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DIRECTOR NOTES

Looking back at previous Shock and Vibration symposia, a matter of perpetual
concern has been the effectiveness of oral presentations and, in particular, the
quality of visual aids used by the speakers. This problem is not unique to our
symposia; it is recognized by every technical society concerned with the organiza-
tion of technical meetings. The conference management in each case persistently
prepares guidelines which are faithfully delivered to each accepted speaker, yet
some poor presentations are still with us. The problem is recognized by managers of
research institutions. Dr. Alan Berman, Director of Research at the Naval Research
Laboratory recently insisted that NRL briefings be improved by eliminating illeg-
ible and cluttered slides. It is highly probable that most speakers are aware of the
problem, yet many still violate the basic rules for planning their presentations and
preparation of their visual aids. In doing this they are performing a serious dis-
service to themselves and to their prospective audience,

| do not propose to give detailed guidelines here, but | can recommend an excellent
article by Hubbard® for those who are interested in improving their presentations.
in general, speakers should remember that their audience is not already familiar
with their work. They should avoid complex mathematical derivations and should
keep their slides simple and descriptive. It is distressing when researchers with
significant accomplishments fall down in their efforts to communicate to others,

The 48th Shock and Vibration Symposium is now firmly scheduled for 18-20
October 1977 in Huntsville, Alabama. The U.S. Army Missile Command will be
host. The first call for papers will be issued next month, it is hoped that all pro-
spective speakers will do their homework on effective presentations. This effort will
help to make the 48th Shock and Vibration Syniposium a useful experience for all,

H.C.P.

*H.H. Hubbard, “'Guidelines for the Planning and Preparation of lllustrated Techni-
cal Talks,” J Acoust. Soc Amer., 60 (5) (Nov 1976)
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EDITORS RATTLE SPACE

MACHINE DIAGNOSIS AND PROGNOSIS: A NEW TECHNOLOGY

Machine diagnosis and prognosis is a new formal technology. The availability of
complex signal processing equipment and sensors has enabled the engineer to use
natural vibration and acoustic responses to carry out formal machine diagnosis, This
new technology allows engivicers to determine shut-down times for reasons of

safety and 1o avoid loss of productivity. No longer does a machine have to run to
destruction.

What is involved in machine diagnosis? First, the engineer must know the physics
of the machine and its functions. Second, he must be ahle to measure and analyze
machine vibration signals. Finally, he must be able to interpret the data properly.

Engineers tend to try to diagnose machine faults without knowing the physics of
the machine, particularly its vibrational properties. Yet, how can the engineer
associate vibration signals with machine faults or conclude that a problem is one of
wear, misuse, corrosion, or process malfunction unless he knows about resonances,
critical speeds, and conditions of stability? It is not sufficient to draw parallels
between the frequencies of vibration signals end malfunction frequencies,

Many engineers try to match vibration signals with an excitation such as mass
unbalance while watching for an increase in vibration level. Such a technique may
occasionally give valid results, more often, however, the problem is too complicated
to be so simply resolved. In order to solve machine fault problems routinely, the
engineer must know his machine and why it vibrates at given levels.

In the near future machine prognosis will most likely become practical. Machine
prognosis will allow the engineer to determine the most advantagedus time for
shut down. It will thus be possible to schedule repairs with no loss of production.
The engineer ill probably make a series of vibration measurements over a period
of time. These measurements will be processed by a mathematical model of the
machine and its process. In this way the state of the machine at some set date in
the future can be determined. An alternative would be to determine when the
machine will fail, so that maintenance can be scheduled. Prognosis is not yet
practical because suitable wear models are not yet available and changes in machine
excitation and conditions affecting stability as the machine is used cannot be
predicted Thus machine vibration is on the way to beconing an asset rather than 4
liability

R.L.E.
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ABSORBERS AND ISOLATORS FOR TORSIONAL VIBRATION

John M. Vance®

This article describes devices used for reducing torsions!
vibration in rotating machinery. Consistent definitions sre
given for sbsorbers, isolators, and dampers,

Devices for reducing torsional vibration in rotating
machinery can be classified as absorbers, isolators,
or dampers. These terms have been used inconsis-
iently in the literature, and the definitions have been
interchanged. To further confuse the issue, some
devices are actually a combination of two, or even
three, of these classes. The dafinitions used in this
article are consistent with the classical literature on
vibration theory. It is hoped that this will help the
reader understand how a given device is meant to
work,

The number of devices for reducing torsional vibra-
tion that have been successfully applied is small
compared to the number of ideas published and
patents granted. The number of devices now being
sucessfully marketed is also small, despite a demand
that existing manufacturers cannot meet. Further-
more, most of the published literature on the reduc-
tion of torsional vibration is old; relatively little new
information has appeared in the last decade.

Because this is the first of a series of reviews on the
reduction of torsional vibration, older literature
which the author believes is informative or poten-
tially useful is briefly described

Aubsorbers

Torsional vibration absorbers are based on Frahm’s
principle: an inertia 13 1s attached to the vibrating
member with a spring k; that is tuned to be in
resonance with the offending frequency. The added
inertia appears infinite at the tuned frequency and
converts the vibrating point to a node [1]. Figure 1
illustrates the basic idea for the case in which the
exciting frequency w in near the natural frequency
of the main system. This is the case for which an
absorber will most likely be needed.

*Department of Mechanical Engincering, University
of Florida, Gainesville, Florida 32611

(a) Simple Torsional System kg, I; with Absorber k3, |3

N\

0 ¥ 0 20
{b) Response of 04

Figure 1: Torsional Absorber and Response
of Main Inertia with Absorber Attached

Kk
kg

N & O O
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Practical problems associated with these absorbers are
that they function only at one frequency, that the
amplitude of 8, becomes so large as to break k;, or
that there is not eriough space or support strength
for the required size of I3. Much of the literature on
torsional absorbers has been concerned with novel
designs aimea at overcoming these problems,

An early design was the pendulum damper®. The
inertia is a mass pinned and rotating so that the
pendulum is aligned with a radius of the shaft [2].
The centrifugal force field produces a natural fre-
quency that is proportional to shaft speed, thus

*Commonly used terminology, but incorrect.
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eliminating the single-frequency characteristic of the
simple absorber. One of the few recent successful
efforts to apply the pendulum damper involved a
helicopter rotor [3]. Vibration of such rotors in-
cludes both translational and torsional modes.

An absorber has been described (4] in which the
speed-proportional natural frequency is obtained by
using an electromagnetic torsional spring; the stiffness
varies with field current. Figure 2 illustrates the
mechanism of another absorber [56]. The reaction of
the inertia is through Coriolis forces, and the device
departs somewhat from the basic Frahm principle.
it is shown to be more effective than a pendulum
damper when the order** of torsional vibration is
less than two.

/ Tosin wt

Figure 2: Centrifuga! Governor Mechanism
Used as a Torsional Absorber

Isolators

Suppose that I, in Figure 1(a) is not an inertia added
to make an absorber, but is instead a rotating ma-
chine component that is susceptible to malfunction
or damage by torsional vibration. in that case, I can
be isolated from the torsional vibration of |, by
making the torsional spring k, as soft as practical.

Successful use of an isolator depends on ensuring that
all natural frequencies are well below the excitation
frequency, as the basic principle is to operate the

**Order is the number of cycles per shatt revolution.

4

system far to the right on the response curve for
12 {large w/w,, w; =k3/15).

Torsional isolators for rotating machinery take the
form of shaft couplings with low torsional stiffness.
A coupling with elastic elements and both low
stiffness and high torque transmission capability
presents a difficult design problem; therefore, most
elastic isolator couplings are hybrids that incorporate
damping with moderately low stiffness.

Very low torsional stiffness has been combined with
high torque capability by designing couplings with
nonlinear stiffness characteristics. These couplings use
the centrifugal force on connecting links (between
flanges) to produce torsional stiffness that is depen-
dent in a nonlinear manner on speed and transmitted
torque. Suct. a design [6] has been successfully
tested in marine drives {t0 protect the gearbox in
tugboats). A similar design has been developed in
Russia 7] .

it is possible to design centrifugal link couplings
having zero torsional stiffness. This seeming anomaly
has been explained [8], as has an application of the
couplings to helicopter drive trains {8-10] . Although
zero stiffness may be undesirahle, {due to a ‘hunting’
characteristic), a small enough positive stiffness can
practically eliminate the two-node resonance in a
three-inertia drive train [6].

Dampers

A torsional damper is defined in this article as any
device designed to dissipate the Kinetic energy of
torsional vibration into heat. Torsional dampers can
be subdivided into two types: devices in which the
damping eiement transmits none of the useful torque;
and devices in which the element transmitting the
torque also contains the damping. The second type
always utilizes a specified and controlled stiffness
in addition to the damping; it is discussed in the next
section,

Dampers in which no useful torque is transmitted
utilize an added inertia (flywheel). This inertia is
driven by the rotating shaft only through the force
of either coulomb (dry) or viscous friction. The
added inertia can follow the speed oscillations only if
the friction force is large enough to produce the
required accelerations, hence, slipping occurs under
some conditions, thereby dissipating energy as desired
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The Lanchester damper was the original dry friction
type. The theory and experimental results have been
described [11]. The disadvantage of dry friction is
that the friction coefficient is difficult to control; it
varies with temperature and is sensitive to oils and
other contaminants. Equations for the design of
frictional dampers, based on experimental measure-
ments have been derived [12] .

The viscous damper does not have the disadvantage
of temperature and contaminant sensitivity, if a fluid
having a viscosity relatively insensitive to temperature
is used. A viscous damper in which silicone is the
working fluid [13] is available commercially. The
theory and an analysis of a diesel drive application
based on considerations of energy dissipated per
cycle have been presented [14]. It appears to the
author that the classical Holzer analysis {16} could
be modified and used to calculate complex eigen-
values (including the real part) so as to allow com-
putation of the damping effectiveness of dampers.

Hybrid Devices

Several devices available commercially employ a
combination of the principles described above. All
of these torsional couplings employ some type of
elastic element - i.e., radial leaf spring, rubber in
compression, rubber in shear -- together with a
mechanism for energy dissipation such as material
hysteresis or fluid viscosity. Unless the excitation
frequency is high, as would be the case for gear tooth
impact, elastic stiffness elements are not soft enough
to act as a true isolator. A change of stiffness is often
sufficient to move the system off resonance and cure
a problem, however. So far as the author can deter-
mine, technical information on these devices is
obtainable only from commercial literature or pro-
prietary reports

One complex hybrid device that has apparently not
been marketed is the tuned and damped gyrostatic
vibration absorher [16}. It is a combination of
absorber and damper. A gyro wheel with the axis
mounted normal to the mar .une shaft is the added
inertia. The jyro speed roviu s 3 variable not possi-
ble with a pure absorber; the physical size of the
inertia thus is not such a limiting factor as in the pure
absorber. The gimbal 1s restrained with springs and
dampers. “By a judicious choice of spring stiffness
and viscous damping 1t 1s possible to ensure that the
amphitude --- will not exceed some predetermined

limit, irrespective of the frequency of the disturbing
torque.” [1%],

Suggested Future Work
There is a need for experiments and publication of
results for various types of devices that are either
in use or appear promising. The published test data
available are old &nd practically obsolete for applica-
tion to modern systems.

Testing should involve the devices themselves and
their effects. > iffness, damping, and inertia proper-
ties of the devices under operational dynamic condi-
tions should be determined. The effects of devices on
system response should also be studied. Such data
could allow the engineer to better apply these devices
where they are needed.
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survey and analysis

LITERATURE REVIEWE simswm:,

; The monthly Literature Review, a subjective critique and summary of the litera-

i3

% ‘ ture, consists of two to four review articles each month, 3,000 to 4,000 words in :
é ; length. The purpose of this section is to present a “‘digest” of literature over a ‘
% i period of three years. Pianned by the Technical Editor, this section provides the

DIGEST reader with up-to-date insights into current technology in more than

150 topic areas. Review articles include technical information from articles, reports,
and unpublished proceedings. Each article also contains a minor tutorial of the

technical area under discussion, a survey and evaluation of the new literature, and ‘
. recommendations, Review articles are written by experts in the shock and vibration
A field. i
,
& 3 ¢
4 ! . . o ]
- This 1ssue of the DIGEST contains review articles on Dynamic Stiffness and Damp- i
ing of Fiber-Reinforced Composite Materials and Finite Element Modeling. ;
v ¢ ;
g 5 Professors Gibson and Plunkett of lowa State University and University of Min- i
k: 3 nesota respectively, review the recent experimental and analytica! efforts to charac- %
¥ % terize the dynamic mechanical properties of fiber-reinforced composite materials, .
- . 4 §
i f Professor Krishna Murty of the indian Institute of Science, Bangalore, reviews
, - finite efement modeling techniques including lumped parameter, transfer matrix,
A finite element displacement and finite element force. Hybrid and quadratic eigen-
: value methods are reviewed.
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are based on the unidirectional ply. Such a ply is
composed of a number of parallel, continuous, rein-
forcing fibers embedded in a thin layer of binder
{matrix) material. Reinforcing fibers are generally
composed of glass, boron, or carbon; the most com-
monly used matrix materials are cured epoxy resins
except for high temperature applications. Unless
otherwise stated, it is assumed that the unidirectional
ply is orthotropic and statistically transversely iso-
tropic, that is, the ply has two orthogonal planes
of material property symmetry, and the material
properties are statistically invariant to rotations

* Assistant Pru.essor, Dept. of Engrg. Science and Mech., and Engrg Research Institute, lowa State University,

Ames, lowa 50011

DYNAMIC STIFFNESS AND DAMPING OF FIBER-REINFORCED COMPOSITE MATERIALS
4 R.F. Gibson® and R. Plunkett®®
%
§ H
3: é
i Abstract - This paper reviews recent experimentsl abuut the fiber axes. Cross-ply laminates of unidirec-
and analytical efforts to characterize the dynamic tional plies are often used when strength and stiff-
! mechanical properties of fiber-reinforced composite ness are needed in more than one direction.
5 materials.
i i THEORETICAL CONSIDERATIONS
g ! Methods that utilize microscopic mechanics have
1', i been reported for finding the effective macroscopic Elastic Analysis
f i moduli of fiber-reinforced composites, or ortho- Much of the work in micromechanics has been based
5 ; tropic materials [1 - 6] . Determination of macroscop- on static loading and deformation fields having
' x : ic dynamic orthotropic moduli using methods that characteristic lengths much greater than those of the
: . combine microscopic analysis and geometric informa- material. The so-called effective modulus theories
s N tion with the isotropic moduli of the constituent {13] used in this work are also applicable to dynami-
3 . materials are not as well verified. The purpose of this cally loaded composites when the vibrational wave-
‘~ ' paper is to provide a crit'cal review of the literature length is much greater than the largest characteristic
g N on the rapidly expancing subject of composite dimension of the representative volume element,
A ¢ materials. The emphasis is on measurement; repre- That is, the averaging on which the effective modulus
santative analytical approaches are mentioned, how- theories are based is valid so long as the deformation
, ever, because they are referred to in discussions of gradients are sufficiently small. Continuum theories
; experimental results. Most of the references are have been developed in order to study the propaga-
f : concerned with dynamic properties of materials tion and dispersion of high-frequency harmonic waves
, during sinusoidal vibration. A few publications in composites {7 - 10] . References on wave propaga-
dealing with the propagation and attenuation of tion are also given in the articles by Ross and Siera-
l elastic waves are included because the authors' kowski [11], Moon {12], and Achenbach [13}.
: ’ research interests have to do primarily with vibra-
! ‘ tions. With the exception of some analytical work The discussion that follows is primarily concerned
5; : on nonlinear effects and some experimental work with vibrations of sufficiently long wavelength that
» § ' on large amplitude vibration and the material damage effective modulus theories are applicable. With these
4 it causes, the results described are for strains below theories, dynamic properties differ from static pro-
'g- the elastic limits of the constituent materials. perties only when the anelastic nature of the matrix
3 {and to a much lesser extent, of the fibers) is taken
3 The material configurations of interest in this paper into account.

Various approaches to elastic micromechanical anal-
ysis have been reported in the literature {14]). Hetero-
geneous materials in general have been reviewed [15] .
The mechanics-of-materials approach [3, 4] invoives
certain simplifying assumptions about the stress or
strain distribution in a composite material; for
example, that plane sections of a composite beam
remain plane in pure bending. The longitudinal
strain is therefore linearly proportional to the dis-
tance from the centroidal axis. The exact stress or
strain distribution in a composite material must be

** Professor, Dept of Aerospace Engrg. and Mech., University of Minnesota, Minneapolis, Minnesota 55455

9




known before its properties can be determined by
the theory of elasticity. Alternatives to the solution
of this formidable problem involve semi-inverse
techniques: part of the solution is assumed and then
checked to determine whether or not equilibrium
and boundary conditions are satisfied. Variational
principles such as minimum potential energy, comple-
mentary energy, or a mixed principle, can also be
used to obtain alternatives to the exact solution.
Methods based on variational principles provide only
bounds on composite properties, but, in some cases,
these bounds are very close to each other, and are
sometimes coincidental.

The variational principles of minimum potential
energy and complementary energy have been used to
obtain coarse bounds on the elastic moduli of an
isotropic, two-phase material of arbitrary phase
geomstry [16]. A unique mixed variational principle
that reduces to the principles of minimum potential
energy and complementary energy for two limiting
cases has been developed [17]. The mixed principle
involves comparison of two hypothetical materials
and their respective states of stress and strain. One
material 1s hgmogeneous, elastic, and isotropic, the
other 1s nonhomogeneous, elastic, and anisotropic
The extremum condition for the variational function-
al is equivalent to the condition that the stresses and
strains in the anisotropic material satisfy the proper
constitutive equations.

This variational principle has been applied to ortho-
tropic, transversely isotropic fiber-reinforced mater-
ials [18] .Bounds for three of the five independent
moduli were obtained in terms of phase moduli and
volume fractions. Hill [19] used a different method
1o derive bounds on one of these moduti and on the
two moduli for which bounds had not been obtained.
The combined work thus provides bounds on all
five moduli. The results were identical for the one
modulus bounded by both techniques It was claimed
that these are the best possible bounds obtanable
without taking phase geometry into account Closer
bounds require additiona! constraints in the form
of specified fiber arrays Such bounds have been ob-
tained for fiber-reinforced materials with hexagonal
and random “wer arrays [20]. both arrays are trans-
versely isotropic

10

it was concluded that the random array results are
preferred because the rar.dom array bounds coincide,
thus providing “exact” expressions for the moduli.
Randomness was introduced in the fiber array with
composite cylinders of various sizes containing
fibers surrounded by outer cylinders of matrix mater-
ial. The remaining volume within the composite
cylinder assemblage was filled by composite cylinders
of smaller and smaller size. The same fraction of the
total volume was maintained for each cylinder.
As a result of this randomness and filling, the hounds
converged in the limit. F-.m a practical standpoint,
the introduction of randomness in the fiber array
model is more appealing than the imposition of a
regular pattern of fiber packing that never occurs in
practice. Support for the random array hypothesis
has been provided by Adams and Tsai [21], who
developed finite element models representing random
arrays, They found that the agreement between mea-
sured and predicted moduli improves as the degree
of randomness in the fiber array increased.

The difficulty of finding exact solutions using the
theory of elasticity has stimulated the development
of various numerical techniques [22]). An interesting
method is the interpolation technique [23]; it in-
volves interpolation between previously derived
bounds on elastic moduli. The interpolation factors
are measures of the degree of reinforcement by the
fibers and are chosen by comparison to other ‘exact’
numerical solutions.

The theories described thus far are based on linear

elastic behavior of the composite material and its
components. Nonlinear elastic behavior may be
caused by large displacements (geometric nonlinear-
ity) or by matrix-governed nonlinearity. Nontinearity
of fiber-reinforced composites is more apparent in
their shear stress-shear strain response than in their
corresponding uniaxial stress-strain response [3].
Constitutive equations that can describe this nonlin-
earity in shear have been formulated [24, 25). Ac-
cording to Timoshenko’s theory for vibrating beams,
shear deformation becomes more important as the
slenderness ratio decreases, as the mode number
increases, and as the ratio of the extensional modulus
to the shear modulus increases. it has been shown
analytically [26] that the effects of this nonlinearity
on free vibration frequencies of undamped, laminated
beams become more important as the beam siender-
ness ratio decreases and as the mode number In-
creases
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Anelastic Analysis

Under certain conditions the mathematical models
for the finear micromechanical theories discussed
above can be modified to include the dynamic
behavior of anelastic materials, Anelasticity is the
term generally used to describe the stress and time
dependence of elastic strain. That is, the strain lags
the stress and the resulting hysteresis causes damping,
or anelastic energy loss during vibration. A number of
mathematicai models for material damping have been
discussed {27, 28, 29}. Th.. complex modulus nota-
tion, which consists of a real part representing elastic
stiffness and an imaginary part representing dissi-
pation, is widely used 10 mode! the behavior of linear
anelastic materials under sinusoidal vibration {27, 28,
0] . it has been shown that the complex modulus of
a linear anelastic material may depend on vibration
frequency, but not on amplittde {27]. With the
elastic-viscoelastic correspondence principle (31],
integral transforms in the time domain are used to
obtain viscoelastic solutions from elastic ones.

Although complex modulus notation was developed
for application to homogeneous, isotropic materials,
it may also be applied to composite materials having
one or more anelastic phases. A correspondence
principle has been developed for isotropic viscoelastic
composites and applied to a particulate composite
{32). The elastic moduli in an earlier elastic solution
{33] were replaced with complex moduli; experi-
mental and theoretical results were in agreement.
The correspondence principle has been extended to
anisotropic fiber-reinforced composites [34]; the
elastic moduli from previous work [20] were re-
placed by complex moduti. The key simplifying as-
sumptions were that the fibers are elastic and that
the matrix is elastic in dilatation but viscoelastic in
shear. An expression for the complex flexural modu-
lus of a cross-ply laminated beam has been obtained
[36). The Hashin-Rosen random array model was
used for the plies, and it was assumed that plane
sections remain plane during flexure. it has been
shown (36] that the effective moduli for visco-
elastic composites can be related to phase properties
and that all results from elasticity theory, including
bounds, can be applied to viscoelastic materials with
a correspondence principle. {It is appropriate to note
again that the elastostatic theories of micromechanics
and their viscoelastic counterparts may be used to
determine dynamic properties only f the vibrational

T

wavelength is long in comparison with the charac-
teristic dimension of the composite microstructure.)

The loss factor, or foss tangent, is the ratio of the
imaginary part of the complex modulus to the real
part [27]. The loss factor may also be defined as the
ratio of the energy dissipated per cycle to the strain
energy stored in the material at peak displacement.
The effective loss factor for the composite may be
found from the elastic stiffnesses and loss factors of
the constituent materials and the ccrresponding
volume fractions {35, 37].

MEASUREMENT OF DYNAMIC PROPERTIES

Experimental Techniques

Attempts to compare predicted results and actual
measurements of composite materials invariably
require the use of such mechanical properties of sim-
ple beams, rods, and plates as stiffness, frequency,
dispersion, and damping ratio. Mechanical properties
are uted because it is difficult to determine the be-
havior of the individual components except by photo-
elastic methods and because many of the analytical
methads neither use nor predict the details of the
stress and strain fields.

Some of the most popular methods for measuring
material damping have been reviewed and their timita-
tions described {38). Some currently used damping
test techniques have also been discussed. Dynamic
stiffness of a material is generally found by substi-
tuting measured data on specimen geometry, mass
density, resonant frequency, and mode number in
the eigenvalue equation for the specimen and solving
for the effective elastic modulus This straightforward
procedure presents few difficulties. Measurement
of damping of the material, however, is more dif-
ficult. The principal problem involves reducing the
extraneous energy losses in the apparatus to an
acceptable level. The experimentalist must consider
support friction, air drag, acoustic radiation, and
transducer mounting if the Jamping to be measured
in the system Is primarily material damping {35].
it is useful to calibrate the system with a material
having known damping (35, 39, 40) . Aluminum is an
excellent calibration material because its damping at
low stress levels can be accurately predicted with
the Zener thermoelastic theory [39]
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Most damping measurements rely either on decay,
resonant dwell, or band width. The decay test mea-
sures free vibration decay of a specimen after its
release from an initial displacement [41, 42]. The
resonant dwell test and the band width test are forced
vibration techniques. The resonant dwell test involves
measurements of the resonant mode shape of the
specimen {35, 39, 40, 43} . in the band width test
the predicted shape of the amplitude frequency
function is determined; the resonant peak and the
amplitudes at frequencies below and above resonance,
usually at the two half-power points [43, 44], are
measured. A fourth test that has been used success-
fully on viscoelastic materials is the impedance
technique (63, 54] . Techniques in which the speci-
men is excited are generally applicable to a variety
of configurations. Beam specimens excited in flexure
are most commonly used, however, because flexure
is probably the most important mode of structural
vibration. Most structures have flexural members
whose resonant frequencies generally lie within the
frequency range of common sources of excitation,
Bar specimens excited in torsional or extensional
modes have also been used

Experimental Results

Much of the experimental work on the dynamic
properties of composite materials has been concerned
with measuring frequency and temperature depen-
dence. Typically, a long, slender beam specimen
is tested at successively higher frequencies either by
exciting higher modes or by reducing the length of
the beam. Both aluminum and fiber-reinforced plastic
beams have been tested by decay and resonant dwell
techniques [40). Tests were conducted in vacuo to
minimize air damping; the results with aluminum
were In good agreement with the Zener theory.
The damping measured in fiberglass and boron-
reinforced plastics was greater in the resonant dwell
tests than in the decay tests; results with elastic
moduli showed the reverse trend. This led to some
doubts about the technique by which the resonant
dwell specimens were mounted. Air damping was
shown to be significant at low frequencies and
corresponding large amplitudes. Paxson (43}, in a
continuation of earlier work {40), tested unidirec-
tional and cross-ply laminated boron-reinforced
plastics with resonant dwell, band width, and decay
techniques in vacuo. Agreement among the three
methods was poor.
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Schultz and Tsai {44] used decay and band width
techniques to test aluminum and glass fiber-rein-
forced plastics in flexurai vibration. The damping in
unidirectional beams increased with increasing
frequency; dynamic elastic moduli did not correlate
well with static elastic moduli. When the technique
was extended to cross-ply laminates, however, damp-
ing decreased, leveled off, and increased with increas-
ing frequency [45]. The tests were conducted in air,
so that some of the inconsistency could have resulted
from air damping. The elastic moduli of laminates
predictad from measured ply properties agreed
fairly well with measured values of the composite;
predicted laminate damping values were significantly
less than mesasured values.

An apparatus for measuring the complex flexural
modulus of aluminum and carbon fiber composites
at different temperatures and amplitudes has been
developed [46, 47] . A resonant dwell technique was
used to test a free-free beam in vacuo. Considerable
effort was devoted to the reduction of extraneous
energy losses in the apparatus. Data on damping at
various stress levels were presented, but no conclu-
sions were reported. This apparatus was also used to
study the effects of fiber orientation and laminate
geometry (48] .

In tests of graphite reinforced epoxy beams through
the eighth mode, it was found that resonant frequen-
cies of the higher modes were markedly lower than
those predicted if shear deformation is neglected
(49]. Timoshenko's beam theory accounted reason-
ably well for the dependence of experimental reson-
ant frequencies on mode number, slenderness ratio,
and modulus ratio. The effects of resin type, degree
of cure, and fiber type on damping in glass fiber-
reinforced plastic beams at different temperatures
and frequencies have been investigated (50} . Wright
[61) conducted decay tests on epoxy beams rein-
forced with one type of glass and four types of car-
bon fibers Work has been done on dynamic proper-
ties of fiberreinfcrced metals (52); decay tests
were conducted on tungsten fiber-reinforced copper
specimens in flexure It was found that damping was
independent of strain amplitude but was related to
the residual strains induced by rolling.
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A flexural resonant dwell technique has been used to
test unidirectional and crossply fiberglass-reinforced
epoxy beams in vacuo [35)] . The effects of configur-
ation and vibration frequency were studied both
experimentally and analytically for small amplitudes,
large amplitude effects were studied experimentally.
Experimentally-determined complex moduli at small
amplitudes were in good agreement with those
predicted by the Hashin-Rosen random array model
[20, 34] and were within the bounds predicted by
the Hashin variational principle (18] .

The compliex moduli from beam vibration tests have
been used to predict the velocities and attenuation
coefficients of elastic waves traveling in fiber com-
posites {65, 56}. Wave propagation was along the
fiber axes of unidirectional material. The dynamic
rasponse of fiber-reinforced viscoelastic materials
subjected to pulse loading along the fiber direction
has been measured [57]; the measured response
was compared with that predicted by effective modu-
lus theories {20, 34] and by continuum theories
{7, 10]. The accuracy of the models depended upon
internal geometry and fiber packing geometry.

Modes of vibration other than flexural vibration have
been investigated. Carbon and glass fiber-reinforced
plastics have been tested in torsion and in flexure
[47] . Lifshitz [568] used decay and pulse attenuation
techniques to study the dynamic torsional and
extensional moduli of pure epoxy and of unidirec-
tional fiber composites. He showed that the proper-
ties of the epoxy matrix affect torsional moduli
more than extensional moduli and that extensional
moduli are essentially independent of frequency and
temperature. A torsional pendulum apparatus has
been used to study the damping of boron-epoxy
composites at elevated temperatures [69) . Damping
in glass-epoxy and boron-aluminum composites has
been measured by observing the decay of extensional
vibrations [60] .

If vibration amplitudes in fiber-reinforced composites
are sufficiently large, nonlinear inelastic behavior
may be caused by microstructural damage [36, 61) .
Because this damage is usually permanent, dynamic
stiffness and damping oroperties will exhibit perma-
nent changes. The behavior of cross-ply laminates at
large strains is of particular interest Static tensile

ey O o I P, %y
PR h, RS,

tests of cross-ply laminates showed that, as the ulti-
mate fracture strain of the transverse plies (those
plies perpendicular to the loading direction) was
exceeded, the slope of the stress-strain curve was
significantly reduced [62]. The reduction in stiff-
ness was accompanied by matrix cracking along the
direction of the transverse fibers. Gibson (36]
has reported that the damping in cross-ply laminates
in flexural vibration is independent of amplitude if
the maximum strain amplitude does not exceed the
fracture strain of the transverse plies. After the
fracture strain has been exceeded, however, damping
increases and remains near the higher level even after
unloading and reloading. Corresponding reductions
in stiffness do occur, but damping is far more sensi-
tive to microstructural damage than is stiffness.
Cracking- of the fiber-matrix bond in transverse
plies is apparently controlled by strain concentra-
tion in the matrix,

The attenuation of ultrasonic waves in unidirectional
and cross-ply specimens under static uniaxial stress
has been studied [63). it was found that attenuation
increases rapidly above a certain threshold stress and
increases more rapidly for cross-ply laminates than
for unidirectional material. It was noted that perman-
ent damage apparently occurs because the attenua-
tion does not return to its initial value after unload-
ing. A sharp increase in acoustic emissions at the knee
of the stress-strain curve has been reported for boron-
epoxy-reinforced aluminum specimens [64]. Here
again, the loading was static, but some failure mech-
anism was associated with the reduction in stiffness.

The shear modulus and damping of carbon fiber-
reinforced epoxy rods in torsional vibration has been
measured before and after cracks were induced by
static twisting of the rods to shear failure [65].
it was found that damping increased and the shear
modulus decreased after cracks were induced. Damp-
ing was much more sensitive to crack damage than
was the shear modulus. Schultz and Warwick [66)
used equipment similar to that used by Schultz and
Tsai [44, 45) to measure the complex moduli of
glass fiber-reinforced epoxy beams as a function of
fatiguing time They found that the amount of
fatigue cracking correlated reasonably well with
the amount of reduction in stiffness and the amount
of increase in damping. Amplitude effects were not
studied.
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According to Broutman and Krock {1] transverse
plies crack as a result of strain concentration in the
matrix due to the fiber packing arrangement. A sim-
ple analysis for estimating the strain concentration
for a regular fiber array has been developed (67].
Matrix cracking is only one of several mechanisms
by which composite materials can fail. According to
Salkind [68), composites may fail by matrix crack-
ing, delamination, fiber failure, interface debonding,
and other mechanisms, either separately or in com-
bination. Salkind has proposed that, because the loss
of stiffness in composite materials can result in struc-
tural failure long before complete fracture occurs,
the fatigue failure criterion should be the number of
cycles to a given change in stiffness, rather than the
number of cycles to fractures. As has been shown by
several of the references, the internal damping in
fiber-rainforced composite materials is far more sensi-
tive to these failure mechanisms than is stiffness
so that damping measurements could be valuable
tools for the early detection of structural damage.

CONCLUSION

We have attempted to present a balanced picture of
recent experimental and analytical efforts to charac-
terize the dynamic mechanical properties of fiber-
renforced composite materials. This is a rapidly
growing field. most of the work cited has been done
within the past decade. Although much experimental
and analytical work has been done, more comparisons
of measured and predicted properties are needed to
evaluate the various micromechanical theories, For
example, more definitive cnteria could be estab-
lished on the limits of validity of effective modulus
theories for analyzing the dynamic behavior of
composite structures. The actual mechanisms of
damping in composite structures should be studied
more extensively, both experimentally and analy-
tically. Because damping is so sensitive to microstruc-
tural damage, damping measurements could provide
valuable quality control and reliability information
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FINITE ELEMENT MODELING OF NATURAL VIBRATION PROBLEMS

A. V. Krishna Murty *

Abstract - This is a review of finite element modeling
techniques including lumped parameter, transfer
matrix, finite element displacement, finite element
force, hybrid and quadratic eigenvalue methods. Ap-
plications of the methods to natural vibration pro-
blems are given.

Any structure will undergo distortion and oscillations
it the proper force is applied. If the amplitude is
sufficient, high stresses and damage to the structure
can occur, The need to avoid structural damage
resulting from vibration was the motivation for the
study of structural vibrations. Natural frequencies
and mode shapes have been used in the determin-
ation of the dynamic response of structures. The
desire to achieve as simple an analytic procedure
as possible and accurate results has motivated the
development of many analytic models. The objective
is to model the problem as close to reality as possible.
In practice, for such structures as plates and shells,
continuum treatment has been used. Such structures
as frames and trusses can be handled with simpler
discrete models. Discrete models often can be used
to represent complex structural configurations.
Among discrete models reported in the literature are
those involving lumped mass, lumped inertia forces,
finite differences, transverse matrix, and the finite
element. This paper is intended as a review of the
literature of modeling with finite elements.

In the formulation of a natural vibration problem
using finite elements the structure s treated as an
assembly of subdomains called elements. A typical
finite element 1dealization is shown in the Figure.
Each element is based on a physical or mathematical
principle that aliows calculation of quantities repre-
senting various properties of the structure torce
displacement relationships, elastic and iertia fornes,
and strain and kinetic energies The governing equa-
tions for the complete structure are derived using
an appropriate assembly procedure Boundary} condi-
tions are defined, and natural frequencies and mode
shapes ate obtained Matrices are used In some
-methods, including the lumped mass method, transfer

matrix methods, and the matrix displacement meth-
od. There are variations of this concept which do not
fit into this philosophy. These are not included in this
review. For instance the finite difference method may
be ccnsidered an exception to the finite element
method. In the finite difference method, the equili-
brium equation at a grid point involves a set of values
at a specified set of neighboring grid points. Overlap-
ping submains are used to form the governing equa-
tion at a point. The emphasis in this method is on
forming equations of equilibrium directly at a point;
thus, the finite difference method does not involve an
assembly of subdomains, Instead, equilibrium and/or
compatibility is satisfied in an average sense at a selec-
ted set of points.

Most finite element methods currently available can
be placed under one of the following: lumped para-
meter methods, transfer matrix methods, finite
element displacement methods, finite element force
methods, hybrid methods, and quadratic eigenvalue
methods.

Lumped Parameter Methods

The lumped mass method [121 - 123, 132] is perhaps
the simplest approach to the analysis of naturat
vibrations. The mass of the structure is lumped at
a set of selected grid points Half the mass of the
elements that meet at a grid point may be used as
the criterion for lumping the masses. The stiffness
influence coefficients with respect to the same
grid points are obtained throigh either a teparate
analysis or an experiment Yhe governing equation
1 of the type shown in Equciion (1),

(Kl {¢} - w?* M {¢}=0
(1

The accuracy of the results decends upon the i..ethod
of lumping the masses used. For examrple, the inertia
force in each element may be lumped at the grid
points. However, the representation of strain energy
and kinetic energy is somewhat inconsistent. The
representation s akin to using one displacement
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field in the element for the derivation of the stiffness
matrix (strain energy) and a different displacement
field in the same element for the derivation of the
mass matrix (kinetic energy). !t is because of this
inconsistency that the nature of the bound of the
eigenvalues cannot be predicted. The rate of conver-
gence and the nature of the tound depend upon the
method of lumping. 1t has been found [68] that,
in the case of torsional oscillations of a shait, the
eigenvalue is estimated as a lower bound with the
rate of convergence as 1/m?, m being the number of
elements used. The element mass matrix [121)

(my) = —

1 s 11 2 (2)
gives upper bounds to eigenvatues, but the rate of
convergence is the same as 1/m*. Another element
mass matrix

12 b 1
ml =21 s (3)

produces a lower bound to the eigenvalue with the
rate of convergence being 1/m*. Similar trends have
also been noted in the finite element analysis of
plates [135]. The inconsistencies in the lumped
parameter methods can thus become an advantage
by the appropriate choice of mass matrices. In the
literature the fact that the mass matrix governs the
rate of convergence and the nature of bounds has
been brought out by numerical correlative studies
and by the use of simple classical examples for
which error estimates are possible.

Transfer Matrix Methods

Transfer matrix methods {37, 60, 61, 93, 144, 1560)
have been used in vibration analysis since 1921 when
Holzer developed his tabular method for torsional
vibration problems. Later Mykelstad (247}, and
Prohl [134], adapted the Holzer Method to beam
problems. This method will be described for a beam
problem. The beam s divided into several elements.
At each nodal point a state vector {f} is defined;
it consists of the displacements and forces at that
point A transfer matrix [T] relating the state
vector at two neighboring points is developed using
the governing differential equation. Thus

{eh = m e,

*Most of the bibliography deals with this method

(4)

T —
A SR e A T

and

fhes T 0 {eh - b @

1=1,2,..

{T] is a transcendental matrix containing the eigen-
value w . A value of w that satisfies prescribed
values in {{} 1 and {S’ N is chosen by trial and
error or a graphical procedure. The success of this
method rests largely on the development of the
transfer matrix [T}. This method is particularly
suited to dimensional problems, The matrices are
relatively small in comparison with those of the
finite element displacement method. The finite
element displacement method has replaced transfer
matrix methods in many applicstions - esnecially
in natural vibration problems.

Finite Eiement Displacement Methods

A finite element displacement model * was introduced
into vibration analysis in the 1960s by Archer [15]
and Argyris {17]. Because this model has become
the most versatile tool for analyzing natural vibration
problems, it is described in some detail. The method
is derived from the Rayleigh-Ritz method, which
may be stated as

5 (U-T) =G
(6)

U is the strain energy, and T is the kinetic energy.
The structure is divided into a network of connected
domains, or elements. In each element, the displace-

ment field {u} is chosen in terms of the element
nodal displacement vector {58} as

{}= v {s}

[N] is the matrix of shape functions, The vector of
straing {e} in the element may be written as

7

{e} = 1) {i}=18) {8} &)

[L] is an appropriate ditferential operation matrix.
Equations {7) and (8) are used to determine the
strain energy U e) and kinetic energy T € in the
element

e o 1L siT
ulel = ~ {817 w1 {s} o
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{k) and [m] are the element stiffness and mass
matrices defined as

= ®]T (0] 8] dV (1)
(ml =( (NIT & N} av (12)

[D] is the elasticity matrix, and u is the mass
density of the material. The total strain energy U and
the kinetic energy T are obtained by adding the
contributions of each element

u=3 {517 1 {¢} .

T=F {¢} o {e} (14)

where

= T B
[(KM] =[a)' Tk,mJ [al (15)

[a] is the displacement transformation matrix and

relates the elemental nodal displacements {8¢ and
the global or structural displacements {!} as
{6} = tal {5} (16)

Equations (13) and (14) are used in equation (6)
to obtain the governing equation

(K1 {¢} - w? M {8} =0 (17)

from which eigenvalues and eigenvectors are deter-
mined.

With finite element displacement models the dis-
placements are treated as unknowns. Variations of
the method described above are possible. Attempts
have been made [185] to construct finite element
models based on Temple's successive approximation
scheme Complete correspondence between finite
element models and a modified Rayleigh-Ritz method
has been established [177]. This method has proved
useful for one-dimensional problems

22

Finite Element Force Methods

Finite element force methods [60, 215 - 219} are
based on complementary energy principles. Most of
the work in this area has been done by Tabarrok
[216 - 220] and his associates. A variational principle
that is complementary to Hamilton’s principle has
been used to calculate plate freqrencies. The method
utilized the variational principle in the form

5 v-T) dt=0 (18)
to

T is kinetic energy expressed in terms of the d'Alem-
berts impulses e as

T=%i.‘,fe2 dx dy (19)

V is the complementary strain energy. This formu-
lation shows that the plate has an infinite number of
zero frequency modes. It is essential to eliminate all
of these modes in order to predict the nature of
bound of the frequency. It has been demanstrated
that the complementary energy formulation might
result in natural frequencies lower than the true
natural frequencies of the plates. In 1973, Tabarrok
and Sodhi [220] generalized the stress function
procedure and used Toupin's variational principle.
Four conforming finite element models have now
been developed and applied to linear bending vibra-
tion problems of plates. The convergence to the
eigenvalues may proceed either from below or from
above, depending upon the order of approximations
employed for the stress functions, It has been sug-
gested that the procedure could be extended to any
problem for which stress functions have already
been developed. It has also been noted that the stress
function formulation is not always advantageous, es-
pecially with regard to suppressing any frequency

modes, a concept introduced by Tabarrok and
Sedhi

Hybrid Methods

The combination of two or more methods to mini-
mize disadvantages and maximize advantages is
called a mixed, or hybrid, method [36, 59, 96, 97,
126, 149, 176, 206]. Finite element methods that
compromise certain basic aspects of the parent
continuum method are hybrid methods. Some hybrid
methods concentrate on a specific advantage. The
possibility that the force method might yield lower
bounds to eigenvalues and the basic difficulties in
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formulating the vibration problem in terms of forces
suggests that hybrid methods that combine energy
and complementary energy methods might be useful.
Rao et al.,[77, 78], attempted to formulate vibration
prcblems using complementary energy. They treated
the problem in terms of forces. Shape functions have
been used to satisfy the equilibrium equations [36] .
The shape functioiis contain the eigenvalue, an itera-
tive method of solution is thus necessary. With an-
other method [59] , the stiffness matrix is derived by
assuming suitable forms for stresses and boundary
displacements, The mass matrix is based on an inde-
pendently chosen disptacement field in the element,
Hybrid elements have been used to study cylindrical
shell vibrations [97, 98). In another case [149],
masses have been represented by modified potential
energy. The results have been more accurate than
those obtained with conventional methods. The
feasibility of a Piantype hybrid model has been
outlined [126). These methods have not yet been
fully explored; considerable further study is needed
before viable hybrid models will be available for
vibration problems.

Quadratic Eigenvalue Methods
Two types of formulation leading to a quadratic
eigenvalue problem of the type

(Al fa} + w® [B] {a} +w* (C1 {a} =0 (o,

have been reported (126, 179). Prezemieniecki’s
work {179] is based on the premise that shape
functions must contain the frequency. The problem
is of the type

[(A|] - w? [Az] -w‘ [A;] ] {q}-o (21)

Natural frequencies have been worked out retaining
terms up to [A3;] Results have confirmed that the
accuracy of the natural frequencies and mode shapes
might be improved by retaining the term with the
frequency to the fourth power. This formulation
contains negative eigenvalues, the reasons for their
occurrence and their influence have not yet been
established  Another quadratic eigenvalue problem
1s based on the least square method [126]. The re-
sults of this procedure are either a complex pair of
eigenvalues or two real values corresponding to each
natural frequency. When complex numbers are
obtained, the modulus is an approximation of the
frequency, and the imaginary value 1s an indication of
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error. When two real values are obtained they bound
the natural frequency. In either case, therefore, an
approximation of the eigenvalue and an indication of
error are simultaneously provided. Quadratic eigen-
value methods are probably of greavest value in study-
ing basic problems. Their application to complex pro-
blems has not been established. In particular, stan-
dard eigenvalue routines cannot be used to obtain
numerical solutions; thus, special programming is
necessary.

Other Methods
Any continuum method can be used to develop a
finite element method. Most methods currently in
use depend on a minimization principle. When this
is not possible or convenient, it is useful to develop
models based on methods for the solution of differ-
ential equations such as the Galerkin method [126,
175, 176], collocation {175, 176], or an ortho-
gonality method. The differential equation governing
the free vibration problem may be written as
Ly (W) - w3 Ly W) =0 (22)
Ly and L, aredifferential operators, and w is the
eigenvalue. In a one-dimensional problem, the dis-
placement distribution in the i-th element may be
taken as

W, = IN) {8} 231

{N] is the matrix of shape functions and {6} ele-
ment nodal displacements. W; is substituted in the
governing differential equation to obtain the expres-
sion for the error in the differential equation in the
ith element; ¢; becomes
= 2

& = (Li;- WLy ) IN] {6} (24)
With the Galerkin procedure the integral of the pro-
duct error in the differential equation and the com-

ponents of the displacement functions are set equal
to sero.

(B f} - w? (B {8} =0 (25)
where
el = lal {1} (26)
T
[Ek]“[a) ek'_] {al (27)
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and

ley) = [alT e, lal

(28)
with
= T 1.
[ekil é‘lNl [Ly; NI d (29)
and
- T
Iemil £[N] [La, N ok (30)

The eigenvalues and eigenvectors can be computed
from equation (25). Small amplitude vibration
problems have been studied using this method (126,
176]. Oniy linear eigenvalue problems have been
studied thus far using these methods, but they
are likely to prove useful for studying nonlinear
oscillations.

CONCLUSIONS

Some finite element models have been compared
in the Table. The Rayleigh-Ritz finite element me-
thod is the most convenient and efficient one, at
least, insofar as linear natural vibration problems are
concerned. Other methods may be more efficient
but have some disadvantages that must be eliminated.
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Basis

Rayleigh-Ritz (R-R)
Method

Modified Rayieigh-

Ritz Method [177)

Galerkin Method [176]

Least-Square Method
(126)
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Form of the Final Bound for
Matrix Equation Eigenvalue

K] {{}' A [M]{§}= 0 Upper Bound

[F]{!’}* {-[MI{S’FO Upper bound

[Ek]{f}- AlE] {{}= 0 Cannot be
predicted

[PI{I}' A [OI{I} Cannot be
+ )\,[le}___ 0 predicted

TABLE - Comparison of Some

Remarks

1. Easy formulation
2. Convenient for computer
programming

1. Requires concepts of
matrix force method

2. Best suited for one-
dimensional problems

1. Element degraes of free-
dom are more

2. Programming is similar
to R-R method

3. Can consider nonlinear
problems for which a
minimum energy prin-
ciple may not exist

4. Can be extended to
initial value problems

1. Results in quadratic ei-
genvalue equations

2. Eigenvalues are generally
complex

3. Programming complicat-
ed



RS

o

5

&
X
7

b
.,

3
;

fg‘

5
5
%

i
3
!
4

a

ks
.
g

L

SR g % iy

-

sy e i e e R

Ll

TR T TR T e W AR Tt R e A e T LA R IO AT A T M ST G

Finite Element Models

Pian‘s Type Hybrid
Method [126)

Collocation Method
[175)

Prezemieniecki
Method [179]

Stress Function
Method [219]

Ch e e s s e e | okt

Form of the Final
Matrix Equation

Bound for
Eigenvalue

(F aife}- & imonfe} cannot be
=0 predicted

s} - ${¢}=o

Cannot be
predicted

(A1~ N A =224, .. g} cannot be
=0 predicted

(al{g- A B1{¢}= 0

Cannot be
predicted

A AT T R PETRY

Remarks

1. Results in transcendental
matrix equation

2. Conventional computer
programs cannot be used
directly

3. Generally not a con-
venient formulation

1. Requires concepts of
the matrix force method

2, Best suited for one-
dimensional problems

1. Requires solution of a
quadratic eigenvalue
problem

2. Programming complicat-
ed

3. Negative eigenvalues are
sometimes obtained

1. Involves suppression of
‘any frequency modes’
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This is an updated edition of an earlier book of the
same title published by Boresi in 1965,

Chapter one is an introduction to elasticity and in-
cludes a description of boundary value problems.
Chapter two deals with the theory of deformation
and contains three appendices. Appendix 2A contains
the derivation of strain-displacement relations in
orthogonal curvilinear coordinates. Appendix 28
shows strain-displacement relations in general coordi-
nates, and Appendix 2C is devoted to the derivation
of displacement relations for special coordinates by
cartesian methods.

The theory of stress is developed in Chapter 3. There
is an appendix on the application of the principle
of virtual work. The two-dimensional theory of
elasticity in rectangular cartesian coordinates is the
subject of the fifth chapter. Appendix HA describes
the effect of couple stresses on plane elasticity.

Two-dimensional elasticity in polar coordinates is
developed in Chapter 6. Appendix 6A gives the
results of stress concentration due to a circular hole
in a plate under the assumption of coupie stresses.
Chapter seven describes the solution to the problem
of a prismatic bar subjected to end load.

An elementary treatment of the thermal stress prob-
lem is found in Chapter 8. The final appendix re-
capitulates the mathematics necessary to make the
book self-sufficient to the student.

The appendices to the individual chapters are the
most refreshing part of the book. The derivations of
the governing equations of elasticity in orthogonal
curvilinear coordinates are especially valuable because
they are seldom found in introductory books. The
fact that the equations are derived vectorially makes
them all the more attractive
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BOOK REVIEWS

ELASTICITY IN ENGINEERING MECHANICS

Arthur P, Boresi and Paul Lynn
Prentice-Hall, Inc. (1974)

I+ is unfortunate that the only method of solution
emphasized is the semi-inverse method. Students are
usually puzzled because direct methods are not
presented in elasticity. Some introduction to the
integral transform technique and complex variable
methods should have been included. Nevertheless,
this text can be of great value in a first course in
elasticity, to both students and instructors, and it can
be supplemented by handouts where desired.

Leon Y, Bahar

Dept. of Mechanical Engineering and Mechanics
Drexel University

Philadelphia, Pennsylvania 19104
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THE FINITE ELEMENT METHOD FOR ENGINEERS

K. E. Huchner
John Wiley & Sons - New Yark (1975)

7K et AN S 1t armemran

i

f Finite element analysis now occupies a commanding The author applies various aspects of lubrication to
gg position in the areas of analysis and design. Huebner's gas oearings and journal bearings. He states that the
g book is not elementary, as advertisements claim; isoparametric approach should have been considered
1 rather, it belongs at the intermediate level. The text is in fluid flow,

{ divided into ten chapters and four appendices. The

g’ bibliography is excellent, In Chapter 1X fluid mechanics problems are discussed
N in depth. A computer code with direct coding of a
: Fundamental theory is the subject of the first chap- heat conduction prablem is set up for the navice in

ter. The second chapter contains discussions of simple Chapter X,
linear spring systems, one-dimensional heat flow,
electrical networks, and the two-dimensional struc- The reviewer thinks that the book should be part of
tural constant strain triangular element. in Chapter the library of the Practicing engineer angd scientist
I the author considers the composition of the involved in finite element applications. The book
finite element and the equivalence between the finite should be published as two volumes, however. one
I element method and the Rayleigh-Ritz variational an elementary text, the other an advanced text.
i method. His formulation of the finite element meth.- The section on structural dynamics should be ax-
od is a good one., panded to include component mode methods, sub-
structuring, and transient response, The section on
In Chapter 1V, which is the heart of the book, the gaussian quadrature applied to isoparametric alements
author describes simple triangular ang quadrilatera) and determination of transfer of stresses from the
elements, as well as the more complicated tetrahedral gaussian points ta the nodes shouid also be expanded,
and hexahedronal elements used in three-dimensional
studies. There is discussion of two- and three-dimen.

.

5 et ek

e e 30 Mt S st s, 24 9 ot o281 e -

sional  isoparametric elements ang interpalation Herb Saunders
schemes; consideration of hexahedrona) elements; General Electric Company
and derivation of linear, Quadratic, and cubic iso- LSTGD }
parametric elements for both two and three dimen- Schenectady, New York 12345

sions. The exy..anation is lucid and easy to follow. :

The more complicated aspects of elasticity, including
the role of variational methods, are found in the next
chapter. The displacement method and its applica-
tions are considered. Fine mesh at a singularity, the
plate bending prablem, and a more detailed explana-
tion of three-dimensiona( elements, including the
hexahedronal element, conclude the chapter

Chapters V1l and V1| consider such general problems
as heat conduction and nviscid incompressiple and
Compressible flow. Direct formulation of the finite
elements using variational methods are used Time-
dependent fluid problems and transient motion utij-
lizing recurrence relations are also described The
reviewer believes that the latter should have been
expanded due to its importance in the dynamics of
real structures
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NEWS BRIEFS

ASTM PROPOSALS MEASURING tMPACT SOUND
TRANSMISSION OF FLOOR-CEILING
ASSEMBLIES NOW AVAILABLE

Two proposals for methods to measure the impact
sound transmission of floor-ceiling assemblies have
been approved ty the American Society for Testing
and Materials (ASTM) Committee on Standards.

The two proposals are: ‘‘Proposed Alternative Meth-
od of Laboratory Measurement of impact Sound
Transmission through Floor-Ceiling Assemblies Using
a Modified Tapping Machine'’ and "Proposed Alter-
native Method of Impact Sound Transmission
through Floor-Ceiling Assemblies Using a Live Walk-
er.”

An ASTM Proposal is a specification, test method,
classification, definition, or recommended practice
which has been approved by the sponsorina commit-
tee for publication as an “information only' docu-
ment, A proposal is not submitted to Society letter
ballot and is not a standard Copies of the two
proposals can be obtained from ASTM, 1916 Race
St., Philadelphia, PA 19103,

INSTITUTE OF ENVIRONMENTAL SCIENCES
SCHEDULES SESSION ON NUCLEAR
AND FOSSIL FUEL ELECTRIC POWER
GENERATION STATION QUALIFICATION
AT ITS 1977 ANNUAL MEETING

A special all day technical session entitied ‘'Total
Qualification for Electric Power Generation Stations -
Nuclear and Fossil Fueled” will be held on 25 April
1977, during the twenty-third Annual Meeting of
the Institute of Environmental Sciences at the Mar-
riott Hotel, Los Angeles, California. The speakers

are prominent experts from government and industry,

who will trace the requirements for qualifications of
safety related equipment from the NRC Regulatory
Guide through the QA plan to the completion of the
program.

40

news on current
and Future Shock and
Vibration activities and events

The session chairman is Paul M. Turkheimer, Director
of Program Development, Wyle Laboratories, El
Segundo, CA., Senior Member of the IES, The session
co-chairman is Thomas R. Colandrea, Director of the
Quality Assurance Div., General Atomic Co., San
Diego, CA, and chairman of the Nuclear Div., ASQC.
Frank Unmack, General Atomic Co., Staff Engineer
responsible for equipment qualification, Fort St,
Vrain Project, completes the planning staff.

The 9th Space Simulation Conference, heing held
at the same location from April 26 - 28, 1977, pro-
vides an international forum for the discussion of
space simulation and related topics. The technical
program is sponsored by the Institute of Environ-
mental Sciences (IES), American Institute of Aero-
nautics and Astronautics {(AJAA), the American
Society for Testing and Materials (ASTM), and the
National Aeronautics and Space Administration
{NASA). The ninth in this series of space simulation
conferences is being hosted by the IES and will be
conducted in conjunction with the |ES 23rd Annual
Technical Meeting and Equipment Exposition.

The Exhibits in the IES Equipment Exposition of
SPACE APPLICATIONS, ENERGY, TEST EQUIP-
MENT, and INSTRUMENTATION in addition to
the Spacecraft and Test Facility Tours in the im-
mediate virinity are planned to enhance the technical
program,

For further information contact:

B. L. Peterson, Executive Director
Institute of Environmental Sciences
940 East Northwest Highway
Mount Prospect, Illinois 60056
Tele. (312) 265-1561
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SHORT COURSES

FEBRUARY

MODELING IN ENGINEERING DYNAMICS

Dates. February 28 - March 4, 1977

Plare: San Antonio, Texas

Objective: This course is recommended for pro-
spective students who have a bachelor’s degree in
some field of engineering, physics, or mathematics.
The intent of this course is to introduce and illustrate
to engineers, physicists, and scientists investigating
transient phenomena the powerful tool of model
analysis, and although the course is directed toward
experienced personnel, a newcomer to the fields of
survivability analysis, terminal ballistics effects,
safety engineering, engineering dynamics, etc., can
keep pace by diligently applying himself.

Contact  Mr Peter S. Westine, Southwest Research
Institute, P.O. Box 28510, San Antonio, TX 78284

MARCH

CORRELATION AND COHERENCE ANALYSIS
FOR ACOUSTICS AND VIBRATION PROBLEMS
Dates. March 7 - 11,1977

Place UCLA

Objective This course covers the latest practical
techniques of correlation and coherence analysis--
ordinary, multiple and partial -- for solving acoustics
and vibration problems in physical systems

Contact  Continuing Education in Engineering and
Mathematics, Short Courses, 6266 Boelter Hall,
UCLA Extension, Los Angeles, CA 90024

Tele (213) 826-1047

DIGITAL SIGNAL PROCESSING

Dates: March 9- 11,1977

Place: Houston, Texas

Objective: This seminar covers theory, operation
and applications -- plus additional capabilities such
as transient capture, amplitude probability, cross
spectrum, cross correlation, convolution coherence,
coherent output power, signal averaging and plenty
of demonstrations.

Contact. Mr, Bob Kiefer, Spectral Dynamics Corp.
of San Diego, P.O. Box 671, San Diego, CA 92112
Tele. (714) 565-8211

DYNAMIC ANALYSIS OF STRUCTURES

Dates. March 14 - 17,1977

Place: Detroit, Michigan

Objective: This seminar provides practical laboratory
experience on getting good data and recognizing bad;
diagnosing machinery with Vibration Spectrum
Analyzers, solving structural problems with Transfer
Function Analyzers; and demonstrations using
state of the art FFT processors.

Contact. Mr, Bob Kieter, Spectral Dynamics Corp.
of San Diego, P.O, Box 671, San Diego, CA 92112
Tele (714) 565-8211

MEASUREMENT SYSTEMS ENGINEERING

Dates: March 14 - 19,1977

Place. Phoenix, Arizona

Objective Program emphasis is on how to obtain
valid cost-effective data in the field and in the labor-
atory during the next decade through increased pro-
ductivity of data acquisition systems and groups.
The latest developments in the new Unified Approach
to the Engineering of Measuring Systems to achieve
these aims, will be presented.

Contact Prof P Stein, Short Course Director,

65602 East Monte Rosa, Phoenix, AZ 85018
Tele. (602) 945-4603/9656-3124
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APRIL

INTRODUCTION TO VIBRATION AND SHOCK
TESTING, MEASUREMENT, ANALYSIS AND
CALIBRATION

Dates: April 11 -15,1977

Pla-e. Boston, Massachusetts

Objective: Firms manufacturing weapons, aircraft,
missiles, naval or military vehicle systems or compo-
nents should consider sending their environmental
test personnel to this seminar. This course will con-
centrate upon equipments and techniques rather than
upon theory.

Contact  Mr. W. Tustin, Tustin Institute of Tech-
nology, Inc., 22 E. Los Olivos St., Santa Barbara,CA
93105 Tele. (805) 963-1124

RELIABILITY TESTING INSTITUTE

Dates: April 25 - 29,1977

Place. University of Arizona, Tucson

Objective To provide Reliability Engineers, Product
Assurance Engineers and Managers and all other en-
gineers and teachers with a working knowiedge of
analyzing component, equipment, and system per-
formance and failure data to determine the distri-
butions of their times to failure, failure rates and
reliabilities; small sample size, short duration, Baye-
sian testing, suspended items testing; sequential
testing; and others.

Contact. Dr. D. Kececioglu, Institute Director,
Aerospace and Mechanical Engrg. Dept., The Univ
of Arizona, Bldg. 16, Tucson, AZ 85721

Tele (602) 884-2495/884-3901/834-3054/884-1755
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MAY

TURBOMACHINERY BLADING SEMINAR

Dates May 3 -5, 1977

Place. Rochester Institute of Technology,
Rochester, New York

Objective: To introduce the vibration technology

involved in the design and operation of turboma-

chinery blades. Methods and instrumentation used to

measure and analyze blade vibration will be de-

scribed. Industrial experts and consultants will

present theoretical background material and case

histories. Panel sessions dealing with gas and steam

turbine blading problems and their solutions will

also be conducted.

Contact: Dr. R. L. Eshleman, Director, Vibration
Institute, Suite 206, 101 W, 556th St., Clarendon Hills,
IL 60514 Tele. (312) 654-2254/654-2053

FINITE ELEMENT METHOD AND NASTRAN
USAGE

Dates: May 16 - June 16, 1977

Place Washington, D.C.

Objective A sequence of three professional develop-
ment courses will be presented to provide an under-
standing of the technological content in general pur-
pose finite element programs, and to provide training
in the use of NASTRAN. The courses and dates are

Theory of Finite Elements, May 16 - 20, 1977

Static Structural Analysis Using NASTRAN,

May 23 - 26, 1977

Dynamics and Nonlinear Structural Analysis
Using NASTRAN, June 14 - 27,1977

Contact Dr H Schaeffer, Schaeffer Analysis,
P.O. Box 761, Berwyn Station, College Park, MD
20740 Tele. (301) 721-3788
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77-232

The Dynamic Response of an Elastic Half Space with
an Overdying Acoustic Fluid

B.E. Bennett and G. Herrmann

Dept. of Applied Mechanics, Stanford Univ., Palo
Alto, CA., In: J. of Applied Mechanics, 98 (1), pp
39-42 (Mar 1976)

AD-A027 536/2GA

Key Words: Half-space, Elastic properties, Wave propages-
tion, Elestic waves, Seismic waves

A class of dynsmic probiems involving s semi-infinite elastic
solid with an overlying semi-infinite acoustic fiuid, subjected
at the plane interface to arbitrary normal loading is inves-
tigated. A method of solution is proposed which reduces the
class of probiems under study to that in which the fluid is
absent. A specific example is presented for an expanding
disk-shaped load including numerical resuits for the sub-
seismic range.

ANALYTICAL METHODS

77.233

A Generalized Approach to the Solution of Variable
Systems Subjected to Arbitrary Source Functions and
Boundary Conditions

J.C. Hassab

Naval Underwater Systems Center, Newport, RI
02840, J. Sound Vib., 48 (2), pp 277-291 (Sept
1976} 15 refs

Key Words: Layered materials, Forcing function

Layered inhomogeneous systems with or without forcing
functions as represented by sources and boundary conditions
are discussed. A ccmimon formulation to the constraints and
physical laws that apply is given by using the Fredholm inte-
gral equation. A unified and versatile solution is developed
analytically to treat these problems under forced or un-
forced conditions. Then the approach is dissected to impie-
ment the results on the computer or to treat, at the outset,

44

the lumped approximation of the distributed system. This
development modifies, extends, and generalizes previous
studies that have been applied to a restricted class of systems.
Throughout the article examples are given to introduce,
motivate and illustrate the analysis.

77-234

Mode Theory of Wave Propagation in a Bilinear
Medium: The WKB Approximation

M. Hall

Navy Research Lab., Edgecliff 2027, Australia, J.
Acoust. Soc. Amer,, 60 (4}, pp 810-814 (Oct 1976)
5 figs, 5 refs

Key Words: Wave propagation, Eigenvaius problems

Normal-mode calculations are made of wave propagation in s
bilinesr medium with a free surface (the surface duct). The
WKB approximation is used. in the usual way, the integral
expression for the field is transformed into an infinite series
of the residues (normal modes) of the integrand at its poles
{eigenvalues). Approximations for the aigenvaiues of the
trapped normal modes are obtained from WKB formulas. The
eigenvalues of the untrapped modes are obtained by quadra-
tic extrapolation of the eigenvalues of the trapped modes.
The accuracy of the real part of the eigenvalues of all modes
is improved by taking into account the imaginary part when
solving the characteristic equation.

77-235

Difference Methods for Boundary Value Problems
with a Singularity of the First Kind

F.R. De Hoog and R. Weiss

Computer Centre, Australian National Univ., Can-
berra 2600, Australia, SIAM J. Numer. Anal, 13 (5},
pp 753-760 {Oct 1976}

Key Words: Boundary value problems, Eigenvalue problems

The application of certain difference schemes (box, trape-
zoidal, Euler and backward Euler) to the numerical solution
of Loundary value problems for nonlinear first order systems
of ordinary differential equations with a singularity of the
first kind is examined. The solution of the linear eigenvalue
problem is also considered.

71236

The Minimum Ratio of Two Eigenvalues

J.B. Keller

Courant |Inst. of Mathematical Sciences, New York
Univ, New York, NY 10012, SIAM J. Appl. Math,,
31 (3), pp 485-491 (Nov 1976) 3 figs, 1 ref
Sponsored by ONR
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Key Words: Eigenvalue problems

The first two eigenvalues, A; and \;, of the problem y* +
Mixly =0, y(1%) = 0 are considered. The method of analysis
is applicable to other similsr problems with inequslity
constraints.

71.237
Analytical Theory of Nonlinear Oscillations. IV: The
Periodic Oscillations of the Equation x - ¢(1-x*"*?)
x + x*M1 = ea cos wt, £>0, wW>0 Independent of ¢
C. Obi
Dept. of Mathematics, Univ. of Lagos, Lagos, Nigeria,
SIAM J, Appl. Math,, 31 (2}, pp 345-357 (Sept 1976)
11 refs

Key Words: Nonlinear response, Periodic response

A form of the well-known equation of Van der Pol with a
forcing term is X ~ €(1 ~ x3)k + x = €a cos Wr. In this paper
a generalized version of Van der Pol's equation is introduced
% - €l - x¥™2 4+ x2" 2 e cos G, where n21 is an
integer and a>0, W>0 are independent of €. A preliminary
study of this equation for a general n and small € is made.
In addition a more detailed study of its specisl case (n=1 sand
€ is small} is considered. Results on the exact number of its
periodic oscillstions, the relations between the stationsry
values (amplitudes), isast periods of its periodic oscillations,
and the ways some of the periodic oscillations appesr or
disappear as the parameters a, (W vary are given.

71.238

Analytical Theory of Nonlinear Oscillations, II:
Small Periodic Oscillations of Equations of the
Second Order

C Obi

Dept of Mathematics, Univ. of Lagos, Lagos, Nigeria,
SIAM J. Appl. Math., 31 (2), pp 334-344 (Sept 1976)
6 refs

Key Words: Nonlinear response, Periodic response

The equations considered are perturbations of the equation
X + glx) = 0, The resuits established are a number of theo-
rems on the existence and number of those periodic oscil
lations {of the equations considered) which themselves are
perturbations of the constant solutions of X + gix) = 0. The
theorems are stated in terms of small periodic oscillations.

77-239
Frequency Modulation at a Moving Material Interface
and a Conservation Law for Wave Number

G.G. Kleinstein and M.D. Gunzburger

Joint Institute for Acoustics and Flight Sciences,
The George Washington Univ., Hampton, VA 23665,
J. Sound Vib., 48 (2), pp 169-178 (Sept 1976)
3 figs, 4 refs

Sponsored by NASA

Key Words: Frequencies, Elastic waves, Wave number

An integral conservation law for wave numbers is considered.
in order to test the validity of the proposed conservation
law, a complete solution for the reflection and transmission
of an acoustic wave impinging normally on & material inter-
face moving at & constant speed is derived. Results sre ststed
concerning frequency and wave number relations across 8
shock front as predicted by the proposed conservation law.,

77.240

Exact Solution for Guided Sound Transmission
Through a Double Partition

N. Romilly

Dept. of Applied Mathematical Studies, Univ. of
Leeds, Leeds LS2 9JT, England, J. Sound Vib.,
48 (2}, pp 243-249 (Sept 1976) 5 refs

Key Words: Sound transmission, Walls, Membranes

The exact solution is obtained for the problem of the trans
mission of a symmetric sound wave through a double parti-
tion contained in a parsliel-plane waveguide with rigid
walls. A membrane model is used for the two leaves of the
partition. The solution involves a number of infinite series
which converge repidly. No modifications sre necessary for
the region of the critical frequencies. Full details sre given for
the particular case of an incident plane wave. The result,
which is suitable for computstion, invoives four converging
infinite series.

17-241

Spatial Cross-Correlation of Acoustic Pressures in
Steady and Decaying Reverberant Sound Fields
C.F. Chien and W.W. Soroka

Dept. of Mechanical Engrg., Univ. of California,
Berkeley, CA 94720, J. Sound Vib., 48 (2), pp 235
242 (Sept 1976) 10 refs

Key Words: Cross-correlation technique, Sound pressures,
Reverberation chambers
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From the equation for the steedy state sound pressure distri-
bution produced in a rectanguisr reverberation chamber by a
point source, and by using the ususi high frequency spproxi-
mations, the cross-correlstion function for two points not too
far spart for @ random source position is discussed. When the
ssme approach is used on the equation for sound pressure
decay when the point source excitation is cut off, the cross-
correlation function obtsined for the initisl portion of the
decsy corresponds with that determined experimentsily by
Balachandran and Robinson,

77242

A Comparison of Three Perturbation Methods for
Non-Linear Hyperbolic Waves

A.H. Nayfeh and A, Kluwick

Dept. of Engrg. Science and Mechanics, Virginia
Polytechnic Inst. and State Univ., Blacksburg, VA,
J. Sound Vib., 48 (2}, pp 293-299 (Sept 1976) 7 refs

Key Words: Perturbation theory, Wave propagation

Simple wave solutions of non-linear hyparbolic equations are
studied by using the method of renormalization, the snalytic
rrethod of characteristics, and the method of muitiple scales.
It is shown that the results ot the method of renormalization
depend on whaether the potential function or the velocity is
normalized.

77-243
Perturhed Nonlinear Oscillations
B. Kaper

Dept. of Mathematics, Univ. of Groningen, Groningen,

The Netherlands, SIAM J. Appl. Math., 31 (3), pp
519-546 (Nov 1976) 9 refs

Key Words: Oascillat:on, Nonlinear response, Perturbation
theory

For a class of nonlinear oscillation problems described by a
second order ordinary differential equation containing a smail
nonnegative perturbation parameter; asymptotic solutions
which are uniformly valid as approaches zero are determined
on intervals of the order of magnitude one over the perturba-
tion paramaeter. These asymptotic solutions are obtained from
formal asymptotic solutions subject to a condition in order
that they approximate the exact solution asymptotically.
These formal asymptotic solutions are constructed in the form
of & finite generalized asymptotic power series involving
functions of the periodic two variable type.
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77-244

Narrow-Band Excitation of a Nonlinear Oscillator
W.C. Lennox and Y.C. Kuak

Dept. of Civil Engrg., Univ. of Waterloo, Waterloo,
Ontario, Canada, J. Appl. Mech., Trans. ASME, 43 (2),
pp 340-344 (June 1976) 4 figs, 6 refs

Key Words: Oscillators, Narrow-band excitation

A nonlinear oscillator characterized by a hardening-type
restoring force is excited by stationary narrow-bend noise. The
analysis is based on the concept of quasi-static amplitude and
phase values which is ex: ~tly opposite to the stochastic or
Markov approach with its associated Fokker-Planck squation.
The spproach, in effect, replaces & system with memory with
one without memory. The existence of jumps is demonstrated
snd an expression for the probability of the occurrence of
jumps is derived.

77-245

The Forced Vibration of Singly Modified Damped
Elastic Surface Systems

R.G. Jacquot

Dept. of Electrical Engrg., Univ, of Wyoming, Laramie,
WY 82070, J. Sound Vib., 48 (2), pp 195-201 (Sept
1976) 2 figs, 15 refs

Key Words: Lumped psrameter method, Naturai frequencies,
Mode shapes, Forced vibration, Plates, Shells, Membranes,
Beams, Viscous demping

A technique is developed to predict the forced vibration of
membranes, beams, plates or shells when they have attached
to them at s single point a linear lumped parameter element or
assembly of elements, The distributed parsmeter slement is
treated as viscously damped and the lumped parameter assem-
bly may siso contain viscous dampers. Solution is obtained
in terms of generalized Fourier series in the unmodified eigen-
functions for the distributed portion of the system and the
principle of superposition is used to handie the imposed
forces and those generated at the attachment. The method
is illustrated by investigating & uniformly forced simply sup-
ported rectangular plate with a lumped mass at its center
and that of a point forced simple beam with a rigid pin support
imposed at some arbitrary point.

77-246
Periodic Solutions of Second Order Differential Equa-
tions with Nonlinear, Nondifferentiable Damping
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W.R. Utz

Dept. of Mathematics, Univ. of Missouri-Columbia,
Columbia, MO 65201, SIAM J. Appl. Math., 31 (3),
pp 504-5610 (Nov 1976) 11 refs

Key Words: Equations of motion

For the equation x” + Qix‘)}+f(x)=0, periodic solutions are
established without a requirement of differentiability of Q.
By separate methads, Q is treated as even and then odd. In
the odd case, a comparison theorem is provided when f(x) =
wox,

NUMERICAL ANALYSIS
(See Nos, 319, 429)

PERTURBATION METHODS
{See Nos. 262, 421)

STABILITY ANALYSIS
(Also see Nos, 408, 427)

77247

Stability of Nonlinear Oscillatory Systems

J. Lin ,

Ph.D. Thesis, State Univ. of Mew York at Stony
Brook, 203 pp (1976)

UM 76-19, 691

Key Words: Stability methods, Oscillators

The averaging technique of Krylov-Bogoliubov-Mikopolskii
(K-B-M) to solve several nonlinear models with oscillatory
behavior used to study a class of one predator - one prey
systems which incorporate a functional response of the
predator. The K-B-M method aliows us to calculate, under
certain conditions, the radius of the limit cycle, and the
renormalized frequency of the system’s response.

71-248

Parametric Instability Regions in Multi-Degree of
Freedom Systems Under Quasi-Periodic Beating
Input Excitation

D C McWhanneli

Dept. of Mech Engrg., Univ. of Southampton, South-

ampton S09 S5NH, England, J. Sound Vib, 48 (1),

pp 73-81 (Sept 8, 1976) 2 figs, 4 refs

Key Words: Stability analysis, Muitidegree of freedom
systems, Parsmetric excitation

The existence of three different types of unstable region in
mulit-degree of freedom linear systems undergoing beating
two-frequency parametric loading is demonstrated. Two and
five degree of freedom digital system models exhibiting
simple and combination resonant response to quasi-periodic
parametric foading are discussed. Two degree of freedom
mathematical modeis subjected to beating input situations
are analyzed. Analytical, numerical, electronic anasiog and
experimental studies are described and the practicalities and
relevance of the methods used are indicated.

VARIATIONAL METHODS

77249

A Reduction Scheme for Problems of Structural
Dynamics

T.J.R. Hughes, H.M. Hilber and R.L. Taylor

Div. of Structural Engrg. and Structural Mech., Dept.
of Civil Engrg., Univ. of California, Berkeley, CA.,
Intl. J. Solids Struc., 12 {11), pp 748-767 (1976)
6 figs, 14 refs

Key Words: Finite elament technique, Variational methods,
Dynamic structural analysis

A method for reducing the size of finite element systems in
dynamics is presented, The technique is based upon a varia-
tional theorem in which it is admissible to describe the
inertisl properties of structures by way of independent
displacement, velocity and momentum fields. This theorem
allows us to construct reduced systems for problems in
structural mechanics which retain the full rate of convergence
of systems employing ‘‘consistent’’ mass matrices, An error
analysis of the scheme and numerical examples are presented.

FINITE ELEMENT MODELING
{Also see No. 249)

77-250

Analysis of Elastic-Plastic Impact Involving Severe
Distortions

G R. Johnson

Government and Aeronautical Products Div., Honey-
well, Inc., Minneapolis, MN, J. Appi. Mech., Trans,
ASME, 43 (3), pp 439-444 (Sept 1976) 5 figs, 12 refs

Key Words: Impact response, Finite element technique,
Computer programs
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A Lagrangian anslysis technique is presented for two-dimen-
sionsl axi-symmetric impact problems involving elastic-
plastic flow. This technique is based on a triangular finite
element formulation rather than the quadrilstersl formula-
tion generslly used in comparable finite-difference methods.
The formulation of the technique and illustrative examples
are included.

MODELING
77251
Modal Simulation of the Intermittent Vibration of
Turborotors
B. Grabowski

VDI Fortschrittberichte {Progress Reports of the
VDI), Series 11, (25}, 122 pp {1976) 46 figs, Avail:
VDI Verlag, GmbH, 4 Dusseldorf 1, Postfach 1139,
Fed. Rep. of Germany. Summarized in VDI-Z, 118
{17/18) (Sept 1976)

{In German)

Key Words: Rotors, Critical speeds, Modal models

Two different variations of the modal simulation of wrbo-
rotors are investigated. In one, the resl eigenshapes of the
mechanical system are used for the transformation; in the
other the orthogonal vibration planes of an uncoupled
mechanical system are used.

PARAMETER IDENTIFICATION
(See Nos. 349, 373, 374)

DESIGN INFORMATION
(See No. 428)

CRITERIA, STANDARDS, AND

SPECIFICATIONS
{See Nos. 347, 372)

SURVEYS
(Also see No. 259)

77252

Noise and Blast (1956-1976): An Annotated Biblio-
graphy of Research Performed at the Human Engi-
neering Laboratory

48
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V.J. Confer

Human Engrg. Lab., Aberdeen Proving Ground, MD,
41 pp (July 1976) (Supersedes rept. dated Sept 1971,
AD-731, 468)

AD-AD28 277/2GA

Key Words: Noise, Shock, Human response, Bibliographies

The bibliography is an annotated compitetion of 95 formally
published reports desling with noise and blast. The resesrch
was performed by personnel of the US., Army Humaen
Engineering Laboratory and covers the period from 1966
through July 1978.

MODE SYNTHESIS
(Also see No. 261)

77253

Computed Restitution of Structural Natural Modes
from Inappropriate Excitations

X.T. Nguyen

Office National d'Etudes et de Recherches Aero-
spatiales, Paris, France, Rept. No. ONERA-NT-
19759, 54 pp (1975)

(In French; English summary}

N76-22597

Key Words: Moda! synthesis

After recalling the theoreticat bases and experimentsl me-
thods used for ground vibration tests, the fundamental
problem of modal data determination is formulated. The
proposed method makes it possible to determine the vibra-
tory characteristics of a linesr, weakly damped struc‘ure
from scannings around the resonance frequency of each
mode with different configurations of excitation forces.

77254

A Stationarity Principle for the Eigenvalue Problem
for Rotating Structures

L. Meirovitch

Virginia Polytechnic Institute and State Univ.,
Blacksburg, VA, AIAA J., 14 (10}, pp 1387-1394
{Oct 1976) 1 fig, 156 refs

Key Words: Eigenvalue problems, Rotating structures,
Gyroscopes, Spacecraft
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An important question associated with the eigenvalue prob-
lem for flexible gyroscopic systems is that of discretization
of continuous elastic members. If discretization is performed
by the assumed modes method, the question arises as to the
type of functions to be used in series expansions. In particu-
lar, the questicn is whether one should use rotating-sppend-
age eigenfunctions, fixed-based eigenfunctions, or any other
set of admissibie functions.

COMPUTER PROGRAMS

GENERAL
{Also see Nos, 281, 322, 337, 354, 440)

771-255

Dynamics of Inertia Variant Machinery

G.C. Hud

Ph.D. Thesis, Univ. of Pennsylvania, 247 pp (1976)
UM 76-22, 706

Key Words: Computer programs, Equations of motion,
Mechanical systems

it is shown in this dissertation how Lagrange’s form of
d’Alembert’s Principie can be successfully adapted to a
systematic modeling procedure for automatically generating
the equations of motion, and associated equations of con-
straint, for multi-loop, muiti-freedom mechanical systems.
Using this principle, a general purpose, user-oriented com-
puter program, DYMAC, for solving planar problems in-
volving either lower or higher order pairings has been devel-
oped and tested.

ENVIRONMENTS

ACOUSTIC
(Also see Nos 240, 241, 252, 291, 292, 351, 354,
371, 376, 387, 388)

77-256
Pulse Analysis of Acoustic Emission Signals

R T EIBITRER I GASRAT AR T 2 saT iy At B G RT fg wep e
T e

J.R. Houghton
Ph.D. Thesis, Vanderbilt Univ.,, 200 pp (1976)
UM 76-22, 345

Key Words: Acoustic signatures, Spectrum analysis

A method for the signature analysis of puises in the fre-
quency domain and the time domain is presented. Fourier
spectrum, Fourier transfer function, shock spectrum and
shock spectrum ratio were examined in the frequency do-
main analysis and pulse shape deconvolution was developed
for use in the time domein analysis. Comparisons of the
relative performance of each analysis technique sre made for
the cheracterization of acoustic smission pulises recorded by
a measuring system. To demonstrate the relative sensitivity
of ssch of the methods to smail changes in ths puise shape,
signatures of computer modeled systems with analytics!
puises are presented. Optimization techniques are developed
and used to indicate the best design parsmeters values for
deconvolution of the pulse shepe. Seversl experiments are
presented that test the pulse signature analysis methods on
different acoustic emission sources,

17-257

Sound Production by Organ Flue Pipes

N.H. Fletcher

Dept. of Physics, Univ. of New England, Armidale,
New South Wales 2351, Australia, J. Acoust. Soc,
Amer , 60 (4), pp 926936 (Oct 1976) 6 figs, 25 refs

Key Words: Sound generation, Musical instruments

A nonparametric treatment is devised to alfow calculation of
the transient and steady-state acoustic spectra of a flue organ
pipe, given the geometry of its construction and the pressure
variation in its foot, Explicit formulation is given for the
fundemental and the first and second upper partisls, A
scaling law is set out, relating the behavior of pipes of differ-
ent fundamental frequencies, and several illustrative calcuta-
tions are performed.

77.258

Second Harmonic Generation in Elastic Surface
Waves on an Isotropic Solid

G.V. Anand

Dept. of Electrical Communication Engrg., Indian
Inst of Science, Bangalore-560012, India, Intl, J,
Nonlinear Mech., 11 (4), pp 277-284 {1976} 15 refs

Key Words:  Elastic waves, Wave propagation, lsotropy

A procedure for solving the problem of non-linear propaga-
tion of elastic surface waves is given. An expression for the
particle displacement of the second harmonic is obtained.

49
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77-259

Urban Noise Pollution (A Bibliography with Ab-
stracts)

E.J. Lehmann

National Technical Information Service, Springfield,

VA., 109 pp (July 1976) (Supersedes NTIS—PS-
75/544 and NTIS/PS-74/106)
NTIS/PS-76/0585/0GA

Key Words:
Bibliographies

Urben noise, Traffic noise, Noise reduction,

Aspacts of noise in the urban environment are covered. The
topics were chosen for their interest to urban planners and
include citizen attitudes, transportation noise, and noise
abatement techniquaes.

77.260

Measurement and Prediction of Sound Attenuation
by Buildings Using Acoustic Modeling Techniques
E.S. lvey

Ph.D. Thesis, Univ of Massachusetts, 117 pp (1976}
UM 76-22, 266

Key Words: Urban noise, Noise reduction, Buildings, Mathe-
matical models

The attenuation of sound as it propagetes over building-size
barriers is an important part of the general urban and subur-
ban noise propagation problem. While the sound attenuation
over finite thickness barriers has been studied analytically
and experimentally, these studies have not produced a con-
venient methodology for predicting the noise attenuation
characteristics of building-size barriers. These studies have,
however, identified several factors which influence the
noise attenuation of any particular barrier configuration.

77-261

Mathematical Models of Acoustic and Acoustic-
Gravity Wave Propagation in Fluids with Height-
Dependent Sound Velocities

W A. Kinney

Ph.D. Thesis, Georgia Inst of Technology, 172 pp
(1976)

UM 76-23, 735

Key Words: Elastic waves, Waves propagation, Modal syn-
thesis, Mathematical models, Computer programs

Several problems which relate to the propagation of acoustic

and acoustic-gravity waves in a medium whose properties
vary with height only are considered with the intent of

50

refining existing schemes for the synthesis of waveforms.
The contribution from very low frequencies to a modal
synthesis of an acoustic-gravity waveform is clarified. A guide
is provided for adapting a computer program to include such
contributions in the synthesis of waveforms. A geometric
acoustica! scheme is outlined for the prediction of the am-
plitudes of waves that propagste over long distances. A
number of FORTRAN subprograms are provided that exem-
plify the numerical implementation of this scheme, Recom-
mendations are given for the refinement at low and high
frequencies of schemes for the synthesis of waveforms.

RANDOM
(See No. 376)

SEISMIC
(Also see Nos. 331, 442)

77-262

A Perturbation Scheme for Obtaining Partial Deriva-
tives of Love-Wave Group-Velocity Dispersion

D. Kosloff

Seismological Lab., California Inst. of Technology,
Pasadena, CA, Rept. No. AFOSR-TR-76-0821, 10 pp
(Feb 10, 1975) (Published in the Bull. of the Seismo-
logical Society of America, 65 (6), pp 1753-1760
{Dec 1975))

AD-A027 989/3GA

Key Words: Seismic waves, Perturbation theory, Computer
programs

A method is derived for obtaining partial derivatives of
Love-wave group-velocity spectra for a layered medium using
8 second-order perturbation theory. These partials are a
prerequisite for systematic inversion of group-velocity
spectra. Mathematically the equation of motion and bound-
ary conditions for Love waves are a singutar Sturm Liouville
type eigenvalue problem,

SHOCK
(Also see Nos. 250, 252, 293, 360, 363, 365, 380,
381, 382, 383, 391, 392, 393, 394, 399, 435, 436)

77-263

A Computer-Oriented Deterministic-Cum-Probabilis-
tic Approach for the Extreme Load Design of Com.
plex Structures

H Kamil

Engineering Decision Analysis Co., Inc , 480 Califor-
na Ave., Palo Alto, CA, Computers and Stiuc., 6
(4/5), pp 375-379 {Aug/Oct 1976) 16 refs
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Key Words: Computer aided design, Shock-resistant design,
Interaction: structure-foundstion, Probability theory

To obtain a rational, economical, and reliable structural
design under extreme loading conditions, a combination of
deterministic and probabilistic approaches need to be used.
Computers can be effectively used to combine these two
approaches together and apply them to the design of struc-
tures. State-of-the-art techniques are reviewed for the deter-
ministic and the probabilistic methods. Computers can be
used for the application of 8 combined deterministic-cum-
probabilistic approach in the following two areas: (1) deter-
mination of design loads for multiple foad cases by com-
bining the individual load cases probabilistically outside
the structure-foundation system and then determining
the slement load cases deterministically inside the systsm;
{2) determination of the reliability of the foundation-struc-
ture system by first modeling the member property variations
st element levol and then generating the system reliability
using matrix algebra techniques, along with the system stiff-
ness matrix. Methodologies are presented to describe how the
sbove objectives can be achieved. Limitations of the pro-
posed methodologies are described and recommendations
for future studies are made,

77.264

Correlation of Impact and Explosively Created
Ground Shock Phenomena

M 8. Ford

Army Engineer Waterways Experiment Station,
Vicksburg, MS, Rept. No. WES-MP-N-76-10, 74 pp
(June 1976)

AD-A027 059/5GA

Key Words: Ground motion, Explosion effects

A technique for prediction of ground motions in the transi-
tion and far-out regions where outrunning surface waves are
transporting most of the energy is described. A statistically
significant number of surface ground motion velocity mea-
surements were produced by detonating high-explosive {HE)
spheres of differing yields and depths of burst. Similar
measurements were obtained from energy sources realized
by impacting free-falling weights. The tests in this study were
conducted on a nearly homogeneous sandstone formation in
October 1973 at a site near Grand Junction, Colorado, along
with Project CENSE (Coupling Efficiency of Near Surface
Explosions).

77-265
One-Dimensional Shock and Acceleration Waves in
Deformable Dielectric Materials with Memory

P.J. Chen, M.F. McCarthy and T.R, O’Leary

Sandia Labs., Albuquerque, NM, Archive Rational
Mech, Anal., 62 (2}, pp 189-207 (Aug 18, 1976)
12 refs

Sponsored by ERDA

Key Words: Shock wave propegation

The behavior of onedimensional shock and acceleration
waves in deformable dielectric materials with memory are
examined, The differential equation which the amplitude of
the shock must obey was derived. The properties of the
electric field during shock transition are examined and
certain of its properties in terms of the materisl properties
are derived. The differential equation which the amplitude of
the scceleration wave must satisfy is derived.

GENERAL WEAPON
{Also see No. 285)

77.266

Underground Ammunition Storage. Report 1. Test
Program, Instrumentation, and Data Reduction
A. Skjeltorp, T. Hegdahi and A. Jenssen

Office of Test and Development, Norwegian Defence
Construction Service, Oslo, Norway, Rept. No. Forti-
fikatorisk Notat-80/72, 68 pp (Sept 1975) (See also
AD-AQ27 064)

AD-A027 063/7GA

Key Words: Underground structures, Tunnels, Ammunition,
Storage, Explosion effects, Model testing

This report is the first in a series of five describing an exten-
sive series of model tests on air blast propagation in under-
ground ammunition storage sites. A general description is
given of the scope and purpose of the tests as well as a
presentation of the principies of scaling and various intrinsic
uncertainties which may cause problems in the modeling
technique. The report also surveys the test program, instru-
mentation, and data reduction for the whole test series.

77.267

Underground Ammunition Storage. Blast Propagation
in the Tunnel System. Report II. A, Chamber Pres-
sure

A Skjeltorp, T. Hegdahl and A. Jenssen

Office of Test and Development, Norwegian Defence
Construction Serivce, Oslo, Norway, Rept. No. Forti-
fikatorisk Notat-79/72, 42 pp (Sept 1975} {See also
AD-A027 065)

AD-A027 064/5GA
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Key Words: Underground structures, Tunnels, Ammunition,
Storage, Explosion effects, Shock wave propagstion

The pressure-time history for detonation snd burning of
various explosives in confined regions (chambers) is exam-
ined. In the detonation tests, a systematic study was per-
formed for three types of explosives {TNT, PETN, and
Dynamitc) for different loading densities and chamber
venting. Four additiona! explosives (AN/FO, RDX, ALUMIT,
and COMP.B) were also tested over a limited range of loading
densities in a closed chamber. To determine the maximum
‘chember pressure’, carefully designed electrical filters were
employed to remove the high frequency ringing in the
pressure-time recordings. Some preliminary tests were per-
formed to determine the ignitability for the explosives used
in the detonation tests using the closed bomb method.

77-268

Underground Ammunition Storage. Blast Propagation
in the Tunnel System. Report Il1. A. Single Chamber
Storage. Variable Tunnel Diameter and Variable
Chamber Volume

A. Skjeitorp, T. Hegdahi and A. Jenssen

Office of Test and Development, Norwegian Defence
Construction Service, Oslo, Norway, Rept. No. Forti-
fikatorisk Notat-81/72, 60 pp (June 1975) (See also
AD-A027 066)

AD-AQ027 065/2GA

Key Words: Underground structures, Tunnels, Ammunition,
Storage, Biast effects, Shock wave propagstion, Mode!
testing

Mode! tests have been performed to determine the blast
wave propagation in the tunnel system of underground single
chamber storage sites. A tota! of nine configurations were
tested with variable tunnel dismeters (6.7 - 13.6 cm), cham-
ber volumes (7250 - 15200 cc), and TNT loading densities
(1 - 70 kg/cu m). Comparisons are given with one large scale
test and the importance of wall roughness attenuation is
discussed.

77-269

Underground Ammunition Storage. Blast Propagation
in the Tunnel System. Report IV. A. Connected
Chamber Storage. Variable Chamber Volume and
Variable Angle between Branch and Main Passageway
A Skjeltorp, T. Hegdahl and A. Jenssen

Office of Test and Development, Norwegian Defence
Construction Service, Oslo, Norway, Rept. No. Forti-
fikatorisk Notat-82/72, 48 pp (Nov 1975) (See also
AD-027 067)

AD-AD27 066/0GA
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Key Words: Underground structures, Tunnels, Ammunition,
Storage, Blsst effects, Shock wave propagstion, Model
testing

Mode! tests have been performed to determine the blast
wave propagetion in the tunnel system of underground
smmunition storage sites with connected storage chambers,
A total of 18 different configurations were tested with
variable chamber volumes (300 - 15200 cc), angles between
the branch and main pessageway (35 - 90 deg.). and ratios
between the cross sections of the branch and main passage-
way (0.125 - 0.5). The models were in linssr scales 1:40 to
1:100 of typicel full scsle instsllations. By anslyzing the
data, it was possible to obtain relatively simple scaling rela-
tionships which contain sll of the most important geometri-
cal parsmeters. The model data are compared with one large
scale test and fair agresment is found.

71270

Underground Ammunition Storage, Blast Propagation
in the Tunnel System. Report V. A, Connected
Chamber Storage Blast Load on Doors in Three Sites
A. Skjeltorp, T. Hegdah! and A, Jenssen

Office of Test and Development, Norwegian Defence
Construction Service, Oslo, Norway, Rept, No, Forti-
fikatorisk Notat-83/72, 32 pp (Sept 1975) (See also
AD027 063)

AD-A027 067/8GA

Key Words: Underground structures, Tunnels, Ammunition,
Storage, Blast effects, Shock wave propagation, Model
testing

The result from airblast measuremaents in models of three
particular types of underground ammunition storage sites is
reviawed. The use of simple scaling relationship are shown to
reproduce the biast data reasonably well for a wide range of
geometrical paramaeters.

PHENOMENOLOGY

COMPOSITE
{Also see Nos. 283, 297, 340)

77271
Harmonic Waves in Three-Dimensional Elastic Com-
posites
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S. Minagawa and S. Nemat-Nasser

Dept. of Civil Engrg., Northwestern Univ., Evanston,
IL 60201, Intl. J. Solids Struc., 12 (11), pp 769-
777 (1976) 7 figs, 9 refs

Key Words: Composito materials, Wave propagetion

For a periodic elsstic composite which consists of 8 matrix
and fibers with finite dimensions (i.e., 8 three-dimensional
probiem}, estimates for eigenfrequencies and sigenfunctions
are given, Calculations are based on a new quotient proposed
by Nemat-Nasser. The periodic character of the eigenfre-
quenciss is pointed out, and illustrative examples are given,

77.272

Analysis of Wave Mode in Compound Elastic Circular
Rods

H. Toda and H Fukuoka

Dept. of Engrg. Science, Osaka Univ., Tcyonaka,
Japan, Bull. JSME, 19 (133), pp 755-760 (July 1976)
5 figs, 7 refs

Key Words: Rods, Composite materiais, Frequency equation

An snalysis of the wave modes in compound elastic circular
rods, which consists of a circular matrix rod and a circular
sheath tube made of different materials, was executed.

71273

On Continuum Modeling of the Dynamic Behavior
of Layered Composites

G. Herrmann, R.K. Kaul and T.J. Delph

Dept. of Mech. Engrg., Div. Appi. Mech., Stanford
Univ., Stanford, CA 94305, Archives of Mechanics,
28 (3), pp 405-421 (1976) 17 figs, 33 refs

Sponsored by AFOSR

Key Words: Composite materials, Continuum mechanics,
Mathematicsl models

A hierarchy of new spproximate continuum theories to
model the dynamic behavior of layered composites is ad-
vanced. In each approximation the approximate frequency
spectra are matched as closely as possible with the exact
spoectra, and the range of validity of each approximation is
sscertained. The procedure followed is like that employed
in deriving approximate plate theories. Similarities to certain
phenomena in solid state physics are pointed out, and an
anslogy to a system with ons degree of freedom is drawn.

77274

Critical Factors for Frequency-Dependent Fatigue
Processes in Composite Materials

W.W., Stinchcomb, K.L. Reifsnider and R.S. Williams
Engrg. Science and Mechanics Dept., Virginia Poly-
technic Inst. and State Univ., Blacksburg, VA 24061,
Exptl. Mech., 16 (9), pp 343-348 (Sept 1976) 6 figs,
17 refs

Sponsored by AFOSR

Key Words: Composite materisls, Fatigue (materials),
Frequency response

Seversl fatigue-test paramaters, inciuding cyclic frequency,
prefstigue materiel conditioning {(preloading and step load-
ing) and test-control modes {strain control and load control)
sre investigated and their effect on the fatigue response of
composite materials is discussed. A conceptual model based
on the test results is offered to aid in the understanding of
fatigue processes in composite materials and the effect of
frequency on fatigue response.

DAMPING

77298

Damping Synthesis from Substructure Tests

T.K. Hasselman

J.H. Wiggins Company, Redondo Beach, CA, AJAA
J., 14 (10), pp 1409-1418 (Oct 1976) 6 figs, 10 refs

Key Words: Modal demping

A new method is proposed for synthesizing structural damp-
ing from substructure test data, It utilizes the off-diagonel
coupling terms in the substructure modal demping matrices
as well as the diagonal terms which correspond to uncoupled
modal demping. The coupling terms are evaluated from com-
plex resonant response messured at sach substructure mode.
Tentative accuracy requirements on experimental dste and
data reduction are suggested.

77-276

Steady Impact Vibration of a Body Having Hysteresis
Collision Characteristics (2nd Report, System with
Quadrilateral Hysteresis Loop Characteristics for
Force of Restitution)

S. Maezawa and T. Watanabe

Dept. of Engrg.,, Yamanashi Univ., Kofu, Japan,
Bull. JSME, 19 (134}, pp 902911 (Aug 1976)
9 figs, 6 refs
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Key Words: Hysterstic demping, Harmonic excitation

Steedy impact vibrations in 8 mechanical system subjected
to various harmonic exciting forces are ansiyzed by a perfect
Fourler series method reinforced by convergent improvement
by meens of 3 series transformation. The hysteresis loop
characteristics for force of restitution are assumed to be
composed of four straight-line segments.

ELASTIC
71277
Vibrations of Solids in Terms of Quantum Equations
of Elasticity
S. Kaliski

Dept. of Mechanics of Continuous Media, Institute
of Fundamental Techno Logical Research, Polish
Academy of Sciences, Swietokrzyska 21, 00-049
Warsaw, Poland, Bull. Acad. Polon. Sci., Ser. Sci.
Tech., 24 (6), pp 203-297 {1976) 5 refs

Key Words: Plates, Elasticity theory, Eigenvalus problems,
Naturs! frequencies

The problem of naturat vibrations is solved for & rectangulsr
peralieiepiped and a plate, on the besis of squations of the
theory of elasticity, taking into consideration the linearized
quantum effects which are introduced by the methods of
“classical” spprosch to quantum mechanics. The eigen-
values of the boundary value probiems are calculated.

71278

Wave Generation ii an Elastic Half-Space by a Nor-
mal Point Load Moving Uniformly Over the Free
Surface

A. Ungar

Natl. Res. Inst. for Math. Sci., CSIR, Pretoria, South
Africa, Intl. J. Engr. Sci., 14 (10), pp 935-945 (1976)
16 refs

Key Words: Half space, Elastic properties, Moving loads,
Wave propagation

The motion is determined of an elastic, homogeneous and
isotropic half-space, excited by a normal point load travel-
ing uniformly over the free surface. Using the differential
transform technique, exact, closed expressions in terms of
sigebraic functions are found for the displacements at any
point of the half-space.

B

FATIGUE
(See No. 274)

FLUID
{Also see No. 331)

772719

The Added Mass and Damping Coefficients of and
the Excitation Forces on Four Axisymmetric Ocean
Platforms

K.J, Bai

Ship Performance Dept., David W. Taylor Naval Ship
Res. and Dev. Ctr., Bethesda, MD, Rept. No, SPD-
670-01, 33 pp {Apr 1976)

AD-A027 377/1GA

Key Words: Floating bodies, Damping coefficients, Finite
slement technique, Oceans

Numericai results of the added mass and demping coefficients
of vertical axisymmetric bodies on or under the free surfece
are presented. The excitation forces on these bodies duse to
an incident reguisr wave system are also computed, The nu-
maericsl scheme empioys a localized tinite-element method,
which is based on the theory of the calculus of varistions.
The excitation forces and moments on a submerged half-
spheroid lying on the bottom are computed and compared
with the results obtsined by others,

77280

Experiments on Transition to Turbulence in an
Oscillatory Pipe Flow

M. Hino, M. Sawamoto and S. Takasu

Dept. of Civil Engrg., Tokyo Inst. of Technology,
O-okayama, Meguro-ku, Tokyo 152, Japan, J. Fluid
Mech., 75 (2), pp 193-207 (May 27, 1976} 9 figs,
15 refs

Key Words: Fluid-filled containers, Pipes (tubes), Turbu.
lence

Experiments on transition to turbulence in a purely oscil-
iatory pipe flow were performed. Three types of turbulent
fiow regime were detected: weakly turbulent flow, condi-
tionally turbutent flow and fully turbulent flow. In the
conditionally turbulent flow, turbulence is genersted sud-
denly in the decelerating phase and the profite of «ne velocity
distribution changes drastically. In the accelerating phase, the
flow recovers to laminar.
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77-281

Dynamic Plastic Analysis of Ductile Fracture -
the Charpy Specimen

D.J. Ayres

Combustion Engineering, Inc., Windsor, CT 06095
Intl. J. Fract., 12 (4), pp 567-578 (Aug 1976) 15 figs,
12 refs

Key Words: Dynamic plasticity, Fracture properties, Finite
element technique, Computer programs

A two-dimensional elastic-plastic dynamic finite element
analysis of the precracked Charpy V-notch specimen is per-
formed using the MARC finite element computer program.
The rewlits of the analysis are in good agreement with data
produced from the instrumented precracked Charpy test.
This agraement verifies the computational techniques for
this type of analysis and provides a much more detailed
view of the phenomena of ductiie fracture. The analytical
procedurs developed will assist in the formulation and evalua-
tion of ductile fracture criteria and the application of these
criteria to pressure vessel and structural analysis.

77.282

Application of an Energy Balance and an Energy
Method to Dynamic Crack Propagation

W, Doll

Institut fir Festkorpermechanik, 78 Freiburg i Br.,
Repubtic of Germany, Intl. J. Fract., 12 (4}, pp 595-
605 {Aug 1976) 8 figs, 27 refs

Key Words: Dynamic plasticity, Fracture propert.::~

The speeds of fast running cracks in a range of quasi-brittie
materials are measured as a function of the dynamic strain
energy release rate. From the results, the heat output asso-
ciated with the plastic work at the crack tip is calcuiated as
a function of crack speed using an energy balance, and com-
pared with the heat outputs determined experimentally
using an energy method. A generally good agreement is found
between the calculated and the experimentally measured
variation of heat output with crack speed.

VISCOELASTIC
(Also see No. 340)

77-283
Vibration Analysis of Viscoelastic Bodies with
Small Loss Tangents

» & Hashin

School of Engineering, Tel-Aviv Univ., Israel, Rept.
No. TAU-SOE/340-76, Scientific-4, AFOSR-TR-76-
0830, 22 pp (Apr 1976)

AD-AQ27 703/8GA

Key Words: Viscoslastic media, Forced vibration, Composite
materials

The correspondence principls for vibrations of viscoelastic
bodies is specialized to the case of small loss tangents, resul-
ting in considerable simplification: analytical evaluation of
oscillatory fislds is greatly simplified: peak frequencies and
peak amplitudes under forced vibrations can be simply and
diresctly determined; numerical solution of viscoelastic
vibration problems becomes no more complicated than
that of elastic problems. Similar simplifications result for
computation of real and imaginary parts of effective complex
moduli of composite materisls.

EXPERIMENTATION

BALANCING
(Also see Nos. 407, 408, 409, 410, 412, 413)

77.284

The Dynamics of a Hooke's Joint Gyroscope with
Mass Unbalance

J.S. Burdess and L. Maunder

Univ of Newecastle upon Tyne, England, “Conf. on
Vibrations in Rotating Machinery,” The Institution
of Mechanical Engineers, Univ. of Cambridge, (Sept.
16-17,1976) pp 195-199, 2 refs

Key Words: Gyroscopes, UUnbalanced mass response

The dynamical characteristics of a Hooke’s Joint Gyroscope
with mass unbaiance in both the rotor and the gimbal are
described. For a constant rate input 1t i1s shown that the ideal
gyroscope may operate as a device for measuring either
angular rates of turn or angular displacements depending
upon whether the gimbal suspension is tuned to the rotor
speed.
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DIAGNOSTICS
(See Nos. 304, 369, 404, 405, 406, 445)

FACILITIES
{Also see Nos. 400, 426)

77-285

A New Acoustics Centre for Noise Investigations
by Simulating Real Life Conditions

E. Schroder

Automobiltech, Z., 78 (7/8), pp 345-349 (July/
Aug 1976) 6 tigs, 15 refs

(In German)

Key Words: Test facilities, Motor vehicle noise

Detailed noise investigations on a8 vehicle are carried out in
the new Acoustics Centre in Cologne, Merkenich. The ane-
choic chamber, equipped with buiit-in two-axle chassis
dynamometer of latest design is described. The adjacent re-
verberation room serves to determine the sound power and
to improve the noiss characteristics of vehicle components
such as engine, transmission, and fan. A special opsning
between the reverberation room and a transmitter room with
reverberation room characteristics atlows specific sound-
transmission loss investigations to be made on damping
materials fitted to body parts such as vehicle dash panel
assemblies.

INSTRUMENTATION
(Also see No. 292)

77-286

An Acoustic Monitoring System for the Vibroseis
Low-Frequency Underwater Acoustic Source

A.M. Young and G.D. Hugus

Naval Research Lab., Washington, D.C., Rept. No.
NRL-MR-3316, 22 pp (June_1976)

AD-A028 239/2GA

Key Words: Underwater sound transmission, Acoustic mea-
surement, Measuring instruments

One problem normally 2ssociated with the use of Low-
frequency, high-power underwater acoustic sources is the
ability to accurately monitor the generated sound pressure
level. The design, fabrication and installation of an acoustic
monitoring system for a large hydraulically actuated source,

56

the VIBROSEIS system, is described. The monitoring trans-
ducers and the associated calibration system were designed
to operate in the 5- to 225-Hz frequency range and to mini-
mize several problems associsted with the particular source.
The system was installed, calibrated at sea, and performed
satisfactorily during the ocean exercise.

77-287

Resonant Pressure Instrumentation

G.M. Schuster

Ph.D. Thesis, Polytechnic Inst. of New York, 2256 pp
(1976)

UM 76-23, 445

Key Words: Resonators, Measuring instruments, Design
techniques, Calibrating

This dissertution is concerned with the development of
analytical techniques which can be ussfully spplied to the
design and calibration of resonant pressure transducers,
with emphasis on those instruments which use sn elastic
resonator as the basic sensor. The dissertation shows how
pressure-frecuency relations may be developed for distri-
buted resonators, both by direct solution of linear differ-
ential equations and by approximation methods for nonlinesr
cases. These relations are useful in establishing the operating
frequency range and pressure sensitivity as functions of
resonator dimensions and elastic properties, so that different
resonator cninfigurations may be compared.

77-288

Analysis of Induced EMF in Vibrating.Sample Mag-
netometers

E.E. Bragy and M.S. Seehra

Physics Dept., West Virginia Univ,, Morgantown,
WV 26E06, J. Phys. E. (Sci. Instr.), 9 (3), pp 216-
222 (Mar 1976) 13 figs, 10 refs

Key Words: Vibration measurement, Measuring instruments

The theoretical induced EMF for vibrating-sample magnet-
ometers is derived. Assuming a point magnetic dipole sample,
located in a general position with respect to a single-turn
circular pickup coil, the instantaneous flux cutting the coil
and the induced EMF due to sample motion are found to
be linear combinations of elliptic integrals of the first and
second kind. An alternative representation of the flux by
a power series is also given. These results can be applied to
arbitrary versions of magnetometers by specifying coil
size and sample position and orientation. The effect of sam-
ple misalignment on the induced EMF 15 computed. A
comparison of the four systems is also made.
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TECHNIQUES
{Also see Nos. 308, 317, 318, 364,
371, 387, 395, 422)

77.289

Comparison of Methods for Measurement of Rever-
beration Time

T.E. Vigran and S. Sorsdal

Dept. of Acoustics, The Norwegian Inst. of Tech-
nology, Trondheim, Norway, J. Sound Vib., 48 (1},
pp 1-13 (Sept 8, 1976) 10 figs, 9 refs

Key Words: Acoustic measurement, Measurement techniques,
Test facilities

Five methods for automatic measurement of reverberation
time are studied wiith respect to the mean value and the
variance of it. The measurements were performed in two
reverberation chambers. For each 1/3-octave band and micro-
phone position one hundred decay signals were evaluated.
It is felt that .n automatic method should be recommended
to supplement the “straight line’’ method outlined in existing
standards.

77-290

Shock-Front Loading Method for Studies in Dynamic
Photoelasticity

AW. Miles

Dept of Mech. Engrg, Univ. of Cape Town, Ronde-
bosch, 7700, Cape Province, South Africa, Exptl,
Mech., 16 (9), pp 349-355 (Sept 1976) 1t figs,
17 refs

Key Words: Photoelastic analysis

A versatile technique for applying a well-defined dynamic
load to models for studies in dynamic photoelasticity is
described. The method utilizes the shock front produced in
a gas-dynamic shock tube to apply a load to models by
direct normal impact. The principles and scope of the meth-
od is suited to studies where simple variation and accurate
determination of the load-cycle parameters, as well as precise
reproducibility, are necessary. The method, In addition,
permits close-field study of the initial response of materials
to dynamic loading to be undertaken.

77-291

On the Use of Acoustical Holography to Locate
Sound Sources on Complex Structures

£.E. Watson and W.F. King, t}|

Environmental Acoustics Div., Universa’ il Products,
Wolverine Tube Div., Decatur, AL, J. sound Vib.,
48 (2), pp 167-168 (Sept 1976) 14 figs, 15 refs
Sponsored by the Naval Sea Systems Command

Key Woids: Noise source identification, Testing techniques,
Fans, Acoustic holography

Until recently, it was extremely difficult to detect and locate
far-field sound sources on complex structures. An experimen-
tal technique is presented in this paper for the identification
of such sound sources on complex vibrating structures.
Results are given for a preliminary investigation designed to
determine the feasibility of applying a modified form of
acousticsl holography to the location of sound sources on
ventilator fans. Such sources are identified on a three-bladed
ventilator fan. Optical and computer sound source recon-
structions are compared and analyzed,

77-292

Measuring Noiso -- The State-of-the-Art

A.J. Schneider

B & K Instruments, Inc., Cleveland, OH, 44142,
SAE Paper No. 760672, 8 p, 8 figs, 3 refs

Key Words: Noise measurement, Measurement techniques,
Measuring instruments

New instruments and new measurement concepts continually
evolve in support of progrems to reduce operstor noise
exposure and produce noise emission. The purpose of this
paper is to review new equipment and new measurement
practices which can assist in the direction of programs to
develop quieter vehicles. Opportunity is taken to also discuss
the closely associated field of whole-body vibration.




COMPONENTS

ABSORBERS
{Also see No. 399)

71.293

Structural Analysis and Design for Energy Ahsorption
in Impact

E.H. Lee and R.L. Mallett

Dept. of Applied Mechanics, Stanford Univ., CA,
Rept. No. SUDAM-75-15, DOT/TST-76/44, 215 pp
{Dec 1975)

PB-264 801/4GA

Key Words: Collision research (automotive), Beams, Shells,
Energy sbsorption

A general assessment of the nature of the dynamic problem
of analyzing the collision of a vehicle is first given. A vehicle
commonly comprises an open structure of beams and thin
shells of ductile metal and the kinetic energy to be absorbed
a3 energy of deformation is usually sufficient to cause plastic
flow. This is generally localized on hinges and is associated
with appreciable elastic deformation. Thus elastic-plastic
theory is needed including geometrical and material non-
linearities. Integration through the history of the motion is
needed for solution. Theorems ars given which provide ap-
proximations to the maximum plastic deformation and the
duration of plastic flow without determining the whole
solution. Apptication of these to simple models is preseated.
The theorems are also applied to determine the stiffness of
a structural element so that it will transmit impulse to the
rest of the structure without itself deforming appreciably,
a so-called stiff interface. The ability of porous metal to
absorb energy of deformation is also analyzed by solving the
microscopic problem of collspse of the cavities. The overall
macroscopic deformation laws can then be determined.
Tests of the behavior of porous metal in impact are presented
and related to quasistatic measurements of its deformation
properties. Conclusions from these studies and recommenda-
tions for new work are given.

BEAMS, STRINGS, RODS
{Also see Nos. 245, 272, 293, 313, 321, 341)

77.294

Dynamic Torsion of a Two-Layer Viscoelastic Beam
A F. Johnson and A, Woolf

Natl. Phys Lab , Teddington, Middiesex TW11 OLW,
England, J Sound Vib.,, 48 (2), pp 251-263 (Sept
(1976) 3 figs, 10 refs

58

Key Words: Beams, Viscoelastic properties, Torsional vibra-
tions

The complex dynamic shear modulus of soft polymeric
materials riay be determined in principle at low and audio
frequencies from torsion pendulum and torsional resonance
experiments on metal strips coated with the polymer. In
order to determine the polymer shear properties from such
experiments, it is necessary to know the torsional rigidity
of the two layer compound beam, This is calculated in the
paper by using classical etasticity theory, for the particular
case when the metal shear modulus is much greater than
that of the soft coating. The theory of dynamic torsion tests
is then briefly reviewed and experiments are suggested for
determining the polymer dynamic shear properties. A dis-
cussion is also given of the effectiveness of polymer coatings
as a damping treatment for torsional vibrations.

77-295

Dynamics of Timoshenko Beams Conveying Fluid
M.P. Paidoussis and B.E. Laithier

Dept. of Mech, Engrg., McGill Univ.,, Montrea!,
Canada, J. Mech. Engr. Sci., 18 (4}, pp 210-220
(Aug 1976) 8 figs, 13 refs

Key Words: Beams, Pipes (tubes), Timoshenko theory,
Fluid-filled containers, Finite difference theory, Variational
methods

The dynamics of pipes conveying fluid is described by means
of the Timoshenko beam theory. The equations of motion
are derived and solved {(a) by a finite-difference technigue,
and (b) by a variational method. it is shown that the latter
is tha more efficient method. The eigenfrequencies of the
tystem and its stability characteristics are compared with
results obtained previously using the Euler-Bernoulli beam
theory, and it is shown that in certain cases {e.g. short pipes)
the two sets of results diverge. Experiments indicate that the
present theory is more successful in predicting the observed
behavior, Furthermore, the present theory shows that, in
some cases, cantilevered pipes may lose stability by buckling,
whereas previous theories indicate that the system always
loses stability by flutter.

71296

Nonlinear Periodic Response of a Slender Beam-
Column

B.P. Shafer

Ph D. Thesis, Univ of Denver, 183 pp (1976}

UM 76-27,873

Key Words: Beams-columns, Periodic response, Nonlinear
response
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The nonlinear dynsmic response of a perfect beam-column
subjected to loading by axial stress waves was studied. New-
ton’s method was used to solve the nonlinear equations itera-
tively and to determine the lateral displacement and axial
strain as functions of time. An unstable linear approximation
was used to start the iterative procedure, and to guide the
search of the frequency domain for interesting nonlinear
phenomena,

17-297

Comparison of Solution Methods for Composite
Material Beam Response Due to Impact

P.C. Chou and W.J. Flis

Drexel Univ., Philadeiphia, PA, Rept. No. NADC-
76093-30, 59 pp (Dec 1975)

AD-A028 317/6GA

Key Words: Beams, Composite materials, Impact response
(mechanical), Computer programs

Several solution methods are compared as to their usefulness
in treating impact problems. The problem used as a basis
for compari: on involves a simply supported beam impacted
at mid-span by a mass. The early-time and late-time structural
responses of the system have been computed by (1) an anasly-
tical solution, (2) the NASTRAN finite-slement, structural-
analysis computer program, using both the direct integration
method and the modal analysis method, and {3) the method
of characteristics. The results have besn compared. The
chief conclusions are that the method of characteristics
is the most accurate method for early-time, and that the
NASTRAN modal method is best suited for late-time struc-
tural response.

77-298

Effects of Support Flexibility on the Stability of a
Beam Under a Follower Thrust and Inertia

JJ Wu

Watervliet Arsenal, Watervliet, NY, Rept No WVT-
TR-76024, 20 pp (June 1976)

AD-A028 089/1GA

Key Words: Beams, Follower forces, Flexible foundations,
Flutter, Stability analysis

The stability behavior of a slender structure, modeled by a
beam, subjected to a follower force at one end and restrained
at the other, is studied in detal in this paper. Eigenvalue
curves which dictate the stability behavior are plotted for
several combinations of parameters.

77-299

Three-Dimensional Stochastic Response of Offshore
Towers to Wave Action

B. Berge and J. Penzien

Structural Engrg. Lab., California Uruv., Berkeley, CA
Rept. No. UCSESM-75-10, 158 pp (Oct 1975)
PB-254 N49/0GA

Key Words: Qff-shore structures, Towers, Stochastic proces-
ses

A theory is developed to calicuiate the dynamic response of
off-shore towers to random wave forces. Vibrations are
considersd simultaneously for transiations in the orthogonal
horizontal directions and for rotations about a vertical axis.
The idealized structure for the dynamic analysis has its mas-
ses lumped at discrete horizontal levels. The ocean waves are
considered to be a8 zero mean stationary ergodic Gaussian
random process described by the directional weve spectrum,
which specifies the distribution of wave energy with respect
to frequency and dirsction,

71.300
Vibrations of Suspended Cables
J.G. Gale

Ph.D. Thesis, Oregon State Univ., 132 pp (1976)
UM 76-23,515

Key Words: Cables, Equations of motion

The equations of motion of an elastic cable suspended in
a viscous medium from two erbitrary points are derived.
These are then linesrized for the undamped, inextensible
case, and it is found that the equations describing the in-
plane motion of the cable are then independent of the equa-
tion describing the out-of-ptane motion of the cable. Using
the equations developed for the normal mode motion, a
technique is presented for determination of the displace-
ments and tensions throughout a cable when one end is
subjected to a prescribed tangential displacement of known
frequency. Maximum cable tensions are presented as a
function of the forcing frequency for a variety of cable
geometries.

77-301

An Experimental Investigation of Wave Propagation
in a Rubber String Impacted by a Projectile

C. Riegel and J.L. Nowinski

Univ of Delaware, Newark, DE 19711, intl, J.
Nonlinear Mech., 11 (4}, pp 229-237 (1976) 8
figs, 9 refs
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Key Words: Strings, Elastomers, Dynamic tests

Transverse perpendicular impact on long rubber strings
was studied using a special apparatus consisting of a sys-
tem of oscilloscopes, stroboscopes, camera and air pressure
gun. The rubbers used in tests came from two manufacturers
and were ciassified as pure gum rubbers. Some of the resuits
are compared with the theoretical data for the Mooney-
Rivlin and the Isihara-Hashitsume-Tatibana-Zahorski mater-
1ais, and others with the results of theoretical equations upon
inserting experimental data.

77-302

Dynamic Mechanical Properties of Cotton and Other
Fibres

J.L.Woo

Ph.D. Thesis, Univ. of New South Wales, Australia,
(1976)

Key Words: Fibers

The dynamic slastic modulus of s polymer is 8 fundamental
physical property which is specifically related to optical
birefringence and molecular orientation. Such festures
of natural fibres as their extremaly limited length, irregu.
larity of shape and area of the fibre cross-section, relatively
low yield point, spatially indeterminate geometry, fibre
fineness and flexibility, and the time-dependence of the fibre
mechanical properties, constitute problems which must be
overcome before any meaningful and reproducible method
can be developed for the determination of the dynamic
maechanical properties of these fibres. Following a critical
review of spplicsble physical principles and available experi-
mental techniques, the acoustic pulse propagation method
was chosen as the most suitable principle for the present
apphication. In order to satisfy s set of imposed criteria, a
kinematic solution was obtsined on which the design snd
construction of a constant-fibre-strain scanner was based.
Associated small tools, experimental techniques and pro-
cedures have been devised. The dynamic modulus-strain
curves for cotton, wool and jute fibres have been obtained.
By using numerical integration, the dynamic stress-strain
curves were constructed from the dynamic modulus-strain
curves, regarding the latter as the derivative stress-strain
curves for the specimen.

BEARINGS

77-303

Dynamics of Roller Bearings Considering Elasto-
hydrodynamic Forces

M A Molina, DM Sanborn and W.0 Winer

Univ  of Carabobo, Valencia, Venezuela, Trans
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Amer. Soc. Lubric. Engr., 18 (4), pp 267-272 (Oct
1976) 8 figs, 13 refs
Sponsored by NASA

Key Words: Roller bearings, Elastohydrodynamic properties

The life and load carrying capacity of rolier bearings are
highly influenced by the sliding velocities at the contacts
between roliers snd races. In this investigation, a compu-
tational model was developed to predict traction forces,
forces on the cage, sliding and spinning speeds of the roller
when the bearing is lubricated with 8 fluid of known trac-
tion coefficient characteristics as functions of pressure and
velocities.

77-304

Information from Bearing Vibration

R.C. Hemmings and J.D. Smith

R.H.P. Bearing Res. Centre, Chelmsford, England,
“Conf. on Vibrations in Rotating Machinery,” The
Institution of Mech. Engrs., Univ. of Cambridge,
Sept. 16:17, 1976, pp 117-121, 4 figs.

Key Words: Ball bearings, Diagnostic techniques, Vibration
meassremaent, Testing techniques

The standard test methods for ball bearings are described and
the relevance of testing to instaifation noise problems is
discussed. it is shown thst sven the bast current test speci-
fications are inadequate for yse in predicting vibration tevels
in situ. Variation of test spesd allows extraction of further
information about bearing errors and resonances to assist
design. Further information about the besring inner ring
can be extracted from the measured vibration by making use
of sampling techniques: Conventional “whitewashing’’ and
wave analysis techniques are inadequate if used directly but
if the signal is first sampled it may then be averaged to yield
information about the inner and outer groove shapes separ-
ately. The technique is described and its use and limitations
are discussed.

77.305

A Theoretical and Experimental Investigation Klus-
trating the Influence of Non-Linearity and Misalign-
ment of the Eight 0il Film Force Coefficients

R.H Bannister

Cranfield Inst. of Technology, England, “‘Conf. on
Vibrations in Rotating Machinery,” The Institution
of Mech. Engrs., Univ. of Cambridge, Sept. 15-17,
1976, pp 271-278, 9 figs, 5 refs

Key Words: Journal bearings, Hydrodynamic excitation,
Lubrication




The resuits of a combined analytical and experimental inves-
tigation, into the hydrodynamic oil film coefficients oper-
ating in the laminar region are presented. An improved meth-
od for analyzing a dynamically loaded journal is developed,
taking into account the second order coefficinets characteriz-
ing non-linearity, whereby the theorstical ellipticsl whirl
orbit can be deduced for any given periodic disturbing force.
The investigation is also extended to take into account the
effects of misaligning couples applied in the veritcal plane,
itustrating that for this kind of misalignment the oil film
coefficients are increased, thus having a stabilizing effect on
the bearing.

77.306

Stabilization of Turbomachinery with Squeeze Film
Dampers -- Theory and Applications

E.J. Gunter, L.E.Barrett and P.E. Allaire

Univ. of Virginia, Charlottesville, VA, In: "Conf. on
Vibrations in Rotating Machinery,” The Inst. of
Mech. Engrs., Univ. of Cambridge, Sept. 16-17, 1976,
14 figs, 13 refs.

Key Words: Turbomachinery, Periodic response, Transient
responss, Squeeze film bearings, Rotor-bearing systems

This study investigates the steady-state and transient response
of the squesze film demper bearing. Both the steady-state
and transient squations for the hydrodynamic bearing forces
are derived. The steady-state equations are used to determine
the damper equivalent stiffness and damping cosfficients.
The coefficients are used to find the damper configuration
which will provide the optimum support characteristics
based on a stability analysis of the rotor-besring system.
The effects of end seals and cavitated fiuid film are included.
The transient analysis of rotor-bearing systems is performed
by coupling the damper and rotor equations and integrating
forward in time. The effects of unbalance, bearing cavitation
and retainer springs, asrodynamic forces, and internal fric-
tion are included in the analysis.

BLADES

77307

Analytical and Experimental Study of Subsonic
Stalled Flutter

R A. Arnoldi, F.O. Carta, R H. Ni, and A.St. Hilaire
Pratt and Whitney Aircraft, East Hartford, CT, Rept
No PWA-5420, AFOSR-TR-76-0829, 73 pp (May
1976)

AD-A027 869/7GA

Key Words: Flutter, Turbine blades, Wind tunnel tests,
Computer programs

A series of experimental measurements of sirfoil pressure
distributions were made in an eleven-sirfoil oscillating cas-
cade wind tunnel. The sirfoils were oscillated in pitch about
mid-cord pivots, A computer program was adspted to calcu-
late oscillating lift and moment coefficients on the assump-
tions of incompressible flow, flat plate airfoils, fixed separ-
ation point, zero pressure amplitude in the separated region
and in the wake, and all streamliines peraliel to the airfoil
surfaces.

77-308

Experimental Methods for the Study of the Vibratory
Behaviour of Steam Turbine Blades

R. Bigret

GETT, St. Rateau, 93120 La Courneuve, France
“Conf. on Vibrations in Rotating Machinery,” The
Inst. of Mech. Engrs., Univ. of Cambridge, Sept.
15-17, 1976, pp 159-164, 5 figs.

Key Words: Turbine blades, Testing techniques, Measure-
ment techniques, Vibration response

The tife of blading is greater, the smaller the tensile stresses
which result from serodynamic disturbances. During the
running of turbines where the local strains in the blades are
measured, power spectral densities cen be determined and
stresses can be calculated. Since at the design stags, the
evaluation of the stresses is still marked by some uncertainty
due to the difficulty of knowing precisely the exciting forces
and the exact shape of the natural modes, this paper deals
with frequency criteria. A theoretical experimant procedure
which enables one to know the natursl frequencies of the
discs obtained is discussed.

71-309

The Characteristics, Prediction and Test Analysis of
Supersonic Flutter in Turbofan Engines

D.G. Halliwell

Rolls-Royce (1971) Limited, Derby Engine Div,
England, ''Conf. on Vibrations in Rotating Machine-
ry,” The Inst. of Mech. Engrs., Univ. of Cambridge,
Sept. 15-17, 1976, pp 181-185, 6 figs, 3 refs

Key Words: Turbine blades, Flutter, Fans
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The advent of high tip Mach Number, high work blading in
the front fan stages of modern aero gas turbine engines has
led to the recognition of a self excited flutter phenomenon
in the high speed unstalled regime of the fan operating
characteristics. This dangerous stress condition, unlike a
resonance, cannot be avoided by pessing through the af-
fected speed range. This work, during design and develop-
ment, has been devoted to obtaining a better understanding
of the aero-elastic mechanisms involved. The subject is intro-
duced by describing the vibration modes of unstatied, super-
sonic flutter in fan assemblies having part-span shrouds or
clappers. The vibration pattern is seen to consist of discrete
radial and circumferential nodes in the blade-disc assembly
which can rotate relative to the rotor. A characteristic of
this type of flutter is the selection of a unique, least-stable
mode for any particular fan.

77310

Studies to Gain Insight into the Complexities of
Blade Vibration Phenomena

D.J. Ewins

Imperial College of Science and Technology, London,
England, “Conf on Vibrations in Rotating Machine-
ry,” The Inst. of Mech. Engrs., Univ. of Cambridge,
Sept 16-17, 1976, pp 1656-172, 6 figs, 7 refs

Key Words: Turbine blades, Turbomachinery, Natural
frequencies, Mode shapes, Test data

This paper summarizes a series of investigations which have
been made in order to understand, explain, and predict the
types of vibration response characteristics which are exhi-
bited by turbomachine blades in their operating environment.
The studies have been made using simplified but closely
representative models of complete blaced disc assemblies,
both with and without shrouding. Using these models, it
is possible to demonstrate the vibration characteristics of
this type of assembly, both in terms of the natural frequen-
cies and mode shapes and also in terms of the vibration
response under typical excitation conditions.

77-311

The Unsteady Forces on Flat-Plate-Airfoils in Cas
cade Moving through Sinusoidal Gusts

S Murataand Y. Tsujimoto

Dept ot Mech. Engrg, Osaka Univ, Yamada-Kami,
Suita, Osaka, Japan, Z Angew Math. Mech., 56 (5},
pp 205-216 (May 1976) 16 figs, 12 refs

Key Words: Rotor blades (turbomachinery), Flutter
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This paper presents an analysis for the determination of the
lift fluctuation on flat-plate-airfoils in cascade due to trans-
verse and chordwise gusts. The acceleration potential method
is used in combination with conformal mapping method.
This method gives an utterly simple analysis even for cas
cades, without the complicated integral equations inevitable
for the determination of vortex distribution in velocity-
field analysis. The computational results show that the pitch
and the stagger angle of the cascade have much influence
upon the magnitude of the fluctuating lift, but not so much
upon phase angle.

77-312

Effect of Phase Angle on Multibladed Rotor Flutter
V.R. Murthy and G.A. Pierce

Dept. of Mech. Engrg. and Mechanics, Old Dominion
Univ., Norfolk, VA 23508, J. Sound Vib., 48 (2),
pp 221-234 (Sept 1976) 5 figs, 14 refs

Key Words: Rotary wings, Flutter, Helicopters

A theoretical technique for predicting the flutter charac-
teristics of a helicopter rotor is presented. The effect of phase
angle on fiutter speed of a two-bladed rotor in hovering and
axial flight is determined. For this purposs, a uniform and
untwisted rotor blade with coupled flapwise bending and
torsional degrees of freedom is considered. The transmission
matrix method is used to obtain the natural vibration char-
acteristics of the system. An unsteady aerodynamic theory is
used to obtain the aerodynamic loading in compressible
flow.

COLUMNS
(Also see No 296)

77-313

Influence of an Elastic End Support on the Vibration
and Stability of Beck's Column

C Sundararajan

Foster Wheeler Energy Corp., Livingston, NY, Intl,
J. Mech Sci., 18 (5}, pp 238-241 (May 1976) 4 figs,
8 refs

Key Words: Columns, Cantilevers, Elastic foundations,
Vibration response

The nfluence of an elastic support on the vibration and
stability of a non-conservatively loaded (follower force)
undamped, linearly elastic system s studied. It 1s found that
the support may destabilize the system in certain cases.
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77-314

Wind Induced Vibrations of Self-Supporting Conical
Columns with End Mass

L.J. Scerbo

Ph.D. Thesis, Polytechnic Institute of New York,
262 pp (1976)

UM 76-23,443

Key Words: Columns, Wind-induced excitation, Mathematical
models

This study presents a mathematical model for predicting
the wind induced vibrations of self-supporting, linearly ta-
pered, truncated, conical columns with end mass. The col-
umns considered can be made up of one or more linearly
tapered uniform wall thickness sections, joined together
to form a continuum, Their dynamic behavior is simulated
by means of the Euler-Bernoulli bending differential equa-
tion, which is applicable for small deflections of variable
cross section beams.

CYLINDERS
{See No. 329)

GEARS

77.315

Statistical Analysis of Dynamic Loads on Spur Gear
Teeth (Effect of Shaft Stiffness)

T Tobe, K. Sato, and N Takatsu

Dept of Engrg, Tohoku Univ , Japan, Bull, JSME,
19 (133}, pp 808-813 (July 1976) 13 figs, 4 refs

Key Words: Gears, Shafts, Statistical analysis, Dynamic
response

In the previous paper, a statistical method of evaluation of
the relation between transmission errors and dynamic loads
on a pair of spur gears was established neglecting shaft stiff-
nesses. A more advanced study considering the shaft stiffness
1s developed in this paper. A Fokker-Planck equation is
derived and the mean and the variance of dynamic loads
are calculated numerically by applying statistical linean-
zation to nonlinear terms. Monte-Carlo-Simulation is also
performed to find maximum dynamic loads by means of an
analogue computer.

LINKAGES
77-316
Vibrational Loading of Mechanically Fastened Wood
Joints
T.L. Wilkinson

Forest Products Lab., Madison, Wi, Rept. No. FSRP-
FPL-274, 15 pp (1976)
AD-A026 642/9GA

Key Words: Joints (junctions), Vibration response

The paper presents the resuits of vibrational loading of
nailed and bolted wood joints subjected to a range of fre-
quencies and dead loads. Each joint was tested as a spring-
mass system subjected to base excitation. Results indicate
8 considerable increase in joint stiffness under vibrational
loading as compared to static loading with very small »-
mounts of additional joint deformation.

MECHANICAL

77-317

Technical Diagnostics of Driving Gear Elements
J. Mller and D. Troppens

Wilheim-Pieck-Universitat Rostock, Dem. Rep. Ger-
many, Maschinenbautechnik, 25 (8), pp 3560-353
{Aug 1976) 4 figs, 16 refs

{In German)

Key Words: Diagnostic techniques, Crankshafts

After describing technical diagnostics, which has developed
into a special branch of maintenance, the authors discuss
its application in the analysis of driving gear elements and
compile all known diagnostic techniques for the crank drive
elements of high speed diesel motors. Only those parameters
are investigated which are necessary for the determination
of damage.

77-318

Driveline Vibrations

J.B. Large

General Motors Schoot of Product Service, General
Motors Corp., Warren, Mi, Fleet Maintenance and
Specifying, pp 46, 48-51 (Nov 1976)
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Key Words: Motor vehicles, Ground vehicles, Trucks, Vibra-
tion control, Diagnostic tecniques

Techniques for identifying and correcting truck driveline
vibrations are described.

71-319

The Dynamics of a Two Rotor System with Slipping
Clutch

J. Stewart

Twiflex Couplings, Ltd., England, “Conf. on Vibra-
tions In Rotating Machinery,” The Inst. of Mech.
Engrs., Univ of Cambridge, Sept. 15-17, 1976,
pp 99-104, 7 figs, 3 refs

Key Words: Power transmission systems, Couplings, Clutches,
Vibration control, Numerical analysis

The motion of a two mass linear or non-linear system with
sinusuidal torsional excitation is studied with special refer-
ence to the presence of a slipping element, such as a centri-
fugal clutch coupling, during both transient and resonant
conditions, Numerical solutions using parameters typical of
2 medium power diesel transmission show the strong de.
tuning action and consequently high damping efficiency of
the clutch in relation to a linear system. The model correctly
predicts the anticipated characteristics of the non-linear
system, and is shown to be accurate for known solutions,

MEMBRANES, FILMS, AND WEBS
{See Nos 240, 245)

PANELS

77-320

Nonlinear Dynamie Buckling of Sandwich Panels
N.K. Adi Murthy and R.S. Alwar

Dept of Appl. Mechanics, Indian !nst. cf Tech-

nology, Madras, India, J. Appl. Mech , Trans ASME,

43 (3), pp 459-463 (Sept 1976) 4 figs, 13 refs

Key Words: Sandwich panels, Dynamic buckling, Snap
through problems

Nonfinear dynamic buckiing of simply supported rectangular
sandwich panels with sotropic cores and witn initial curva-
ture under transverse loads is analyzed. The large deflection
sandwich pane! equations proposed by Reissner are solved
using a trigonometric series spacewise and by Houbolt

64

scheme for timewise integration. The resuiting nonlinear
algebraic equations are solved by Newton's iterative method
to vield the deflection coefficients at all time intervals.
The present investigation essentially deals with the influence
of dynamic loads on the snap-through behavior of sandwich
panels. The effect of the initisl curvature and core modulus
is studied in detail. Static snap-through collapse ioads are also
calculated ard compared with dynamic loads. As a check for
the present analysis the resuits obtained for the static case
for a homogeneous plate are compared with the available
results,

PIPES AND TUBES

77-321

Escape Piping Vibrations while Designing

J.C. Wachel and C.L. Bates

Southwest Res. Inst., San Antonio, TX, Hydrocarbon
Processing, 55 {10}, pp 152-186 (Oct 1976) 5 figs,
8 refs

Key Words: Piping systems, Beams, Vibration response

in this paper the non-ideal conditions which exist in piping
systems are compared to the idesl beam theory, in order
to predict accurately the mechanical response of piping sys-
tems.

77-322

A Composite Transfer Matrix-Synthesis Approach
to Piping Dynamic Analysis

P. Bezler

Ph.D. Thesis, Polytechnic Inst of New York, 246 pp
(1976)

UM 76-23,394

Key Words: Piping systems, Natural frequencies, Mode
shapes, Transfer matrix method, Computer programs

A composite transfer matrix-synthesis approach to piping
systum dynamic analysis is described. The transfer matrix
method is used to determine the dynamic characteristics of
simple configurations considered to represent typical piping
components. The developed data, tabular listings of transfer
matrix state vectors, include sufficient information to delin-
eate the first five natural frequencies and their associated
deflection and force mode shapes for five fixed-fixed com-
ponent configurations over a range of their span length
parameters. These data will define the dynamical charac-
teristics of any three span configuration likely to occur in
piping runs. Used with the fixed constraint modal synthesis
method, they permit the ready analysis of the most gener-
alized piping systems. Specific examples of applications to
typical piping configurations, both simple and branched,
with an assessment of technique accuracy are included.
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77-323

Optimizing Valve Jet Size and Spacing Reduces Valve
Noise

C. Reed

Masoneilan International, Inc., Norwood, MA.,
Control Engineering, 23 (9), pp 63-64 (Sept 1976)
3 refs

Key Words: Valves, Noise reduction

The concept of using a spaced-array of small fluid jets to
limit noise generation in process control valves has been
applied by the author to seversl sizes of actual hardware.
The resulting design was found to be very effective in limiting
noise generation while using basic parts of the standard
cage-guided valve.

77-324

Pipewall Vibration Reveal ... Valve-Generated Noise?
A.C. Fagerlund

Fisher Controls Co., Marshalltown, 1A, Hydrocarbon
Processing, 55 (10), pp 147-149 {Oct 1976) 7 figs

Key Words: Piping systems, Valves, Noise generation

Laminar fluid flow under steady pressure through a pipe of
uniform cross-section can be almost noiseless. When flow is
regulated, however, the valving may introduce varying
amounts of turbulence or even cavitation. These forms of
energy propagating through the fluid as » fluctuating pressure
force the pipewalls to vibrate. The vibrations in turn cause
pressure disturbances outside the pipe that radiate as sound.
When measuring sound generated by a single control valve,
extraneous noise sources and reflected sound make interpre-
tation of the measurements difficult. This paper is concerned
with the conversion of pipe vibrations into an equivalent
sound pressure level 1n ambient air.

PLATES AND SHELLS
{Also see Nos 245, 277, 293, 341, 363)

77325

Static and Dynamic Analysis of Thermoviscoelasto-
plastic Fiber-Reinforced Composite Shells in Missile
Structures

T.J.Chungand R L Eidson

Dept of Mech. Engrg, Alabama Univ in Huntsville,
AL, Rept. No. UAH-RR-182, 185 pp (May 1976}
AD-A027 154/4GA

Key Words: Shells, Composite materials, Fiber composites,
Missiles, Computer programs

it has been postulated that anisotropic structures such as
the fiber composites should be governed by kinematic
hardening. The feasibility of incorporating the changes of
degrees of anisotropy during the post-yielding deformations
of fiber compotites is reported. The present report describes
the development of kinematic plastic function theory. The
method requires a considerable amount of computing time,
but upon careful reprogramming, it is believed to be 8 power-
ful tool in the analysis of missile structures,

71.326

Vibrations of Thin Elastic Shells - A New Approach
M.J.A. O'Callaghan, W.A, Nash and P.M. Quinlan
Dept. of Civil Engrg., Massachusetts Univ., Amherst,
MA., Rept. No. AFOSR-TR-76-0731, 111 pp {Aug
1975) (AD-779 782)

AD-AQ027 706/1GA

Key Words: Spherical shelis, Natural frequencies, Mode
shapes, Computer programs

The present investigstion extends the determination of
natural frequencies and mode shapes of free vibration of
thin elastic plstes to the case of a shallow elestic spherical
shell of n-sided polygonsl plan-form. Naturai frequencies
and associated mode shupes together with boundary residuals
{indicating how well the approximate solution has satisfied
boundary conditions) are readily displayed by the computer
program offered. Results obtained in the present work are
shown to be in excellent agresment with existing values for
specific boundary conditions treated. The present approach
involves only modest computer efforts but offers the signifi-
cant feature of rapid determination of how precisely the
boundary conditions have been satisfied along each edge of
the shell.

77-327

Free Vibration of Fluid-Coupled Coaxial Cylindrical
Shells of Different Lengths

M.K. Au-Yang

Nuclear Power Generation Dwv., Babcock & Wilcox,
Lynchburg, VA., J. Appl. Mech,, Trans, ASME,
43 (3), pp 480-484 (Sept 1976) 3 figs, 9 refs

Key Words: Cylindrical shells, Submerged structures, Fluid-
induced vibration
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This paper considers the free vibration of two coaxial cylin-
ders with finite lengths immersed in 8 restiricted fluid me-
dium. The natural frequencies in the fiuid can be computed
by including the virtual mass to its physical mass. Experimen-
tal results have been used to verify the analysis. Agreement
between experimental and theoretical results is excellent.

7-328
Free Vibrations of Circular Cylindrical Shells
V. Ramamurti and J. Pattabiraman

Dept. of Appl. Mechanics, Indian Inst. of Tech.,

Madras 600036, india, J Sound Vib.,48 (1), pp 137-
165 (Sept 8, 1976) 14 figs, 27 refs

Key Words: Cylindrical shells, Free vibration, Finite slement
technique

The finite element method is used to predict the dynamic
behavior of circular cylindrical shells in free vibrations. A
suitable shape function for the circumferential displacement
distribution has been proposed. This reduces the three-
dimensional character of the problem to a two-dimensional
one. The simultaneous iteration method to determine the
sigenfrequencies and eigenvectors is utilized for solving the
sigenvalue problem. The accuracy of the method has been
checked by verifying the resuits of known cases. Finally
an exparimentsl shell structure containing elastic rings
weided at the ends has also been analyzed and the experi-
mental results compared with the theoretical ones.

77.329

Vibration of Orthogonally Stiffened Waffle Cylinders
Subjected to Initial Forces

M.I. Baigand T.Y. Yang

Purdue Univ., West Lafayette, IN., J Spacecraft and
Rockets, 13 (10), pp 618-623 (Oct 1976) 9 figs,
6 refs

Key Words: Cyhindrical shells, Equations of motion

The kinetic energy expression is formulated for the ortho-
gonally stiffened waffle cylindrical shell. The equations of
motion are formulated by using Hamilton's principle for
simply supported edge conditions. The effect of initial
middle-surface stresses 1s included. A variety of examples are
performed, and results are compared, whenever possible, with
alternative solutions.

77-330
Steady State Response of Shell Structures

66

R.K. Dubey

Ph.D. Thesis, Polytechnic inst. of New York, 84 pp
(1976)
UM 76-23, 402

Key Words: Shells, Periodic response

The steady state response of shell structures under axial and
lateral excitation is reported. The two point boundary value
problem is solved by reducing the equations of motion to a
system of first order differential equations, and applying the
method of stepwise integration. The axial vibration trans-
mission characteristics for cylindrical shelis as a function of
circumferential mode number has been determined. The
resuits for short and long cylindrical sheils with various
boundary conditions have been presented as elements of a
transfer matrix. The response of laterally excited cylindrical
shells and containment vessels has been obtained and the
stresses, moments and disnlacements along the shell generator
have been determined as a function of frequency.

77.331

Dynamic Behavior of Fluid-Tank Systems
J.Y. Yang

Ph.D. Thesis, Rice Unwv., 214 pp (1976)
UM 76-21, 727

Key Words: Fluid-filled containers, Storage tanks, Earth-
quakes, Seismic exictation

Presented in this report are the results of a study of the
hydrodynamic forces induced in fluid-filled storage tanks
subjected to earthquake excitation and of the free vibration
of the coupled fluid-tank systems. Throughout this study,
the fiuid is assumed to be incompressible and inviscid. The
report can be divided into four parts: The first part deals
with the hydrodynamic forces induced in a rigid tank sub-
jected to a lateral earthquake excitation. In the second part
of the report an approximate analysis is presented for the
hydrodynsmic forced induced in flexible fluid-filled tanks.
The third part of the report deals with the free vibrational
characteristics of flexible circular cylindrical tanks. The
fousth and final part of the report deals with tha axisym-
metric tres vibration of fluid-tank systems.

77332

Shells and Plates Loaded by Dynamic Moments with
Special Attention to Rotating Point Moments

W. Soudel

RW. Herrick Laboratories, Purdue Univ., West
Lafayetie, IN 47907, J. Sound Vib., 48 (2}, pp 179-
188 (Sept 1976) 3 figs, 6 refs

ER Sy e



Key Words: Shells, Plates, Rotors, Dynamic response

The response of thin shells to line or point moment excita-
tion is formulated by way of distributed moment fields.
Twisting moments in the tangent plane are part of this
formulation. The approach is illustrated by using Love's
thin shell theory, but is valid for any other thin shell theory
as well, Dirac delta functions are used to describe line and
point moments. As a first example, the response of a piate to
8 rotating moment is evaluated and shown to be identical
to the solution obtained by Bolleter and Soedel by a Green
function spproach. The three-directional response of a cir-
cular cylindricat shell to a rotating moment is given as the
second example.

77-333

Free Vibration of Two Span Rectangular Plates with
Some Non-Classical Boundary Conditions

S. Mirza and B. Setiawan

Dept. of Mech. Engrg., Univ. of Ottawa, Ontario,
Canada, Intl. J. Mech. Sci., 18 (4), pp 165-170
{Apr 1976) 7 tigs, 10 refs

Key Words: Rectanguiar plates, Free vibration, Spring-mass
systems

This paper desls with the vibration of two span rectangular
plates resting on linear and torsional springs. The two oppo-
site continuous edges of the plate are considered as simpie
wpports. The resulting equations are genersl. Numerical
resuits have been obtained by varying spring stiffness and the
aspect ratio. Some limiting cases of intarest have aiso been
developed.

77334

Finite Element Methods®for Nonlinear Eigenvalue
Probiems and the Postbuckling Behavior of Elastic
Plates

L C. Wellford, Jr and G.M. Dib

Civ. Engrg Dept., Univ. of Southern California, Los
Angeles, CA 20007, Computers and Struc., 6 (4/5),
pp 413-418 (Aug/Oct 1976) 6 figs, 16 refs

Key Waords: Plates, Buckling, Eigenvalue problems, Finite
element technique

In the following paper new variational methods for the solu-
tion of problems of postbuckling of elastic plates are formu-
lated, and approximate solutions for various cases are ob-
tained using finite element methods. (nitially, the post:
buckling problem is phrased as a nonlinear eigenvalue prob-
lem, Variational principles for the nonfinear eigenvaiue
problem of the postbuckling of structures are developed.

These variational principles have s form which can be charac-
terized as a nonlinear Rayleigh principle, finite-element
models are introduced and are used to implement the post-
buckiing variational principle. Incremental amplitude solu-
tion schemes are developed to soive the corresponding finite-
element equations. Sample resuits are presented for the
postbuckling behaviue cf circular plates.

77-335

On the Non-Linear Dynamic Stability Problem for
Thin Elastic Plates

S.D. Kisliakov

Inst. of Civ. Engrg. and Arch,, Sofia, Bulgaria, Intl. J.
Nonlinear Mech,, 11 (4), pp 219-228 (1976} 7 figs,
7 refs

Key Words: Dynamic stability, Plates, Parametric excitation

in this paper the non-inesr response of thin elastic plates
under paramaetric excitstion is investigated. A new analytical
method is proposed. it gives the possibility to obtain sif the
characteristic features of the phenomenon considered, which
sre known from experiments - the existing of beats, their
depsndence on the excitation paramster, the influeance of
the initial conditions, the typicsl character of the vibrations
in the different regions. Anslog computer studies are carried
out, and they show clearly the influence of different pare-
meters on the output of the problem considered.

77-336

Natural Frequencies of Orthotropic Rectangular
Plates with Varying Thickness

T. Sakata

Dept. of Mech. Engrg., Chubu Inst. of Technology,
Kasugai, Nagoya-sub., Japan 487, J. Acoust. Soc.
Amer., 60 (4), pp 844-847 (Oct 1976) 2 figs, 13 refs

Key Words: Rectangular plates, Varisble cross section,
Natural frequencies

An spproximate formula is derived for the estimation of
the fundamental natural freugency of the simply supported
orthotropic rectangular plate with thickness varying linearly
in one direction. The accuracy of the formula and the
influence of the flexursl rigidity on the natural frequency
are discussed.

77-337
SPAN: A Computer Program for Static and Dynamic
Analysis of Stiffened Plates and Grillages
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G.C. Mitchell, J.D. Clarke and C.S. Smith

Naval Construction Research Establishment, Dun-
fermline, Scotland, Rept. No. NCRE/R630, DRIC-
BR-50857, 67 pp (Feb 1976)

AD-A026 865/6GA

Key Words: Computer programs, Plates, Grids (beam grids),
Ship structural components, Finite element technique

A computer code for the static and dynamic analysis of flat
plate grillages is described. The code was a finite element
displacement method incorporating a geometric stiffness
matrix to calculste the response to static, cyclic or transient
loads. Natural frequencies and buckling loads can also be
calculated. A full input description is given including a
simplified data generation facility for regular g illages. Input
and output for some repressntstive sample problems are
included.

77.338

Free Vibration Analysis of Stiffened Plates Using
Finite Difference Method

G. Aksu and R. Ali

Dept. of Transport Technology, Univ. of Technology,
Loughborough LE11 3TV, England, J. Sound Vib.,
48 (1), pp 156-25 (Sept 8, 1976) 9 figs, 8 refs

Key Words: Pistes, Free vibration, Finite difference method

Free vibration characteristics of rectangular stiffened piates
having a single stiffener have been examined by using the
finite difference method. A variational technique has been
used to minimize the total energy of the stiffened plate and
the derivative appeasring in the energy functions! are replaced
by finite difference equations. The energy functional is
minimized with respect to discretized displacement com-
ponents and natural frequencies and mode shapes of the
stiffened plate have been determined as the solutions of o
linear algebraic eigenvalue problem. The analysis takes into
consideration inplane deformation of the plate and the
stiffener and the effect of inplane inertia on the natursl
frequencies and mode shapes. The effect of the ratio of
stiffener depth to plate thickness on the natural frequencies
of the stiffened plate has also been examined.

77-339

The Stability of a Spinning Elastic Disk with a
Transverse Load System

W.D. Iwan and T.L. Moeller

Div of Engrg and Appl Science, California Inst. of
Technology, Pasadena, CA , J. Appl. Mech., Trans.
ASME, 43 (3), pp 485-490 (Sept 1976) 8 figs, 10 refs
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Key Words: Disks, Rotating structures, Flextural vibration

This paper presents resuits of an investigation on the effect
of s transverse foad on the stability of a spinning elastic
disk. The disk rotates at constant angular velocity and the
load consists of & mass distributed over a small area of the
disk, a spring, and a dashpot.

RINGS
77-340
An Analytical Formulation of the Forced Responses
of Damped Rings
Y.P. Lu

David W. Taylor Naval Ship Res. and Dev, Ctr.,
Annapolis, MD 21402, J. Sound Vib., 48 (1), pp 27-
33 (Sept 8, 1976) 3 figs, 5 refs

Key Words: Rings, Composite structures, Viscoelastic
damping, Forced vibration

An analysis in which an interaction formulstion is used for
the forced vibratory responses of a ring having a number of
mass segments adhered to it by a viscoelastic material Is
presented. The mass segmants are discretely distributed
around the circumference of the ring, and the excitation is 8
concentrated vibratory radisl force located on the surface
of the ring. The mass segments may not have to be identical,
nor do their distributions have to be uniform. The wnalysis
can readily be extended to more complicated dcinped shell
structural systems, The driving point mechanicsl impedances
at a location midway between two mass segments for a given
dsmpad system are given as an example. These solutions
compare very well with experimentsl dats and theorstical
resuits avaifsble. Also presented is a comparison of driving
point mechanical impedances for two damped systems with
different thicknesses of the viscoefastic tayers.

STRUCTURAL

77.341

Structural Vibrations and Fourier Series

R. Greif and S.C. Mittendorf

Dept. of Mech. Engrg., Tufts Univ, Meaforu, MA
02185, J. Sound Vib., 48 (1), pp 113-122 (Sept 8,
1976} 5 figs, 14 refs

Key Woids:  Structural elemants, Beamis, Piates, Shells,
Variable material propertiss, Variable cross section, Com-
ponant mode analysis
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A method is introduced for vibration analysis of a wide class
of beam, plate and shell problems including the effects of
variable geometry and material properties. The method is
based on the discrete technique of component mode analysis,
For each of these components the mode shapes are written
in terms of Rayleigh-Ritz expansions involving simple Fourier
sine or cosine series. Due to the nature of these series, special
attention must be given to end point behavior in the modal
expansions and in the derivatives of thesa modal expsansions,
This is done via the mechanisms of Stokes' transformation,
Continuity bstween components is enforced with Lagrange
multipliers. The resuiting frequency equation is exact and the
associated eigenvector contains a combination of force and
displacement types terms. Numerical solutions are found
by truncating the series and monitoring the frequency
determinant on a computer.

SYSTEMS

ABSORBER
{Also see Nos. 379, 380, 381)

77.342

Dynamic Analysis of Impact Attenuation Systems
Utilizing Plastic Deformations (Case in which Effect
nf Strain-Rate Sensitivity is Considered)

K. Ohmata

Dept. of Engrg., Meiji Univ., Kawasaki, Japan, Bull.
JSME, 19 (134), pp 884901 (Aug 1976) 13 figs,
6 refs

Key Words: Shock absorption, Plaitic deformation

An impact attenustion system whosse idealized static load-
displacement curve consists of an elsstic range and unre-
stricted plastic flow is represented by a dynamically equiva-
lent model which takes into account elasticity, viscosity,
plasticity and strain-rate sensitivity of the structure, and its

dynamic response to the impact by a moving mass is analyzed,

77-343

Impact Absorber with Linear Spring and Quadratic
Law Damper

M.S. Hundal

Dept of Mech Engrg., Univ. of Vermont, Burlington,
VT, J. Sound Vib., 48 (2), pp 189-193 (Sept 1976)
4 figs, 6 refs

Key Words: Shock sbsorbers

The performance of an impact absorber with a linesr spring
and a quadratic law damper is analyzed. The equation of
motion is non-dimensionalized and a closed form solution is
obtained. Chosen response varisbies are presented in terms of
a dimensionless parameter, the quadrstic damping ratio. The
performance is compared with that of an absorber with
viscous damper,

ACOUSTIC ISOLATION
(See No. 260)

NOISE REDUCTION
(Also see Nos. 268, 323,363, 354, 367, 368, 372,380, 402)

77344

Muffling Hydraulic Systems

S.J. Skaistis and R.J. Becker

Systems Science Labs., Sperry Vickers Div., Sperry
Rand Corp., Troy, MI, Mach. Des., 48 (24), pp 124.
128 (Oct 21, 1976)

Key Words: Hydraulic squipment, Noise reduction

Techniques for selecting, mounting and shisiding hydraulic
components to avoid excess noise sre described,

71.34%

Nonlinear Distortion in the Propagation of Intense
Acoustic Noise

F.M. Pestorius and D.T. Blackstock

Appl. Res. Lab., Texas Univ. at Austin. Austin, TX,
Rept. No. AFOSR-TR-76-0925, 16 pp (Mar 1973)
Sponsored by ONR

AD-A027 650/1GA

Key Words: Sound transmission, Noise reduction

As sound pressure increases 10 ‘finite’ levels, nonlinear
effects usually ignored in acoustics problems become in-
ersesingly important. In this paper, plane waves propagating
through a pipe are considered. In the first section the distor-
tion of a wave that is sinusoidal st the source is trested. In
the second section the source signal is a pulse band-limited
{500 to 36500 Hz) randoin noiss. In both cases theoretical
resuits are compared with experimentsl measurements.
Extension of the analysis to the more practical case of
outdoor propagation is indicated.
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77-346

Meeting European Noise Regulations for Rubber-
Tired Front End Loaders

D.F. Rudny

Pay line Div., International Harvester, SAE Paper No.
760599, 12 pp, 18 figs, 2 refs

Key Words: Construction equipment, Noise reduction

Major legisiation has been established in Europe governing
the noise levels of heavy construction equipment. Level
limits, test procedures, dats acquisition techniques, and
future legislation of several European countries are presented
specifically for rubber tired front end loaders. Techniques
utilized in determining problem source components and
methods employed in sttenuation of the vehicle to comply
with the existing legisiation are also discussed. Specisi atten-
tion is given to the spectator level where the regulation limits
are most stringent. However, many of the modifications
shown are also effective in reducing operator stetion noise
levels.

77-347

Noise Reduction in the Generation of Energy from
Brewn Coal as an Environmental Production Prob-
lem

R. Junghans and P. Koltzsch

KDT, Bergakademie Freiberg, Germany, Technik
(Berlin), 31 (8), pp 532636 (Aug 1976) 7 tigs,
10 refs

(In German)

Key Words: Noise reduction, Industrial facilities

After a short review of noise control regulstions in the
Democratic Republic of Germany, the spplication of model-
ing technology for noise control in the brown coal industry
is described. Two examples sre illustrated: one is a mathe-
matical model for the investigation of noise propagation in
power stations, the other a model for the investigation of the
acoustic effect of noise isolators in ventilation cooling
towers.

ACTIVE ISOLATION
77-348
Development of Computcrized Active Vehicle Sus-
pensions

H K. Sachs and R.W. Siorek

Dept. of Mech Engrg. Sciences, Wayne State Unwv.,
Detroit, Ml., Rept No. TACOM-TR-12126, 96 pp
{Jan 1976)

AD-AQ028 390/3GA

70

Key Words: Suspension systems (vehicles), Active isolation,
Computer programs

An active, computerized, adaptive control system is discussed
for the control of vehicle vibrations by means of adjustment
of suspension parameters during tne ride. The problem is
subdivided into two basic parts. One, optimization of vehicle
suspension parameters if forward speed, terrain statistics and
vehicle descriptors are known a-priori. Two, methods of
evaluating terrain data received from sensors on board the
vehicle and subsequently processing it for comparison with
the stored data contained in the memory.

AIRCRAFT
{Also see Nos. 263, 436)

77-349

Recursive Identification and Tracking of Parameters
for Linear and Non-Linear Multivariable Systens
M. Sidar

Ames Res. Ctr., NASA, Moffett Field, CA 94035,
Intl. J. Control, 24 (3), pp 361-378 (Sept 1976)
6 figs, 26 refs

Key Words: Parameter identification, Aircraft, Stability
analysis

The problem of identifying constant and variable parameters
in multi-input, multi-output, linesr and non-linear systems is
considered, using the maximum likelihood approach. An
iterative aigorithm, lesding to recursive identification and
tracking of the unknown parameters and the noise covariance
matrix, is developed. Agile tracking and accurate and un-
biased identified parameters are obtsined. Necessary condi-
tions for a globally, asymptotically stable identification
process are provided; the conditions proved to be useful and
efficient. Among different cases studied, the stability deriva-
tives of an aircraft were identified and some of the resuits are
shown as exemples.

77-350

Dynamic Behavior of an Aircraft Encountering
Aircraft Wake Turbulence

R.C. Nelson

Univ. of Notre Dame, Notre Dame, IN, J. Aircraft,
13 (9), pp 704-708 (Sept 1976) 10 figs, 13 refs

Key Words: Aircraft, Aerodynamic response, Vortex in-
duced vibration
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This paper deals with the dynamic behavior of an airplane
encountering aircraft wake turbulence. A digital computer
simulation was developed to study the response of an aircraft
flying into a trailing vortex wake, The simulation includes the
complete six degree-of-freedom equations of motion, a des-
cription of the vortex velocity field, unsteady aerodynamics,
and pilot controt input. The parameters, veried in this simula-
tion, include the penetration angle, separation distance, air-
craft size (for both the penetrating and generating aircraft),
and pilot control input (single- or multi-axes). Predicted
vortex induced motions are presented for several probe
aircraft.

77351

On Sound Transmission into a Thin Cylindrical Shell
under "Flight Conditions”

L.R. Koval

Dept. of Mech. and Aero. Engrg., Univ. of Missouri-
Rolla. Rolla, MO 65401, J. Sound Vib., 48 (2},
pp 266-275 (Sept 1976} 4 figs, 16 refs

Key Words: Cylindrical shells, Aircraft, Sound transmission,
Mathematical madels

in the context of the transmission of airborne noise into an
aircraft fuselage, a mathematical mode! for sound transmis-
sion into a thin cylindrical sheil is used to study sound
transmission under “‘flight conditions'’: i.e., under conditions
of external air flow past 8 preswurized cylinder at flight
altitude. Nuimericel results for different incidence angles are
prescnted for a typical narrow-bodied jet in cruising flight
st 10 660m (35 000 ft} with interior pressure at 2440 m
(8000 ft). A comparison is made between no-flow sound
transmission at standard conditions on the ground to sound
transmission under flight conditions.

71-352

V/STOL Rotary Propulsion Systems Noise Prediction
and Reduction. Volume L. Identification of Sources,
Noise Generating Mechanisms, Noise Reduction
Mechanisms, and Prediction Methodology

B Magliozzi

Hamilton Standard Div., United Technologies Corp |,
Windsor Locks, CT., Rept. No. FAA-RD-76-49 1,
145 pp (May 1976) (AD-A027 390)

AD-A027 389/6GA

Key Words: Vertical takeoff aircraft, Aircraft noise, Noise
source identification, Nowise prediction, Noise generation

The propulsion systems of current and future V/STOL
vehicles can be defined as combinations of free-air propellers,
shrouded propellers, variable pitch fans, fixed pitch fans, tiit

rotors, helicopter rotors, lift fans, gearboxes, and drive
engines. In this report, noise sources for each of these propul-
sors, gearboxes, and drive engines are identified and rank
ordered. The noise generating mechanisms for each of the
propulsor noise sources identified are defined and systemati-
cally catalogued. Three approaches to reduction of propulsor
noise are discussed: changes in physical geometry, changes
in design operating conditions, and the use of acoustic
treatments. Computerized and graphical procedures based on
methodology from the open literature and at United Tech-
nologies Corp., are presented for predicting aerodynamic
performance of and noise from the V/STOL propulsors
identified in thic study.

77-353

V/STOL Rotary Propulsion Systems Noise Prediction
and Reduction. Volume II. Graphical Prediction
Methods

B. Magtio2zi

Hamilton Standard Div., United Technologies Corp.,
Windsor Locks, CT., Rept. No, FAA-RD-76-49.2,
299 pp (May 1976) (AD-A027 389)

AD-A027 390/4GA

Key Words: Aircraft noiss, Engine noite, Vertical takeoff
aircraft, Noise prediction, Noise reduction, Graphic methods

Graphical procedures for estimating noise and performance
of free-air propellers, variable pitch fans with inlet guide
vanes, variable pitch fans with outlet guide vanes, fixed pitch
fans, helicopter rotors, tilt rotors, and lift fans are presented.
Noise prediction methods for drive engines, gearboxes, jets
with and without bypass flow, as well as noise reduction and
performance losses for partly sonic inlets and duct linings
are also presented.

77-354

V/STOL Rotary Propulsion Systems - Noise Predic-
tiun and Reduction. Volume IIl. Computer Program
User's Manual

B Magliozzi

Hamilton Standard Div , United Technologies Corp.,
Windsor Locks, CT., Rept. NO. FAA-RD-76-49-
Voi-3, 300 pp (May 1976) (AD-A027 389)

AD-A027 363/1GA

Key Words: Aircraft noise, Engine noise, Vertical takeoff
aircraft, Noise prediction, Noise reduction, Ducts, Acoustic
inings, Computer programs
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A computer program is presented which allows a user to
make performance and far-field acoustic noise predictions
for free-air propellers, variable pitch fans with inlet guide
vanes, variable pitch fans with outlet guide vanes, fixed pitch
fans, helicopter rotors, tilt rotors, fixed pitch lift vanes with
remote, integral, and tip-turbine drives, and variables pitch
lift fans with remote and integral drives. Noise prediction
methodology for drive engines, single stream and coaxial
jots, and gearboxes are also included, as well as noise reduc-
tion and performance losses of partly sonic inlets and duct
acoustic treatment. A description of the program, detailed
instructions for its use, required inputs, and sample cases are
presented.

77-355

Pavement Response to Aircraft Dynamic Loads.
Volume III. Compendium

R.H. Ledbetter

Army Engineer Waterways Experiment Station,
Vicksburg, MS., Rept. No. WES-TR-5-756-11-Vol-3,
FAA-RD-74-39-3, 94 pp (June 1976) (See also Vol
1, AD-A016 450)

AD-A028 378/8GA

Key Words: Aircraft, Landing, Pavements, Runways

Instrumented aircraft were used to apply static and dynemic
loads to instrumented pavement structures (both flexible and
rigid) at the National Aviation Facilities Experimental Center
(NAFEC), Atlantic City, NJ.

BRIDGES

77-356

Dynamic Analyses of Suspension Bridge Structures
and Some Related Topics

A M. Abdel-Ghaffar

Ph.D. Thesis, California Inst. of Technology, 460 pp
{1976)

UM 76-23, 378

Key Words: Suspension bridges, Linear theories, Finite
element technigque

The thesis is divided into two parts. The first part develops
a method of dynamic analysis for vertical, torsional and
lateral free vibrations of suspension bridges, based on lin-
earized theory and the finite-element approach. The method
involves two distinct steps’ (1) specification of the potential
and kinetic energies of the vibrating members of the con-
tinuous structure, leading to derwation of the equations of
motion by Hamilton's Principle, (2) use of the finite-element

72

technique to: (a) discretize the structure into equivalent
systams of finite elements, (b) select the displacement model
maost closely approximating the real case, {c) derive element
and assemblage stiffness and inertia properties, and finally
(d} form the matrix equations of motion and the resulting
eigenvalue problems. The stiffness and inertia properties are
avaluated by expressing the potential and kinetic energies of
the element (or the sssemblage) in terms of nodal displace-
ments. Detailed numerical examples are presented to iilus-
trate the applicability and effectiveneass of the analysis and to
investigate the dynamic characteristics of suspension bridges
with widely different properties.

77-357

Structural Analysis and Retrofitting of Existing
Highway Bridges Subjected to Strong Motion Seismic
Loading

R.R. Robinson, E. Privitzer, A. Longinow and K.H.
Chu

1T Research Inst., Chicago, IL., Rept. No. IITRI-
J6320-FR, FHWA/RD-75-94, 330 pp (May 1975)
PB-255 299/0GA

Key Words: Bridges, Earthquake resistant structures, Seismic
response

The objective of this project was to determine cost effective
means for modifying existing intermediate size bridges so as
to better withstand the damaging effects of intense earth-
quake ground motions, Research studies were performed to
identify and define, through structural analysis, practical
techniques and criteria for retrofitting the bridges selected
during the progrsm. The need for retrofitting is based on the
phitosophy that damage should be limited so that collapse
does not occur and traffic can be restored after minimum
repairs. Seven different bridge structures were selected
throughout the United States in high risk seismic regions.
Seismic loads were determined for each bridge based on the
soil conditions and seismicity at its site. A simplified analysis
procedure was defined during the project and validated by
selective comparisons with nonlinear response analyses.

BUILDING

77-358

Modal Control of Multistory Structures

C.R. Martin and T.T, Soong

Dept. of Engrg. Sci., State Univ. of New York at
Buffalo, Buffalo, NY, ASCE J. Engr. Mech Div., 102
(EM4), pp 613-623 (Aug 1976) 4 figs, 7 refs

Key Words. Multistory buildings, Modal control technique
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in this paner the design of active control systems for civil
engineering structures is considered using modal control
concepts. The theory of modal control is briefly presented
with respect to the control of linear structures where the
control objective is to direct changes of its specific dynamic
modes and stiffness.

CONSTRUCTION
{Als0 see No. 346}

77-359

Vibratory Compaction of Bituminous Concrete
Pavements

C.D. Burns

Army Engineer Waterways Experiment Station,
Vicksburg, MS., Rept No WES-MP-S-76-10, 61 pp
{June 1976)

AD-A026 843/3GA

Key Words: Vibrators {machinery), Compaction equipment,
Compacting, Concretes, Pavements

This study was conducted to evaluate the effectiveness of
vibratory rollers in the compaction of hot-mix asphaltic
concrete and rubberized-tar concrete to satisfy the needs of
the Air Force. The study consisted of over-laying an existing
heavy gear load test section at the U.S. Army Engineer
Waterways Experiment Station, which consisted of rigid sand
flexible pavements, with asphaltic concrete and rubberized-
tar concrete pavements. The overlay pavements were com-
pacted with two selected vibratory roliers, a Buffalo-Bomag
BW210-A and a Dynapac CC.-50A. A conventional steel-
wheeled static roller anci a pneumatic-tired static roller were
also used for comparison, Variables included in the study
were roller weight, frequency and amplitude of vibration,
number of roller passes, type of roller {vibratory or static),
type of foundation, and type and thickness of overlay
pavements.

EARTH

77-360

Review and Analysis of Blasting and Vibrations at
Bankhead Lock

R.J. Lutton

Army Engineer Waterways Experiment Station,
Vicksburg, MS, Rept No WES-TR-S-76-6, 86 pp
{June 1976)

AD-A026 735/1GA

Key Words:
motion

Locks (waterways), Excavations, Ground

The U.S. Army Corps of Engineers recently replaced the old
Bankhead Lock on the Black Warrior River, Alabama, with 8
larger lock. The new iock required an approach canal ex-
cavated by the removal of more than 5 million cu yd of
rock. Preliminary test shots and an exploratory excavation
contract of 0.35 million cu yd established blasting and
monitoring techniques that assured thst vibration and settle-
ment of the old lock would not be excessive. Shots were
monitored with particle velocity pickups on and adjacent to
the iock. A relationship betwesn peak particle velocity and
scaled distance was checked on the basis of these dats after
normalization for structure behavior, coupling, and trans-
missivity. Recommendations from the test shot program wers
used in specifications for the explorstory excavation con-
tract. The exploratory excavation, with about 50 presplit and
production shots, served as a second testing program for
refining the previous obssrvations and conclusions, according
to various blasthold arrays and time delays.

HELICOPTERS
{Also see Nos, 312, 352, 353, 354)

77-361

In-Flight Far-Field Measurement of Helicopter
Impulsive Noise

F.H. Schmitz and D.A. Boxwell

U.S. Army Air Mobility R&D Laboratory, Moffett
Field, CA., J. Amer. Helicopter Soc., 21 (4),pp 2-16
{Oct 1976) 13 figs, 13 refs

Key Words: Helicopter noise, Measurement techniques
A new and highly successful method of collecting far-field
acoustic data radisted by helicopters in forward flight has
been developed, utilizing a quiet sircraft flying in formation
ahead of the subject helicopter. The lead aircraft, flown as
an acoustic probe, was equipped with tape-recording equip-
ment and an external microphone. Spatial orientation of the
helicopter with respect to the monitoring aircraft was achiev-
ed through visual flight reference. Far-fisld acoustic dats
defining the impulisive noise radiation characteristics of the
UH-1H helicopter during high-spesd flight and partisi-power
descents have been gathered with this technique. Three
distinct types of impulsive waveforms have been identified
and correlated with helicopter steady operating conditions.

77-362
AH-1 Helicopter Vibration Levels for Stub Wing
Mounted Equipment

3
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G D. Welford and J.S. Boland, 111

Army Missilc Research Development and Engrg. Lab |,
Redstone Arsenal, AL., Rept. No. RG-76-30, 147 pp
{Sept 1975)

AD-A026 825/0GA

Key Words: Helicopters, Wing stores

This report presents measured transiationsl and angutar
acceleration inputs to stub wing mounted equipment on the
AH-1 helicopter. In this case the wing mounted electro-
optical systems were the stabilized platform airborne laser
system and the stabilized mirror sirborne laser system. The
data are presented in the form of power spectral density,
amplitude versus frequency, and oscillograph charts.

HUMAN

"
77-363
An Experimental Study of Package Cushioning for
the Human Head
Y .K. Liu and K.B. Chandran
Biomechanics Lab., School of Medicine and Engrg.,
Tulane Univ,, New Orleans, LA., J. Appl. Mech,,
Trans. ASME, 43 (3), pp 469-474 (Sept 1976)
7 figs, 16 refs
Sponsored by the National Institute of Health and
the National Science Foundation

Key Words: Head (anatomy), Impact shock, isolation,
Experimental data

An experiment was performed to determine the container
scceleration and pressure distribution in a Plexiglass cylinder,
filled either with water or 3 percent set-gelatin, and impacted
against a wall. This experiment serves to quantitatively
validate a theoretical model simulating an one-dimensional
closed-head impact given earlier. The experiments showed
important differences between the theoretical and experi-
mental pressure measurements.

77-364

Dynamic Properties of the Human Head

J.B. Smith and C.W. Suggs

Dept. of Biological and Agricuitural Engrg, North
Carolina State Univ, Raleigh, NC, J. Sound Vib.,
48 (1), pp 35-43 {Sept 8, 1976) 4 figs, 10 refs

Key Words: Head (anatomy), Mechanical impedance, Vibra-
tion response

74

Driving point mechanical impedance measurements were used
to determine the dynamic response of the human head to
sinusoidal vibration in the frequency range beiween 30 Hz
and 5000 Hz at excitation levels of 0.98 m/s® and 3.4 m/s®,
Because of the ow excitation levels, the weight of the head
was sufficient to couple the head to the vibration source.
The response of the head to vibration can be simulated by a
two degree-of-freedom, mass-excited system consisting of a
series connection of a small driving mass, a damper, a spring
and damper in parallel and s large final mass. Parameter
values, derived by computer techniques, suggest that the large
mass represents the total head, the small mass the tissue in
contact with the vibration input and the spring the skuif
stiffness.

ISOLATION
(Also see No. 401)

77-365

User Manual for Air Bag Restraint Program ABAG 19
R.H. Dufort

Vizex, Inc., Buffalo, NY., Rept. No, VCR-76-1,
DOT-HS-801 929, 124 pp (July 1976)

PB-256 115/7GA

Key Words: Air bags {safety restisint systems), Mathematical
models, Computer programs

The major tasks covered by this report are the collection,
interpretation, clarification and documentation of the
sccumulated but undescribed changes evolved by the various
users of a computer simulation of air bag behavior.

77-366

Vibration Study of Radar Receiver/Tranamitter M163
Vulcan Air Defense System

J.H. Wiland

Frankford Arsenal, Philadelphia, PA., Rept No.
FA-TR-76017, 35 pp {Mar 1976)

AD-A027 448/0GA

Key Words: Equipment mounts, Vibration control

This report describes a laboratory vibration study conducted
on the Receiver/Transmitter unit of the M163 Vulcan Air
Defense System. Field reports indicated an undesirable
amount of vibration in the unit during vehicle operation on
paved roads, resulting in excessive maintenance requirements.
The laboratory study determined the equipment’s critical
frequencies likely to be excited by vehicle operation, and the
associated mode shapes. The primary vibration problem is
identified as insufficient support structure for the microwave
chassis.




MATERIAL HANDLING
(Also see Nos. 346, 347)

77-367

A Systematic Approach to Noise Reduction of Army
Fork Lift Trucks

E.F. Ellingson

Advanced Technology Center, Allis-Chalmers Corp.,
SAE Paper No. 760600, 20 pp, 45 figs

Key Words: Hoists, Trucks, Noise reduction

This report discusses work performed under government
contract to study and reduce noise emission of Army 8000 Ib
capacity fork lift trucks. Sound levels of stock fork lift
trucks were studied in detail including operator exposure.
Contributing noise sources were identified and studied, and
several abatement techniques were established for each
source.

77.368

Noise Control on a Heavy-Duty Mobile Crane

J.R. Bernhagen

Harnischfeger Corp., SAE Paper No. 760601, 16 pp,
7 figs, 26 refs

Key Words: Cranes (hoists), Noise reduction

The intent of this paper is to illustrate how simple testing
techniques and application of elementary noise concepts
helped attenuate the noise in the operator cabs of a heavy-
duty mobile crane to within the 8 hour/90 dBA limit estab-
lished by the Occupational Health and Safety Act of 1970.

MECHANICAL
{Also ses Nos 255, 406)

77-369

Vibration Analysis as an Aid to the Detection and
Diagnosis of Faults in Rotating Machinery

R M. Stewart

Inst. of Sound and Vibration Res, Univ. of South-
ampton, Southampton, England, “Conference on
Vibrations in Rotating Machinery”, The Inst. of
Mech Engrs, Univ. of Cambridge, Sept 15-17, 1976,
pp 223-229, 5 figs, 13 refs

Key Words: Rotating structures, Gears, Bearings, Machinery,
Diagnostic techniques

The problems which confront the engineer wishing to moni-
tor the condition of rotating machinery are first of all dis-
cussed in general terms. The subject of comparative diagnos-
tics is then introduced and illustrated by reference to case
istories of both bearing and gear failure.

METAL WORKING AND FORMING

77-370

Experimental and Analytical Investigation of Self-
Excited Chatter in Metal Cutting

N. Saravanja-Fabris

Ph.D. Thesis, lllinois Inst. of Technology, 153 pp
{1976)

UM 76-23, 498

Key Words: Metal working, Cutting, Chatter, Self-excited
vibrations

Chatter in metal cutting is a nonlinear self excited vibration
of the limit cycle type. The mechanism that causes it is not
yet fully understood. The first part of this investigation is
concernsd with the analysis of chatter from the viswpoint of
the describing function.

OFF-ROAD VEHICLES

77-371

Assessment of Occupational Noise Exposure and
Associated Hearing Damage Risk for Agricultural
Employees

J.D. Harris, 8.J. Lindgren and R.L.. Mann

J.l. Case Company, Milwaukee, WI., SAE Paper No.
760673, 12 pp, 9 figs, 8 refs

Key Words: Agricultural machinery, Noise measurement,
Measurement techniques, Noise tolerance

This paper describes background information, measuresment
procedures, data analysis techniques, and results pertaining
to assessment of agricultural employee occupational noise
exposure. The criteria on which the proposed OSHA 86
db(A)} 16 hour general industry noise regulation is based has
been applied to predict hearing damage risk. Analysis of
237 man days of measured noise exposures shows that
annual occupational noise exposure must be established to
assess hearing damage risk. No evidence was found that
agricultural employees are exposed to noise levels/durations
which exceed the criteria for annual and lifetime noise
exposure on which the proposed OSHA general industry
regulation is based.
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77372

Federal Regulation of Noise in Agricultural and Off-
Highway Equipment

F.A. Van Atta

Quinnipiac College, SAE Paper No. 760674, 3 pp,
4 refs

Key Words:  Agricultural machinery, Noise reduction,
Regulations

This paper seeks to answer questions pertinent to Federal
regulations of noise in agriculitural and off-highway equip-
ment. It discusses the statutes under which authority lies,
and whether or not the regulations actually sccomplish the
purposes for which they are intended.

PUMPS, TURBINES, FANS,

COMPRESSORS
(Also see No. 307)

77373

Identification of an Automotive Gas Turbine, Part 1.
Frequency Response Estimation

P.E. Wellstead and D.J. Nuske

Control Systems Centre, Univ. of Manchester Inst. of
Science and Technology, Sackvilfe St., Manchester
MB0 1QD, England, Intl. J. Control, 24 (3), pp 297
309 (Sept 1976) 8 figs, 11 refs

Key Words: System identification, Motor vehicies, Gas
turbines, Frequency response

A two-stage sutomotive gas turbine is subjected to an identi-
fication exercise. The system is studied using digital fre-
quency response estimation procedures, and locally !inearized
transfer functions are obtained which span the normal
working region of the engine.

77-374

Identification of an Automotive Gas Turbine. Part 2,
Parameter Fitting

D.J Nuske and P.E. Wellstead

Control Systems Centre, Univ, of Manchester Inst. of
Science and Technology, Sackville St., Manchester
M60 1QD, England, Intl. J. Control, 24 (3), pp 311-
324 (Sept 1976) 9 figs, 10 refs

Key Words: System identification, Motor vehicles, Gas
turbines

Using insight gained from a frequency-domain identification
experiment a simple analytical mode! is formulated for an
automotive gas turbine. With a structural model based upon

76

the anelytical model a linser parametric representation is
obtained by fitting to time-response data over the normat
operating band of the engine.

RAIL

70375

DYNALIST II, A Computer Program for Stability
and Dynamic Response Analysis of Rail Vehicle
Systems. Volume 1. Technical Report

T.K. Hasselman, A, Bronowicki and G.C. Hart
Transportation Systems Center, Cambridge, MA,
Rept. No. DOT-TSC-FRA-74-14.1, FRA/ORD-75/
221,118 pp (Feb 1975)

PB-266 046/4GA

Key Words: Interaction: rail-wheel, Railroad cars, Computer
programs

A methodology and a computer program, DYNALIST I,
have been developed for computing the response of rail
vehicle systems to sinusoidal or stationsry random rail
irragularities. A modai synthesis procedure is used which
permits the modeling of subsystems or components by
partisl modal representation using complex eigenvectors.
Complex eigenvectors represent the amplitude and phase
characteristics of rail vehicle systems which occur as a result
of wheel-rail interaction, heavy damping in the suspension
system and rotating machinery. Both vertical and latera!
motion are handled by the program which allows up to
twenty-five component and fifty system degrees of fresdom.

77.376

Acoustic Impacts of BART: Interim Service Findings
Metropolitan Transportation Commission, Berkeley,
CA., Bolt Beranek and Newman, Inc., Cambridge,
MA., Rept. No. MTC-TM-16-4-76, 93 pp (Mar 1976)
PB-254 966/5GA

Key Words: Rapid transit railways, Sound measurement,
Vibration measurement

The report documents the findings and methodologies de-
veloped during a study of BART sound and vibration levels.
The findings focus on: delineation of impacted regions, major
factors affecting BART-generated sound, prototype vs. opera-
tional sound leveis, BART vs. other transportation sound
sources and BART-generated vibration levels. BART-generat-
ed sound levels were derived from direct wayside measure-
ments and indirectly from on-board recording of sound fevels
throughout the BART system. Ambient community souna
levels were based on predictive techniques verified by field

measurements.
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7713717

Lateral Dynamics of a Tracked Air-Cushion Vehicle
P.J. Davis and R.J. Hawks

Generel Electric Co., Philadelphia, PA., High-Speed
Ground Transp. J., 10 (2), pp 135-146 (Summer
1976) 5 figs, 9 refs

Key Words: Tracked vehicles, Ground effect machines,
Dynamic stability, Equations of motion

Linearized equations of motion for a TACV are developed in
the three degrees-of-freedom of lsteral displacement, yaw
angle, and body roll angle. Air cushion forces and the sero-
dynamic loads on the body are included by means of stability
derivatives. The lateral dynamic stability of the vehicle is
analyzed by the use of root-locus diagrams.

REACTORS

77-378

Aeroelastic Modeling of Large Wind Turbines

P.P. Friedmann

Mech. and Struct. Dept., University of California, Los
Angeles, CA., J. Amer. Helicopter Soc., 21 (4),pp 17-
27 (Oct 1976) 6 figs, 28 refs

Key Words: Turbine blades, Mathematical models, Equations
of motion

A st of coupled flap-iag-torsional equations of motion for
# single wind turbine blade are derived in a genersl, non-
linesr, partiat differential form. These equations sre suitsble
for determining the asroslastic stability or response of large
wind turbine blades. Methods for solving the equations
together with some possible simplification of the equations
sre discussed. Finally, the formulation of the complets rotor-
tower aeroslastic problem is considersad in general terms.

77379

On Finite Element Analysis of Pipe Whip Problems
S.M. Ma and K .J. Bathe

Bechtel Power Corp., San Francisco, CA 94119, Nucl.
Engr. Des, 37 (3), pp 413-429 (June 1976} 14 figs,
10 refs

Key Words: Nuclear reactor containment, Pipes {tubes),
Mathematical models, Finite element technique

The nonlinear dynamic finite element solution of pipe whip
problems is presentod. The finite element modeling used, the
step-by-step incremental solution of the nonlinear equations

of motion and design considerations sre discussed. The in-
fluence of various physical parameters on the response of the
pipe and the restraint, and the effects of using different finite
element models are considered. Specific emphasis is directed
to the verification of the accuracy of the solutions obtained
using energy balance checks.

77-380

Energy Absorbers Used Against Impact Loading
T. Kukkola

Nuclear Power Project Group, Imatran Voima Osa-
keyhtit, Helsinki, Finland, Nucl. Engr. Des., 37 (3),
pp 407-412 (June 1976) 9 figs, 2 refs

Key Words: Nuclear reactor containment, Pipes (tubes),
Energy absorption

In the WWER-440 reactor the primary piping consists of six
horizontal loops going rapidly from the pressure vessel, each
1oop having a horizontal steam generator. In this reactor typs
the relatively long primary piping with many curved sections
requires specisl attention in order to successfully eliminate
the consequences of the design Lasis accident. Emergency
supports are located in sppropriste places to restrict the
movements of the pipe. nder normal conditions there is
8 gap of some centimeters between the pipe snd a support so
that in the pipe can be deformed freely under changing loads.
This peper deals with thoss energy-sbsorbing structures used
at the Loviisa Nuclesr Power Plant for protection agsinst
impact loading. Places and circumstances where energy-
absorbing structures are employed sre specified. Deveiop-
ment and design of impact absorber elements are discussed
and impact tests are described.

77.381

The Use of Energy Absorbers to Protect Structures
Aguinst Impact Loading

P. Hernalsteen and L..C. Leblois

TRACTIONEL, Societe de Traction et d'Electricite,
B-1040 Brussels, Belgium, Nucl. Engr. Des., 37 (3),
pp 373-406 (June 1976} 57 figs, 29 refs

Key Words: Nuclear reactor containment, Pipes (tubes),
Energy absorption, Experimenta! dats

When a flying missile impacts » fixed structure, the interface
loading is dependent on the deformation characteristics of
both impacting and impacted bodies. The following “‘energy
absorption’’ materials and processes have been experimen-
tally investigated, with an aim at pipe whipping restraint
application for nuclear power plants; plastic extension of
austenitic stainless steel rods, plastic compression of copper
bumpers, and punching of lightweight concrete structures.
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77-382

Modelling Techniques for Pipe Whip Analysis

D. Dini and L. Lazzeri

Comitato Nazionale Per I’'Energia Nucleare, Divisione
Sicurezza e Controlli, Rome, Italy, Nucl. Engr. Des.,
37 (3), pp 361-371 (June 1976) 11 figs, 8 refs

Key Words: Nuclear reactor contsinment, Pipes (tubes),
Mathematical models

The dynamic model used to describe the pipe and the re-
straint to predict their behavior during a shock phenomenon
such as an earthquake is described. The pipe is simulated by
means of a series of finite elements, having a complex elasto-
plastic behavior. Each element can be subdivided in to a
number of subsiements whose flexibilities ars computed and
internally condensed at the slement level,

77.383

Pipe Whip Analysis for Nuclear Reactor Applications
N. Bisconti, L. Lazzeri and P.P. Strona

SAIGE, Societa de Architettura Industriale per gli
tmpianti di Generazione di Energia, |-16151 Genova-
Sampierdarena, faly, Nucl. Engr. Des., 37 (3), pp
347-360 (June 1976) 9 figs, 14 refs

Key Words: Nuclear resctor containment, Pipes (tubes),
Computer programs

The main problems encountered in pipe whip analysis are
discussed. Problems discussed are breakage locations, and
force computations.

RECIPROCATING MACHINE

77-384

Dynamic Measurements of a Large Diesel Engine
Using P.R.B.S. Techniques. Part 1. Development
of Theory for Closed-Loop Sampled Systems

J O. Flower and G.P. Windett

School of Applied Sciences, Univ of Sussex, Falmer,
Brighton, BN1 9QT, England, Intl. J. Control, 24
(3). pp 379-392 (Sept 1976) 8 figs, 7 refs

Key Words: System identification, Diesel engines

78

in attempting to identify the dynamic characteristics of a
large medium-speed diesel engine using pseudc-random bi-
nary sequence (p.r.b.s.) snd cross-correlation techniques
inconsistent results were obtained. The cause of these is due
to the sampled-data nature of the diesel engine operation and
the difficuities were compounded by having to run so large
an engine under closed-loop control conditions for safety
reasons. Part 1 of this paper identifies the source of such
problems arising from the use of such techniques for investi-
gating sampled-data systems and develops a variation of the
conventional theory which aliows a wide class of both open
and closed-loop sampled systems to be identified. Part 2 of
the paper is concerned with the application of this theory to
extensive measurements of a large engine.

77-385

Dynamic Measurements of a Large Diesel Engine
Using P.R.B.S. Techniques. Part 2. Instrumentation,
Experimental Techniques and Results

J.0. Flower and G.P. Windett

School of Applied Sciences, Univ. of Sussex, Falmer,
Brighton, BN1 9QT, England, Intl. J. Control, 24 (3),
pp 393-404 (Sept 1976) 11 figs, 6 refs

Key Words: Diesel engines, Dynamic properties, Measuring
instruments, Measurement techniques

The work reported here in Part 2 concerns the application of
the methods, discussed in Part 1, to obtain dynamic measure-
ments from a large turbo-charged diesel engine. The small
perturbations of this spproach do not significantly affect
normal engine running and can be well correlated with
various tinesr models of the engine. The engine was a 760
b.h.p. rated unit designed specifically as the prime mover
for electrical generation on a ship, In these experiments,
however, the power produced was absorbed by a water-
brake, For safety reasons it was not permitted to run the
engine in other than a closed-oop configuration,

77-386

On Piston Slap in Reciprocating Machinery

Y. Fujimoto, T. Suzuki and Y. Ochiai

Dept. of Mech, Engrg, Tottori Univ., Japan, ""Conf.
on Vibrations in Rotating Machinery,” The Inst. of
Mech. Engrs., Univ. of Cambridge, Sept 15-17, 1976,
pp 245-253, 13 figs, 14 refs

Key Words: Reciprocating engines, Pistons, Lubrication
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Piston siap is a phenomenon when a piston impacts the
cylinder wall, traveling across the small cylinder clearance
spaca, during the course of its vertical movement along the
cylinder axis in reciprocating machinery. Such lateral motion
of the piston is caused by the change of the direction of the
sidewise force acting on the piston. The dynamics of laterat
and rotational mctions of the piston were studied both
theoretically and axperimentally. Theoretical resuits obtained
by numerical integration predict the continuous movements
of the piston. The analysis includes the effect of the oil film
formed on the piston skirt surface as well as the frictions at
the rings. Experiments were carried out on a reciprocating
compressor. Four miniature inductive displacement trans-
ducers o1 the piston skirt made it possible to determine both
the transverse and rotational movements of the piston con-
tinuously. Comparison of calculated and measured move-
ments showed the importance of oil cushion effect on piston
siap.

77-387

The Fffect of Pistons in Diesel Engine Noise Gen.
eration

M. Rohrle

Ostfildern, MTZ Motortech. Z., 37 (7/8), pp 277-282
(July/Aug 1976) 9 figs, 16 rufs

(In German)

Key Words: Diesel engines, Engine noise, Noise measurement,
Measurement techniques

A method for measuripg diesel engine noise caused by piston
hitting the cylindei wall is described.

77-388

Interior Noise Problems of Small Diesel-Powered
Buses

G.L. Mariotte

H. L. Blachford, Inc , SAE Paper No. 760603, 12 pp,
16 figs, 12 refs

Key Words: Buses {(vehicles), Diesel engines, Engine noise

This paper discusses interior noise problems characteristic
of the combination of diesel engines with typical small bus
geometries. One noise problem is the potential for low-fre-
quency resonances. Natural air vibration modes for typical
small bus interior dimensions are calculated and shown to
give frequencies that can be stimulated by noise and vibration
at engine firing frequencies. Measuremants of noise and
vibration at resonance are given. Other noise problems are
associated with internal front engine covers, and leaks and
low transmission loss paths in the console area. Some prac-
tical suggestions, with examples, are given to reduce interior
noise.

77-389

Mini RPV Engine Noise Reduction

R.M. Shimovetz and D.L. Smith

Air Force Flight Dynamics Lab., Wright-Patterson
AFB8, OH, Rept. No. AFFDL-TR-76-28, 97 pp (Mar
1976)

AD-A027 638/6GA

Key Words: Engine noise, Reciprocating engines, Noise
reduction

The purpose of this effort was to investigate the reduction in
radiated acoustic noise associated with two types of engines
considered for power plants in small (75-100 Ib.) remotely
piloted vehicles (Mini RPV) in the class of the Praeire and
Calere Aircraft. The two engines considered are approximate-
ly 5 HP; the first 8 rotary combustion (RC), the second a two
stroke cycle reciprocating (P). The sound pressure levels
were recorded using a semicircle arrangement of micro-
phones in & free fisld and with various engine noise reduction
devices installed. The engines were rotated such thet a
spherical definition of the acoustic pressures were made.

77-390

An Integrated Approach to Measurement of Exhaust
and Intake Noise

D.A. Olson, D.C. Flanders, and L.J. Eriksson
Corporate Research Dept., Nelson Industries, Inc.,
SAE Paper No 760602, 12 pp, 21 figs, 10 refs

Key Words: Engine noise, Noise measurement

An integrated approach for measurement of exhaust and
intake noise during a single test is presented and typical
results discussed. Internal pressure waveforms as well as
external radiated noise are included for various intake and
exhaust systems.

ROAD
{Also see Nos 285, 293, 348, 388)

77-391

Biomechanics of Trauma in Children

G. Ruter

Automobiltech  Z., 78 (7/8), pp 339-342 (July/
Aug 1976) 7 figs, 28 refs

{In German)

Key Words: Collision research (automotive), Human factors
engineering
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This paper reports about an internationsi meeting of the
International Research Committes on the Biokinetics of
Impacts in Lyon, September 1974,

77.392

Performance Evaluation of Child Test Dummies,
Volume 1. Technical Report

M.P. Shah and V.G. Radovich

Transportation Research Center of Ohio, East Liber-
ty, OH, Rept. No. DOT-HS-801-921, 261 pp (May
1976) (See also Vol 2, PB-265 119)

PB-255 118/2GA

Key Words: Collision research (sutomotive), Anthropo-
morphic dummiss, Experimental dats

Commerically available three- and six-year-old child dummies
were evaluated for their anthropometric measurements and
dynamic response characteristics in pendulum impact tests
and simulated crashes in representstive automobile-child
seat restraint environments, Simulated crashes included 20-
and 30-mile-per-hour frontal and 20-mph side impacts on
automobile and specially designed bench seats.

77-393

Performance Evaluation of Child Test Dummies.
Volume I1. Appendix

M.P. Shah and V.G. Radovich

Transportation Research Center of Ohio, East Liber-
ty, OH, Rept No. DOT-HS-801922, 269 pp (May
1976) (See also Vol. 1, PB-255 118)

PB-255 119/0GA

Key Words: Collision research (automotive), Anthropomor-
phic dummies, Experimental data

This Appendix contains samples of the computer calculated
data packages produced for each test. The digital data corre-
lates with descriptions and data parameters discussed in the
main body of the report.

77.394

Development of Crash Energy Management Solutions
H. Danckert .
Volkswagenwerk AG, Germany, SAE Paper No.
760793, 20 pp, 19 figs 27 refs

Key Words: Collision research {automotive)

80

The mechanical properties of vehicles are investigated as a
basis for favorable crash energy management solutions.
Important paramaeters follow the similarity law of Cauchy.
Different concepts of intervehicular compatibility are
discussed. The tolerable closing speeds depending on the mass
ratio and accelerations of colliding vehicles are calculated
using realistic data of deformation forces, human load
tolerances and different restraint system characteristics.
Engine effects and measures to reduce engine aggressiveness
are investigated. Possible solutions for accident types other
than frontal collisions are briefly discussed.

77-395

Radio Telemetry Applied to Tire Vibrations

W.F. Reiter, Jr. and A.C. Eberhardt

Center for Acoustical Studies, N. Carolina State
Univ., Rayleigh, NC, SAE Paper No. 760745, 12 pp,
10 figs,10 refs

Key Words: Automobile tires, Vibration measurement,
Measurement techniques

This paper discusses the industrisi radio telemetry system for
use in typical automotive engineering measurements. Con-
siderations of transducer type and measurement class (static
or dynamic) are discussed in terms of selection of a telemetry
system. Telemetry specifications and their interpretations
are discussed along with characteristics and limitations of
direct/FM and AM/FM systems. As an example application
the measurement of in-service tire vibrations with radio
telemetry is presented. The example Includes selection
and calibration of the telemetry system and presentation
of typical telemetered tire vibration data.

77-396

Proceedings of a Symposium on Commercial Vehicle
Braking and Handling Held on May 5.7, 1975 at
Ann Arbor, Michigan

Highway Safety Research Inst.,, Michigan Univ.,
Ann Arbor, MI, Rept. No. UM-HSRI-PF-75-6, 599
pp (1975)

PB-255 985/4GA

Key Words: Motor vehicles, Tires, Brakes (motion arresters),
Dynamic response, Proceedings

The symposium was to provide a review of the state of the
art in commercial vehicle braking and handling. It was also
designed to provide a forum in which members of various
research organizations, industrial operations, and government
agencies involved with the topic could communicate ideas
and concerns over problems related to measuring and/or
simulating the braking and directional response of commer-
cial vehicles.




77-3v7

Tentative Road Roughness Criteria Based Upon
Vehicle Performance

B.E. Quinn and S.R. Kelly

School of Mech. Engrg., Purdue Univ., Lafayette, IN,
Rept. No. FHWA-RD-75-3, 107 pp (June 1975)
PB-254 809/7GA

Key Words: Pavement roughness, Tire characteristics

Pavement roughness is defined in terms of two parameters
of an equation used to represent the roughness spectrum.
The reistionship between these parameters and verticsl tire
force, passanger acceieration and lateral tire force is then
developed. This is the third of three reports on pavement
roughness and vehicle dynamics studies under this contract.

77.398

Study of Aerodynamic Drag Reduction on a Full-
Scale Tractor-Trailer

L.L. Steers and L.C Montoya

Dryden Flight Res Ctr., NASA, Edwards AFB, CA,
Rept. No DOT-TSC-OST-76-13, 57 pp (Apr 1976)
PB-254 571/3GA

Key Words: Articulated vehicles, Aerodynamic loads, Dy-
namic tests

Aerodynamic drag tests were performed on & tractor-trailer
combination using the coast-down method on a smooth,
nearly level runway. The tests included an investigation of
drag reduction obtained with add-on devices that are com-
mercially available or under development. The tests covered
tractor-trailer speeds ranging from approximately 35 to 65
miles per hour and included fuel consumption measurements.

77-399

An Assessment of the Crash-rorthiness of Existing
Urban Rail Vehicles. Vo' e I, Train-Collision
Model Users Manual

DJ Seqal

Calspan Corp., Buffalo, NY, Rept. No DOT-TSC-
UMTA-75-21.111, UMTA-MA-060025-75-16.111, 66
pp (Nov 1976}

PB-2€4 695/0GA

Key Words: Crashworthiness, Collision research {railroad),
Energy absorption

The crashworthiness of existing urban rail vehicles {passenger
cars) and the feasibility of improvements in this area were

investigated. Both rail-car structural configurstions and im-
pact absorption devices were studied. This final report issued
under the crashworthiness effort covers the development of
analytical tools to predict passenger threat - environment
during collision; criteria for predicting passenger injury due
to train collisions; an spplication of injury criteria and
anslytic modeis to predict passenger injuries resulting from
collisions of trains that represent existing construction types;
a preliminary investigation of applying impact absorption
devices to transit vehicles; a design study of car structural
configurations for improved impact snergy management and
a review of engineering standards for Urben Rail Car Crash-
worthiness.

77400

Vehicle Test Facilities at Aberdeen Proving Ground
Army Test and Evaluation Command, Aberdeen
Proving Ground, MD, Rept. No. TOP-1-1-01%, 61 pp
(Mar 17,1976)

AD-A027 0356/5GA

Key Words: Military vehicles, Tracked vehicles, Test facilities

The report describes Aberdeen Proving Ground fecilities for
testing wheeled and tracked vehicles including vehicular
weapon systems. Includes photographs and drawings showing
test course dimensions and characteristics. Doss not cover
equipment and instrumentation used on the courses nor
taborstory facilities except for climatic test chambers.

77401

Control of Vehicle Dynamics Considering Guideway
Design Criteria

S.L. Graham and D.A. Hullender

Vought Corp., Dailas, TX, AIAA J., 14.(8}), pp 1022-
1025 (Aug 1976) 4 figs, 5 refs

Key Words: Interaction: vehicle-guideway, Suspension
systems (vehicles)

The ride quality of a transportation vehicle is dependent on
the effectiveness of the suspension system to filter out
vibration due to guideway roughness and other sources such
as wind gusts. To meet ride comfort specifications without
unreasonable stroke requirements, it is sometimes necessary
to compensate the suspension design with some form of
either active or passive control. This paper addresses the sub-
ject nf relating the tradeoff in ride comfort for suspension
stroke to specific guideway profile design tolerances and
constraints. Specifically, approximate lower bounds of RMS
acceleration for any vehicle suspension system as a function
of RMS suspension stroke are computed for specific guide-
way profile elevation variation constraints and construction
surveying accuracies.
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77402

Truck Noise VIlI: The Determination of the Prac-
tical Noise Control Retrofitting of Pre-1970 Truck
and Coach Models

0.J. Bullard and G.M. Shaffer

GMC Truck and Coach Div, General Motors Corp.,
Pontiac, Mi, Rept. No DOT-TSC-OST-75-51, 120 pp
{June 1976) (PB-241 114)

PB-256 287/4GA

Key Words: Motor vehicle noise, Trucks, Noise reduction

A retrofit noise package was selected for four representative
GMC vehicles to achieve optimum noise reduction. The
selection of this material came from commercially available
items submitted by various component suppliers. A new
system of noise-source isolstion was developed in order to
evaluate the vendor-supplied material.

77403

Investigation on Vibration Characteristics of Un-
sprung Vehicles with Pneumatic Tyres

A. Owazar

Teheran, Iran, Automobil-tech, Z., 78 (9}, pp 377-
380 (Sept 1976) 8 figs, 10 refs

{In German)

Key Words: Tractors, Seats, Vibration measurement

The purpose of this experiment was to examine the vibration
characteristics of tractors. Practical measurements on the
vibration characteristics of various vehicles were made to
evaluate the effect of vibration on drivers.

ROTORS
(Also see Nos 251, 332)

77-404

Vibration Problems on Rotating Machinery in the
Chemical Industry

J.B. Erskine and C.W. Reeves

Noise and Vibration Section, Agricultural Div.,
ICt Ltd., Billingham Cleveland TS23 1LD, England,
“Conf. on Vibrations in Rotating Machinery,” The
inst of Mech. Engrs., Univ. of Camhridge, Sept.
16-17, 1976, pp 209-214, 7 figs, 8 refs

Key Words: Rotors, Compressors, Diagnostic techniques

82

Vibration problems are encountered on different types of
rotating equipment in Process Industries which can lead to
very high economic losses due to the need to shut down for
rectification. This paper outlines some of the more difficult
problems met in recent years. Brief accounts are given of
the symptoms of looseness and how they were identified on
a centrifugal fan and a centrifugal compressor, the identifi-
cation of vibration induced by rubbing of rotating elements
on stationary parts, the cause of a modulating noise level
from a gearbox driving an induced draught fan, problems
arising from machinery being mounted on flexible bedplates
and structures, and effects of bearing oil film on rotor
vibration,

77405

Vibrations in Cracked Shafts

T A. Henry and B.E. Okah-Avae

Dept. of Engrg., Simon Engrg. Laboratories, Univ.
of Manchester, England, “Conf. on Vibrations in
Rotating Machinery,” The Inst. of Mech. Engrs.,
Univ. of Cambridge, Sept. 156-17, 1976, pp 15-19,
6 figs, 3 refs

Key Words: Diagnostic techniques, Shafts, Rotors

The vibrations of a rotor are examined using analogue com-
puter simulation. A crack 15 introduced as a reduction in
shaft stiffness when the shaft deflects so as to open the
crack. The interaction of gravity and the crack excites
resonances at main and sub critical speeds. Out-of-balance
combines with the crack to change the vibrations at the criti-
cal speed only in certain situations. The study, confirmed by
experimental data, shows that the gravity effect dominates in
horizontal shafts balanced to normal standards and that the
growth of a crack would be detected from the vibrations at
the main and sub critical speeds.

77-406

Vibration in Rotating Machinery: Malfunction
Diagnosis - Art & Science

E. Downham

The Unwiv, of Aston, Birmingham, England, “Conf.
on Vibrations in Rotating Machinery,”” The Inst.
of Mech. Engrs., Univ of Cambridge, Sept. 15-17,
1976, pp 1-6, 2 figs, 3 refs

Key Words: Diagnostic techniques, Rotating structures,
Machinery




The generalized approach to vibration malfunction diagnosis
of rotating machinery is shown to require a sound under-
standing of fundamental theoretical concepts associated with
machine and machine element dynamics, an appreciation of
the nature of the dynamic forces and instabilities which
excite vibration in various types of machinery, together with
the abitity to plan concise experiements to obtain practical
data regarding the cause or likelihood of faifure. The wide
variety of vibration phenomenu which result in malfunction
is illustrated by case studies on various types of industrial
machinery.

77407 ,

On the Determination of the Influence Coefficients
in Rotor Balancing, Using Linear Regression Analysis
L. Larsson

Balancing and Vibration Control Dept., ASEA,
Sweden, "Conf. on Vibrations in Rotating Machine-
ry,” The Inst. of Mech. Engrs., Univ. of Cambridge,
Sept. 15-17, 1976, pp 93-98, 4 refs

Key Words: Rotors, Balancing technigues, Influence coeffi.
cient method

Balancing rotating bodies, using the conventional influence
coefficient method does not always lead to 8 satisfactory
rosult, The reason is often uncertainties in the response from
8 set of attached test weights which have been superimposed
by internsl, unknown alterations of the unbalsnce distribu-
tion caused by e.g. setting of the rotor windings or mechani-
cal parts. in this paper, the emphasis is put on the determin-
stion of the influence cosfficients, und a method for statis-
tical evaluation is presented. T.ie reliability of the 30 ob-
tained infiuence coefficients is investigated on rigid and
flexibie rotors balanced in a test pit, and the application of
one influence matrix for the halancing of other similar rotors
is studied.

77-408

Error Analysir o« Vibration or Rotor/Bearing Syscem
T. lwatsubo

Kobe Univ, Kobe, Japan, “Conf. on Vibrations in
Rotating Machinery,” The Inst. of Mech Engrs,
Univ of Cambridge, Sept. 15-17, 1976, pp 8792,
6 figs, 11 refs

Key Wor''s' Rotor-bearing systems, Error analysis, Balancing
techniques, Stability analysis

This paper deals with the error analysis of the vibration of
rotor bearing systems. if the statistical properties of errors
{i.e., mean values and standard deviations} are known, the
mean » alue and standard deviation of unbalance response and

critical speed may be obtained and the probability of insta-
bility may be calculated. The effects of influence coeffi-
cients measurement errors on the balancing weight determin-
ation are investigated for the balancing of fiexibie rotors.

77409

Modesn Influence Coefficient Techniques for Multi-
plane Rotor Balancing in the Factory, Test Cell and
Field

R.H. Badgley

Mechanical Technology, Inc., Latham, NY, "Conf.
on Vibrations in Rotating Machinery,” The Inst.
of Mech. Engrs., Univ. of Cambridge, Sept. 15-17,
1976, pp 201-207, 2 figs, 8 refs

Key Words: Rotors, Balancing techniques, Influence co-
efficient matrix

Seversl modern techniques have been developed for perform-
iny multiplane-multispeed balancing by the influence coeffi-
cient procedure. These techniques include the use of digital
minicomputers to control the performance of muitipie low-
cost spin-up stands in high-production factory environmaents,
as well as the use of reamotely accessed time-sharing computer
systems for field balancing and occasional user applications.
Significant improvements in balance quality ara now achiev-
able, together with manufacturing cost reductions. New ma-
chinery is now being designed to take advantage of this new
capability.

77410

Systematic Combination of Experiments and Data
Processing in Balancing of Flexible Rotors

J. Drechsler

Technische Universitat, Berlin, Germany, "Conf.
on Vibrations in Rotating “:achinery,”” The Inst,
of Mech. Engrs., Univ. of Cumiridge, Sept. 15-17,
1976, pp 129-132, 7 refs

Key Words: Rotors, Balancing techniques, Influence coeffi-
cient matrix

Under the assumption that an approximate influence coeffi-
cient matrix is available, the balancing process of a flexible
rotor can be considerably accelerated by a consequent com-
bination of experiments and data processing , which yields
batancing weights and an improved influence coefficient
matrix after each trial run. Even if a trial run has to be inter-
rupted because of excessive vibration amplitudes, the pro-
posed methoa yields balancing weights, which will reduce the
vibration amplitudes of the explored speed range and will not
amplify the vibration level in the remaining unknown opera-
tion speed range,
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77411

Modal Resolution and Balancing of Synchronous
Vibrations in Flexible Rotors with Non-Conservative
Cross Coupling

H.F. Black and S.M. Nuttall

Heriot-Watt Univ., Edinburgh, Scotland, "Conf. on
Vibrations in Rotating Machinery,” The Inst. of
Mech. Engrs., Univ. of Cambridge, Sept. 15-17, 1976,
pp 151-158, 4 figs, 14 refs

Key Words: Rotor-bearing systems, Balancing techniques,
Mathematical models

The paper exsmines the response 0 mass unbalance of a
generic rotor in hydrodynamic bearings. The non-conserva-
tive equations of motion sre separated by bi-normal ortho-
gonalization. Modal resolution of unbalance response is
discussed in relation to balancing, Exainples of modal resolu-
tion and baiancing calculations are given.

77412

A Method for Using the Free Shaft Modes in Rotor
Balancing

JW. Lund

Technical Univ. of Denmark, Lyngby, Denmark,
“Coif. on Vibrations in Rotating Machinery,” The
Inst. of Mech. Engrs., Univ of Cambridge, Sept, 15-
17,1976, pp 65-71, 4 figs, 9 refs

Key Words: Shafts, Mathematical models, Modal analysis,
Balancing techniques

From a correlation of measured and calculated natural fre-
quencies and modes it is assumed that a representative analy-
tical model can be established for the free shaft. With the
shaft installed and running at some selected speed the unbal-
ance response amplitudes are measured at several points
slong the rotor after which a resolution of the response into
its free mode components is performed. The unknown
bearing reactions, including damping forces, are evaluated
either by trial weight runs, one run per bearing, or, in case of
just two bearings, from a force balance. Elimination of the
bearing reactions leads to the determingtion of the mass
unbalance in terms of its modal expansior, and correspond-
ing correction weights are then readily found.

77-413

Practice of Flexible Rotor Balancing

A. Giers

Carl Schenck AG, Darmstadt, W. Germany, "Conf
on Vibrations in Rotating Machinery,” The Inst of
Mech Engrs, Univ of Cambridge, Sept 15-17, 1976,
pp 3342, 16 figs, 15 refs

84

Key Words: Rotors, Balancing techniques

in the last few years the volume of literature concerning
flexibie rotor balancing has grown by leaps and bounds.
Most authors concentrate on the theoretical aspects so that
the introduction of nev: practical method is progressing slow-
ly, and asttempts st putting theory into practice are often
quickly sbandoned due to 8 lack of clear instructions from
theoreticians. This paper is intended to provide practical
guidelines for proper selection and application of flexible
rotor belancing techniques.

77414

The Whirl Modes of Vibration of a Crankshaft

D. Hodgetts

School of Automotive Studies, Cranfield Inst, of
Technology, England, "Conf. on Vibrations in
Rotating Machinery,”” The Inst. of Mech. Engrs.,
Univ. of Cambridge, Sept. 15-17, 1976, pp 255-261,
4 figs, 3 refs

Key Words: Crankshatt, Whirling, Natural frequencies, Mode
shapes

A theoretical three-dimensional model has been developed to
provide the frequencies and modal shapes of the coupiled
whirling, axial and torsiona! modes of vibration of a crank-
shaft. A setisfactory correlation of the measured and theo-
retical frequencies of the vibrations was obtained for fre-
quencies below 500Hz, The possibility of using the model
to predict the amplitudes of vibration is aiscussed.

77415

Dynamic Stifiness Matrix Approach for Rotor-
bearing System Analysis

N.F. Rieger, C B. Thomas and W.W. Walter

Rochester Inst. of Technology, Rochester, NY,
“Conf on Vibrations in Rotating Machinery,” The
inst. of Mech. Engrs., Univ. of Cambridge, Sept. 16
17,1976, pp 187-193, 8 figs 15 refs

Key Words: Rotor-besring systems, Stiffness methods,
Critical speeds, ‘Inbalanced mass response, Stability
analysis, Computer programs

The dynamic stiffness matrix concept is presented as a gen-
eral technique for calculating the unbalance response, critical
speeds (either damped or undamped) and stability threshold
speed of a flexible rotor in damped flexible supports. A linear
elastic rotor system in eight-speed dependent coefficient
bearings is considered. A computer code based on this con-
cept is described.
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77416

A Method of Stabilizing Externally-Pressurized Gas
Journal Bearings

D.J. Woodford

Central Electricity Res. Labs., Leatherhead, England,
“Conf. on Vibrations in Rotating Machinery,” The
Inst. of Mech, Engrs., Univ. of Cambridge, Sept. 15-
17,1976, pp 111-115, 6 figs, 4 refs

Key Words: Rotors, Whirling, Stabilization

Rotors supported in externally-pressurized gas journal-
bearings are subject to an instability known as self-excited
transiational whirl. The onset of whirl limits the maximum
speed to which a rotor may be run. This paper shows how
the upper bound to the mass parameter may be increased
by means of 8 simpie modification to the rotor's surface.

77417

Investigations into Load Dependent Vibrations of
the High Pressure Rotor on Large Turbo-Generators
S.H. Greathead and P. Bastow

CEGB NE Region Scientific Services Dept., Otley
Road, Harrogate, England, ""Conf. on Vibrations in
Rotating Machinery,” The Inst. of Mech. Engrs.,
Univ of Cambridge, Sept 15-17, 1976, pp 279-285,
7 figs, 8 refs

Key Words: Turbomachinery, Rotors, Stability analysis

Vibrational instability of the high pressure rotor on certain
types of large turbo-generator operated by the C.E.G.B. has
sometimes developed above a particular load level, When this
instability arises very high non-synchronous vibration of the
rotor and bearings occurs necessitating load restrictions.
In the past, this type of non-synchronou¢ vibration was
usually attributed to bearing instability but the present
investigations shovs that the instability originates mainly in
the steam glands at the high preswe inlet ti. the machine.
The results show that the rotor instability is a self-excited
vibration due to steam forces generated in these glands
resulting from the steam loakage flow through them and
that the rotor to gland alignment is an important parameter
controlling the load at which instability occurs.

77418

Modal Analysis of Rotating Flexible Structures
R.M. Laurenson

McDonnell Douglas Astronautics Co., East St. Louis,
MO, AIAA J., 14 (10), pp 1444-1450 (Oct 1976)
9 figs, 14 refs

Key Words: Modal analysis, Rotating structures, Cantilevers

A discussion of the modal analysis of a rotating flexible struc-
ture is presented. Specifically this work is concerned with the
free vibration analysis of a rotating cantilever structure.
A brief discussion of the formulation of the equations of
motion for the system is included to sid in understanding the
origin of the various terms appearing in thess equations.

77419

The Modal Interpretation of the Vibration of a
Damped Rotating Shaft

A.G. Parkinson

Mech. Engrg. Dept., University College, London,
England, “'Conf. on Vibrations in Rotating Machine-
ry,’ The Inst Mech, Engrs., Univ. of Cambridge,
Sept. 15-17, 1476, pp 261-269, 4 figs, 9 refs

Key Words: Rotors, Shafts, Modal analysis

Much of the theoretical progress in rotor dynamics has been
made in terms of madal analysis. Practical applications of
the theory, however, have rosuited in many, often misleading,
references to principal modes, dsmped modes and '"twisted’
modes. The reiationships between these various concepts and
the restrictions to their use are discussed. The intention Is
to remind the practical vibration enginesr that no method of
disgnosis and correction, such as balancing, is likely to be
successful in an industrial context unless the actusl shaft
vibration is correctly interpreted.

77420 .

A Strategy for Investigating the Linear Dynamics of
a Rotor in Bearings

I. Fawzy and R.E.D. Bishop

Dept. of Mech. Des., Faculty of Engrg., Univ. of
Cairo, Egypt, "Conf. on Vibrations in Rotating
Machinery,” The Inst. of Mech, Engrs., Univ. of
Cambridge, Sept. 15-17, 1976, pp 239-244, 1 fig , 7
refs

Key Words: Rotors, Rotor-bearing systems, Linear analysis,
Modal analysis

Linear modal analysis of rotor dynamics necessitates the
making of simplifying assumptions when the rotor is sup-
ported in bearings that are not "ideal’, i.e. when it is not
housed in free, pinned, clamped or sliding bearings. A theo-
retical method is outlined by which this difficuity can be
overcome. The rotor/bearing system is treated as the non-
conservative system it is and a modified form of linear modal
analysis is employed.
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77421

Vibrations of a Rotating Asymmetric Shaft Carrying
Two Disks, Supported in Asymmetric Bearings
L. Forrai

Dept. of Mechanics, Technical Univ. of Heavy
Industry, Miskolc, Hungary, “Conf, on Vibrations
in Rotating Machinery,” The Inst. of Mech. Engrs.,
Univ. of Cambridge, Sept. 156-17, 1976, pp 4348,
2 figs, 7 refs

Key Words: Shafts, Rotors, Perturbation theory

Parametrically excited Jateral vibrations of a rotating asym-
maetric light shaft carrying two disks, supported in asymmetri-
cally flexible bearings, are analyzed by the approximate
perturbation-varistion method of Hsu. The solutions of the
equations of motion give simple explicit expressions for
stability boundaries provided the shaft asymmetry is smail.
There is no limitation on the degree of bearing asymmetry.
Three-dimensional diagram shows the unstable speed-regions
for a rotor system with asymmetries of both the cross-section
and the bearing.

77422

A Quick, Graphical Way to Analyze Rotor Whirl
H.D. Nelson and D.A. Glasgow

Arizona State Univ., Tempe, AZ, Mach. Des , 48 (23},
pp 124-130 (Oct 7, 1976) 6 figs

Key Words: Rotor-bearing systems, Rotors, Whirling, Mathe-
matical mcdels, Graphic methods

Complete design studies of rotor/bearing systems usually
involve complex digital computer programs. But pre-
liminary studies often can be based on greatly simplified
math models. Here is a set of desig, curves that take some of
the drudgery out or rotor analysis.

77423

A Practical Vibration Primer

Part 6. Critical Speeds and Mode Shapes

C. Jackson

Monsanto Co., Texas City, TX, Hydrocarbon Proces-
sing, 65 (10), pp 141-146 {Oct 1976) 12 figs

Key Words: Rotors, Critical speeds, Mode shapes

All turboequipment operates at certain speeds where the
forcing or self-exciting frequencies are sympathetic {at
synchronous or harmonics) to the resonances of a rotor,
bearing, support system. When this resonance occurs at a fi-
Nite operating speed, that sg:ced 1s referred to as a critical
speed. This basic article describes these phenomena.
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77424

Rotor Vibration: The Choice of Optimal Journal
Bearings

D. Morrison

Y-ARD Ltd., Consulting Engineers, Glasgow, Scot-
tand, “Conf. on Vibrations in Rotating Machinery,”
The Inst. of Mech. Engrs., Univ, of Cambridge, Sept.
16-17,1976, pp 7-14, 5 figs, 5 refs

Key Words: Rotors, Vibration response, Optimization,
Journal bearings

A wide body of experience is now accumulating on the
prediction of the vibratory behavior of rotor systems. Such
predictions are in ressonable agreement with practics! be-
havior and there is a close reiationship with the general forms
of behavior which are intrinsic in some early simple pre-
dictions. The relationship of these behavioral patterns to the
absolute bearing clearance is noted as being particularly
important and the numerical values involved are such that
it appears possible to arrive at optimal bearing clearances for
parJcular rotors, which are clearly not impractical. It is
noted that wide rangss of bearing clesrance ratio are in com-
mon use and hence that there is no real physicel barrier to
varying the clearances if this is vibrationally desirsble. A
simple {(to carry out) method of determining an optimum
clearance for s rotor is demonstrated by an example and the
derivation is given.

77425

Characteristic Vibrations of Flexural Rotors in
Journal Bearings

E. Pollmann and H. Schwerdtfeger

Kraftwerk Union AG, Mulheim-Ruhr, W. Germany,
"Conf on Vibrations in Rotating Machinery,” The
Inst. of Mech. Engrs., Univ. of Cambridge, Sept.
16-17, 1976, pp 21-26, 14 figs, 3 refs

Key Words: Journal bearings, Shafts, Rotors, Vibration
response

The vibration behavior of an electrical generator was exam-
ined by considering similar geometric and dynamic condi-
tions on a model with various types of bearings. When run-
ning through the first and second critical speeds, the unbal-
ance vibrations show the large amplitudes typicsl for slender
rotors. In order to examine stability behavior, the damping
of a shock induced vibration was ascertained. In a wide
range of rotation speeds low frequency dependent on the
oil supply pressure occured with a limited amplitude.




77426

Experimental Studies on the Shaft Dynamics of
Large Turbogenerators for an Improved Surveillance
A. Azzoni, A. Clapis, R. Gariboldi, G. Lapini, G.
Possa, and T. Rossini

Centro Informazioni Studi Esperienze, Segrate,
Milano, Italy, ""Conf. on Vibrations in Rotating
Machinery,” The Inst. of Mech, Engrs, Univ of
Cambridge, Sept. 15-17, 1976, pp 173-179, 13 figs,
1 ref

Key Words: Shafts, Turbomachinery, Testing techniques,
Test equipment

The paper presents the main results of some experimental
studies on the shaft dynamics of two ENEL large turbo-
generators, 1.6. 3 70 MWe unit at the Emilia power station
{Piacenza) and a 320 MWe unit at the Turbigo Levante power
station. The tests were performed within the frame of a
research programme aimed at improving the continuous
automatic surveillance techniques.

77427

Normal Mode Interaction in Self-Excited Rotor
Vibrations

E. Brommundt

Mechanik zentrum, Lehrstuhl A flir Mechanik, Tech-
nische Universitdt Braunschweig, Germany, "'Conf.
on Vibrations in Retating Machinery,” The Inst. of
Mech. Engrs, Univ. of Cambridge, Sept. 15-17,
1976, pp 105-109, 5 figs, 5 refs

Kay Words: Rotors, Stability analysis, Normal modes

When a rotor gets unstable, its oscillations are closely related
to one of its normal modes. At different parameter sets,
8.g, different speeds, different normal modes can act. When
these simple motions, too, get unstable, combinatory mo-
tions with interaction of the normal modes can occur.

77428

The Impact of Rotor Dynamics Analysis on Ad-
vanced Turbo Compressor Design

R G. Kirk

Ingersoll-Rand Co., Turbo Products Div., Philtipsburg,
NJ, “Conf on Vibrations in Rotating Machinery,”
The Inst. of Mech Ergrs.,, Univ of Cambridge,
Sept 15-17, 1976, pp 139-1560, 7 figs, 16 refs

Key Words: Rotor-bearing systems, Compressors, Turbines,
Stability, Design techniques

The advances that have been made in the past several years in
the area of rotor-bearing analysis is changing the basic design
procedure of the major industrial compressor manufacturers.
The capability to calculate undamped critical speeds, forced
response of damped rotor-bearing system, damped eigen-
values for linearized stability, and time transient response
for large amplitude whirl and shock loading studies is now
available to conduct design reviews of proposed rotor sys-
tems. Some of the problems that still exist in rotor dynamics
analysis are discussed.

77429

Numerical Analysis of Free Vibrations of Damped
Rotating Structures

K.K. Gupta

let Propulsion Lab., Calif. Inst. of Technology,
Pasadena, CA., "“Conf, on Vibrations in Rotating
Machinery,” The Inst. of Mech, Engrs., Univ, of
Cambridge, Sept. 15-17, 1976, pp 27-31, 1 fig,
7 refs

Key Words: Rotating structures, Damped structures, Numer-
ical analysis, Free vibrations, Finits element technique,
Component mode synthesis, Rotors

This paper is concerned with the efficient numerical solution
of damped and undamped free vibration problems of rotating
structures. While structural discretization is achieved by the
finite element method, the associated eigenproblem solution
is effected by a combined Sturm sequence and inverse
iteration technigue that enables the computation of a few
required roots only without having to compute any other,
For structures of complex configurations, 8 modal synthesis
technique is also presented, which is based on appropriate
combinations of eigenproblem solution of various structural
components. Such numerical procedures are general in
nature, which fully exploit matrix sparsity inherent in finite
element discretizations, and prove to be most efficient for
the vibration analysis of any damped rotating structure, such
as rotating machineries, helicopter and turbine blades, spin-
ning space stations, among others.

77430

The Solution of Vibration Problems with Simple
Models

E Kramer, R Nordman, and H.D. Klement
Technische Hochschule Darmstadt, German Federal
Republic, "Conf. on Vibrations in Rotating Machine-
ry,” The Inst. of Mech. Engrs, Univ of Cambridge,
Sept 15-17,1976, pp 79-86, 12 tigs

Key Words: Shafts, Machinery, Elastic foundations, Natural
frequencies
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it is usual today to calcuiate the vibrations of turbo-sets in
most cases with separate models for shaft and foundation ,
because the necessary combined calculation is expensive
and time-wasting. (n some cases more simple models are
sufficient, whose behavior is also illustrative for the under-
standing of larger systems. This will be shown with the
example of a machine shaft, mounted on a block founda-
tion,

77-431

Dynamic Behaviour of a Simple Rotor with a Cross-
Sectional Crack

R. Gasch

Technical University, Berlin, Germany, “Conf. on
Vibrations in Rotating Machinery,” The Inst. of
Mech. Engrs., Univ. of Cambridge, Sept. 15-17, 1976,
pp 123-128, 9 figs, 2 refs

Key Words: Rotors, Cracked media, Stability, Whirling

In this paper the dynamic behavior of a rotor consisting of
8 disc on s flexible shaft with a cross-sectional crack is anal-
yzed, The (non-linesr) equations of motion are derived by
replacing the crack by a simpie mechanism. Experiments have
shown, that the deflection-properties of this model come
vary close to that of the shaft with a real crack. Some Jesults
of an anaslog-computer-study are given for the influence of
weight and unbalance on stability and whirl,

77-432

Effect of Damping on the Flutter Boundary of
Rotating Systems

K. Huseyin

Univ. of Waterloo, Ontario, Canada, "Conf. on
Vibrations in Rotating Machinery,” The Inst. of
Mech Engrs., Univ. of Cambridge, Sept. 15-17, 1976,
pp 133-137, 4 figs, 9 refs

Key Words: Rotors, Flutter, Vibration damping

The effect of internal and external damping on the diver-
gence and flutter boundaries of rotating systems under the
influence of a conservative force (e.g. axial load} 1s studied
in general terms an a comparative basis with the correspon-
ding undamped system. Certain lower and upper bounds as
well as convexity properties are established. As an example,
the flexibla rotating shaft subjected to axial load is analyzed.
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77433

Large Amplitude Whirls of Rotors

G. Capriz and A, Laratta

Istituto di Elaborazione della Informazione C.N.R.,
Pisa, Italy, ""Conf. on Vibrations in Rotating Machine-
ry.” The Inst. of Mech. Engrs., Univ. of Cambridge,
Sept. 15-17, 1976, pp 49-52, 4 refs

Key Words: Shafts, Lubrication

Large amplitude vibrations are considered in shafts rotating
on lubricated bearings, for a certain class of lubricant re-
sponse; the behavior of the shaft is described in different
ranges of speed of rotation, it is shown finally that the analy-
sis applies partly also to more general cases of lubricant
response (e.g., short bearings with cavitating ofl film).

SATELLITE
(Sea No. 418)

SHIP
{Also see No, 337)

77434

Two Media Low Pressure Transient Measurements
H.E. Krachman, L.G. Lindsey, and W.F. Caplan
Developmental Sciences, Inc., City of Industry, CA,
(SA Transactions, 15 (1}, pp 17-21 (1976), 15 figs

Key Words: Hydrofoil craft, Ships, Slamming

Pressure transients were measured on the bow section of a
model surface effect ship while investigating the bow slam-
ming phenomenon,

77435

Nature of Ship Collisions within Ports

J.E. Warwick and A.L. Anderson

Res. and Tech. Div., Todd Shipyards Corp., Galve-
ston, TX, Rept. No. NMRC-336-40000-R1, MA-RD-
920-76060, 48 pp (Apr 1976}

PB-255 304/8GA

Key Words: Nuclear powered ships, Collision research {ships)



The report is a summary of the nature of ship collisions
which have occurred in ports or while in the protected
waters enroute to port and is based on information obtained
for ship operations in seven representative U.S. ports over a
five year period. In addition to the collisions which have
occurred, port traffic information for the same time period
is included.

77436

Structural Analysis of Aircraft Impact on a Nuclear
Powered Ship

R. Dietrich

Institut flr Analagentechnik, Gesellschaft flir Kernen-
ergieverwertung in Schiffbau und Schiffahrt mbH.,
D-2054 Geesthacht-Tesperhude, Germany, Nucl.
Engr. Des., 37 (3}, pp 333-345 {June 1976) 19 figs,
16 refs

Key Words: Collision research {ships), Collision research (air-
craft), Nuclesr powered ships, Dynamic response, Finite
efement technique

As part of a general safety analysis, the reliability against
structural damage due to an aircraft crash on a nuclesr
powaered ship is evaluated. This structural analysis is an aid
in safety design. it 15 assumed that a Phantom military
jet-fighter hits a nuclear powered ship., The total reaction
force due to such an aircraft impact on a rigid barrier is
specified in the guidelines of the Reaktor-Sicherhsitskommis-
sion (German Safety Advisory Committee} for pressurized
water resctors. This paper investigates the aircraft impact
on the collision barrier at the side of the ship.

SPACECRAFT
{Also sae No. 325)

77-437

Appendage Modal Coordinate Truncation Criteria
in Hybrid Coordinate Dynamic Analysis

P. Likins, Y. Ohkami, and C. Wong

Columbia Univ,, New York, NY, J. Spacecraft and
Rockets, 13 (10}, pp 611617 (Oct 1976) 1 fig,
9 refs

Key Words: Spacecraft, Jynamic analysis

Seven alternative candidates for hybnid and normal coor-
dinate truncation criteria are offered for consideration,
interpreted, and illustrated by example. Two of the criteria
are based on system eigenvalues, two on system eigenvectors,
and three on measures of controllability and observability.
No definitive basis is provided for selection among the seven
criteria, but comparisons are offered.

77438

Experimental Study on Oscillatory Combustion in
Solid-Propellant Motars

T. Koreki, I. Aoki, K. Shirota, Y. Toda, and K.
Kuratani

Nissan Motor Co., Ltd., Tokyo, Japan, J. Space-
craft and Rockets, 13 (9), pp 534-539 (Sept 1976)
5 figs, 9 refs

Key Words: Solid rocket propellants, Combustion excitation

The relationship between the longitudinal mode oscillatory
combustion phenomena in solid-propsilant motors and the
motor configuration is experimentally examined using small
test motors with various grain configurations,

77-439

Vibration of a Flexible Spacecraft with Momentum
Exchange Controllers

J.R. Canavin

Ph.D. Thesis, Univ, of Caiifornia, Los Angeles, 172 pp
(1976)

UM 76-22,179

Key Words: Spacecraft, Vibration response, Rotating struc-
tures

Significant problems asre presented in the vibration and
rotation analysis of spacecraft with distributed structural
flexibility and momentum exchange controllers. These
systems exhibit gyroscopic coupling which depends on the
rotor speed and orientation, which must remain explicit
in the analysis as control variables. An investigation is made
into floating reference frames in order to allow first order
vibration analysis in the presence of large system rotations.

77-440

Digital Program for Computing the Transfer Function
and Frequency Response of the Fluidgenics Regula-
tor (CCD-PROG-024)

C.A. Roth

General Dynamics/Convair, San Diego, CA, Rept. No.
GDC-DDE66-014, SAMSO-TR-76-173, 78 pp (Mar
1966)

AD-A027 769/9GA

Key Words: Pressure regulators, Frequency response, Com-
puter programs, Missile components
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The Fluidgenics Pressure Regulator Program was developed
to evaluate the linearized, steady-state transfer function
associated with the Fluidgenics pressure regulators used on
the ATLAS LAUNCH VEHICLES. The regulator analysis
was made in conjunction with the & cps longitudinal oscil-
iation stability anaslysis. The important quantities generated
by the program are the steady-state gains, damping ratios,
and break frequencies for the transfer function; the transfer
function in equation form, and the magnitudes and phase
angles as a function of input frequency.

STRUCTURAL

77-441

Prediction of Noise Distribution in Various Enclo-
sures from Free-Field Measurements

A.G, Galaitsis and W.N, Patterson

Boit Beranek and Newman, Inc., Cambridge, MA
02138, J. Acoust Soc. Amer.,, 60 (4), pp 848-856
(Oct 1976) 8 figs, 11 refs

Key Words: Rooms, Tunnels, Enclosures, Noise prediction

The image theory method is used to predict sound pressure
levels generated by an scoustic source of known strength in
regular rooms, tunnels, and flat rooms. For regular rooms,
the resuits sre identical to those of the well-established
diffuse field theory. For tunnels and flat rooms, the predic-
tions sre verified by direct measurements taken in under-
ground mines.

77-442

Seismic Design Methods for Military Facilities -
Preliminary Recommendations

W.K. Stockdale

Const. Engrg. Res. tab., U.S. Army, Champaign, IL,
Rept. No. CERL-IR-M-184, 80 pp (June 1976)
AD-A027 384/7GA

Key Words: Seismic design, Military facilities

This report presents preliminary recommendations for the
methods of structural analysis to be used in the design of
critical facilities on military installations. The recommended
dynamic analysis methods are described and discussed, and
examples are presented which illustrate the elastic and
inelastic response spectra methods. It is recommended
that dynamic methods be used In ail areas where the ex-
pected ground acceleration exceeds 0.10 g.
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TURBOMACHINERY
(Also see Nos. 306, 308, 310, 378, 417, 426)

77443

Dynamic Response of Cavitating Turbomachines
S.-L. Ng

Ph.D. Thesis, California Inst. of Technology, 113 pp
{1976)

UM 76-23,385

Key Words: Turbomachinery, Cavitation

Stimulated by the pogo instability encountered in many
liquid propeilant rockets, the dynamic behavior of cavi-
tating inducers is the subject of the present thesis. An experi-
mental facility where the upstream and downstream flows
of a cavitating inducer could be perturbed was constructed
and tested. The upstream and downstream pressure and mass
flow fluctuations were measured. Matrices representing the
transfer functions across the inducer pump were calculsted
from these measurements and from the hydreulic system
characteristics for two impellers in various ststes of cavita-
tion. The transfer matrices when plotted against the pertur-
bing frequency showed significant departure from steady
state or quasi-steady predictions especially at higher frequen-
cies.

77-444

Acceptance Criteria for Compressors and Turbines
in the Process Industry Based on the Response to
Deliberate Unbalance

P.E. Simmons

ICl Petrochemicals Div., Wilton, Middlesbrough,
England, "Conf. on Vibrations in Rotating Machine-
ry,” The Inst. of Mech. Engrs., Univ, of Cambridge,
Sept. 156-17, 1976, pp 73-78, 4 figs

Key Words: Turbomachinery, Unbalanced mass response

A generation of large turbo-machines for the process indus-
tries is emerging in which 1t is difficult and may be unde-
sirable to achieve the degree of separation between the
operating speed range and the lateral critical speeds that is
commonly specified. Alternative criteria are suggested which
are based on the response of the rotor to deliberate unbal-
ance.
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77-445

Vibrational Problems in Modern Power Station Plant
W.G.R. Davies, AW. Lees, |.W. Mayes, J.H. Worsfold,
and F.J.P. Crampton

Mech. Sci. Section, CEGB Midlands Region, Scien-
tific Services Dept., Radcliffe-on-Soar, Nottingham,
England, “Conf. on Vibrations in Rotating Machine-
ry,” The Inst. of Mech. Engrs., Univ. of Cambridge,
Sept. 15-17, 1976, pp 215-222, 7 figs, 3 refs

Key Words: Turbomachinery, Power plants (facilities),
Diagnostic techniques

The paper describes the combined application of theoretical
and standerd experimental techniques to the diagnosis of
operational problems on 8 modern power generstion plant,
In the first example, thermal changes in the relative heights
of bearing pedestals were shown to cause one bearing of a
large turbogenerator to become unioaded leading to insta-
bility and excessive vibration. At another location, a large
fan was discovered to have critical speeds within the running
speed range due to gyrodynamic forces on the overhung
impelier.

77-446

Vibration Excited by Lateral Forces Caused by the
Leakage Flow in Thermal Turbomachinery

K. Urlichs

Technische Universitat Munchen, Lehrstuhi f. Tech-
nische Kraftanlagen, Arcisstrasse 21, D-8000 Mun-
chen 2, BRD, Germany, Ing. Arch., 45 (3), pp 193
208 (1976) 12 figs, 13 refs

{In German)

Key Words: Vibration excitation, Turbomachinery

Self excited vibrations of turbo rotors can be caused by
lateral forces proportional to the displacement, which result
at the turbine stages from the leakage flow between the rotor
and the casing. For the calculation of these forces the vari
able ciearances are represented by a set of stream tubes
with various cross sections. So the local mass flux and the
pressure distribution in the clearance follows by means of
one-dimensional empirical relations, taking into account
the circumferential velocity at the influx. Measurements
on a test turbine gave good agreement with calculated results.

USEFUL APPLICATION

77447

Vibroflotation and Terra-Probe Comparison

R.E. Brown and A.J. Glenn

Law Engrg. Testing Co., Washington, D.C., ASCE J.
Geotech. Engr, Div., 102 (GT 10), pp 1059-1072
(Oct 1976)

Key Words: Vibratory techniques, Compacting, Soils

The most widely used techniqucs for deep vibratory com-
paction of cohesionless soils are Vibrofiotation and Terrs-
Probe. The Vibroflotation process consists of penstrating the
soil with a horizontally vibrating probe and simultaneously
saturating and vibrating the soil as the probe is extracted.
The Terra-Probe process consists of driving and retracting a
30-in. (760-mm) dism open-ended stesl pipe with vertical
vibrations induced by a vibratory pile driver. Three test
patterns with different probe spacings were compacted with
100-hp Vibroflot probes and three test patterns were com-
pacted by Terra-Probe. The test resuits are discussed in this
paper,
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SEPT
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