its Effect on the Dynamic
Response of Flexible Structures

V.B. Venkayya, V.A. Tischler

Air Force Wright Aeronautical Labs., Wright-
Patterson Air Force Base, OH

ATAA ]., 23 (11), pp 17681774 (Nov 1985) 5
figs, 7 tables, 11 refs

KEY WORDS: Optimum control theoty, Structural
modification techniques, Optimization, Vibration
control

The effect of structural optimization on optimal
control design is studies in this paper. Struc-
tural optimization was tteated as 2 problem of
mass minimization with constraint on the open-
loop frequency. The quadratic performance
index, involving the state and control variables,
was used in the design of the control system. A
control system with only full-state feedback was
considered. A procedute for generating the state
and control weighting matrices by structural
dynamics programs was outlined. By introducing
simple scaling parameters, the weighting matrices
were used effectively to achieve the desired
control objectives. A number of case studies
using a simple truss sttucture were made.
Vibration suppression with only initial distur-
bances was considered. The conclusion was that
modification of the structural parameters (stiff-
ness and structural mass) did not significantdy
alter the control design in this study.

86-1092
A New Techmique for the Investigation of Stick-

Slip

A.G, Plint, M.A. Plint

Cameron-Plint Tribology Ltd., Berkshire, U.K.
Teib. Intl,, 18 (4), pp 247-249 (Aug 1985) 7 figs

KEY WORDS: Stick-slip response

The stick-slip phenomenon has been investigated
using an existing high frequency friction machine
at very low speed. Static friction was found to
vary with frequency and to approach s maximum
as the length of time during which the contacting
surfaces were at rest increased. This was
thought to be due to a squeeze film effect lead-
ing to increasing asperity contact.

86-1093

Bffects of Vortex-Resonance on Nearby Galloping
Instability

A. Bokaian, F. Geoola
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Earl and Wright Ld., London, UK
ASCE ]. Engrg. Mech,, 111 (5), pp 591-608 (May
1985) 16 figs, 2 tables, 15 refs

KEY WORDS: Fluid-induced excitation, Prismatic
bodies, Vortex induces excitation, Galloping

Measurements arec presented on the response of a
rigid smooth rectangular prism, free to oscillate
laterally against linear springs in a uniform
flow. The prism was of side ration 1:2 with the
vroadet side facing the flow direction, The
expetiments also encompassed wake observations
behind th: prism when fixed, as well as determi-
nation of the lift forces on the fixed prism as a
function of angle of flow attach, Dynamic tests
showed that an increase in structural damping
generally causes the instability to begin at a
higher flow speed,

86-1094

The Dynamics of Vortex Amplifiers., Part 1:
Analytical Model

E.E. Kitsios, R.F. Boucher

Univ, of Sheffield, Sheffield, England

J. Dynam. Syst.,, Meas. Control, Trans. ASME,
107 (3), pp 176-181 (Sept 1985) 11 figs, 9 refs

KEY WORDS: Vortex amplifiers, Fluid-induced
excitation, Mathematical models

A semi-empirical technique for the dynamic
modeling of vortex amplifiers is demonstrated
with reference to one particular vortex amplifier
geometry, The model parameters are determined
explicitly from the amplifier static characteristics
and geometry except for two which are estimated
from measurements of the amplifier's dynamic
response. The two are time constants associated
with the chamber time delay and the vortex
rotational inertia. The model is linearized about
a working point and is presented in terms of an
admittance matrix., The paper is continued in
Part 2 whete two of the amplifier's transfer
admittances are measured experimentally and
compared with the model predictions,

86-1095

The Dynamics of Vortex Amplifiers., Part 2:
Dynamic Measurements and Comparison with
Model Predictions

R.F. Boucher, E.E. Kitsios

Univ., of Sheffield, Shecffield, England

J. Dynam, Syst,, Meas. Control, Trans, ASME,
107 (3), pp 182-186 (Sept 1985) 11 figs, 4 refs
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KEY WORDS: Vortex amplifiers, Fluid-induced
excitation, Measurement techniques

A general experimental procedure is described
for determining the lincarized transfer admit-
tances of a vorncx amplifier. Flow response at
the ports to a measured pressure perturbation
applied to any one of them was obtained by hot
wite anemometer, Self and transfer admittances
wete determined using a dual channel spectrum
snalyzer. The difficulties involved in such
experiments are discussed. Measurements at two
working points compate well with those predicted
Ly the theoretical model developed in Part 1 of
this paper.

86-1096

An Experimental Study of the Reflection and
Transmission of Flexural Waves at Discontinu-
ities

J.F. Doyle, S. Kamle

Purdue Univ., West Lafayette, IN

J. Appl. Mech,, Trans. ASME, 32 (3), p
(Sept 1985) 6 figs, 1 table, 7 refs

p 669673

KEY WORDS: Discontinuity-containing media,
Flexural waves, Wave transmission, Wave reflec-
tion, Fast Fourier transform

The tesearch reported is the study of the trans-
mission and reflection characteristics of flexural
waves at structural discontinuities, A Fast
Fouriet Transform (FFT) computer algorithm is
used to characterize the dispersive flexural
waves. The incident wave is propagated through
two types of discontinuities namely, a stepped
beam and the free end of a beam. At each
stage, comparison with experimental results are
made,

MECHANICAL PROPERTIES

DAMPING

86-1097

Critical Damping in Complex Structures and
Control Systems

D.]. Inman

State Univ. of New York at Buffalo, NY
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(Vibz. Damping Workshop Proc., Long Beach,
CA, Feb 27-29, 1984, pp AAA-1 - AAA-12,
AD-A132 547) AD-P004 731/6/GAR

KEY WORDS: Critical damping, lumped parame-
ter method, Contimious parameter method, Finite
element technique

This work examines the concept of critical
damping normally defined for single degree of
freedom systems 2s apriied to more complex
models of structures and their contzol sy..ems.

86-3498

Vibration Damping Analysis Using the Finite
Hlement Methaod

R.A, Brockman

Dayton Univ., Dayton, O"i

(Vibz. Damping Workshop Proc., Long Beach,
CA, Feb 27-29, 1984, pp lI-1 -II-10, AD-A152
547) £ D-P204 715/9/GAR

KEY WORDS: Vibration damping, Finite element
technique, Computer programs

This paper describes some of the curren: solution
methodology for finite element analysis of prob-
lems in vibration damping, and addresses several
common questions regarding the differences
between methods and computer programs. The
discussion is intended for non-specialists in finite
element methods, and focuses on basic questions
and principles in the use of finite elements for
damping design and analysis.

86~-1099

Some Musings on How to Make Damping a
Creative Force in Design

J.W. Mar

Massachusetts Inst. of Tech.,, Cambridge, MA
(Vibz., Damping Workshop Proc., Long Feach,
CA, Feb 27-29, 1984, pp A-1 -A-22, AD-A152
547) AD-P004 685/4/GAR

KEY WORDS: Damping characteristics, Design
techniques

Some suggestions are advanced toward making
damping a complete technology so that damping
can become a creative force in structural de-
sign. Examples cited include the invention of
mechanisms to enhance and control damping, the
testing of structural joints in simulated zero-g,
the measurement of material damping without
aerodynamic forces and the testing of structures
in the zero-g and high vacuum of space.

ANSIN
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£§5-1100
Thermoelastic
Analysis

U, Lee
Stanfotd Univ., Stanford, CA

AIAA J., 23 (11), pp 1783-1790 (Nov 1985) 6
figs, 27 refs

and Electromagnetic Damping

KEY WORDS: Thermoelasticity, Electromagnetic
damping, Beam-plate systems

The thermoelastic damping due to thermal cur-
rents and the electromagnetic damping due to
electric conduction currents of vibration solids
are discussed. The effects of structural and
geometrical constraints on damping loss factors
are investigated. Also, optimum conditions for
the maximum damping, which may be useful on
the stage of system design, are investigated., It
is found that damping loss factors are generally
dependent upon structural and geometrical con-
figurations. An analogy exists between thermoe-
lastic damping and electtomagnetic damping,
showing Debye curves with Debye peaks. Stand-
ing transverse waves are likely te achieve larger
dampirg than standing dilatational waves in the
presence of a magnetic field, Electromagnetic
damping in ferro-magnetic material hodies is
found to be considerable in high fictd. The influ-
ence of thermoelasiic damping on aeroelastic

stability »f beam plates is investigated, This
tesearck strongly suggest that thermoelastic
damping improves the aeroclastic stability of

beam piates,

86-1101

Approach to the Sixing of Discrete Viscous
Structural Dampers Using an Extension of the
Finite Element Approach and Modal Strain
Energy

R.B. Rich, E.C. Dalton

Martin Marietta Aerospace, Denver, CO

(Vibt. Damping Workshop Proc., Long Beach,
CA, Feb 27-29, 1984, pp BBB-1 - BBB-21,
AD-A152 547) AD-P004 732/4/GAR

KEY WORDS: Viscous damping, Finite element
technique, Modal strain energy method

A method for determining viscous damper values
and damper locations for a structure which has
particular damping requirements is presented in
this paper. The method is intended as a starting
point in a design process. The finite element
approach and concept of modal strain energy are
heavily relied upon. To illustrate the solution
sequences, a sample problem is included in the
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report. The method was applied to a large
space-based telescope in whicrl damping of opti-
cal support structures is critical for tracking and
pointing accuracy. The results of the sample
problem indicated that the method will yield the
desited amount of damping in a structute pro-
vided that the complex mode shapes do not
significantly deviate from the classical mode
shapes.

86-1102

Siging of Discrete Viscous Dampers on a Flexible
Body in the Presence of a Fixed Controller
G.R. Rapacki, R.B. Rice

Martin Marietta Aerospace, Denver, CO

(Vibr. Camping Workshop Proc., Long Beach,
CA, Eeb 27-29, 1984, pp ZZ-1 -ZZ-28, AD-A152
547) AD-P004 730/8/GAR

KEY WORDS: Viscous damping, Spacecraft

The authors investigated the effects of discrete
viscous dampers ¢n a spacecraft's rigid body
control loop. The damper's affect on the open
loop gain and phase margins, the shape of the
open loop gain-phase plot and the flexible body
dynamics were determined as a function of the
viscous damper's strength and the mass connected
to the damper, The damper was sized for those
configurations where the added damper inproved
the system robustness.

86-1103

Elastical Characteristics of Antivibrating Rubber
Elements

B. Polidor

Building Research Institute - INCERC, Bucharest,
Romama

Dyn. of Mach, Foundations, Proc. Symp. Bucha-
rest, Ro ,ania, pp 153-160 (Oct 22-24, 1985) 4
figs, 4 refs. AVAIL: Institutul Politehnic
Bucuresci, Catedra de Rezistenta Materialelor,
Splaiul Independentei 313, 79590 Bucurestd,
Romania

KEY WORDS: Elastometic dampers, Machine
foundations, Elastic properties

This paper presents the experimental results on
the establishment of the dynamic rigidity coef fi-
cient and the dynamic Young's modulus in terms
of real static and dynamic loading for three
types of Romanian rubber dampers.
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86-1104

Expetimental Study of Passive Damping and
Active Control of Large Space Structures

S.S. Simonian, C.S. Major, R. Gluck

TRW Space and Technology Group, Redondo
Beach, CA

(Vibe, Damping Workshop Proc., Long Beach,
CA, Feb 27-29, 1984, pp YY-1 - YY-41, AD-
A152 547), AD-P004 729/0/GAR

KEY WORDS: Viscoelastic damping, Spacecraft,
Modal strain energy method, Finite element
technique

This report presents a methodology for incotpo-
rating passive dampers in large space systems
design. The methodology focuses on modular,
discrete viscoelastic dampers which are integrally
designed into the structure. The report describes
the application of the methodology to the TRW
LSS Experiment, Performance evaluation of the
damped structured design was obtained using the
Modal Strain Enetgy technique, based on finite
clement models in Program NASTRAN., A
patrameter variation study of the dampers' pet-
formance was conducted, yielding, for the first
three modes of a nominal damper configuration,
an augmented modal damping ratio of 9 percent
of critical damping.

86-1105

Finite Element Design of Viscoelastically Damped
Structuses

C.D. Johnson, D.A. Kienholz, E.M. Austin, ME,
Schneider

CSA Engrg., Inc., Palo Alto, CA

(Vibr. Damping Wotkshop Proc., Long Beach,
CA, Feb 27-29, 1984, pp HH-1 - HH-28, AD-
A152 547), AD-P004 714/2/GAR

KEY WORDS: Viscoelastic damping, Finite
element technique, Model strain energy method

This paper describes four methods for the finite
element analysis of structures containing a vis-
coelastic material. These methods fall into the
categories of methods for damping treatment
selection of methods for response prediction,
The main emphasis of this paper is directed
towards the Model Strain Energy (MSE) methed.
The MSE method uses normal mode techniques
and, thetefore, is an efficient method for the
design of viscoelastically damped structures, The
MSE method, implemented by finite element
techniques, will aid analysts in selecting the
location of the damping treatment, selecting the
damping treatment, predicting the model damping
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factors, and predicting the response of the struc-
ture. A discussion of finite element modeling
methods for structures containing viscoelastic
materials is included. Two structures are dis-
cussed for which viscoelastic damping treatments
were designed. Comparisons of predicted and
measured modal damping and frequencies are
given,

86-1106

Improvement of Damping in Fiber Reinforced
Polymer Composites

R.F. Gibson, S.A. Suarez, L.R. Deobald

Idaho Univ., Moscow, ID

(Vibr. Damping Workshop Proc., Long Beach,
CA, Feb 27-29, 1984, pp S-1 -S-21, AD-A152
547) AD-P004 702/7/GAR

KEY WORDS: Viscoelastic damping, Composite
materials, Fiber composites

This paper presents preliminary experimental
results from a study of damping in aligned
discontinuous fiber reinforced polymer compos-
ites. The experiments were conducted in order
to verify a previously developed theoretical
model, It predicted that discontinuous fiber
reinforcement should enhance the shear-induced
linear viscoelastic damping eff=ct in the polymer
matrix material, Data for graphite/epoxy and
aramid/epoxy composites show that, as predicted,
very low fiber aspect ratios ate required to
produce significant improvement in damping,
and that damping also increases markedly with
increasing vibration frequency at these low
aspect ratios,

86-1107

Mecasurement of Damping of Graphite Epoxy
Materials

M.J. Crocker

Auburn Univ,, Auburn, AL
Rept. No, NASA-CR-175793,
1985) N85-26925/6/GAR

15 pp (May 1,

KEY WORDS: Material damping,
Measurement techniques

Graphite,

During this period damping measurements were
made on the cylindrical graphite epozy specimen
using the forced-vibration test method. The
specimen was carefully mounted directly on the
shaker through the supporting ring and the
impedance head. This was done to simulate an

idealized free-free boundary condition at the two
edges. The damping ratio value and the natural
frequency (first mode) obtained in this experi-
ment were 0.13% and 508,75 Hz respectively. In
order to check the damping induced by the
supporting ring, measurements were made with
the top half of the ring temoved. The specimen
then was supported only by the bottom half of
the ring (half ring).

86-1108

Damping in Mectal-Matrix Composites: Measure-
ment and Modeling

H.M. Ledbetter, S.K. Datta

National Bureau of Standards, Boulder, CO
(Vibr. Damping Workshop Proc., Long Beach,
CA, Feb 27-29, 1984, pp W-1 -W-18, AD-Al152
547) AD-P004 705/0/GAR

KEY WORDS: Material damping, Composite
materials, Mecasurement techniques, Mathematical
models

Both experimentally and theoretically, this report
considers attenuation, alpha, of elastic waves in
a composite consisting of elastic reinforcing
particles dispersed in an elastic matrix. The
authors consider only geometrical attenuation
caused by scattering from particles,

86~1109

Damping Behavior of Metal Matrix Composites
M.S. Misra, P.D. LaGreca

Martin Marietta Aerospace, Denver, CO

(Vibr. Damping Wotkshop Proc., Long Beach,
CA, Feb 27-29, 1984, pp U-1 -U-13, AD-A152
547) AD-P004 704/3/GAR

KEY WORDS: Material damping, Composite
materials, Fiber composites
Discontinuous and continuous fiber reinforced

composites were evaluated for their damping
capacities and elastic moduli, In the case of
graphite/aluminum and graphite/magnesium, the
damping factor increases significandy in the
transverse direction and slighdy in the longitudi~
nal direction, Efforts were made to explain the
observed behavior to the fiber matrix and the
diffusion bonded interfaces present in these

composites. If the interface strength is higher |
than that of the matrix alloy, the damping
capacity remains the same. However, if the 5
W
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interfaces are the weaker areas, i.e., areas of
metallurgical imperfection, the damping capacity
increases.

86-1110

Composite Material Damping Using Impulse
Technique

C.T. Sun, B.T. Lee, S.K. Chaturvedi

Florida Univ., Gainesville, FL

(vibr. Damping Workshop Proc., Long Beach,
CA, Feb 27-29, 1984, pp P-1 -P-24, AD-A152
547) AD-P004 699/5/GAR

KEY WORDS: Testing techniques, Material
damping, Impulse testing, Composite materials

An experimental technique known as the impulse
technique is presented for measurizg the internal
damping of composite materials, In order to
gain confidence on the experimental data meas-
uted from this technique som: improvements
have been made.

86-1111

Segmenting and Mechanical Attachment of Con-
strained Viscoelastic Layer Damping Treatments
for Flexutal and Extensional Waves

E.M, Kerwin, P.W. Smith

Bolt Beranek and Newman, Inc.,, Cambridge, MA
(Vibe, Damping Workshop Proc., Long Beach,
CA, Feb 27-29, 1984, pp KK-1 - KK-24, AD-
A152 547) AD-P004 717/5/GAR

KEY WORDS: Layered damping, Viscoelastic
damping, Flexural waves, Extensional waves

Segmenting (periodic interruption) increases the
effectiveness of a constrain-layer damping treat-
ment for flexural waves at frequencies below the
peak damping for the contimious system. The
intetruption of the constraining layet results in
induced strains in the viscoelastic layer, giving
highet dissipation than for the continuous system.
Thete is an optimum segment length for a given
treatment. Discusses the application of seg-
mented constrained layers to the damping of
extensional waves.

86-1112

Results of Finite Element Analysis of Damped
Structuces

M.F. Kluesener

72

‘-q ..l .‘1 ‘N’ x'\' o &'".W' -'- - .‘ *T’J ~' LA"S 4 ~ -\
L e o S e

A

Y S

Dayton Univ,, Dayton, OH
(vibr. Damping Workshop Proc., Long Beach,
CA, Feb 27-29, 1984, pp JJ-1 -] J-12, AD-A152
547) AD-P004 716/7/GAR

KEY WORDS: Layered damping, Finite element
technique

Finite Element Analysis is being used increas-
ingly to model passive damping configurations on
integrally damped structures. However, the
modeling of passive damping designs on complex
structures poses two problems. First of all, the
thin damping layers generally result in high
aspect rations of the 3D solid elements repre-
senting the damping system. Secondly, if a
multilayered damping syst:m is modeled, there
are a large number of degrees-of-freedom which
results in a2 cosdy computer run, This paper
discusses ways to reduce the number of elements
representing the dampiny system and the accu-
racy of the damping pzediction using high aspect
ratios, Experimencal tests and corresponding
finite element analysis of a double constrained
layer damped cantilever plate show that aspect
ratios up to 1000:1 yield very accurate results,

86-1113

Design Evaluation and Field Qualification of a
Damping System for an Auxiliary Power Unit
M.L. Drake

Dayton Univ., Dayton, OH

(Vibt. Damping Workshop Proc., Long Beach, Ca,
Feb 27-29, 1984, pp MM-1 - MM-18, AD-A152
547) AD-P004 719/1/GAR

KEY WORDS: Power plants, Turbine engines,
Fatigue life, Vibration dampers

A turbine engine used to operate an auxiliaty
power unit was incurring resonant vibration
induced fatigue failures in the inlet guide vanes.
Field test data tevealed high stress levels at
frequencies corresponding to the second bending
and second torsional resonances. The opera-
tional environment required a damping system to
be functional over the temperature range of -50
F and 150 F. The damping system had to sur-
vive the high airflow and erosion environment
associated with the inlet of the engine and also
had to be field installable. A computer aided
design procedure was used to develop the re-
quited damping design. The final design was
proof tested in the laboratory and demonstrated
in 86 percent stress reduction,
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86-1114

Research on Friction Damping in Jet Engines at
Carnegic-Mellon University

J.H. Griffin, ]. Bielak

Carnegie-Mellon Univ,, Pittsburgh, PA

(Vibe, Damping Workshop Proc., Long Beach,
CA, Feb 27-29, 1984, pp M-1 -M-13, AD-A152
547) AD-P004 696/1/GAR

KEY WORDS: Jet engines, Coulomb friction,
Finite element technique

This papet discussed the results of recent re-
search on friction damping at Carnegie-Mellon
University. Topics include: mistuning/friction
interaction, flutter stabilization, the use of the
finite element method to calculate the forced
response of structures containing friction inter-
faces, and improved methods for modeling fric-
tion.

FATIGUE

86-1115

Prediction of Threshold and Ultra-low Fatigue
Crack Growth Rates

L. Guerra Rosa, C.M. Branco, J.C. Radon
CEMUL, Technical Univ, of Lisbon, Lisbon,
Portugal

Ind. J. Fatigue, 7 (4), pp 183-189 (Oct 1985) 12
figs, 4 tables, 20 refs

KEY WORDS: Fatigue life, Crack propagation,
Prediction techniques

A model was derived to predict the true thresh-
old value for fatigue crack growth in the ab-
sence of crack closure. The model, based only
on the tensile and cyclic properties of the
material, was successfully verified against a set
of experimental data on medium and high
strength steels and one aluminium alloy. Good
agreement with experimental results was obtained
using a fatigue crack growth rate equation based
on the same model.

86~1116

Automatic Near-Threshold Fatigue Crack Growth
Rate Mecasurements at Liquid Helium Tempera-
ture

R.L. Tobler, Y.W. Cheng

National Bureau of Standards, Boulder, CO

Ind, J. Fatigue, Z (4), pp 191-197 (Oct 1985) 9
figs, 2 tables, 22 refs

KEY WORDS: Fatigue life, Crack propagation,
Fatigue tests, Measurement techniques

The development of a fully automated test
apparatus for near-threshold fatigue crack growth
rate measurements in a liquid helium environ-
ment is described, and some initial results for
AISI 300 series stainless steels are presented.
Experimental apparatus consists of a setvohy-
draulic test machine and a cryostat, complete
with a minicomputer, a programmable atbitrary
waveform generator, a programmable digital
oscilloscope and a fully automatic liquid helium
refill system, The technique uses 6.4 mm thick
compact specimens subjected to systematically
decreasing loads, with 24 h operation at 40 Hz,
the crack growth being continuously monitored by
specimen complinnce measurements,

86-1117

The Fatigue Threshold, Surface Condition and
Fatigue Limit of Steel Wire

I. Verpoest, E. Aernoudt, A. Deruyttere, M,
DeBondt

Katholieke Universiteit Leuven, Heverlee, Belgium
Intl, ]J. Fatigue, Z (4), pp 199-214 (Oct 1985) 25
figs, 4 tables, 37 refs

KEY WORDS: Fatigue life, Wire, Steel

To test the hypothesis that fatigue cracks in
drawn, pearlitic steel wire propagate from pre-
existing surface defects which can be treated as
cracks, the fatigue limits of five different wires
have been statistically determined.

86-1118

A Method to Assess Notched Fatigue Behaviour
A. Esin, B, Uzuner

Middle East Technical Univ., Turkey

Intl. ]J. Fatigue, 2 (4), pp 215-218 (Oct 1985) 3
figs, 5 tables, 12 refs

KEY WORDS: Fatigue life, Photoelastic analysis

A method to estimate the strength reduction
factors (Kg) of notched fatigue specimens is
presented. It is shown that the influence of the
notch geometry on fatigue life can be assessed
by photoelastic analysis. A simple mathematical
expression to estimate the value of K¢ has been
put forward., The validity of the expression has
been verified experimentally by comparing
against fatigue test results,
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86-1119

Flexural Fatigue Resistance of Ultra-High Mo-
lecular Weight Polyethylene at Ambient and Low
Temperature

H. Yelle, R. Gauvin, G. Narvaez

Ecole Polytechnique de Montreal, Montreal,
Quebec, Canada

Ind. ]J. Fatigue, Z (4), pp 219-223 (Oct 1985) 9
figs, 1 table, 12 refs

KEY WORDS: Fatigue tests, Temperature effects

Specimens of ultra-high molecular weight poly-
cthylene have been subjected to flexural fatigue
tests at -40 C and 23 C, and the temperature of
some of the specimens recorded throughout the
test. It is found that when the specimen life
exceeds 10° cycles, the temperature of the
specimen stabilizes.

86-1120

Measurement and Analysis of Critical Crack Tip
Processes during Fatigue Crack Growth

D.L. Davidson, S.J. Hudak, R.]. Dexter
Southwest Research Inst., San Antonio, TX
Rept. No NASA-CR-172597, 108 pp (June 19385)
N85-32342/6/GAR

KEY WORDS: Fatigue life, Crack propagation

The mechanics of fatigue crack gtowth under
constant-amplitudes and variable-amplitude load-
ing wete examined. Critical loading histories
involving relatively simple overload and over-
load/underload cycles were studied to provide a
basic undetstanding of the undetlying physical
processes controlling crack growth. The mate-
rial used for this study was 7091-T7E69, a
powder metallurgy aluminum alloy. Local
crack-tip parameters were measured at vatious
times before, during, and after the overloads,
these include crack-tip opening loads and dis-
placements, and crack-tip strain fields. The
sensitivity of the analytical model to constant-
amplitude fatigue crack growth rate properties
and to through-thickness constrain are studied.

86-1121

Crack Growth Analyses and Correlations for
Attachmem Lugs

K. Kathiresan, T.R. Brussat, J.L. Rudd

Air Force Wright Aecronautical Lab,, Wright-
Patterson Air Force Base, OH

J. Aircraft, 22 (9), pp 818-824 (Sept 1985) 11
figs, 1 table, 31 refs

KEY WORDS: Fatigue life, Crack propagation
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A method of damage toerance analysis for
corner cracks in attachment lugs is presented,
It is correlated with constant-amplitude fatigue
crack growth test results. In the analysis, stress
intensity factor solutions for through-the-thickness
cracks, obtained from the Green's function
method and modified by the use of correction
factors, are applied to corner cracks, including
transition to a through-the-thickness crack. The
accuracy of the analysis is demonsuated through
correlations with test results for 24 axially
loaded, straight lugs with tiny initial corner
cracks, Tests cover three lug shapes, two
materials (4340 steel and 7075-T651 alumimum),
and two stress ratios, and all tests are repli-
cated,

86-1122

Dynamic Fracture Under Normal Impact Loading
of the Crack Faces

K.-S. Kim

Univ. of Illlinois, Utbana, IL

J. Appl. Mech., Teans. ASME, 52 (3), pp 585592
(Sept 1985) 8 figs, 2 tables, 17 refs

KEY WORDS: Fracture properties

Results nt experiments on crack-face impact are
presented. The transient stress-intensity factor
variation of a crack has been traced by the
Strcss-Intensity Factor Tracer. The crack-face
impact loading was produced by an electromag-
netic force induced by a square pulse of an
electric current flowing through a copper strip
insetted in the saw-cut crack of a Homalite 100
plate specimen., The current flowed in opposite
ditrections in the two portions of the copper
strip, between the crack faces, causing them to
tepel each other, The short-time and the long-
time behavior of the transient stress-intensity
factor variation under the impact loading have
been carefully investigated. Brittle dynamic
initiation of crack extension and the stress-inten-
sity variation of a running crack have been also
examined, The experimental results have been
compared with theoretical pzedictions based on
Freund's crack-face concentrated load solution.
The agreement between the theoty and the
experiment is excellent. In this study, the vari-
ous waves generated by the loading ate shown to
play different roles in transmitting the load to
the crack tip.

86-1123

A Continuum Model for Dynamic Tensile Micro-
fracture and Fragmentation

L. Seaman, D,R. Curran, W.J. Murri
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SRI International, Menlo Park, CA
J. Appl. Mech., Trans. ASME, 52 (3), pp 593-599
(Sept 1985) 6 figs, 23 refs

KEY WORDS: Fracture properties, Continuum
mechanics, Mathematical models

A continuum model for dynamic tensile cleavage
fracture and fragmentation has been developed
by detailed simulation of britde fracture pro-
cesses in eclastoplastic materials. The model
includes processes for nucleation of microcracks,
stress-dependent growth, coalescence and frag-
mentation, and stress relaxation caused by the
developing damage. Fracturing is characterized
by a crack density with a distribution of sizes at
each material point,

WAVE PROPAGATION

86-1124

Dynamic Stress-Concentration Effects on Stress
Waves in Composite Models with Different Fi-
ber-BEnd Geometries

H. Pih, Q. Bi, Y.Y. Chen, P. Ye

Univ. of Tennessee, Knoxville, TN

Exptl. Mech., 25 (3), pp 214-225 (Sept 1985) 17
figs, 11 refs

KEY WORDS: Fiber composites, Stress waves,
Wave propagation

The stress-concentration effect on fiber-end
geometries on the propagating stress waves in
composite models was investigated by the dy-
namic photoelastic method. The effects of the
reinforced rod or fiber-bundle ends on the
dynamic birefringent patterns were analyzed by
comparing the fringe patterns at the same loca-
tions in a plain model of identical contour under
the same loading conditions.

EXPERIMENTATION

MEASUREMENT AND ANALYSIS

86-1125

Is Any Free Flight/Wind Tunnel Bquivalence
Concept Valid for Unsteady Viscous Flow?

L.E. Ericsson

Lockheed Missiles & Space Co., Inc., Sunnyvale,
CA

J. Aircraft, 22 (10), pp 915-919 (Oct 1985) 11
figs, 22 refs

KEY WORDS: Compressors, Rotors, Helicopters,
Wind tunnel testing, Flight tests

An analysis is presented on the use of a free
flight/wind tunnel equivalence concept derived
for steady flow for simulation of the unsteady
flow effects when estimating the impact of
dynamic stall on the performance of axial flow
compressors and helicopter rotors. Further-
more, not even a free flight/wind tunnel equiva-
lence concept detived for unsteady inviscid flow
will cotrectly simulate the dynamic stall charac-
teristics.

86-1126

Shortened Modal Analysis as an Approximation in
Structure Dynamics

E. Kramer

Technische Hochschule Darmstadt,
Germany

Dyn. Mach. Foundations, Proc. Symp. Bucharest,
Romania, pp 237-256 (Oct 22-24, 1985) 11 figs,
4 tables, 5 refs. AVAIL: Institutul Politehnic
Bucuresti, Catedra de Rezistenta Matetialelor,
Splaiul Independentei 313, 79590 Bucurest,
Romania

Fed. Rep.

KEY WORDS: Modal analysis, Harmonic excita-
tion

The response of a system to harmonic excitation
is characterized by the amplification function. In
case of a modal analysis, it consists of an
appropriate number of terms. By means of the
relative modal static part, inttoduced in this
paper, it is possible on the one hand to recog-
nize which terms ate impotrtant, and on the other
hand to determine in a simple way rather accu-
rate values for the resonance peaks.

86-1127

Natural Modes of Modified Structures

J.F. Baldwin, S.G. Hutton

Univ. of British Columbia, Vancouver, Canada
AIAA J., 23 (11) pp 1737-1743 (Nov 1985) 87
refs

KEY WORDS: Natural modes, Sttuctural modifi-
cation techniques
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This paper presents a detailed review of struc-
tural dynamics modification techniques. The
available literature is sizeable and somewhat
disparate.

86-1128

Improved Extensional Modulus Measurements for
Polymers and Metal Matrix Composites

W. Madigosky

Naval Surface Weapons Ctr,, Silver Spring, MD
(Vibr, Damping Workshop Proc., Long Beach,
CA, Feb 27-29, 1984, pp Q-1 -Q-12, AD-A152
547) AD-P004 700/1/GAR

KEY WORDS: Measuring instruments, Composite
structures, Wave propagation, Extensional waves,
Complex modulus

An improved resonance apparatus for rapid and
reliable materials characterization is described.
The apparatus accurately determines the propaga-
tion constants of an extensional acoustic wave by
exciting a bar of material at one and by a noise
source while the other is allowed to move
freely. Miniature accelerometers measure the
accelerations at the two locations, A dual
channel Fast Fourier Transform spectrum ana-
ly zer is used to obtain the amplitude and phase
response as a function of frequency from which
the complex Young'. modulus can be obtained.
Young's modulus anc loss factor measurements
have been successfully measured in materials
ranging from soft polymers to rigid metal matrix
composites. For viscoelastic materials the
method of fractional derivatives is found to
successfully model the complex modulus through-
out the transition region, and suggests that the
four independent constants used are indeed re-
lated to the measurable physical properties and
chemical composition of the material.

86-1129

Portable Magnetic Tape Recorders for Vibration
Analysis and Monitoring

N.L. Baxter, R.L. Eshleman

ABM Technical Services, Inc., Plainfield, IN
Vibrations, 1 (3), pp 4-11 (Dec 1985) 7 figs, 4
tables, 1 ref

KEY WORDS: Recording instruments
This article describes the advantages and limita-

tions of portable magnetic tape recorders (max-
imum weight 20 1b or 9 kg in vibrations
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analysis and monitoring. Among factors that
must be considered in using tape recorders are
frequency response, dynamic range, phase, and
transducer used., Included in the article are a
table showing characteristics of portable tape
recorders currently available and a discussion of
the role of transducers in successful tape record-
ing.

86-1130

Sensor Technologies of the Future

G.R. Jordan

Marconi Res, Ctr., Chelmsford, Essex, UK

J. Physics, E: Sci. Instrum., 18 (9), pp 729-735
(Sept 1985) 4 figs, 26 refs

KEY WORDS: Measuring insttuments, Detectors,
Reviews

It is now widely accepted that sensors form a
vital and necessary part of any messurement and
control system and there have been many predic-
tions concerning the demand for such devices,
Particular needs have been identified for new
forms of sensors which 2re rugged and reliable,
have improved performance over existing devices
and particularly arz compatible with the exten-
sive number of computer controlled systems
which are being introduced in all industrial
sectors, This paper discusses the present situa-
tion with regard to those technologies which are
considered likely to play a major role in the
sensors of the future. Four main sensor tech-
nologics are identified, Examples are presented
to illusitate the advantages presented by each of
these technologies and observations ate made
about the particular aspects and sensor configu-

tations which are likely to see carly exploitation.

86-1131

Sensors with Oscillsting Elements

T, Gast

Universitat Berlin, Berlin, West Germany

J. Physics, E: Sci. Instcum., 18 (9), pp 783-798
(Sept 1985) 14 figs, 16 refs

KEY WORDS: Dietectors, Measuring instruments

Variable frequency can be used as an informa-
tion parameter in signals for measuring tech-
niques if the measuring principle chosen favors
its application, if freedom from interference is
essential, transmission over long distances is
necessary, or easy digital conversion is desir-
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able. The variation in frequency is in general
obtained from the more or less direct influence
of the quantity to be measured on an oscillator
parameter. Examples with various input variable
and principles of conversion are presented,

DYNAMIC TESTS

86-1132

Optical Fibres in NDT: A Brief Review of
Applications

B. Culshaw

Univ, of Strathclyde, Glasgow, UK

NDT Intl., 18 (5), pp 265-268 (Oct 1985) 7 figs,
6 tefs

KEY WORDS: Nondestructive tests, Vibration
measurement, Fiber optics, Testing techniques

This paper reviews the applications of the fibre
optics in NDT, Optical fibres may be used in
two modes, either as a remote light source which
may be located to high precision, or as the basis
of a fibre-optic sensor to monitor environmental
parameters with high sensitivity. Both functions
may be executed with extremely high spatial
resolution, in the order of a few micrometers.
Some specific examples include probes to moni-
tor surface vibration, temperature measurement
devices, embedded transducers for use especially
in fibre-based materials, and as point sources
for acoustic generation and remote holographic
examination techniques. This paper discusses
these applications and speculates on other poten-
tial applications,

86-1133

Material Damping of Carbon/Bpoxy Composites
by Means of Free-Free Beam Resonance Tests
D.W. Haines

Manhattan College, Bronx, NY

(Vibr, Camping Workshop Proc.,, Long Beach,
CA, Feb 27-29, 1984, pp R-1 -R-17, AD-A152
547) AD-P004 701/9/GAR

KEY WORDS: Resonance bar techniques, Com-
posite structures, Material damping

Results are presented of a testing program which
characterizes the principal (0 deg and 90 deg)
damping properties of unidirectional composites
incorporating Celion catbon fibers. Data for 0/
+ or - 45/90s specimens are also presented. Use
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of free-free beam resimance tests eliminated
errors introduced by support conditions, This
test method also enables the determination of
Young's moduli and the shear modulus in the
plane of bending.

86-1124

Laboxatory Vibration Schedules

Atmy Test and Evaluation Command, Aberdeen
Proving Ground, MD

Rept. No. ITOP-1-2-601, 243 pp (May 11, 1985)
AD-A155 856/8/GAR

KEY WORDS: Testing techniques, Vibration tests,
Cargo transportation, Flight vehicle equipment
response, Ground vehicle equipment response

This report describes two types of vibration tests
conducted in the laboratory: first, a mission/field
secured cargo test to simulate the transportation
of Army material as secured cargo during logis-
tical shipments; and second, an application-
induced vibration test to simulate the tactical
vibration environment expetiences by equipment
installed in/on ground vehicles or helicopters.
No attempt is made to address the vibration
envitonments for equipment installed in fixed-
wing aircraft, missiles, and ships (marine equip-
ment).

86-1135

Time Interval Damage Potential of Seismic Test-
ing Waveforms

D.T. Tang, D. Li

Westinghouse Electric Corporation

J. Pressure Vessel Tech,, Trans. ASME, 107 (4),
pp 373-379 (Nov 1985) 12 figs, 1 table, 8 refs

KEY WORDS: Equip ment response, Seismic tests,
Testing techniques

The concept of time interval response spectrum
is introduced for characterizing the damage
potential or the likelihood of a waveform to
cause multiple mode response. By modifying
slighdy a typical response spectrum calculation
routine the Weighted Spectrum Mean (WSM) is
determined by evaluating the area under a
normalized spectrum curve. A more detailed
delineation of the response peaks statistics of
simple oscillators results in the development of a
Damage Potential Index (DPI). Both WSM and
DPI are utilized to quantify damage potential for
a variety of waveforms including free field
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motion and recotded testing motions. The results
suggest that a useful tool has been established

with only a small added effort to help design,
predict, or analyze the damage potential of test-
ing waveforms for seismic operability qualifica-
tion of equipment,

DIAGNOSTICS

86-1136
Diagnosing Alternating Curremt Blectric Motoe
Problems Part I: Mechanical Problems

86-1138
Low Frequency Vibration Generated by Gen

Tooth Impacts

P.D. McFadden

Aeronautical Res. Labs., Melbourne, Australia
NDT Intl., 18 (5), pp 279-282 (Oct 1985) 3 figs,
7 tefs

KEY WORDS: Diagnostic techniques, Gear boxes,
Gear teeth, Failure detection, Fatigue life

Excitation of low frequency vibration in gear
systems by impacts arising from gear tooth
defects is examined. It is demonstrated that in
favorable conditions the low frequency vibration
can be isolated and used to monitor the condition
of the gear.

R |

W.R. Campbell
Arab American Oil Company, Dhahran, Saudi

Arabia
Vibrations, 1 (2), pp 5-10 (Sept 1985) 13 figs, 4 86-1139
refs The Local Method of Free Elastic Vibzations and

its Applications to Testing in Industry

Yu. V. Lange

Scientific Res. Inst. of Introscopy, Moscow, USSR
NDT Intl., 18 (5), pp 256-260 (Oct 1985) 3 figs,
32 tefs

KEY WORDS: Diagnostic techniques, Electric
motors

This two-part arcticle describes some of the
problems associated with alternating current
electric motors that arise in the field and after
workshop overhauls. Causes, testing procedures,
and possible solutions are discussed, Mechanical
problems are the topic of Part I. Part II con-
tains descriptions of electromagnetic problems
and a chart of symptoms, causes, tests, and
corrections,

2TATR TR A AN AN N 4 f 4 < e

KEY WORDS: Nondestructive tests, Layered
materials, Acoustic tests, Failure detection

‘l-l-‘

The local method of free vibrations and its
physical basis are consideted. Results of investi-
gations of pulse impact vibration parameters, the
. transformation of their spectra arising from the
j probe interaction with the test object, and re-
;: ceiver frequency response to elastic vibrations
iy . are considered. The test equipment, its charac-
i teristics and application, ate briefly described.

Examples of the use of this method in different

86-1137 fields of industry are given. The advantages of

- Diagnosing Alternating Current Electric Motee the method in compatrison with other low-fre-
',j Problems Part 2: Electromagnetic Problems quency acoustic NDT methods of considerable
':__; W.R. Campbell depth of detected flaws and the possibility for
o ARAMCO, Dhahran, Saudi Arabia testing materials with low Young's modulus and
i Vibrations, 1 (3), pp 12-15 (Dec 1985) 1 table, 3  high damping factors.

tefs

) KEY WORDS: Diagnostic techniques, Electric

- motors, Electromagnetic properties 861140

i Application of a Signal Reconstruction Method to
This two-part article describes some of the  Evaluate Pulsed Eddy-Curremt Signals

al problems associated with alternating curtent H.-M, Thomas, G. Wittig

T electric motors that arise in the field and after Federal Inst. for Materials Testing, Berlin, Fed.
7 workshop overhauls. Causes, testing procedures, Rep. Germany

N and possible solutions are discussed. Mechanical NDT Ind., 18 (5), pp 251-255 (Oct 1985) 8 figs,

problems are the topic of Part 1. Part 2 con- 7 refs
tains descriptions of electromagnetic problems
and a chart of symptoms, causes, tests, and

corrections,

KEY WORDS: Signal processing techniques, Eddy
curtent probes, Failure detection
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To evaluate subsurface material defects, a digi-
tal signal processing system has been developed
that is matched to the particular requirements of
pulsed eddy-current techniques. The signal
processing is designed to obtain information
about defect depth within thick components of
the residual wall thickness of corroded tubes ot

discharge mill (EDM) slots as small as 0,025 mm
deep in thick plates, using commercial ultrasonic
insttumentation. The effect of grain size, fre-
quency and orientation of the flaw upon the
limit of detection is also discussed,

m Y N M) meeal

~

e W R Wy -y e A

I P

1

austenitic container walls. It is found that it is .
possible to reconstruct the pulse response signal MONITORING :
from 8 to 10 sampled and stored amplitude
values. The zero-crossing point of the signal, -
which is a measure of the defect depth, is rela- i
tively simple to determine from an analytical 86-1143 5
function. Challenges in Predictive Maintenance :

R.L. Eshleman ¢

Vibration Institute, Clarendon Hills, IL .

Vibrations, 1 (2), pp 2-4 (Sept 19835) 2 figs, 2 X

refs 3
86-1141 E
Experimental and Theoretical Assessment of a KEY WORDS: Monitoring techniques -
New Technique for the Non-Destructive Bvalua- !
tion of Laminated Panels This article explores some of the challenges that N

V.H. Kenner

Ohio State Univ., Columbus, OH

Rept. No. AFWAL-TR-84-4129, 90 pp (Feb 21,
1985) AD-A155 622/4/GAR

KEY WORDS: Crack detection, Panels, Layered
materials

The goal of the present research project was to
evaluate a potential method of edge flaw detec-
tion in laminated structures. This method used
miniature dynamic force transducers to detect the
changes in loading history arising from the (very
low level) impact of steel spheres on the trans-
ducer, which is located on the surface of the
examined object,

must be met if predictive maintenance is to be
functional and cost effective. Techniques for
diagnosis, predictions of response, and life esti-
mation, now in eatly stages of development,
must be refined. Major challenges are to de-
velop models that describe response, conditions,
and failure as well as procedures that provide
life estimates of machine components and sys-
tems.

ANALYSIS AND DESIGN

VT Y A, T, YT YRk e Y

ANALYTICAL METHODS :

86-1142 7
Determination of Minimum Flaw Size Detectable 86-1144 .
by Ultzasonics in Titanium Alloy Plates Transient Loads Analysis by Dynamic Condensa- v
N.K. Batra, H.H. Chaskelis tion b
Naval Res. Lab., Washington, DC K. Kubomura -
NDT Intl., 18 (5), pp 261-264 (Oct 1985) 6 figs, Beloit Manhattan, Clatks Summit, PA g
3 refs ]J. Appl. Mech., Trans. ASME, 32 (3), pp 559-564 ¥
(Sept 1985) 3 figs, 18 refs :

KEY WORDS: Crack detection, Titanium, Ultra- S
sonic techniques KEY WORDS: Finite difference technique, Time o
integration method, Transient excitation ..

Titanium alloys, due to their light weight, high E
strength, and corrosion resistant properties, are This paper investigates on alternative finite-dif- 4
employed in many structural applications, Fot ference time-integration procedure in structural &
design purposes it is important to determine the dynamics. The integral form of the equation of
limit of sensitivity of ultrasonic crack detection motion, instead of the differeuntial form, is used 3
techniques for these alloys. This paper demon- to develop the finite-difference time-integration .
strates that it it possible to detect electronic method. An expression called dynamic con-
R

L 4

be

79

e NN A LN ",
3‘\“..\. I"\-‘.".:\.;h.‘\‘r-:.tx‘:t.:.‘i



!‘Hh ] B T A N R R T e T U VWY WU T WY WN W W W wy mwy wes

densations is presented to relate the dynamic
response and unknown force at a limited number
of degrees of freedom. A stable and accurate
method of snalysis is detived to determine the
transient loads of structural components in a
structural system without constructing the system
equation of motion,

86-1143

On the Recussive Determinstion of Body Frames
for Multibody Dynamic Simulation

R.E. Roberson

Univ, of California San Diego, La Jolla, CA

J. Appl. Mech., Trans. ASME, 32 (3), pp 698700
(Sept 1985) 4 refs

KEY WORDS: Multibody systems, Simulation

In multibody dynamic simulation it often is
convenient to choose new body axes such that
all body frames are parallel to the attitude
teference frame when the system of bodies is in
a prescribed configuration consistent with the
intetbody constraints. Computational details are
given of how this may be done efficiently using
a recursive method.

86-1146

Constitutive Model for Conctete in Cyclic
Compzession

Chen En-Sheng, O. Buyukozturk

Brian Watt Associates, Houston, TX

ASCE ]. Engrg. Mech,, 111 (6), pp 797-814 (June
1985) 8 figs, 41 refs

KEY WORDS: Concrete, Cyclic loading, Constitu-
tive equations, Finite element technique

A rate-independent constitutive model is proposed
for the behavior of concrete in multiaxial cyclic
compression. The material composite is assumed
to experience a continuous damage process under
load histories. The model adopts a damage-
dependent bounding surface in stress space to
predict the strength and deformation characteris-
tics of the gross material under general loading
paths, Reduction in size of the bounding surface
as damage accumulates, and the adopted func-
tional dependence of the material moduli on
stress and damage permit a realistic modeling of
the concrete behavior. Finite element implemen-
tation of the proposed model is feasible and
computationally efficient,

80

861147

The Response of Non-Linear Single-Degree-of-
Freedom Systems to Multifrequency Bxcitations
A.H. Nayfeh

Vitginia Polytechnic Institute and State Univer-
sity, Blacksburg, VA

]J. Sound Vib,, 102 (3), pp 403-414 (Oct 8, 1985)
4 figs, 23 refs

KEY WORDS: Single degree of freedom systems,
Multifrequency excitation

The method of multiple scales is used to analyze
the response of single-degree-of-freedom systems
with cubic non-lineatities to excitations that
involve multiple frequencies. Two first-order
ordinaty differential equations are derived for
the evolution of the amplitude and phase with
damping, nonlinearity, and all possible reson-
ances. Conditions for the existence and stability
of steady-state solutions are determined. These
tesults are used to suggest simple means of
controlling or minimizing the large oscillations.
These means may take the form of adding
non-resonant loads that shift the natural fre-
quency of the system or adding another resonant
load having the propet frequencies, amplitudes
and phases.

86-1148

Operators and Fractional Derivatives focr Visco-
elastic Constitutive Bquations

L. Rogers

Ait Force Wright Aeronautical Labs.,, Wrighe-
Patterson Air Force Base, OH

(Vibr. Damping Workshop Proc., Long Beach,
CA, Feb 27-29, 1984, pp B-6 -B-16, AD-A152
547) AD-P004 688/8/GAR

KEY WORDS: Complex modulus, Constitutive
equations, Viscoelasticity

The operator form of the constiutive equation
containing fractional dezivatives leads to an
expression for the complex modulus which is a
ratio of polynomials of fractional order in re-
duced frequency. A ration of factored polyno-
mials is developed by use of Bode diagrams;
another related form arises from the generalized
fractional Maxwell model. Bode diagrams are
used to determine parameter values. Intercon-
version to other mechanical properties is out-
lined. The tesults potentially form the basis of
new theoty.

86~1149

New Algorithm for Interconversion of the Me-
chanical Properties of Viscoelastic Materials

L. Rogers
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Air Force Wright Aeronautical Labs., Wright-
Patterson AFB, OH

(Vibg, Damping Wotkshop Proc., Long Beach,
CA, Feb 27-29, 1984, pp B-17 -B-22, AD-A152
547) (Presented AJAA Dyn. Specialists Conf,,
Palm Springs, CA, May 17-18, 1984, Paper No.
84-1038-CP) AD-P004 689/6/GAR

KEY WORDS: Viscoelastic properties, Complex
modulus

The new algorithm presented consists of the use
of a ratio of factored polynomials in the reduced
frequency to approximate the complex modulus
and an artful procedure to evaluate the parame-
ters. A corresponding Prony series is easily
obtained to represent the relaxation modulus; the
creep compliance and discrete relaxadion and
retardation spectra are likewise easily obtained.
Series representations with 50 terms ate routinely

used; they are very convenient and v ell-b shaved,

86-1150

Resolution Bias Errors in Spectral Demsity,
Frequency Response and Coherence Function
Mecasurements, I Genezal Theory

H. Schmidt

Abt, EMA, Daimler-Benz Akdengesellschaft,
Stuttgart, Fed. Rep. Germany

J. Sound Vib,, 101 (3), pp 347-362 (Aug 8, 1985)
4 figs, 19 refs

KEY WORDS: Error analysis, Power spectral
density, Frequency response, Coherence function
technique, Measurement techniques

A general theory of resolution bias errors inher-
ent in the usual ensembic (segment) averaging
estimation procedure for spectral density, fre-
quency response and coherence functions has
been developed. It is shown that the estimation
procedure is mathematically equivalent to a
situation where the true correlation functions
would be modified in a specific manner. They
would be multiplied with the normalized autocor-
telation function of the window function and
transformed into the frequency domain to yield
the spectral density estimate, The theory is
worked out for an arbitrary ideal, linear, and
time-invariant system which is 1riven by a sta-
tionary stochastic input and for an arbitrary
window function, Specifically, the rectangular
and Hanning windows ate compared with each
other and the theoretical results are verified
experimentally to great accuracy by using elec-
trical RC- and LRC-circuits and a true random
noise generator (sece later parts of this series of

papers). Furthermore, as an application of the
theory, approximate formulas for the bias errors
of spectral estimators are derived and discussed,
thus extending some older results given in the
literature,

86-1151

Resolution Bias Errors in Spectzal Density,
Frequency Response and Coherence Function
Measuzements, II: Application to First-Order
Systems (White Noise Excitation)

H. Schmidt

Abt. EMA, Daimler-Benz Aktiengesellschaft,
Stuttgart, Fed. Rep. Germany

J. Sound Vib., 101 (3), pp 363-375 (Aug 8, 1985)
11 figs, 5 refs

£EY WORDS: Error analysis, Power spectral
density, Frequency response, Coherenct function
technique, Measurement techniques

A general theory of spectral estimation presented
in a preceding paper is applied to first-order
sysiems such as an electrical RC-low-pass filter
and an RC-high-pass filter. By means of bias
ecror formulas which are easy to interpret, the
results for the rectangular and Hanning windows
are compared with cach other. The theoretical
predictions are accurately verified by experi-
ment,

86-1152

Resolution Bias Errors in Spectral Density,
Frequency Response and Coherence Function
Measuzements, IIl: Application to Second-Order
Systems (White Noise Excitation

H. Schmidt

Abt. EMA, Daimler-Benz Aktiengesellschaft,
Stuttgart, Fed. Rep. Germany

J. Sound Vib., 101 (3), pp 377-404 (Aug 8, 1985)
24 figs, 6 refs

KEY WORDS: Error analysis, Power spectral
density, Frequency response, Coherence function
technique, Measurement techniques

A general theoty of spectral estimation given in
a previous paper is applied to seccond-order
systems such as a simple spring-mass system
where either the displacement, velocity, or
acceleration of the vibrating mass may be con-
sidered as the output signals, By means of
approximate formulas, an extensive bias error
discussion of frequency response, output power

81



spectral density and coherence estimates is
given, All of the theoretical predictions are
verified experimentally to great accuracy by
using electrical LRC resonance circuits which
are equivalent to the respective mechanical
systems,

86-1153

Resolution Bias Brrors in Spectral Density,
Frequency Response and Coherence Function
Measurements, IV: Time Delay Bias Etrrors

H. Schmidt

Abt. EMA, Daimler-Benz
Stuttgart, Fed. Rep. Germany
J. Sound Vib,, 101 (3), pp 405-412 (Aug 8, 1985)
7 figs, 1 table /7 refs

Aktiengesellschaft,

KEY WORDS: Ertor analysis, Power spectral
density, Frequency response, Coherence function
technique, Measurement techniques

The problem of time delay bias errors is treated
in this part of the present series of papers as a
special case of a general theory of resolution
bias efforts in spectral estimation presented in a
previous part, It is shown that the main effect
of an additional time delay between the output
and the input of a physical system is to multiply
the freauency response and coherence estimators.
They are obtained without delay with the
normalized autocorrelation function of the window
function and its square respectively. Experimen-

tal results for the rectangular and Hanning
windows .7+ in accord with the theoretical pre-
dictions. ‘jhe theoretical results given in the

literature ;ceviow 2y are valid for the rectangular
window only bur not for an arbitrary window
| function.

86-1154
Resolution Lias "trors in Spectral Density,
Frequency lespomst and Coherence Function
Measweemerr: '': Comparison of Different
Frequenc' Roipyrwe Estimators

Scho
At Ek 5., Daiust-Benz
tuttgart, . ¢d. R,p. Gexmany
« Sourd Vx| 103 (2), pp 413-418 (Aug 8, 1985)
t fig, 8

Aktiengesellschaft,
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KEY WORDS: Er::- analysis, Power spectral
density, Frequency iesponse, Coherence function
technique, Measurement techniques
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Three different types of frequency response ol
estimaiors are considered and compared with 4::,4
ecach other. The inherent resolution bias errors e
ate considered. The behavior of these estima- o

tors is shown to differ considerably, especially
with respect to peak estimation in resonance
systems such as a simple spring-mass system,
One of these estimators is shown to exhibit
almost no peak bias error at tresonance under
noise-free measurement conditions whereas the
peak bias error of the estimator most commonly
used is maximum, However, aside from reso-
nance, the peak-bias-free estimator proves to be
the worst of the three estimators. The theoreti-
cal predictions are accurately verified by experi-
ments with an electrical LRC-resonance circuit.
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86-1133 o
Resolution Bias BErrors in Spectral Density, ¥
Frequency Response and Coherence Function
Measuzements, VI: Non-White Noise at the Input 2

H. Schmidt

Abt. EMA, Daimler-Benz
Stuttgart, Fed. Rep. Germany
J. Sound Vib., 101 (3), pp 419-427 (Aug 8, 1985)
4 figs, 7 refs

Aktiengesellschafe,

KEY WORDS: Errot analysis, Power spectral
density, Frequency response, Coherence function
technique, Measurement techniques

The general theory of spectral estimation pre-
sented in a previous part of this series of papers
18 agplied exemplarily to the case of a non-white
(1/f€)-noise excited RC-low-pass filter. It is
shown that the differences compared to the case
of white noise excitation observed in the fre-
quency response and coherence estimates are
small if the Hanning (or another continuous)
window is used, but that they can become
drastic for the rectangular window. Experimental
tesults are in accord with the theoretical predic-
tion. Further experiments with an electrical
LRC-tesonance circuit (second-order system) show
that the same applies in this case.
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PARAMETER IDENTIFICATION

86~1156

Stiffness Matrix Adjustment Using Mode Data

A.M. Kabe
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Aetospace Corp., Bl Segundo, CA
AIAA ]., 23 (9), pp 1431-1436 (Sept 1985) 1 fig,
S tables, 17 refs

v.7Y WORDS: Stiffness matrices,
«entification techniques

Patameter

A procedure is introduced that uses, in addition
to mode data, structural connectivity information

3.8 p N Ak 8w

to optimally adjust deficient stiffness matrices,
The adjustments performed are such that the
percentage change to each stiffness coefficient is
minimized. The physical configuration of the
analytical model is preserved and the adjusted
model will exactly reproduce the modes used in
the identification. The theoretical development
is presented and the procedure is demonstrated
by numerical simulation of a test problem,
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JUNE

3-6 Symposium and Exhibit on Noise Con-
tzol [Hungarian Optical, Acoustical, and Cinema-
tographic Society; National Envitonmental Protec-
tion Authority of Hungary] Szeged, Hungary
(Mrs. Ildiko Baba, OPAKFI, Anker koz 1, 1061
Budapest, Hungary)

812 Symposium on Dynamic Behavior of
Composite Materials, Components and Structures
[Society for Experimental Mechanics] New
Otleans, LA (R.F. Gibson, Mech., Engrg. Dept.,
University of Idaho, Moscow, ID 83843 - (208)
885-7432)

24-26 Machinery Vibration Monitoring and
Analysis Meeting [Vibration Institute] Las Vegas,
NV (Dr. Ronald L. Eshleman, Ditector, The
Vibration Institute, 101 W, 55th St., Suite 206,
Clarendon Hills, IL 60514 - (312) 654-2254)

JuLY

14-16 Intersocicty [Environments Systems
[SAE], San Diego, CA (412-776-4841)

20-24 Pressure Vessels and Piping Conference
and Exhibition [ASME, concurrent with Intetna-
tional Computers in Engin.eting Conference and
Exhibit], Chicago, IL (212-705-7057)

20-24 International Computers in Engineering
Conference and Exhibition [ASME] Chicago, IL
(ASME)

21-23 INTER-NOISE 86 [Institute of Noise
Control Engineering] Cambridge, MA (Professor
Richatd H. Lyon, Chairman, INTER-NOISE 86,
INTER-NOISE 86 Secretariat, MIT Special Events
Office, Room 7-111, Cambridge, MA 02139)
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24-31 12th International Congress on Acous-
tics, Toronto, Canada (12th ICA Secretariat, P.O,
Box 123, Station Q, Toronto, Ontario, Canada
M4T 2L7)

SEPTEMBER

14-17 International Conference on Rotordy-
namics [IFToMM and Japan Society of Mechani-
cal Engineers] Tokyo, Japan (Japan Society of
Mechanical Engineers, Sanshin Hokusei Bldg.,
4-9, Yoyogi 2-chome, Shibuyak-ku, Tokyo, Japan)

16-18 Fall National Design Engineering Con-
ference and Show (Cahners Exposition Group,
New Yotk, NY 203-964-0000)

21-23 Pettoleum Wotkshop and Conference,
Calgary, Canada (214-358-7601)

22-2% Wotld Congress on Computational
Mechanics [International Association of Compute-
tional Mechanics] Austin, Texas (WCCM/TICOM,
The University of Texas at Austin, Austin, TX
78712)

29-30 VD] Vibrations Meeting [Society of
German Engineers] Wurzburg, Fed. Rep. Ger-
many (Society of German Engineers)

30-3  6th International Conference on Noande-
structive Testing, Strasbourg, France (M.P.
Pomes, 25 rue de Chong, 26500 Bourg les Va-
lence, France)

OCTOBER

53-8 Design Automation Conference [ASME]
Columbus, OH (ASME)
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Conference [ASME]

3-8 Mechanisms
Columbus, OH (ASME)

7-9 2nd Internstional Symposium on Ship-
board Acoustics ISSA '86 [Institute of Applied
Physics TNO] The Hague, The Netherlands (].
Buiten, Institute of Applied Physics TNO, P.O.
Box 155, 2600 AD Delft, The Netherlands,
Telephone: xx31 15787053, Telex: 38091 tpddt nl)

14-16 57th Shock and Vibration Symposium
[Shock and Vibration Information Center] New
Otleans, LA (Dr. ]J. Gordan Showalter, Acting
Director, SVIC, Naval Rescarch Lab., Code
5804, Washington, D.C. 203755000 - (202)
767-2220)

19-23 Power Generation Conference [ASME]
Portland, OR (ASME)

20-22 Lubrication Conference [ASME] Pitts-
burgh, PA (ASME)
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NOVEMBER

3-6 14th Space Simulation Conference [IES,
AIAA, ASTM, NASA] Baltimore, MD (nstitute of
Environmental Sciences, 940 E. Northwest High-
way, Mt. Prospect, IL 60056 - (312) 255-1561)

7-14 Tusbomachinery Symposium, Corpus
Christi, TX (Tutbomachinery Laboratories, Dept.
of Mech. Engrg., Texas A & M Univ., College
Station, TX 77843)

30-5 American Society of Mechanical Bngi-
neers, Winter Annual Meeting [ASME] San
Francisco, CA (ASME)

DBCEMBER

7-12 ASME Winter Annual Meeting, Anaheim,
CA (ASME, United Engrg. Center, 345 East 45th
Street, New York, NY 10017)

812 ASA, Angheim, CA (Joie P. Jones,
Dept. Radidlogy Sciences, Univ. of California,
Irvine, CA 92717)
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CALENDAR ACRONYM DEFINITIONS
AND ADDRESSBS OF SOCIETY HEADQUARTERS

American Helicopter Society
1325 18 St. N.W,
Washington, D.C. 20036

American Institute of Aeronautics
and Astronautics

1633 Broadway

New York, NY 10019

Acoustical Society of America
335 E. 45th St,
New York, NY 10017

American Society of Civil Engi-
neers

United Engineering Center

345 E. 47th St,

New York, NY 10017

American Society of Lubrication
Engineers

838 Busse Highway

Park Ridge, IL 60068

American Society of Mechanical
Engineers

United Engineering Center

345 E. 4nh St,

New York, NY 10017

American Society for Testing and
Materials

1916 Race St.

Philadelphia, PA 19103

International Congress on Fracture
Tohoku University
Sendai, Japan

Institute of Electrical and Elec-
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United Engineering Centet
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New York, NY 10017
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International Federation for The-
oty of Machines and Mechanisms
U.S. Council for TMM

¢/o Univ. Mass,, Dept. ME
Amherst, MA 01002

Institute of Noise Control Engi-
neering

P.O. Box 3206, Atlington Branch
Poughkeepsie, NY 12603

Insttument Society of America
67 Alexander Dr.
Research Triangle Pk., NC 27709

Society of Automotive Engincers
400 Commonwealth Dr.
Warrendale, PA 15096

Society of Environmental Engi-
neets

Owles Hall, Buntingford, Hertz.
SG9 9PL, England

Socisty for Experimental Mechan-
ics (formetly Society for Experi-
mental Stress Analysis)

14 Fairfield Dr.

Brookfield Center, CT 06805
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PUBLICATION POLICY

Unsolicited articles are accepted for publication
in the Shock and Vibration Digest, Feature arti~
cles should be torials and/or reviews of areas
of interest to shock and vibration engineers.
Literature review articles shuuld provide a sub-
jective critique/summary of papers, patents,
proceedings, and reports of a pertinent topic in
the shock and vibration field. A literature
review should stress important recent technology.
Only pertinent literawre should be cited. MHlus-
trations are encouraged. Detailed mathematical
derivations are discouraged; rather, simple
formulas representing results should be used.
When complex formulas cannot be avoided, a
functional form should be used so that readers
will understand the interaction between parame-
ters and variables.

Manuscripts must be typed (double-spaced) and

figures attached. It is strongly recommended .

that line figures be rendered in ink or heavy
pencil and neady labeled. Photographs must be
unscreened glossy black and white prints, The
formar for references shown in Digest articles is
to be followed.

Manuscripts must begin with a brief abstract, or
summary. Only material referred to in the text

should be included in the list of References at

the end of the article. References shwld be
cited in text by consecutive numbers in brackets,
as in the following example:

Unfortunately, such information is
often unreliable, particularly statis-
tical data pertinent to a reliability
assessment, as has been previously
noted [1].

Critical and certain related excita-
tions were first applied to the
problem of assessing system relia-
bility almost a decade ago [2].
Since then, the variations that have
been developed and practical
applications that have been ex-
plored [3-7] indicate . . .

The format and style for the list of References
at the end of the article atre as follows:

-~ each citation number as it
appears in text (not in alpha-
betical order)

.~ last name of author/editor
followed by initials or first
name

-- titles of articles within quota-
tions, titles of books under-
lined

-~ abbreviated tide of journal in
which article was published
(see Periodicals Scanned list in
January, June, and December
issues) SSrae

- vwolume, issue number, and
pages for journals; publisher
for books

-~ year of publication in paren-
theses

A sample reference list is given'bélow.

1. Platzer, M.F., "Transonic Blade
Flutter -- A Survey,” Shock
Vib. Dig., Z (), pp 97106
(July 1975). i

2. Bisplinghoff, R.L., Ashley, H.,

and Halfman, R.L., Aeroelasti-
city, Addison-Wesley (1955).

3. Jones, W.P., (Ed.), "Mamual on
Aeroelasticity,” Part 1I, Aetro-
dynamic  Aspects, Advisory
Group Aecronaut. Res. Dev,
(1962).

Articles for the Digest will be reviewed for
technical content and edited for style and for-
mat. Before an article is submitted, the topic
area should be cleared with the editors of the
Digest. Literature review topics are assignec on
a first come basis. Topics should be narrow and
well-defined. Articles should be 3000 to 4000
words in length. For additional information on
topics and editorial policies, please contact:

Milda Z. Tamulionis
Research Editor
Vibration Institute

101 W. 55th Street, Suite 206
Clarendon Hills, Illinois 60514
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