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SVIC NOTES

THE SHOCK AND VIBRATION BULLETIN REVIEW PROCESS

The process of reviewing contributed papers for publication in the 52nd Shock
and Vibration Bulletin has been completed and | would like to thank all who
participated this year and in the past years. As usual, this year the reviewers recom-
mended that a high percentage of the contributed papers should be published,

Since the 43rd Shock and Vibration Symposium, we have required all authors who
want to publish their papers in the Shock and Vibration Bulletin to submit a draft
manuscript to be examined by two qualified reviewers. The reviewers are asked to
recommend whether the paper should be published “as is,” published with changes
or not published at all. If the reviewer recommends a paper should be published
with changes, we send their comments to the author who is then free to decide
whether to modify the paper. | believe most authors do make the recommended
changes even though publication of their papers in the Shock and Vibration Bulle-
tin is rarely contingent on doing this. Furthermore, | believe most authors welcome
paper reviews because they are glad to have an independent evaluation of their
peers who may be in a position to recommend changes that will improve the quality
of their papers.

We send the reviewers a set of general guidelines that may help them to evaluate a
paper’s technical content. We do not attempt to set absolute criteria for publication
of a paper because of the wide range of interests in our shock and vibration tech-
nical community. In effect, we ask the reviewers to decide whether publishing
a paper will contribute to the advancement of the state of techn.cal knowledge in
our field. This is a difficult question to resolve, since advancing the state of tech-
nology is not limited to disclosing new developments or new concepts. Consider
these examples. A paper might be published that helps to explain poorly under-
stood concepts.. Another paper might be published that would help to settle a
controversial technical issue. Yet still another paper might contain a critical review
of some aspect of == _« and vibration technology. Each of the above contributes
to the state of our technical knowledge, yet does not represent new developments
or concepts.

The reviewers will inevitably find a few papers that are so seriously deficient that
they should not be published. There are a number of reasons why papers are
rejected. The three most common are that the paper is not clearly written, that
the paper contains information that is readily available elsewhere, or that a paper
contains information that is technically incorrect. With the possible exception of
the last reason, the reviewers would rarely recommend that a paper not be pub-
lished for any single reason.

Our review process has changed very little over the last few years and, although it
is not perfect, it has worked well. We are anxious to receive suggestions for im-
proving our review procedure.

R.H.V.
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THE MAGIC OF THE CALCULATOR

| was at a recent demonstration of a device to align machinery in its working
environment and am, as a result, motivated to reflect on the role of small calcula-
tors in performing standard engineering techniques. The key element in the align-
ment device was a small programmable calculator. It was specifically dedicated
to perform a task usually done graphically. Each year many such routine techniques
done by engineers could be programmed on one of the many programmable calcula-
tors available.

Some programs have been formalized and widely distributed. In fact, Hewlett-
Packard (HP) maintains a clearing house for new programs and programming
techniques in their newsletter. Other programs have been generated by engineers
but are not documented or distributed. 1t would be worthwhile to have many of
these programs documented and available for others to use.

The vector method for two-plane balancing and the Holzer method for torsional
natural frequencies are good example of techniques that have been programmed
on small calculators, Recently, in fact, a short paper was written and published on
the use of the Tl calculator for balancing rotors. This comprehensive paper, by
Bill Fagerstrom of E.l. DuPont de Nemours, contained descriptions of five basic
balancing programs that had been programmed on the Tl 59 calculator. Charlie
Jackson at Monsanto has programmed and documented single-plane, two-plane,
and vector-splitting techniques for rotor balancing on the HP 67/97 calculator.
This work has been published and is widely used. In the area of torsional vibra-
tions, Harold Hershkowitz of Scientific-Atlanta has programmed and documented
the Holzer method for natural frequency calculation for both the HP 67/97 and
Ti 59 calculators.

These men and others are to be commended for their efforts in making technigques
available to engineers and technicians. As a result of their work, other engineers
need not waste effort in personally programming these techniques and many hours
can thus be saved because the techniques need not be repeated by hand. The
programmable calculator not only saves much time on routine tasks but also
allows many persons access to and use of techniques that they would usually not
have used. | hope that these factors will motivate others to document and pubiish
their programs for general use by engineers.

R.L.E.
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RANDOM WAVES IN SOLID MEDIA

AL Beltzer*

Abstract. This is the first survey of recent develop-
ments in a new topic of solid dynamics: propagation
of random waves in regular (nonrandom) solid
media. Basic problems are formulated and results
obtained, Applications in the mechanics of com-
posite materials, acoustic emission, and earthquake
engineering are discussed.

It has recently been recognized by investigators in
the area of solid dynamics that the propagation of
waves random in time through regular {nonrandom)
media is of interest. The necessity to investigate this
phenomenon arises from the considerable uncertainty
inherent in physical situations involving propagating

" disturbances. This uncertainty can be caused by a

physical mechanism itself as well as by a lack of infor-
mation. Examples are disturbances due to an earth-
quake or to evolution of material imperfections.

Random wave propagation has two physical aspects:
a source and a solid waveguide (a solid medium).
The source behavior is assumed to be stochastic or
incompletely known; the waveguide is taken to have
a regular structure, Random waves emitted by the
source can be subjected to spectral filtering and
attenuation as they travel in a medium, This phe-
nomenon is referred to as the evolution of waves.
Diffraction of the waves also occurs if the medium
is not homogeneous. The analysis of random waves
in solid media thus includes the following stages:
radiation, evolution, and diffraction,

RADIATION

Haskell [1] and Aki [2] considered the radiation
of elastic waves due to randomly propagating faults
from the geophysical viewpoint. Haskell [1] used
the autocorrelation function of the slip acceleration
and Aki {2} used the autocorrelation function of
the slip velocity to describe the source behavior,

In both cases the autocorrelation function depends
upon two parameters. Some assumptions and simpli-
fications regarding statistical characteristics of the
fault motion were necessary to obtain the numerical
results,

Waves due to randomly moving dislocations are of
interest for the analysis of acoustic emission in
engineering materials. Beltzer [3] considered tran-
sient waves produced by the random motion of a
screw dislocation, He used the process of shot noise
type to model the dislocation motion. The duration
and rate of the dislocation movement were shown to
affect the parameters of the emitted waves,

A key difficulty of work on radiation of random
waves has been a lack of information on the actual
behavior of the source. Adequate modeling will be
possible only when the near-field response of moving
faults or dislocations has been experimentally investi-
gated in greater detail.

The concept of diffuse waves, which is used in room
acoustics, was applied to solid media by Egle [4]).
Space and time averages of the kinetic and potential
energy densities play a central role in the analysis
of the wave field, which is taken to be a superposition
of plane harmonic body waves, The results obtained
can be applied only in situations for which non-
homogeneous or surfaces waves can be neglected.

Applications of the concept of randomly propagating
disturbances to practical problems of acoustic emis-
sion can be found in the works of Lucia and Redondi
(6] and Egle [6]. It should be noted that acoustic
emission analyses provide one of the most promising
applications for the theory of random waves. The
considerable uncertainty concerning a source be-
havior in any practical case of acoustic emission
makes use of the stochastic approach inevitable,

*Sohool of Asrospace, Mechanics! and Nuclesr Engineering, University of Oklshoma, 865 Asp Avenus, Room 212, Normen,

Oklshoma 73019
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EVOLUTION

Because of attenuation and dispersion effects the
statistics of random waves depend on the observa-
tion point. Saichev [7] considered the evolution
of one-dimensional geometrically nonlinear random
waves in a Hookean medium, He used the relation
between the Lagrange and Euler formulations. This
work is an outgrowth of his previous investigations
of random optical waves.

Results on evolution of randoin viscoelastic waves
{body as well as surface) have been obtained by
Beltzer [8, 9]. In one case [8] an infinite isotropic
viscoelastic medium was defined by two complex
wavenumbers k; (w), i = d for a dilatational wave,
and i = s for a shear wave. Derivation of the equa-
tion of evolution for plane waves requires the as-
sumption that stationary waves emanate from a
plane, say z = -zo (zo # 0}, which vibrates with a
complex random amplitude Alw, -2z¢). The wave of
displacement w; (t, z) can be written in the form of
stochastic integrals representing a superposition of
waves with random phases and amplitudes
w;(t,z) =f_-_ e.'wt e lki("J)ZdA(w, ~Zp) =

L (1)
17 e dAwa)

where i = d;s and Z = z+z5. From equation (1) the
evolution of random amplitudes during travel is given
by

w eiki(e)'z'

Alwz)=f dAle-zo) {2)

The spectra evolution are given by

-2im(k; (w)] @)

S{w,z)/Slw,-zp) =e
Thus, only the imaginary part of the complex wave
number affects the spectral density when a stationary
process is considered. The evolution spectrum for the
case of nonstationary random waves is obtained [8]
as an extension of equation (3}

S{w; ,w31,2)/Slwy ,wq,~2p) =

JkilwIZ_lik; () 1°7 4)

The asterisk designates the complex conjugate.

The equations that govern the evolution of random
surface waves propagating in a viscoelastic half-space
have been obtained by Beltzer [3]. He showed that
random surface waves are sensitive to the type of
internal friction and to the distance between a source
and an observation point. Fiourc 1 shows results for
the case of random viscoeli;tic Rayleigh waves. The
variance of the horizontal disp’gcement at an ex-
ternal surface u, is shown under the assumption that
uy at the origin x = z = ) is a band-limited white
noise with the spectrum

S{w) =const jw|<w®
(5)
Slw)=0 w| >

In Figure 1 v is the Poisson ratio and kg(w) is the
shear wave number, Figure 1 represents a typical
resutt of the evolution of random surface waves in
viscoelastic solids. Statistical characteristics of elastic
waves in rocks at high pressures have been investi-
gated {10].

Random disturbances propagating in a solid medium
are affected by the properties of the medium and
thus contain useful information on the behavior of
the material. It is believed that his phenomenon can
be exploited as a means for identifying dynamic prop-
erties of engineering materials.
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Fig:.e 1. Variance of the Displacement u,,
for Different Viscoelastic Models (9]




DIFFRACTION

Availablc lutions to the diffraction problem are
concerned ith an embedded rigid inclusion or with a
Griffith crack. An elastic matrix containing a rigid
sphere that is subjected to random waves can be
viewed as an extension of a classical mechanical sys-
tem consisting of a spring and a mass under stochastic
excitation. Beltzer [11] obtained exact results for the
response of a rigid embedded sphere. The simplicity
of the derived equations that describe the motion of
the sphere is worthy of note. Figure 2 shows the vari-
ance of the displacement Wp of the sphere under the
random P-waves of the white noise type with a
spectral density S,. The effects of the Poisson ratio
and the ratio between mass density of the inclusion
and the matrix are explicit. The other relevant
parameter is the ratio a/C, = 7; a is the radius of the
sphere, and Cp is the dilatational wave velocity.
Further treatment of this problem has been done
for the case of an elastic matrix [12] and for a visco-
elastic matrix [8] .

Beltzer and Parnes [13] used numerical integration
to study the multi-degree-of-freedom vibrations of a

1 1 1 1 1
%l 04 O7 10 13 16 19
m

Figure 2. Mean-square Inclusion Displacement under
White Noise Disturbance vs Density Ratiom [11]

rigid embedded cylinder; the vibrations are induced
by random P-waves of the white noise type.

Interesting phenomena are involved in the crack-
random wave interaction. Beltzer [14] considered
the effects of the distance between a crack and a
source plane as well as energy loss on the response
of the crack under random SH-waves. The response
is markedly different when compared to a classical
case of purely elastic deterministic incoming waves.

The stochastic formulation of wave-obstacle inter-
action problems should find many applications in
the mechanics of composite materials. The effect of
an inclusion on the matrix strength can be evaluated
in terms of cumulative damage, and not only in terms
of dynamic stress concentrations. The inclusion
parameters can be chosen to amplify or depress the
absorption of incoming waves or internal energy
losses. Other applications involve the protection of
buried structures subject to incompletely known or
random disturbances. The approach makes it possible
to account for the evolution of a random wave packet
during its propagation and strike of a structure. The
phenomenon of diffraction can be exploited as a
means for monitoring random noises in solid media.
This problem has been considered in Beltzer and
Parnes [15].

CONCLUSION

Initial investigations of random wave propagation
in solid media have provided a basis for understanding
the key phenomena and illucidating several applica-
tions. However, fundamental problems remain unre-
solved. Response of composite materials to random
propagation is of practical interest for synthesis of
energy absorbing materials. Studies of radiation due
to randomly moving imperfections can significantly
improve our understanding of the acoustic emission
mechanism. Analysis of nonlinear random waves in
solids represents a challenge for the near future.
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survey and analysis

LITERATURE REVIEW: giamsshoctsme,

The monthly Literature Review, a subjective critique and summary of the litera-
ture, consists of two to four review articles each month, 3,000 to 4,000 words in
length. The purpose of this section is to present a ‘‘digest’”’ of literature over a
period of three years. Planned by the Technical Editor, this section provides the
DIGEST reader with up-to-date insights into current technology in more than
150 topic areas. Review articles include technical information from articles, reports,
and unpublished proceedings. Each article also 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

field.

This issue of the DIGEST contains articles about mechanical face seal dynamics
and subsynchronous vibrations of rotor systems.

Mr. |. Etsion of the Department of Mechanical Engineering, Technion - Israel
Institute of Technology, Haifa, Israel has written a review of mechanical face
seal dynamics; experimental observations and theoretical analyses are summarized.
The contribution of various elements of the seal to its dynamic behavior is dis-
cussed; the difficulties of analyzing seal dynamics are pointed out.

Mr. S.B. Malanoski of Mechanical Technology, Inc., Latham, New York has written
an article reviewing literature published from 1979 through 1981, but especially
in 1980, on subsynchronous vibration of rotor systems. Experimental and analyti-
cal studies cover various mechanisms for this instability that can be introduced
by hydrodynamic bearings, high pressure fluid seals, labyrinth seals, and working
fluids. Papers on practical experience for stability controi are cited.
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A REVIEW OF MECHANICAL FACE SEAL DYNAMICS

I. Etsion®

Abstract. A literature review of mechanical face
seal dynamics is presented; experimental observa-
tions and theoretical analyses are summarized. The
contribution of various elements of the sesl to its
dynamic behavior is discussed,; the difficulties of
analyzing seal dynamics are pointed out.

Mechanical face seals are used to seal fluids ranging
from fubricants to highly toxic chemicals and acids.
Applications range from helicopter transmissions to
nuclear reactor cooling pumps and submarine pro-
peller shafts. The function of these seals is to restrict
leakage of the sealed fluid and to prevent the entry
of solid and liquid debris.

A seal permits a rotating shaft to penetrate an enclo-
sure such as a transmission box, submarine hull,
or pump housing while maintaining separation of
the environments inside and outside the enclosure,
One component of the seal is attached to the shaft
and rotates with it; the other component is attached
to the housing and is nonrotating. One of the com-
ponents is flexibly mounted to provide angular
and axial freedom of motion,

The Figure shows a mechanical face seal in which
the seal seat is rigidly mounted to the shaft, and the
seal ring is flexibly mounted to the housing. The
flexible support consists of multiple springs equally
spaced around the seal ring circumference and a
secondary seal in the shape of an elastomeric ring
such as an O ring. Other versions of flexible mount-
ing exist [1].

Mechanical forces and fluid-film pressures should
tend to force the flexibly mounted component into
alignment with the rigidly mounted one. Relative
sliding motion takes place between the faces of these
two components. In order to avoid wear and to
achieve long life the two sealing faces must be sepa-

.
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rated by a film of the sealed fluid. This film must
be very thin to keep the leakage rate within accept-
able limits. Thus, the requirements of lubrication
and leakage tend to conflict.

In most mechanicai seals currently in use where
speeds and pressures are relatively low the separa-
tion between seal faces is only a fraction of one
micrometer. Moreover, this separation is due mainly
to surface macroroughness and is thus not complete;
therefore, occasional contact between the stationary
and rotating faces occurs. Such seals are termed
contacting seals. As pressures and speeds in modern
applications increase, any contact between seal
faces should be avoided; the required separation
between faces is of the order of a few micrometers.
These seals are termed noncontacting seals.

Both contacting and noncontacting face seals can
exhibit vibration of the flexibly mounted element.
The nature of this vibration is important for safe
operation of the seal. As mentioned above, the
flexible support is intended for self-alignment be-
tween the seal faces. However, if the dynamic system
is unstable, seal failure will occur because of uncon-
trolled vibrations.

- Primary seal ring

Schematic of a Radial Face Seal

*Department of Mechanical Engineering, Technion - Isreel Institute of Technology, Halfs 32000, Isree!
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The review is divided into three sections:

® Papers related to experimental observations
of seal vibration

® Papers related to investigations of dynamic
properties of seals selements

® Papers related to theoretical dynamic analyses
of mechanical face seals

Evidence of dynamic problems in mechanical face
seals has been accumulating for almost two decades.
However, this complex problem has not received
much attention until recently. The number of theo-
retical papers treating the problem is small but
constantly increasing. The field of mechanical face
seal dynamics is far from exhausted.

EXPERIMENTAL OBSERVATION OF SEAL
VIBRATION

Some of the earliest experimental work on mechan-
ical seals was described in a classical paper by Denny
(2] in 1961. He was probably the first to measure
a separation between the faces of a seal model. He
used a capacitance method and showed a mean
separation of up to 10 um. A cyclic variation with
an amplitude of about 0.25 um was superimposed
on the mean separation. The frequency of this vari-
ation was about twice the rotational frequency of
the rotor. Denny‘’s model allowed only an axial
motion of one face; therefore, no angular vibration
could be detected. In addition, the measuring method
could not distinguish between local face separation
changes due to face waviness and axial vibration.

Matt (3] in 1963 described both axial and anguler
vibrations. He reviewed various aspects of seals having
metal bellows instead of elastomers and springs as
their flexible support. The angular vibration was
attributed to angular misalignment of the sesl seat
with respect to the shaft. He described the mode of
angular vibration as ‘‘similai to a coin spinning on
a table and as it settles, it is touching the table at
one transgressing point.”’

Following these early papers experimental evidence
on cyclic variation of face separation began to ac-
cumulate. Hudelson [4] used miniature accelerom-
eters to observe the motion of metal bellows seals
in a cryogenic liquid. He noticed dynamic instability

and concluded that the predominate modes of
motion under such conditions were torsional oscil-
lation and rocking about a diameter. Hudelson
attributed dynamic instability to phase change
of the sealed fluid taking olace in the interface
between the seal ring and seal seat, Pape [5] used
capacitive proximity probes to measure dynamic
changes in seal face separation, and he, like Denny,
found film thickness fluctuations at twice the shaft
rotational frequency. Pape concluded that these
fluctuations are due only to macroroughness or
waviness of the rotating face and that neither wob-
bling nor bouncing of the faces could produce the
signal observed. However, the measuring system used
by Pape could not detect absolute motion of the
flexibly mounted element.

Strom, Ludwig, and Hudelson [6] observed the
effect of damping on the vibration of a metal bellows
seal. Lohou and Godet [7] measured axial vibration
of a tilted seal model. Kaneta, Fukahori, and Hirano
[8] observed and measured vibrations of four differ-
ent types in a seal model. The basic mode of vibra-
tion was a wobble at the same frequency of shaft
rotation. Etsion and Burton {9] measured wobble
of a gimbal-mounted seal model and showed that
half frequency wobble sometimes occurred. Metca:f
(10] experimented with a noncontacting coned
face seal. He found that three modes of operation
exist: a stable mode characterized by wobble at the
frequency of the shaft rotation; a transition mode
in which half frequency wobble is superimposed on
the previous basic mode; and an unstable mode with
uncontrolled vibration.

DYNAMIC PROPERTIES OF THE SEAL
ELEMENTS

The flexibly mounted ring of a mechanical face
seal is affected by both the flexible support and the
fluid film separating it from the rigidly mounted
seat. Hence, the dynamic properties of both the
flexible support and the fluid film play an important
role in seal dynamics.

Fluid film effects. Following Denny’s observations
(2] much work was aimed at better understanding
the operational mechanism of mechanical face seals.
Most of this work dealt with fluid-film pressure
generation mechanisms that would allow separation
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of the seal faces. Fluid-film pressure depends, among
other factors, on the shape and magnitude of the
clearance between mating faces. Hydrodynamic and
hydrostatic effects control the pressure in the fluid
film and, thus, the forces and moments exerted by
it on the seal ring. Early work dealt with steady-state
calculation of these forces and moments. However,
because the results depend on the thickness of the
fluid film, some information on fluid-film stiffness
could be obtained.

Various mechanisms of pressure generation have been
reviewed [11] for the period from 1961-1978. They
include angular misalignment, face waviness, surface
roughness, phase change, thermoelastic effects, and
vibration.

Some of the more recent work on fluid-film effects
has been done by Hughes and Chao [12]. They
showed that the fluid film can have negative axial
stiffness due to phase change. Banergee and Burton
[13] investigated thermoelastic effects that can
cause face waviness. Lebeck [14) incorporated
surface roughness and phase change effects with
hydrostatic effects. Sharoni and Etsion [15] treated
hydrodynamic effects in coned face seals having
angular misalignment and showed a transverse mo-
ment acting at 90° out of phase from the tilt vector.
Pothier and Rod [16) investigated pocket type
seals, in which hydrostatic effects should predomi-
nate, and looked into tiit stability of such seals.
Etsion [17] analyzed the effect of combined coning
and face waviness, and Nau (18] summarized the
history of mechanical face seal interface and calcu-
lated film cavitation boundaries.

Damping coefficients of the fluid film due to squeeze
effects were analyzed by Lohou and Godet [7] for
axial vibration with a constant tilt, and by Etsion
[19] for both axial and angular vibrations.

Flexible support. The dynamic properties of the
flexible support of mechanical face seals play an
importerii role in the dynamic behavior of the seal
ring. Unfortunately, very little research has been
carried out so far. Some experimentation with
metal bellows seal has been reported [6) in which
viscous and friction damping added to the bellows
affected seal vibration,

Rowiles and Nau [20] estimated stiffness and damp-
ing coefficients of a typical seal support consisting

of springs and elastomeric O rings. Their values
can be reyarded only as an order of magnitude and
cannot be used for dynamic analyses. The reason
is that the dynamic properties of elastomers are
both frequency and amplitude dependent; this com-
plicates the problem of seal dynamics. Some tests
on the dynamic properties of elastomer O rings
have been made with regard to dampers [21] and
elastically supported gas bearings [22). Kitmer and
Metcalf [23] measured the forces exertud by elas-
tomers on a reciprocating rod and applied it to
mechanical seal. More recently Nau [24] reported
on an investigation to study dynamic properties of
elastomers. It appears that an increasing vibration
frequency - which in face seals can result from
increasing sha * speed - increases stiffness and re-
duces damping coefficients of the elastomeric ring.

As far as the author knows, no theoretical work has
yet been published that would correlate dynamic
properties of elastomers, O rings for example, with
their inechanical properties and geometry. The few
existing experimental results are but the beginning
of the eftort necessary to perform complete dynamic
analyses of mechanical face seals.

THEORETICAL ANALYSES OF MECHANICAL
SEALS DYNAMICS

Compiete dynamic analyses cannot be performed
without knowledge of the dynamic properties of
elastomers. Indeed, all dynamic analyses published
thus far are either incomplete or restricted to seals
without any elastomers in their support.

The earliest dynamic analyses [25-27] neglected
fluid-film effects altogether and dealt with contact-
ing seals. Seal failure was considered when the mating
faces lost contact. Both metal bellows and spring
supported seals were investigated, and the equations
of motion for one axial and two angular degrees of
freedom were solved. Chaing and Cheng (28] ane-
lyzed the natural frequencies of large dismeter
seals, in which the elasticity of the seal ring plays
an important role.

In noncontacting seals face separetion is obtained
and controlled by hydrostatic or hydrodynamic
lift. It is important to keep the mating faces as
paraliel as possible; hence, good tracking ability of
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seal runout by the flexibly mounted ring is required.
Shapiro and Colsher [29] analyzed a jet engine gas
seal in which face separation was maintained by
small hydrodynamic gas bearings. These bearings
provided stiffness and damping of the fluid film.
The secondary seal consisted of a metallic rather
than an elastomer ring. The damping provided by the
support thus orginated from Coulomb friction. Kup-
perman [30] analyzed the tracking ability of non-
contacting gas seals having spiral grooves to main-
tain face separation. Kupperman overlooked some of
the fluid-film effects and neglected any damping of
the seal support.

Hardt and Godet {31] analyzed axial vibration of a
seal ring under a constant closure force but neglected
ring inertia. Griskin {32] solved the equations of
motion of a seal ring in its three major degrees of
freedom, He incorporated in his analysis some con-
stant damping coefficient of rubber secondary seal
but neglected damping of the fluid film.

Ludwig and Gordon [33] investigated the response
of the flexibly mounted ring to angular misalignment
of the seal. They treated a liquid seal but, like Kup-
perman [30], overlooked various effects of the fluid
film. Etsion and Dan [34] used small perturbation
analysis to investigate noncontacting seal dynamics.
They showed a critical operation speed below which
the flexibly mounted element was stable. Above the
critical speed any slight disturbance of the seal ring
increased until contact occurred between the mating
faces. Half-frequency wobble of the seal ring took
place at the critical speed.

More recent analyses of tracking ability of the flex-
ibly mounted seal ring have been done by Metcalf
{36]. He incorporated O ring damping effects in his
analysis and concluded that seal runout affects seal
stability. However, Metcalf assumed some form of
steady-state tracking and used approximated fluid-
film effects. Etsion [36), who neglected damping
of the flexible support and used small perturbation
analysis, showed that runout is merely a forcing
function and does not affect seal dynamic stability.

A complete dynamic analysis for a noncontacting
coned-face seal without elastomers in its flexible
support has been performed by Etsion [37]. He
accounted for all fluid-film effects including cavita-
tion and showed that three modes of operation exist,
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depending on various operation and design param-
eters. A seal can either be stable, be unstable, or
operate at @ transition mode in which half-frequency
wobble occurs. Etsion and Auer [38] used computer
graphics to demonstrate dynamic behavior of the seal
in the three modes of operation.

Burton and Wu [39] made the first attempt to com-
bine thermoelastic and hydrodynamic effects in a
dynamic analysis. They concluded that face waviness
is required for safe seal operation. Such waviness can
be produced by the thermoelastic effect.

CONCLUSION

Seal vibration has been a problem for seal users,
designers, and researchers for almost two decades.
During this time most of the effort has been devoted
to understanding the pressure generating mechanisms
that cause face separation. This effort has resulted
in valuable information on steady-state operation
of mechanical face seals.

The dynamic behavior of mechanical face seals has
only recently begun to receive attention. The prob-
lem is complex, and its solution requires knowledge
of the behavior of thin fluid films as well as of the
dynamic properties of elastomers. Early work on
steady-state seal operation provided some informa-
tion on the stiffness and damping coefficients of the
fluid film. The flexible support contribution is, how-
ever, far from being well known. Some experimental
work on elastomer O rings has been done recently,
but the information on dynamic properties of elas-
tomers is not yet complete.
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SUBSYNCHRONOUS VIBRATIONS OF ROTOR SYSTEMS

S.B. Malanoski*

Abstract. This article is a review of the literature
published from 1979 through 1981, but especially
in 1980, on subsynchronous vibration of rotor
systems. Experimental and analytical studies cover
various mechanisms for this instability that can be
introduced by hydrodynamic bearings, high pressure
fluid seals, labyrinth seals, and working fluids. Papers
on practical experience for stability control are cited,

Published reviews [1-33) on the dynamic instability
of rotors in high performance turbomachinery
provide an excellent background on the subject of
subsynchronous vibrations of rotor systems. Insta-
bility phenomena, including internal damping, dry
friction, journal bearing (oil whip), fluid forces, ball
bearings, universal joints, and asymmetric factors
have been presented [31]), as has a literature review
[32]. Some of the more commonly recognized
sources of instability have been described; a measure
of the strength of each is given in the form of damp-
ing necessary to stabilize the rotor system [33]. Lund
[33] concluded that, of the five sources of insta-
bility models described - shaft asymmetry, shaft
internal viscous damping, shaft internal hysteretic
damping, aerodynamically induced whirl, and hydro-
dynamically lubricated journal bearings - lubricated
journal bearings are the strongest. It can thus be
concluded that liquids provide the most benefits
or problems, depending on how they act in a dynam-
ic system,

In practice, the most commonly cited cases of sub-
synchronous vibration are in high-speed/high-powered
density compressors and pumps. Sketches are shown
in Figures 1 and 2; areas of important subsynchro-
nous vibration are noted.

The areas of subsynchronous vibration covered in
this review include bearings, fluid film seals, working
fluid effects in labyrinths and stator-rotor inter-

actions, friction damping, torsional-lateral interac-
tion, parametric excitation and asymmetry, and
interference rubs.

BEARING FORCES

Bearing forces have been studied on plain, fluid-film
bearings, profiled fluid-film bearings, squeeze-film
bearings, elastomers, and gas bearings. Basic papers
on whirl in hydrodynamic bearings cover limit cycles
[22], shaft instabilities observed experimentally
[23]), thermally induced whirl [34]), remedial ef-
fects of damping [35], whirl interaction in pinion-
gear systems [36], and oil whirl resonance [37].
Half-frequency whirl has been explained by a flow
balance consideration in a bearing that loses its load
capacity [38]. Rotor/bearing dynamic properties
have been predicted using the finite element method
[39].

Considerable analytical and experimental efforts
have been put forth in the area of stability control
with the use of fluid-film profiled bearings (27,
40-50]). Other methods of control involve the use
of flexible-damped rotor supports in the form of
squeeze films [28, 51-63] and elastomers [29,
54, 55]. An experimental comparison of the fluid
squeeze-film damper and the elastomer damper has
been made [55]). The effects of structural damping
and external damping on stability have been studied
[56,57].

Gas-lubricated bearings and their influence on rotor/
bearing dynamics and whirl instability have been
covered [58, 53]. A multirotor, multibearing system
has been examined with respect to misalignment and
stability [60). A vertical, canned motor pump
stability and the effect of the support journal bear-
ings have been examined [61]. A nove! idea on
active feedback control of dynamic instability of
rotors has been presented [30).

*Mechanicsl Technology, Inc., 968 Albany-Shaker Rosd, Lathem, New York 12110
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OTHER FORCES

Seal forces. Few papers have been published on the
effect of fluid-film seals on stability and subsyn-
chronous vibrations including buffered gas-oil seals,
pump interstage seals, and labyrinths. The original
paper [8], which is gradually becoming a classic,
dates from 1965. However, considerable progress
and outstanding contributions have been made in
recent years concerning high pressure oil seals [62]
and pump seals [10, 12, 14, 63]. A summary of
pioneering work in fluid-filled clearance spaces in
pumps has been given [64) .

Analytical and experimental studies on the effects
of fabyrinth seals, including balance pistons, on the
dynamic stability of rotors have been made {11,
13, 65, 66] . Control of destabilizing forces involving
inlet swirl webs, or deflectors, has been suggested
[13].

Work fluid forces. The need for more study in work
fluid forces became apparent as a result of the devel-
opment of high performance turbomachinery oper-
ating at high speeds and high energy-density levels.
Significant practical experiences in the compressor
area have been reported [1, 3-6, 9, 67]. Analytica!
studies directed toward the determination of impeller
forces that can cause rotor instability have been
made (16, 18, 19, 21]. A stability criterion has
been given that relates the total fluid and rotor
structure damping required per compressor stage
[19). Important analytical work has been done
on the effect of fluid forces on rotor stability of
centrifugal compressors and pumps [17}, and sig-
nificant experimental results has been reported on
impulse and reaction type turbines [20}. The use
of axial sheet strips to minimize swirl flow and
improve stability has been suggested [13, 20]. A
test program to measure cross-coupling forces in
centrifugal pumps and compressors has been pro-
posed [15, 24]. The stability of a hollow shaft
partially filled with liquid has been studied [68, 69).

Internal shaft damping forces. An excellent paper
provides a physical interpretation on internal rotating
damping as a mechanism for rotor instability [25].
In this same area, but of more practical interest,
friction damping should be considered at internal
joints, Spline coupling-induced vibration has been
studied (70].

AT S

Torsional-lateral intersction. Torsional-lateral inter-
action has been treated analytically (71] and experi-
mentally verified in the field [2]. A machinery train
with a gearbox should not have torsional mode
natural frequencies and gear excitation frequencies
coincident with the damped, lateral modes of the
individual rotor/bearing systems [2]. The funda-
mental lateral modes are particularly important.

Parametric excitation, asymmetric elements. Para-
metric excitation is a classical form of rotor insta-
bility that has been reviewed [31-33]. More recent
papers in this area cite practical experiences [26, 72] .
A torsional vibration problem caused by parametric
excitation has been reported [73].

GENERAL INFORMATION

An excellent study on nonlinear response of turbine
rotors to interference rubs has been reported (74].
Other publications treat rotor subsynchronous
vibration and instability in a more general way
[7, 28, 75-81]). It has been pointed out that linear
analysis techniques are acceptable for studying
the majority of practical rotor dynamics problems
[76]. Two major areas of importance in the stability
area are fluid-film and turbo-flow (working fluid)
excitation effects [3, 20, 33].

The application of the theory of vibrations of me-
chanical systems in the Soviet Union over the last
50 years has been summarized [82]). Component
mode synthesis has been used to perform transient
and stability analyses of rotor systems (83, 84].
This approach allows for significant reduction in the
system model without loss of accuracy and should
have advantages when nonlinear analysis is required.
A review of nonlinear rotor dynamics analysis has
been published [85]. A rotor/bearing dynamics
system approach to solving nonlinear problems,
such as blade loss induced vibration, has been sug-
gested [86] .
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BOOK REVIEWS

DAMPING APPLICATIONS
FOR VIBRATION CONTROL

P.J. Torvik, Editor
ASME, New York, NY, AMD - Vol. 38
1980, 158 pages, $24.00

This book is a collection of ten review articles or.
damping and is a continuation of “Structural Damp-
ing"’ edited by J. Ruzicka and published by ASME
in 1959. The book can be divided in four parts. It
emphasizes the role of damping in the control of
resonant vibrations.

The first part consists of an article by W. Trapp and
G. Bowie that is a historical account of damping
research. The second part deals with damping mate-
rials and mechanisms of damping and consists of
five articles. D.I.G. Jones reviews viscoelastic mate-
rials for damping applications and presents various
models to describe material behavior, including the
effects of frequency, temperature, and strain. C.W.
Bert discusses damping in fiber-reinforced compos-
ite materials; R. Plunkett reviews friction damping.
E. Ungar treats the damping of panels due to ambient
air, and P.J. Torvik discusses the analysis and design
of constrained layer damping treatments.

The third part is concerned with measurement and
simulation of damping. F.H. Chu and B.P. Wang
describe various experimental techniques for deter-
mination of damping in materials and structures;
T. Belytschko and W.L. Mindle consider the treat-
ment of damping in transient finite element computa-
tions.

The fourth part contains two articles devoted to
design applications. A.D. Nashif discusses applica-
tions of damping for nose control in a valve cover
of a diesel engine. J.P. Henderson presents con-
strained layer applications to turbojets as a means
for combatting high-cycle fatigue.

This volume is a valuable and unique reference book
on the subject of damping, which has not received

the attention it deserves during the last two decades.
The book will certainly be an indispensable source
of information for scientists and engineers of theoret-
ical, practical, or design inclinations. Furthermore,
the book will certainly stimulate further research
work on damping by identifying various existing
problems.

The articles in general cover, in a clear way, most
of the relevant areas of damping and its applications.
However, the emphasis is on linear viscoelasticity
and harmonic vibrations. The reviewer feels that more
attention should have been given to transient and
nonlinear phenomena including modern theories of
viscoplasticity. The reviewer also thinks that the
historical review on damping progress and the con-
strained layered damping treatments articles are
rather long and that the article on damping in tran-
sient computations could be expanded.

D. Bzskos

Department of Civil and Mineral Engineering
University of Minnesota

221 Church Street S.E.

Minneapolis, Minnesota 55455

MECHANICS OF ELASTIC STRUCTURES

J.T. Oden and E.A. Ripperger
McGraw-Hill Book Co., New York, NY
1980, 2nd Edition, 460 pages, $27.95

The authors are distinguished faculty members at
the University of Texas. The book is a second edition
and is intended primarily as a text on intermediate
strength of materials. The mathematical prerequisite
is a course in ordinary differential equations (though
Green'’s theorem and Fourier series also arise), and
the underlying principles of structural mechanics
are stressed, a welcome feature. With minor quibbles,
| liked the book and would use it as a text. It is also
a useful reference.



v
[ —
- L ]

R A

p——

s (WL <

There are 10 chapters. A background discussion is
given in Chapter 1. Chapter 2 opens with a treatment
of stress components. This is not the strongest
portion of the work. Beginning students could be
confused by the absence of couples in the equilibrium
discussions and by reference to Xq, Y, and Zg as
forces when they are forces per unit area. Further,
defining the slanted face of the standard tetrahedral
element as a boundary element detracts from the
generality of the stress transformation [aws, Stress
resultants in bars are a major topic. With respect to
Figure 2.8, the arguments that oy and o0, are negligi-
ble could again puzzle a novice in that they do not
arise in this section. The chapter closes with a brief
treatment of Hooke's law for an isotropic solid and
contains comments on stability. On page 30, -v,
should be -ve,.

Torsion of prismatic bars forms the material of
Chapter 3. Circular bar results are given. Noncircular
bars are analyzed using Prandtl's stress function
and the membrane analogy. The solid ellipse is
treated by an inverse method. A finite difference
scherre is developed 1or otter sONT seetiorns; speeilie
application is to a rectangle, The strength of mate-
rials flavor of the work is evident in the comprehen-
sive treatment of thin-walled open sections and
single- and multi-cell thin-walled tubes.

Stress resultants in bars are taken up again in Chapter
4. A theory based on plane sections remaining plane
and no twisting is developed for the normal stress-
stress resultant relation for curved bars. Estimates
are also given for radial stress. The theory is applied
to the bending of curved planar bars; a circular bar
with a rectangular cross section is treated in detail.
Plane elasticity solutions for curved beams are ob-
tained using Airy stress functions, comparisons are
made with the technical theory. There appears to
be an error on page 93: | could find no connection
between equation (4.45) and the sentences immedi-
ately preceding it.

Shearing stresses and shear flow in bending are
examined in Chapter 5 An integral equation for
the shear stress in curved beams is found. From it
an eferienitary theury is Jderived based on the assuimip-
tion that the average values can be used. Plane stress
solutions are obtained and compared with elementary
ones. Poor agreement is found; iterative procedures
are recommended. A section on variable depth, con-

stant width beams is also given. The shear center is
introduced; its location is found using shear flow con-
cepts. Analyses of multi-flange-stringer structures
and shear lag in thin-walled panels are given. The
chapter ends with theories for bending, and bending
and torsion, of straight, single-cell and muliti-cell
tubes.

Chapter 6 treats bar deflections. Force and moment
Jeflection relations and appropriate boundary condi-
tions are established, Applications are made to curved
symmetrical bars and asymmetrical straight bars,
Bernoulli-Euler theory is recovered as a limit, and
integration methods for it are reviewed. It is curious
that no use is made of the delta function for handling
concentrated loads. Shear deformation effects are
assessed for straight beams. Ties and beam columns,
in which axial force effects cannot be neglected,
are treated. The chapter closes with sections on
cables and beams, beam columns, and ties on elastic
foundations.

"Bending and twisting of thin-walled beams’’ is the
titte of Crapter 1. For beams with seetions restrained
against warping, St. Venant's principle can lead to
significant errors, and stress distributions must be
reassessed. A model for the deformation field based
on the center of twist is developed. Strains, and from
them stresses and stress resultants, are then calcu-
lated. The theory is still incomplete because the
angle of twist and the bioments {seit-equilibrating
stresscs) are unknown., A determinate system is
obtained after warping shear and associated shear
flows are introduced. (I had trouble reading parts
of this section. Such sentences as ‘‘The bimoment
is statically zero and, in general, is a statically in-
determinate quantity’’ slowed me down on several
occasions.) Secondary warping is also discussed.

Chapter 8 treats the principles of virtual work. Virtu-
al disp'acements of rigid and deformable bodies and
internal and external virtual work are introduced.
Kinematically admissible functions are defined; nec-
essary and sufficient conditions for equilibrium are
established. The unit-dummy displacement method is
developed and applied to statically indeterminate
truss. Virtual Tuives and uunhpjfbnfblﬂ*dfy virtual wurk
concepts are explored, and equilibrium conditions are
found in terms of them. The unit-dummy load tech-
nique is developed and applied; the chapter closes
with a discussion on statically indeterminate systems.




Energy principles and applications are the subjects

' of Chapter 9. The authors use the displacement
version of the virtual work principle to show that,
for static equilibrium, the total potential energy
has a stationary value, a relative minimum for a
stable state. The Rayleigh-Ritz method and Castig-
liano's first theorem are developed and applied. A
modest account of a finite element scheme is given
for plane stress; attention is confined to triangular
elements and linear shape functions. The principle
of staticnary complementary energy is explored.
Engesser’s first theorem and, from it, Castigliano’s
second theorem are derived. Applications include
curved bars, plane trusses, and a nonlinear elastic
beam. The reciprocity theorems of Rayleigh-Betti
and Maxwell are mentioned briefly. Attention is then
focused on Engesser’s second theorem, The chapter
closes with applications to statically indeterminate
systems,

RS

Isotropic plate bending is treated in Chapter 10. Thin

plate theory is derived in a standard fashion. The

implication that St. Venant's principle is only approx-

- imate in the discussion of the Kirchhoff boundary
condition at a free edge could confuse a student.

Fourier series and Levy’'s method are used to obtain

solutions for rectangular plates, including those on

an elastic foundation. Energy methods are used to

obtain approximate results for problems with no

closed-form solutions. Chain rule differentiation

leads to equations for circular plates. Solutions to

several axisymmetric problems are given. Numerical

solutions for rectangular plates are discussed. A

description of a central difference scheme, including

using fictitious boundary points to satisfy the bound-

~ ary conditions, is given, The chapter ends with a
brief treatment of a finite element scheme involving

; rectangular elements and bicubic shape functions.

’ On page 400, L should be Ly.

A set of comprehensive problems and a list of 79
references are given. English units are used.

MSC/NASTRAN PRIMER
STATIC AND NORMAL MODES ANALYSIS

H.G. Schaeffer
Schaeffer Analysis, Inc., Mt. Vernon, NH
2nd Printing 1979, $28.50

Structural analysis has forged ahead by utilizing the
finite element method. NASTRAN (NASA STRUC-
TURAL ANALYSIS) is a general purpose program
that encompasses many fields, including aeroelas-
ticity, heat transfer, and structural analysis. This
book lists some of the advantages and disadvantages
of using this program to solve static and dynamic
problems. The MacNeai-Schwendler Corp. version
(MSC) of NASTRAN is utilized by a number of
organizations. The author did not intend to write
a text on the theoretical aspects of dynamics, statics,
and mechanics but does furnish information that
will be helpful in understanding the contents of the
program and how the computer cards can be used to
perform a finite element calculation. The book
consists of 13 chapters and three appendices. The
author refers the reader to the more elaborate MSC/
NASTRAN manuals for detailed explanations.

Chapter | is an introduction to NASTRAN. The
bulk data deck defines the structural model; it
specifies sets of constraints and/or loads and values
of the parameters used in rigid or set formats. The
executive control deck provides user control; it
specifies rigid or user supplied formats and means
for modifying DIRECT MATRIX ABSTRACTION
PROGRAMMING (DMAP). The latter controls
NASTRAN usage.

Chapters Il and Il describe matrix and index nota-
tion and illustrate the solution of matrix equations.
Chapter IV describes the basic principles of elas-
ticity - plates and solids - and contains a brief
introduction to nonlinear problems in structural
analysis.

Y Chapter V contains variational principles, which are
R.A. Scott based upon admissible displacements (geometric
i Department of Applied Mechanical constraints, equilibrium conditions, and constitutive
i and Engineering Science relations). The author concludes the chapter with a
University of Michigan short discussion of strain energy and complementary
Ann Arbor, M| 48109 strain energy.
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Chapter VI introduces the reader to finite element
(FE) formulation based upon stiffness. Beam bending
and axial rod stiffness coefficients and the elemental
mass matrix are derived. Chapter VI describes global
analysis procedures performed on the elements and
the stiffness matrix. Included are the specification
of constraints, flexibility-stiffness transformation,
and procedures for setting up computer cards. Proper
sequencing of nodes and the Guyan static reduction
method are given.

Chapters VIil and IX describe the behavioral func-
tions for FE; i.e., shape functions and polynomial
shape functions. These are directed toward two- and
three-dimensional isoparametric elements. Various
structural elements utilized in NASTRAN are derived,
ncluding elastic springs, stress elements, flat and
curved isoparametric shell elements, rigid elements,
spline fit, and weighted averages. The chapter con-
Jludes with exainples ot nuiunilonn beaims, inciuding
tapered and open sections and a sandwich construc-
tion. A good explanation of the five-sided isopara-
metric element is given, as is a brief discussion of
spline element (RSPLINE) and its application to
changing mesh size. The reviewer would have pre-
ferred a longer discussion and illustrations of the
use of this variable element in reducing a 20 node
solid element to an eight node solid element to
decrease computer time.

Chapter X considers material properties and includes
isotropic, anisotropic, and orthotropic constants
for two- and three-dimensional elements. An impor-
tant teature is a tabular presentation of temperature-
dependent materials. Chapters XI-XI| are concerned
with static external loads including thermal fields.
Centripetal accelerations are briefly discussed, but no
Jerismtion W oglusn Of the eonplete geonetrical and

kinematic matrices required for proper design of
centrifugal !oading of rotating blades.

The concluding chapter focuses on normal mode
analysis. The basic concepts are considered - orthog-
onality, standard forms of eigenvalue problems, and
consistent and lumped mass formulations. The
important solution methods utilized in NASTRAN
are the determinantal method, determinant search
method, inverse power method, tridiagonal (Givens
Method), and the Guyan's reduction method.

The reviewer considers this a good book for those
intending to use NASTRAN. However, the larger
expanded MSC/MASTRAN manuals must be used
for more detailed explanations. Missing from the
book s the procedure for determining stresses at
node points from Gaussian points for an isopara-
metric element; such determinations are important
in regions of high stress gradients. MSC has formu-
lated a procedure that should have been included
in the text.

The reviewer would like to see MSC/NASTRAN
incorporate the wave front (fiontal) method in
solutions of eigenualue problems. This efficient
method is being utilized in a number of other general
purpose finite element programs. The author has
fulfilled his requirement, but the reviewer cautions
that a great deal of study and practice are needed
by individuals entering the field of NASTRAN pro-
gram usage. This book belongs on the shelves of
prospective and active users of NASTRAN.

H. Saunders

General Electric Company
1 River Road
Scheroctady NY 12346
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CORRELATION AND SPECTRAL ANALYSIS FOR
ENGINEERING AND SCIENTIFIC APPLICATIONS
Dates: March 23-26, 1982

Place: Boston, Massachusetts

Objective: This four-day short course covers impor-
tant engineering applications of correlation and
spectral analysis relative to acoustics, mechanical
vibrations, system identification and fluid dynamics
problems in the aerospace, automaotive, industrial
noise control, civil engineering and oceanographic
fields. Applications include identification of system
properties and response effects, estimation of time
delays and propagation velocities, determination of
energy sources, and utilization of practical statisti-
cal error formulas to evaluate results. Comprehensive
methods are explained to solve single input/single
output problems, single input/multiple output
problems and multiple input/multiple output prob-
lems, where arbitrary correlation and coherence
functions (ordinary, partial, multiple) can exist
among the records. Participants will be able to have
questions answered that are of concern to their own
individual projects.

Contact: Continuing Education Institute, 10889
Wilshire Blvd., Suite 1030, Los Angeles, California
90024 - (213) 824-9545.

APRIL

DESIGN OF FIXED OFFSHORE PLATFORMS
Dates: April 5-16, 1982

Place: Austin, Texas

Objective: This course is dedicated to the profes-
sional development of those engineers, scientists, and
technologists who are and will be designing fixed
offshore platforms to function in the ocean environ-
ment from the present into the twenty-first century.
The overall objective is to provide participants with
an understanding of the design and construction of

SHORT COURSES

fixed platforms, specifically the theory and processes
of such design and the use of current, applicable
engineering methods.

Contact. Continuing Engineering Studies, College
of Engineering, Ernest Cockrell Hall 2,102, The
University of Texas, Austin, TX 78712 - (512) 471-
3506.

VIBRATION AND SHOCK SURVIVABILITY,
TESTING, MEASUREMENT, ANALYSIS,

AND CALIBRATION

Dates: April 12-16, 1982
Place: Dayton, Ohio
Dates: July 19-23, 1982
Place: England

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

Contact: Wayne Tustin, 22 East Los Olivos St.,
Santa Barbara, CA 93105 - (815) 682-7171.

MACHINERY VIBRATION ANALYSIS
Dates: April 13-16, 1982

Place: Philadelphia, Pennsylvania
Dates: June 15-18, 1982

Place: Seattle, Washington
Dates: August 17-20, 1982
Place: New Orleans, Louisiana
Dates: November 9-12, 1982
Place: Oak Brook, Illinois

Objective: In this four-day course on practical
machinery vibration analysis, savings in production
losses and equipment costs through vibration analysis
and correction will be stressed. Techniques will
be reviewed along with examples and case histories
to illustrate their use. Demonstrations of measure-
ment and analysis equipment will be conducted
during the course. The course will include lectures




k N7 G on test equipment selection and use, vibration mea-
] surement and analysis including the latest informa-
tion on spectral analysis, balancing, alignment, iso-
lation, and damping. Plant predictive maintenance
programs, monitoring equipment and programs, and
equipment evaluation are topics included. Specific
components and equipment covered in the lectures
include gears, bearings (fluid film and antifriction),
shafts, couplings, motors, turbines, engines, pumps,
compressors, fluid drives, gearboxes, and slow speed
paper rolls.

Contact: Dr. Ronald L. Eshleman, Vibration In-
stitute, 101 W. 55th St., Suite 206, Clarendon Hills,
1L 60514 - (312) 654-2254.

P

EIGHTH ANNUAL RELIABILITY TESTING INSTI-
v TUTE

Dates: April 19-23, 1982

Place: Tucson, Arizona
‘ i Objective: This course is designed to provide reli-

ability engineers and managers, product assurance

and quality control and assurance engineers and
managers and all other engineers and teachers with
a working knowledge of: analyzing component,
, equipment, and system performance and failure data
1 to determine the distributions of their times to
failure, their failure rates, their reliabilities and their
confidence limits; planning small sample size, short
duration, low-cost tests and analyzing their results;
conducting accelerated testing, Bayesian testing,
suspended items testing, sequential testing, and

" others.

Contact: Dr. Dimitri Kececioglu, Aerospace and
Mechanical Engineering Department, The University

~ of Arizona, Building 16, Tucson, AZ 85721 - (602)
626-2495.
! MAY
- ADVANCED RANDOM DATA ANALYSIS AND
- ‘ APPLICATIONS
u Dates: May 3-7, 1982
"‘\ Place: Los Angeles, California

Objective: The course is designed for engineers,
scientists, technical managers, mathematicians and
computer specialists who deal with analysis, inter-

Ty

pretation of resuits, and curre it engineering appli-
cations of random data analysis. The course covers
the latest practical techniques of correlation and
spectral analysis to solve problems in physical sys-
tems. Procedures currently being applied to data
collected from single, multiple and distributed
input/output systems are explained to: classify data
and systems; measure propagation times; identify
source contributions; evaluate and monitor system
properties; predict output responses and noise condi-
tions; determine nonlinear and nonstationary ef-
fects; conduct dynamics test programs; and perform
digital data analysis.

Contact: Short Course Program Office, UCLA
Extension, P.O. Box 24901, Los Angeles, CA 90024 -
(213) 825-1295 or 825-3344.

ROTORDYNAMICS OF TURBOMACHINERY
Dates: May 17-19, 1982

Place: College Station, Texas

Objective: To provide a bridge between dynamics
theory and the typical hands-on vibrations/instru-
mentation short course for the engineer who needs
a basic understanding of practical turbomachinery
rotordynamics. The course will treat balancing,
rotordynamic instability, and torsional vibration
problems. Fundamentals of each area will be fol-
lowed up by case histories from engineering practice.

Contact: Dr. John M. Vance, Department of
Mechanical Engineering, Texas A&M University,
College Station, TX 77843 - (713) 845-1257.

FUNDAMENTALS OF TURBOMACHINERY PER-
FORMANCE

Dates: May 19-21, 1982

Place: College Station, Texas

Objective: The fundamental analysis and applica-
tions of the performance of various types of turbo-
machines will be presented for the engineer seeking
a basic understanding of the operation of turbo-
machinery. A ‘“hands-on” session will be held in
conjunction with a problem solving session in order
to provide some experience in using the performance
analysis concepts. Also, several experienced engineers
from industry will provide insight into the opera-
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tional and maintenance problems associated with
several types of turbomachines.

Contact: Dr. Peter E. Jenkins, Department of
Mechanical Engineering, Texas A&M University,
College Station, TX 77843 - {713) 845-7417.

JUNE

VIBRATION DAMPING

Dates: June 14-17, 1982

Place: Dayton, Ohio

Obijective: The utilization of the vibration damping
properties of viscoelastic materials to reduce struc-

P ot

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

Contact:  Michael L. Drake, Kettering Laboratory
23, 300 College Park Avenue, Dayton, OH 45469 -
(613) 229-2644.
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news on current

NEWS BRIEFS; marueshockans

PROCEEDINGS AVAILABLE FOR THE
INTERNATIONAL CONGRESS ON ACOUSTIC INTENSITY MEASUREMENT
Senlis (France)

September 30 - October 2, 1981

The first International Congress on Acoustic Intensity Measurement has been helid
at Centre Technique des Industries Mecaniques. Forty papers were presented and
at the Technical Exhibition six firms displayed specific instrumentation for inen-
sity measurement. The unexpected high attendance of 230 persons from 22 coun-
tries proved the growing interest for this technique not only in the university
laboratories but also in the mechanical, aerospace and automotive industries.

Proceedings are available from: CETIM, Service Publication, B.P. 67, F - 60304,
SENLIS (France); Price: 180 FF.

Now Available
THE ENVIRONMENTAL QUALIFICATION SPECIFICATION
AS A TECHNICAL MANAGEMENT TOOL
by Charles T. Morrow

A Special Publication of The Shock and Vibration
Information Center
Naval Research Laboratory, Washington, DC

Environmental qualification specifications prescribe shock and vibration conditions
for use in test at the end of development as a verification of design adequacy. Such
specifications can also serve as technical management tools during the development
process. This report is a study of the effectiveness of qualification specifications
in this technical management role and of means for improving this effectiveness.
It is intended for any reader, administrative or technical, who influences initial
decisions concerning shock and vibration approaches, or the specifications and
accepted practices underlying such decisions.

Chapter 1 is an introduction and description of the study. Chapters 2 and 3 discuss
the decision process related specifically to specifications applicable to packaging
and isolation, based largely on a survey conducted in these areas. Chapter 4 ¢ ffers
some recommendations for change to improve the cost/effectiveness ratir, with
respect to isolation and packaging development problems. By far the most impor-
tant part of this report is Chapter 5, which contains some recommended changes
in MIL-STD-810 and related specifications to improve the cost/effectiveness of
shock and vibration engineering more generally. The body of the publication is
supported by appropriate appendices. 120 pages (November 1981).




INFORMATION RESOURCGES

COASTAL ENGINEERING INFORMATION AND ANALYSIS CENTER (CEIAC)

in support of the Coastal Engineering Research
Center (CERC), this Coastal Engineering {nformation
and Anaiysis Center is responsible for storage and
dissemination of data related to coastal engineering
and replying to requests for information. CEIAC is
responsible for furnishing on request to other Govern-
ment agencies and the general public the CERC
publications remaining after the initial distribution
by the Publications Branch as long as the supply
lasts.

The Coastal Engineering Research Center (CERC)
is the principal research and development facility
of the U.S. Army Corps of Engineers in the field of
coastal engineering, with application to Corps mis-
sions in shore and beach erosion control; coastal
flood and storm protection; recreation; navigation
improvement; and the location, layout, design and
construction, operation, and maintenance of harbors.
The program encompasses the disciplinary areas of
coastal hydraulics, coastal sediments, coastal struc-
tures, and coastal ecology and their interrelationships.
CERC'’s research and development program is aimed
at developing relationships and guidelines which can
be used to arrive at effective solutions to real coastal
engineering problems. The mission of CERC is to
conceive, plan, and conduct research and data collec-
tion in coastal engineering and nearshore oceanog-
raphy to:

® provide a better understanding of the littoral
forces {winds, waves, tides, and currents} and
the resultant coastal processes, and the inter-
action of these forces and processes with shores
and beaches, coastal and offshore structures,
and the materials forming these shores, beaches,
and structures

® determine scientific engineering data and de-
sign criteria

® determine the effects of the Corps’ engineering
activities on the ecology of the coastal zone

The results of research conducted at CERC are
published for use by the Corps of Engineers and the

public. In addition to research, CERC provides
consulting services in coastal engineering to the
Corps of Engineers and other public agencies as
requested or directed:

® on the planning and design of coastal and
offshore works

® on coastal and nearshore phenomena and
related engineering and environmental prob-
iems

® by reviewing studies, and plans and specifica-
tions for coastal and offshore engineering
works

The Publications Branch is responsible for reviewing,
editing, preparing in reproducible form, and initial
distribution of all technical manuscripts resulting
from research projects under CERC's direction.
The Publications Branch is also responsible for
arranging publication exchange agreements with
foreign institutions engaged in similar work.

CERC's library provides a full range of library services
and technical literature resources. The collection is
the result of the amalgamation of the collections
of the Coastal Engineering Research Center, the
Water Resources Support Center (WRSC), and the
Board of Engineers for Rivers and Harbors (BERH)
and serves as a central source of technical information
in those engineering scientific fields in which the
CERC, BERH, and WRSC have an interest.

The collection is one of the nation’s most extensive
in subject matter areas of coastal engineering, con-
sisting of approximately 40,000 books, 63,000 re-
ports, 5,000 periodicals, and 3,100 microforms. In
addition to normal acquisitions by gift or purchase,
the collection is kept current by exchanges with
leading engineering, scientific, and educational insti-
tutions both in the United States and abroad. it is
staffed by professional librarians, and can supply
(on loan) out-of-print publications of CERC and the
Beach Erosion Board.
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Please call or visit the CEIAC if you require informa-
tion in these areas. They are located in the Kingman
Building near Fort Belvoir. Mr. Dennis Berg is the
Director, or inquiries may be directed to Audre
Szuwalski or Linda Clark. The address is:

Coastal Engineering Information and Analysis Center
Department of the Army
Corps of Engineers
Kingman Building
Fort Belvoir, Virginia 22060
(202) 325-7386
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MECHANICAL SYSTEMS

ROTATING MACHINES
{Also see Nos. 730, 738, 739, 743)

82-555

An Improved Method for Calculating Critical Speeds
and Rotordynamics Stability of Turbomachinery
B.T. Murphy and J.M. Vance

Dept. of Mech, Engrg., Texas A&M Univ., College
Station, TX, Turbomachinery Symp., Proc. of the
10th, held Dec 1-3, 1981, Texas A&M Univ., College
Station, TX, pp 141-145, 7 figs, 12 refs

Key Words: Rotors, Turbomachinery, Critical speeds, Com-
puter programs, Transfer matrix methods

A number of the computer programs for rotordynamic
stability and critical speed prediction in common use during
recent years have been based on the works of Myklestad,
Prohl and Lund. Programs of this type, called transfer matrix
programs, employ complex variables when demping or cross-
coupling is included in the model. Most use an iteration
scheme which at times fails to converge with sufficient
accuracy on some critical speeds, snd has been known to
completely miss critical speeds on occasion. It is shown
in this paper that by rearranging the calculations performed
in a transfer matrix program one can derive the characteris-
tic polynomial for a complex rotor-bearing system, with
no loss in generality.

82-556

Experimental Determination of Lateral Vibration of
the 708 MVA Westinghouse Vertical Hydro Genera-
tors at Grand Coulee Dam, Washington

R.L. Turner

Westinghouse Electric Corp., East Pittsburgh, PA,
ASME Paper No. 81-DET-70

Key Words: Lateral vibration, Rotors, Bearings, Pumps,
Hydroelectric power plants, Power plants (facilities)

The damped rotor bearing system of large vertical shaft
systems presents special problems for high speed pump
storage instaliations. With the emergence of this new tech-
nology, experimentsl verification of the behavior of large

vertical shaft systems is essential. The results of the first
test of its kind have given experimental data contributing
to this technology.

82-557

Diesel Crankshaft Failures in Marine Industry - A
Variable Inertia Aspect

M.S. Pasricha and W.D. Carnegie

Dept. of Mech. Engrg., The Papua New Guinea Univ.
of Tech,, P.O. Box 793, LAE, Papua New Guinea,
J. Sound Vib., 78 (3}, pp 347-354 (Oct 8, 1981) b
figs, 17 refs

Key Words: Crankshafts, Diesel engines, Marine engines,
Torsional vibration, Failure analysis

In recent years several cases of failures of engineering systems
in practice have been attributed to the effect of variable
inertia or to the periodic pulsation in the spring constant.
Violent torsional vibrations in the systems have been ob-
served in several speed ranges resulting in failure and only a
partial explanation of the behavior of the systems has been
worked out. In the present paper a critical sppraisal of the
regions of instability as determined by using different con-
siderations is given, also for a single cylinder engine to avoid
greater complexities. By treating Draminsky’s equation as a
linear equation with variable coefficients, solutions have been
worked out by use of numerical analysis techniques aided by
a digital computer to predict the exact waveforms of the
motion and the regions of instability.

82-558

Nonstationary Vibration During Acceleration through
Two Critical Speeds (Maximum Amplitudes and Their
Rotational Speeds)

S. Yanabe

Technological Univ. of Nagaoka, Kamitimioka Aza
Nagamine 1603-1, Nagaoka-Shi, Niigata-Ken, 949-54,
Bull. JSME, 24 (196), pp 1820-1825 (Oct 1981)
8 tigs, 9 refs

Key Words: Shafts, Critical speeds, Resonance pass through

Taking account of damping effects, the nonstationary vi-
bration during angular acceleration of a shaft through two
critical speeds situated close together is ansiyzed theoret-
ically, and both an exact solution and approximate expres-
sions for it are derived. The results obtsined from calculs-
tinns of the exsct solution show that the rotational speed




at which the highest maximum amplitude will occur varies
in a sawtooth manner above a certain acceleration rate, and
that the highest maximum amplitude does not always de-
crease as the acceleration increases, A method for evaluating
both the maximum amplitude and its rotational speed is
proposed on the basis of the analytical results, and the
evaluated values are compared with those from the exact
solution,

82-559

Experimental Research on Stress Fluctuations in
Runner Vanes of High-Head Pump-Turbines

Y. Yamaguchi and H. Ito

Mech. Engrg. Res. Lab., Hitachi, Ltd., Saiwai-cho
3-1-1, Hitachi-shi, Japan, Bull. JSME, 24 (195), pp
1594-1601 (Sept 1981) 9 figs, 3 tables, 4 refs

Key Words: Pumps, Turbine components, Fluid-induced
excitation

By measuring stress fluctuations in runner vanes of a proto-
type 600 m class Francis-type pump-turbine and a 1/12
reduced scale model of that pump-turbine, it was revealed
that the stress fluctuations consist of components of higher
harmonics of runner speed n, components whose frequencies
are constant, that is, independent of runner speed, and
components caused by interference from the wicket gates.
The 1st components are generated by an unequal distribu-
tion of flow properties on the periphery of the runner. The
2nd components are estimated as components of acoustic
resonance in flow paths very close to the runner. Compari-
sons of the prototype and the model are made about the
overall amplitude and amplitudes of major frequency compo-
nents of the stress fluctuations,

82.560

An Experiment on Pump Pressure Fluctuation,
Vibration and Air Borne Noise Caused by Cavita-
tion

S. Saito and M. Oshima

Ebara Corp., Tokyo, Japan, ASME Paper No. 81-
DET-94

Key Words: Pumps, Cavitation, Vibration excitation, Cavita-
tion noise, Noise measurement

Pressure fluctuation, casing vibration and air borne noise
were measured on an axial flow pump under various cavita-
tion conditions, and the relationship between these phe-
romena was investigated. it was found that the pressure
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fluctuation, casing vibration and air borne noise are most
intensive at the side of the impeller,

82-561

Fan/Foundation Interaction ~ A Simplified Calcula-
tion Procedure

H.M. Chen and S.B. Malanoski

Mechanical Technology, Inc., Latham, NY, J. Engrg.
Power, 103 (4), pp 805-810 (Oct 1981) 4 figs, 1
table, 2 refs

Key Words: Fans, Interaction: structure-foundation

This paper presents a simplified analysis procedure to provide
initial assessment and guidance on fan rotor dynamics in-
cluding the foundation interaction. For purposes of early-
design decision-making (or trouble-shooting), the interaction
of a rotor-bearing dynamic system and a foundation-soil/
piling dynamic system is viewed approximately for the
vertical, horizontal, and rocking modes of vibration. The
equations of motion are written in matrix form and include
the pertinent parameters. A numerical example is presented
to guide in the interpretation of the analysis; this example
considers the unbalance response of the entire system as
measured at the bearings.

RECIPROCATING MACHINES

82-562

The Use of Existing and Advanced Intensity Tech-
niques to Identify Noise Sources on a Diesel Engine
M.J. Crocker

Purdue Univ., SAE Paper No. 810694

Key Words: Diesel engines, Noise source identification

Existing techniques for identifying noise sources are re-
viewed. One such technique (the lead-wrapping approach}
was used to source-identify a diesel engine and measure
the sound power radiated from the major surfaces. Two new
advanced techniques (surface intensity and acoustic inten-
sity) were developed and used to measure the sound power
radiated from the same major surfaces. The conventional
lead-wrapping snd new intensity resuits were compared
and agreement was good. The advantages of the new inten-
sity techniques are described and suggestions made for
reducing the noise of this and other similar diesel engines.
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82-563

Application of Vibration and Acoustics Technology
in the Development of the Porsche 944 Engine
(Schwingungstechnisch-akustische Massnshmen  bei
der Entwicklung des Porsche 944-Motors)

R. von Sivers and R. Pilgrim

Automobiltechnische Z., 83 (11), pp 583-586, 589,
590 (Nov 1981) 11 figs, 1 table, 7 refs

(In German)

Key Words: Automobile engines, Harmonic excitation,
Torque, Vibration control

Basic studies have revesled a smooth engine running can be
achieved by means of a modified Lancestercounterbalance
system, despite of the large capacity of the 4-cylinder in-line
engine derived from the Porsche 928-V8. The typical 4-
cylinder indine-layout 2nd-order harmonic forces and torques
can be compensated almost completely by means of two
counter balancing shafts mounted with a vertical offset. In
combination with other dynamical improvements the smooth
behavior of the 6-cylinder-type engine could be matched
without giving up the 4-cylinder-type advantages.

POWER TRANSMISSION SYSTEMS
(See No. 630)

METAL WORKING AND FORMING

82-564

Effects of Process Parameters on Hammer Noise
S. Vajpayee and M.M, Sadek

Univ. of Birmingham, UK, ASME Paper No. 81-
DET-95

Key Words: Hammers, Impact noise, Metal working

Of the various forming process parameters affecting the
level of noise ganerated in impact forming, only twa ~ the
billet diameter and input energy, have been found to be the
most significant. This work summarizes the resuits of tests
carried out on 8 high-energy-rate-forming machine to in-
vestigate the influence of these two parameters on the
strength of vaious impulsive noise generating mechanisms.
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MATERIALS HANDLING EQUIPMENT

82-565

Nondestructive Testing to Obtain Motion and Force
Coefficients by Simulating the Actual System (Ver-
lustiose Bestimmung von Bewegungs- und Kraft-
grossen mittels der Simulation von Realsystemen)
D. Severin and V. Schenk

Inst. f. Fordertechnik und Getriebetechnik der TU,
Berlin, Germany, Konstruktion, 33 (9), pp 351-359
{Sept 1981) 27 figs, 14 refs (in German)

Key Words: Conveyors, Materials handling equipment,
Force coefficients

The motion and force coefficients icting on a system can be
determined by measuring several uther quantities acting on
the system and using them as input into a mathematical
model. A measured coefficient of motion is used as the
input into the mathematical model. The required controlled
output is the torce coefficient. The technique is illustrated
in an analysis of a roller-belt conveyor.

STRUCTURAL SYSTEMS

BRIDGES

82-566

Floating Bridge Drawspan Maintenance

C.B. Brown, D.R. Christensen, JW, Heavner, M.A,
Landy, and R. Vasu

Dept. of Civil Engrg,, Univ. of Washington, Seattle,
WA 98195, ASCE J. Struc. Div., 107 (11), pp 2127-
2146 (Nov 1981) 7 figs, 14 tables, 4 refs

Key Words: Bridges, Pontoon bridges, Fatigue life

A methodology for making maintenance decisions to avoid
fatigue fsilure is proposed. The maintenance procedures
developed for the drawspan mechanism of the Evergreen
Point Bridge are used as an illustration of the methodology.
The methodology includes development of the stress/environ-
ment relationship for the critical member, collection of long-
term environmental data and the computation of long-term
stress distribution, determination of cycles at each stress
jevel from the return period, and duration of various en-
vironmentsl conditions and the member frequency at the
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sssociated stress |evel, determination of the fatigue charac-
teristics of the member (S-N) from a {imited number of full-
scale tests,

BUILDINGS

82-567

Procedure for Predicting Wind Damage to Buildings
K.C. Mehta, J.R. McDonald, and D.A. Smith

Dept. of Civil Engrg., Texas Tech Univ., P.O. Box
4089, Lubbock, TX 79409, ASCE J. Struc. Div.,
107 (11), pp 2089-2096 (Nov 1981) 1 fig, 4 tables,
7 refs

Key Words: Buildings, Winddnduced excitation, Damage
prediction

Experience gained from poststorm investigations of damaged
buildings has made it possible to predict types of damage
expected on existing buildings. Two proceaures that involve
different levels of engineering effort are outlined in the paper
to predict wind damage to buildings.

82.568

Structural Dynamics and Control of Large Space
Structures

NASA Langley Res. Ctr,, Hampton, VA, Rept. No.
NASA-CP-2187, L-14609, 136 pp (June 1981) (Proc.
held at Hampton, VA, Oct 30-31, 1980)

NB81-26166

Key Words: Structural response, Dynamic response

The focus of the workshop was the basic research program
assembled to address the fundamental technology deficien-
cies that were identified in several studies on large space
systems conducted by NASA in the last several years. The
staffs of the respective participants were assembied at the
workshop to review the current state of research in the
control technology for large structural systems and to plan
the efforts that would be pursued by their respective organi-
zations,

CONSTRUCTION EQUIPMENT

82-569
An Example of Noise Control Treatment for Con-
struction Machinery Cab Interiors

W. Nakkula, Jr., R, Zimmerli, and R. Borough
Globe Industries, SAE Paper No. 810698

Key Words: Construction equipment, Noise reduction,
Automobile noise

The effect of noise on the operator has become of incressing
concern to manufacturers of construction machinery in
recent yeers. Although the noise genersted by hesvy duty
construction equipment is much greater when compared
to other types of machines such as the passenger car, the
problems are similar, Many of the iessons learned in reducing
interior noise within the automobile can be used to reduce
noise within the operstor’s cab of construction machinery.

82-570

Modeling Directionally Radiating Acoustical Enclo-
sures to Determine Noise Levels

E. O’'Keefe

Clark Equipment Co,, Construction Machinery Div.,
Benton Harbor, MI, SAE Paper No. 810699

Key Words: Mathematical models, Enclosures, Acoustic
diffraction, Constrution equipment, Noise reduction

A computer modeling procedure has been developed to
assess the effect of an enclosure on far-field noise levels,
The modal sccounts for directional radiation patterns and
enclosure diffraction effects for each of the six sides. Com-
parisons between predictions and test messurements show
good agreement.

PRESSURE VESSELS

82-571

On StressStrain Relations Suitable for Cyclic and
Other Loading

D.C. Drucker and L., Palgen

College of Engrg.,, Univ. of lllinois, Urbana, IL, J,
Appl. Mechanics, Trans, ASME, 48 (3), pp 479-485
(Sept 1981} 9 figs, 22 refs

Key Words: Pressure vessels, Cyclic loading

The analysis and design of pressure vessels and other struc-
tures subjected to cyclic loading and occasional large over-
loads requires itressstrain relations sufficiently simple to
be usable with computer programs and yet adequate to de-
scribe the esentis! aspects of the response of the material.
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One such form with two quite different options is proposed
for the time-independent domain which avoids the diffi-
cuities of earlier approaches. It has the kinematic hardening
attributes needed for reversal of loading, allows for cyclic
hardening or softening, gives zero mean stress as the asymp-
totic response to cyclic straining between fixed limits of
strain, and reduces to a stress-hardening form for radial or
proportional loading so that it can model both cyclic and
other loading to a good first approximation.

POWER PLANTS
(Also see Nos. 556,611)

82-572

Method of Analysis of CRBRP Transients for the
Steam Generator

A.V.von Arx

Rockwell [nternational, Canoga Park, CA, ASME
Paper No. 81-JPGC-NE-5

Key Words: Nuclear power plants, Boilers, Transient response

in a nuclear power plant such as the Clinch River Breeder
Reactor Plant, there is a large number of transients which
have to be analyzed. The analysis is required to demonstrate
the structural integrity of the various components. The task
of analyzing each of these events for the severai zones that
are required to be evaluated bescomes a very costly operation
in terms of manpower and computer usage. A method has
been developed to select only a few representative transients
which are defined as umbrella transients. This approach
reduces the number of events to be analyzed on a given
component, such as the steam generator, from over one
hundred to less than ten and has proven to be cost effective.

VEHICLE SYSTEMS

GROUND VEHICLES
(Also see Nos. 717,718, 719, 728)

82.573

The Development of a National Traffic Noise Abate-
ment Program in Norway

T.E. Granquist

Akershus County, St. Olavs Plass 3, Oslo 1, Norway
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Noise Control Engrg., 17 (2}, pp 71-75 (Sept-Oct
1981) 2 figs, 4 tables, 5 refs

Key Words: Traffic noise, Noise reduction

in order to develop a national ‘raffic noise abatement pro-
gram, the existing traffic noise climate was mapped. A
description of how the mapping of the traffic noise was
carried out is given.

82-574

Jumps and Bumps on Random Loads

G. Lindgren

Dept. of Math. Statistics, Lund inst, of Tech., Box
725, S-220 07 Lund, Sweden, J. Sound Vib., 78 (3),
pp 383-395 (Oct 8, 1981) 7 figs, 10 refs

Key Words: Automobiles, Surface roughness, Random
excitation

When a car travels on a randomly profiled road at a moderate
speed the wheels follow the road, but with increasing speed
it can happen that a wheel leaves the ground for a short
while — it jumps and bumps. A switching stochastic differen-
tial equation is presented for simulation and probabilistic
analysis of the movements of the car, in particular after a
jump. A simulation study illustrates the effects on the
vertical accelerations of the non-linearity induced by the
jumps. The conditional distributions of the road snd wheel
elevations after a jump are described by means of a Slepian
model process, giving, e.g., the aversge behavior after a
jump.

82-575

Front Wheel Drive Vehicle Crashworthiness
E. Franchini

FIAT Safety Ctr., SAE Paper No. 810790

Key Words: Automobiles, Crashworthiness, Collision ressarch
{asutomotive)

An analysis is carried out on the collision behavior of front
engine/front drive cars in comparison with the other main
types such as front engine/resr drive and reer engine/rear
drive. An evaluation is made of the results of standardized
collision tests, integrated with non-standerdized tests with
particular devices.




82-576 Analysis of off-road machine operator vibration deta shows
Modeling and Simulation of Frontal Crash Impact that the methods of absorbed power and amplitude-fraquen- 4
! Response cy distribution provide no information beyond that ex- .
pressed by the frequency weighted overall rms accelerstion |

e,

¥ |
Pl : y .
A ma}hematncal n.mdel is used to compare the dynamic are defined, the fatigue life of an aluminum frame is pre- ;

i handling characteristics of four different vehicle concepts: dicted for a simple loading condition, and the result is
E ) front enqine/front-wheel drive, front engine/rear-wheel drive, compared with in-service failure data.
E i rear engine/front-wheel drive, and rear engine/rear-wheel
; drive. The second section of this paper deals with the design ]

¢ considerations posed by small, front-wheel drive vehicles in

K. Kurimoto, H. Nakaya, and K. Okada
Toyo Kogyo Co., Ltd., Japan, SAE Paper No. 810793

Key Words: Collision research (automotive), Mathematical
models

The capability to predict the response of a vehicle body
structure to frontal barrier crash is examined by a vehicle
model represented by various lumped mass and non-finear
resistance systems from that of one dimensional with mini-
mal degrees of freedom to these of two dimensions and
several degrees of freedom. Comparison between numerical
calculation and full scale experiment demonstrates that on
even a simple representation, the calculations are in good
agreement with the experiment.

82.577

Handling, Braking, and Crash Compatibility Aspects
of Small, Front-Wheel Drive Vehicles

W. Dreyer, B. Richter, and R. Zobel

Volkswagenwerk AG, SAE Paper No. 810792

Key Words: Collision research {automotive), Ride dynamics,
Braking effects

regard to the proper proportioning of the brake force distri-
bution with a particular view to braking distance and direc-
tional control behavior of the vehicle during brake input.
The third section is a study of the vehicle-to-vehicle collision
based on current statistics. An effort is made to provide an
interpretation of tne distribution of accident fatalities in
collisions between large and small vehicles.

82-578
Off-Road Machine Operator Vibration Measurement

Key Words: Off-highway vehicles Human response, Random
excitation

of SAE J1013 and 1SO 2631. The probability density func-
tions of the data are Gaussian in both broad band and narrow
band analysis. ‘‘Crest factor” is a meaningless descriptor of
the data. As shown by examples, failure to consider the
statistical precision of the random dats resuits in erroneous
time domain and frequency domain statistics.

82.579

Design of Aluminum Bicycle Frames

R. Davis and M.L. Hull

Dept. of Mech. Engrg., Univ. of California, Davis, CA
95616, J. Mech. Des., Trans. ASME, 103 (4), pp 901-
907 (Oct 1981) 8 figs, 6 tables, 17 refs

Key Words: Bicycles, Fatigue life, Computer programs,
Finite element technique

This paper presents the use of a hybrid stress analysis method
for the prediction of fatigue life of bicycle frames. A finite
beam element computer program is used to calculate frame
stresses. In order to correlate the results with actual frame
stresses, brittle coating experiments sre conducted un an
aluminum frame. Strain gage experiments;, guided by the
brittle coating results, provide more accuiate measurements
of maximum principal stresses. Stress concentration factors

SHIPS
{Also see No. 557)

82-580

Transfer of Structurebone Sound to Ships’ Cabins
M.J.A.M. de Regt

TPD, inst. of Applied Physics, Postbus 155, 2600
AD Delft, The Netherlands, Noise Control Engrg.,
17 (2), pp 58-63 (Sept-Oct 1981) 11 figs, 10 refs

structure into a cabin has been investigated in the [aboratory
for three types of cabin bulkhead material: chipboard, plastic
faced calcium silicate and steel plates sandwiching a rockwool

L Methods I | :
‘Q\ % J.C. Barton Key Words: Ships, Ship cabins, Structure-borne noise x
WY : ‘
3 “l Caterpillar Tractor Co., SAE Paper No. 810695 The transfer of structureborne sound from a ship-like stee! ,41
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core. The following results are discussed: the influence of
the applied materials for bulkheads and ceiling on the result-
ing sound pressure level in the cabin, the effect of the instal-
lation of a floating floor and the effect of the presence of a
porthole. Estimates are given for the attainable insertion
losses of floating floors on board ships under various condi-
tions.

82-581

Formulas and Procedures for Estimating the Col-
lapse Loads of Ship 3tructural Members

P.Y. Chang

Hydronautics, Inc., Laurel, MD, Rept. No. TR-
8029-2, MA-RD-940 81066, 66 pp {May 28, 1980)
PB81-221855

Key Words: Structural members, Ships, Collision research
{ships)

Formulas and procedures for the estimating collapse loads
of ship structural members are presented. These formulas
are essential for the determination of the velocity field for
the analysis of the collapse loads of ship structures in colli-
sion.

82-582

Structurd Analysis of the Collapsing Bow of a
Striking Ship

P.Y. Chang and C. Thasanatorn

Hydronautics, inc., Laurel, MD, Rept. No. TR-
8029-1, MA-RD-940-81065, 128 pp (May 28, 1980)
PB81-221848

Key Words: Ships, Ship hulls, Collision research (ships),
Computer programs

A mathematical model and structural dynamic computer
program have been developed for the analysis of the col-
lapsing bow of a striking ship. The model can be used to
predict the collision impact force and the extent of damage
of the striking ship bow in both perpendicular and oblique
collision. The ice breaker POLAR STAR was used as an
example for testing the computer program for an oblique
collision angle.

AIRCRAFT

82-583
Summary of Typical Parameters that Affect Sound

40

Transmission through General Aviation Aircraft
Structures

F Grosveld, R. Navaneethan, and J. Roskam

Flight Res. Lab., Univ. of Kansas, Lawrence, KS,
SAE Paper No. 810562

Key Words: Aircraft noise, Sound transmission, Interior
noise

This paper presents resuits of a systematic experimental
investigation of parameters which affect sound transmission
through general aviation structures. Parameters studied
include angle of sound incidence, panel curvature, panel
stresses, and edge conditions for bare panels; pane thickness,
spacing, inclination of window panes, and depressurization
for dual pane windows; densities of hard foam and sound
absorption materials, air gaps, and trim pane! thickness for
multilayered panels. Based on the study, some promising
methods for reducing interior noise in general aviation air-
planes are discussed.

82-584

A Prediction Procedure for Propeller Aircraft Flyover
Noise Based on Empirical Data

M.H. Smith

Cessna Aircraft Co., SAE Paper No. 810604

Key Words: Aircraft noise, Noise prediction, Regression
analysis

Forty-eight different flyover noise certification tests are
analyzed using multiple linear regression methods. A pre-
diction model is presented based on this analysis, and the
results compared with the test data and the two other predic-
tion methods. The aircraft analyzed include 30 single engine
aircraft, 16 twin engine piston sircraft, and two twin engine
turboprops. The importance of helical tip Mach number is
verified and the relationship of several other aircraft, engine,
and propelier parameters is developed. The model shows
good agresment with the test data and is at least as accurate
as the other prediction methods. it has the advantage of
being somewhat easier to use since it is in the form of a single
equation.

82-585
Comparison of Aircraft Noise-Contour Prediction
Programs

R.L. Chapkis, G.L. Blankenship, and A.H. Marsh
DyTec Engrg., Inc., Long Beach, CA, J. Aircraft,
18 (11), pp 926-933 (Nov 1981) 7 figs, 3 tables, 21
refs




Key Words: Aircraft, Computer programs, Noise predic-
tion

A comparison was made of the FAA integrated Noise Model
and the USAF/NOISEMAP computer progrems. Those pro-
grams are widely used to predict the location of aircraft
noise contours around sirports and to determine the size
of the areas enclosed. Large differences were found in the
noise data bases. There were also differences in flight-profile
data bases, ground attenuation factor, and in the way the
change in noise duration is handled for curved flight paths.
The two programs were used to calculate sound exposure
level contours produced by individual operations of various
air-carrier and general-aviation jets.

82 586

The Development of a Flyover Noise Prediction
Technique Using Multiple Linear Regression Analysis
R.K. Rathgeber

Cessna Aircraft Co., SAE Paper No. 810588

Key Words: Aircraft noise, Propeller noise, Noise prediction,
Regression analysis

At Cessna Aircraft Company, statistical analyses have been
developed to define important trends in flyover noise data.
Multiple regression techniques have provided the means to
develop flyover noise prediction methods which have resulted
in better accuracy than methods used in the past. Regression
analyses have been conducted to determine the important
relationship between propeller helical tip Mach number and
the flyover noise level. Other variables have been included
in the regression models either because the added variable
contributed to reducing the remaining variation in the model
or the variable appeared to "2 a strong causal agent of flyover
noise.

82 587

Propeller Signatures and Their Use

J.F. Johnston, R.E. Donham, and W.A. Guinn
Lockheed-California Company, Burbank, CA, J. Air-
craft, 18 (11), pp 934-942 (Nov 1981) 19 figs, 1 table

Key Words: Signal processing techniques, Acoustic signa-
tures, Vibration signatures, Aircraft noise, Propeller noise,
Noise reduction

The identification and use of the noise and vibration signe-
tures of individual propeliers, described herein, has provided
a basis for rational advances in propeller-noise analysis and
control. These signatures, or influence vectors, were used for

analyticelly determining optimum synchrophase angles and
diagnosing the specific paths -- airborne and structure-borne —
of the noise into the cabin. A number of significant conclu-
sions are drawn from flight experiments in a8 Navy P-3C
patrol sircraft. The results and techniques from this work
are spplicable to improving the passenger and crew comfort
as well as equipment life in propeller-powered sircraft.

82-588

Helicopter Noise - Is Technology the Answer?
R.J. King

Hughes Helicopters, SAE Paper No. 810591

Key Words: Helicopter noise, Noise reduction

Noise will be reduced substantially for upcoming helicopter
gencrations. User, community, and new regulatory require-
ments have combined to increase the priority of noise in
helicopter design. This presentation summarizes the writer’s
interpretation of: industry concerns in helicopter noise
rulemaking, some of the technical challenges facing the
industry in complying with them, the aress over and above
regulatory requirements where work is nesded to improve
helicopter acceptance from a noise point of view, and some
recommendations for developing the technology for noise
control with acceptable performance/economic consequen-
ces.

82-589

Strategies for Aircraft Interior Noise Reduction in
Existing and Future Propeller Aircraft

F.B. Metzger

Hamilton Standard, SAE Paper No. 810560

Key Words: Aircraft noise, Propeller noiss, Interior noise,
Noise reduction

Airline deregulation and the high cost of fuel have caused 8
renewed interest in propeiler-driven aircraft as a replacement
for existing turbofan aircraft. Since passengers on existing
turbofan aircraft have become accustomed to lower interior
noise than exists in current propeller sircraft, there has
been a renewed interest in interior noise control by reduction
of propeller source noise, by design of lightweight fuselage
soundproofing and other noise reduction concepts. This
paper discusses the noise control problem from a source
noise and aircraft design standpoint. The existing state-of-the-
art is reviewed and the promising strategies for reducing
noise in propeller aircraft are discussed.
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82-590

Noise Transmission and Attenuation for Business
Aircraft

R. Vaicaitis, M.T. Chang, and M, Slazak

Columbia Univ., New York, NY, SAE Paper No.
810561

Key Words: Aircraft noise, Noise reduction, Interior noise,
Panels

This paper describes analyticsl studies applicable for esti-
mating the effects of noise transmission into light sircraft
and commuter type aircraft. The propeller noise and turbu-
lent boundary layer noise are considered. The analytical
mode! described uses modal methods and incorporates flat
stiffened panels for flat sided sidewalls and curved stiffened
panels for cylindrical enclosures, The numerical results
include noise attenuation with sdd-on trestments and the
sengitivity of the transmitted noise to the discrete stiffening
of the sidewasl| panels.

82-391

General Aviation Propeller Noise Reduction -- Penal-
ties and Potential

R.J. Klatte

Hamilton Standard Div., United Technologies, SAE
Paper No. 810585

Key Words: Aircraft noise, Propeller noise, Noise reduction

Results of a study are reported in which the influence of
noise reduction on weight and cost of propellers used in
General Aviation sircraft was evaluated. Aircraft performance
was not to be degraded by installation of the reduced noise
propellers. Only propeller modifications were permitted.
Engine modifications, such ss introduction of s gearbox to
reduce noise by reduction of RPM, were not permitted in
the study. Major factors in noise reduction found promising
in the study were optimization of performance by use of
the best available sirfoils, use of thin airfoils and a narrow
elliptical tip blade planform, ad increasing the number of
blades consistent with maintaining sircraft performance.

82-592

Noise and Performance of General Aviation Aircraft:
A Review of the MIT Study

G.P. Succi

Bolt, Beranek, and Newman, Inc., SAE Paper No.
810586

Key Words: Aircraft noise, Propeller noise, Noise reduc-
tion

The primary objective of the study was to explore the
possibility of reducing noise from a genersl-avistion-type
propeller without altering significantly its aerodynamic
performance or the angine characteristics. Our study of this
possibility involved aerodynamic and acoustic theory, design,
construction, snd wind tunnel testing of model propellers,
design and manufacture of full-scale propellers, and, finally,
flight tests.

82-593

Predicting Fatigue Crack Growth on Aircraft Struc-
tures

B.L. Smith and S.Y. Lee

The Boeing Co., Wichita, KS, SAE Paper No. 810593

Key Words: Aircraft, Fatigue life, Crack propagation

This paper presents a technical overview of the portion of
fracture mechanics that deals with the theory snd practice
of predicting fatigue crack growth. The use of the stress
intensity factor for predicting crack growth in various shaped
structural members subjected to cyclic loading is introduced.
Fracture toughness, crack growth rate, and crack growth
retardation from overiosds are also explained. Example
problems are presented to enhance the clarity of explana-
tions,

82-594

Qualitative Comparison of Calculated Turbulence
Responses with Wind-Tunnel Measurements for a
DC-10 Derivative Wing with an Active Control
System

B. Perry

NASA Langley Res. Ctr., Hampton, VA, Rept. No.
NASA-TM-83144, AIAA-81-0567, 13 pp (June 1981)
(Presented at the AJAA Dyn. Specialist Conf., At-
lanta, April 8-11, 1981)

N81-26496

Key Words: Aircraft wings, Active control, Turbulence,
Wind tunnel testing

Comparisons are presented of analytically predicted and
experimental turbulence responses of a wind tunnel model
of a DC-10 derivative wing equipped with an active control
system. The active control system wes designed for the
purpose of flutter suppression, but it had additional benefit




s

of alleviating gust loads (wing bending moment) by about
25%. Comparisons of various wing responses are presented
for variations in active control system parameters and tunnel
speed.

82-595

Wing/Store Flutter with Nonlinear Pylon Stiffness
R.N. Desmarais and W.H. Reed, |||

NASA Langley Res. Ctr,, Hampton, VA, J. Aircraft,
18 (11), pp 984-987 (Nov 1981) 8 figs, 8 refs

Key Words: Aircraft, Wing stores, Struts, Flutter

Recent wind tunnel tests and analytical studies show that a
store mounted on a pylon with low pitch stiffness provides
substantial increase in flutter speed of fighter aircraft and
reduces dependency of flutter on mass and inertis of the
store, This concept, termed the decoupler pylon, utilizes a
low-frequency control system to maintain pitch alignment of
the store during maneuvers and changing flight conditions.
Under rapidly changing transient loads, however, the align-
ment control system may allow the store to momentarily
bottom against a relatively stiff backup structure in which
case the pylon stiffness acts as a hardening nonlinear spring.
Such structural nonlinearities are known to affect not only
the flutter speed but also the basic behavior of the insta-
bility. This paper examines the influence of pylon stiffness
nonlinearities on the flutter characteristics of wing-mounted
external stores,

82-596

Wing/Store Flutter Suppression Investigation

T.E. Noll, LJ. Huttsell, and D.E. Cooley

Air Force Wright Aeronautical Labs., Wright-Patter-
son AFB, OH, J. Aircraft, 18 (11), pp 969-975 (Nov
1981) 18 figs, 1 table, 8 refs

Key Words: Aircraft, Wing stores, Fiutter, Vibration control,
Computer programs

The design, testing, and evaluation of active flutter suppres-
sion technology using a common wind tunnel model has
been successfully completed by the U.S. and several Euro-
pean organizations. This paper emphasizes snalytical predic-
tions and presents test data for correlation. Several control
laws were evaluated using the FASTOP computer program
and a modified Nyquist criterion, Although the design snd
tests were conducted for a specific Mach number of 0.8,
the snalyses were performed at severasl Mach numbers to
determine systemn effectiveness at off-design conditions.

82-597

Historical Development of Aircraft Flutter

|.E. Garrick and W.H. Reed, 11

NASA Langley Res. Ctr., Hampton, VA, J. Aircraft,
18 (11), pp 897-912 (Nov 1981) 16 figs, 2 tables,
81 refs

Key Words: Aircraft, Flutter, Reviews

This paper presents a glimpse of problems arising in these
sreas and how they were attacked by aviation's pioneers
and their successors up to about the mid-1950s, The empha-
sis is on tracing some conceptual developments relating to
the understanding and prevention of flutter including some
lessons learned along the way.

82-598

The Development of a Substitute Bird Model

J.S. Wilbeck and J.L. Rand

Div. of Engrg. Sci., Southwest Res. Inst., San Anto-
nio, TX 78284, J. Engrg. Power, 103 (4), pp 725-730
(Oct 1981) 11 figs, 11 refs

Key Words: Aircraft engines, Blades, Bird strikes, Impact
tests, Testing techniques

A comprehensive program was conducted to develop s model
synthetic bird for use in engine blade impact testing. A
hydrodynamic theory of the impact event was used to aid
in determining the bird properties which had to be dupli-
cated in the model. Of the two candidate models studied
extensively, it was determined that a projectile fabricated
from commercial gelatin impregnated with phenolic micro-
balloons most nearly duplicated the impact loading history
of real birds.

82-599

Aircraft Subfloor Response to Crash Loadings

H.D. Carden and R.J. Hayduk

NASA Langley Res. Ctr., Hampton, VA, SAE Paper
No. 810614

Key Words: Aircraft, Crash resesrch (sircraft), Energy
sbsorption, Computer programs

Resuits are presented of an experimental and snalytical
study of the dynamic response to crash loedings of five
different losd-limiting subfloors for general avistion aircraft,
These subfloors provide a high-strength structural floor




platform to retain the seats and a crushable zone to absorb
energy and limit vertical loads.

82-600

Crashworthy Design Concepts for Airframe Struc-
tures of Light Aircraft

J.D. Cronkhite

Bell Helicopter Textron, Fort Worth, TX, SAE Paper
No. 810613

Key Words: Aircraft, Crash research (aircraft), Crashworthi-
ness, Energy absorption, Floors, Aircraft seats, Computer
programs

Crashworthy concepts for airframe structures of general
aviation aircraft have been investigated. Several crashworthy
concepts of energy-absorbing lower floor structures were
developed. Design support tests were conducted to determine
the performance of these concepts. Five concepts were
selected for fabrication as full-scale floor test sections. These
floor test sections were designed to have a high strength
structural platform, capable of attaching crashworthy, ener-
gy-absorbing seats, supported by an underfloor crush zone
that provides energy absorption and controls the loads to
this platform. The design of these floor sections was analyti-
cally verified with NASTRAN for the static conditions and
with KRASH for the dynamic conditions.

82-601

Simulation of Aircraft Seat Response to a Crash
Environment

JW. Coltman, A.O. Bolukbasi, and D.H. Laananen
Simula Inc., SAE Paper No. 810612

Key Words: Aircraft, Aircraft seats, Crash research (aircraft),
Crashworthiness, Computer programs

A new structural analysis method is being developed for
incorporation into the seat/occupant model (Program SOM-
LA), which is intended for use in evaluating the crashworthi-
ness of aircraft seats. The analytical technique is described,
and its capabilities are demonstrated in the simulation of
the dynamic test of an actual aircraft seat. Computer simula-
tion results are presented and compared with the test data.

82-602
Determination of Crash Test Pulses and Their Appli-
cation to Aircraft Seat Analysis

E. Alfaro-Bou, M.S. Williams, and E.L. Fasanella
NASA Langley Res. Ctr., Hampton, VA, SAE Paper
No. 810611

Key Words: Aircraft, Aircraft seats, Crash research (aircraft),
Energy absorption, Experimental test data, Computer pro-
grams

Deceleration time histories (crash pulses) from a series of
twelve light aircraft crash tests were analyzed to provide
data for seat and airframe design for crashworthiness. A
hybrid mathematical seat-occupant model was developed
using the DYCAST nonlinear finite element computer code
»nd was used to analyze a vertical drop test of the energy
absorbing seat. Seat and occupant accelerations predicted
by the DYCAST model compared quite favorably with ex-
perimental values.

82-603

US Ay Crashworthiness Program

G.T. Singley, ||

US Army Aviation Res. and Dev. Command, St.
Louis, MO, SAE Paper No. 810615

Key Words: Aircraft, Crash research (aircraft), Crashworthi-
ness

Results of the US Army R&D effort to improve aircraft
crashworthiness are presented. Because this crashworthiness
R&D program has spanned more than 20 years, this paper
is only a summary; however, over the years scores of tech-
nical reports have been published documenting in detail the
results of this program.

82-604

Flap-Lag-Torsional Dynamic Modelling of Rotor
Blades in Hover and in Forward Flight, Including
the Effect of Cubic Nonlinearities

M.R.M. Crespodasilva

Dept. of Aerospace Engrg. and Applied Mechanics,
Cincinnati Univ., OH, Rept. No. NASA-CR-166194,
ASD-81-6-1, 73 pp (July 1981)

N81-26116

Key Words: Helicopters, Propeller blades, Blades, Torsional
response, Mathematical models

The differential equations of motion, and boundary condi-
tions, describing the flap-lead/lag-torsional motion of a
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flexible rotor blade with a precone angle and a variable pitch
angle, which incorporates a pretwist, are derived via Hamil-
ton’s principle., The meaning of inextensionality is discussed.

82-605

Helicopter Fatigue Life Assessment

Advisory Group for Aerospace Res. and Dev., Neuil-
ly-sur-Seine, France, Rept. No. AGARD-CP-297, 264
pp (Mar 1981) (Presented at the Meeting of the
AGARD Structures and Materials Panel (51st), Aix-
en-Provence, France, Sept 14-19, 1980)

AD-A101 017

Key Words: Helicopters, Fatigue life

The major objective of this meeting was to take a further
step towards the collection of experience on the fatigue
evaluation and substantiation of new helicopters. The meet-
ing included surveys of current procedures and service ex-
perience, consideration of new concepts associated with the
introduction of new technologies such as composite mate-
rials, new philosophies relevant to service damage and combat
damage, and a review of testing techniques and methodolo-
gies for airframes and dynamic components. Finally, presen-
tations were made on a European exercise aimed at the
development of standardized fatigue (oad histories for heli-
copter rotors.

82-606

Flap-Lag-Torsional Dynamics of Extensional and
Inextensional Rotor Blades in Hover and in Forward
Flight

M.R.M. Crespodasilva

Dept. of Aerospace Engrg. and Applied Mechanics,
Cincinnati Univ., OH, Rept. No. NASA-CR-164475,

3 pp (June 1981)
N81-26117

Key Words: Helicopters, Propelier blades, Blades, Torsional
response

The formulation of differential equations of motion for both
extensional and inextensional rotor blades, and the effect
of cubic nonlinearities was examined. The developed dif-
ferential equations are reduced to a set of three integro
partisl differential equations for a hingeless blade by elimi-
nsting the extension variable. Aerodynamic forces are mod-
eled using Greenberg’'s extension of Theodorsen's strip
theory. Equations of motion are expanded into polynomial
nonlinearities to evaluate the motion of the system.

82-607

The Noise Characteristics of Inverted Velocity
Profile Coannular Jets

AM. Cargill and J.P. Duponchel

Rolls-Royce Ltd., P.O. Box 31, Derby, UK, J. Sound
Vib., 78 (4}, pp 495-5617 (Oct 22, 1981) 23 figs,
25 refs

Key Words: Noise generation, Aircraft noise, Supersonic
aircraft

Messurements have been made of the noise of inverted
velocity profile coannular jets (outer greater than inner
velocity), statically at model scale. |t has been found that an
annular jet has both jet mixing and shock-cell noise lower
than a round jet and that this benefit is increased when flow
is added to the center of the jet. Consideration of potential
application shows that for a conventional turbofan with a
large temperature differential between the streams, inverting
the flows always gives lower noise but that this is rarely
less than that of a single stream jet of the same thrust and
mass flow. When both streams are hot and of a similar
temperature, however, the inverted profile jet is always
quieter.

82-608
The Effect of Proplets and Bi-Blades on the Perfor-

mance and Noise of Propellers
J.P. Sullivan, L.K. Chang, and C.J. Miller
Purdue Univ., SAE Paper No. 810600

Key Words: Propeller noise

An analytical technique for predicting the serodynamic
performance of propellers with tip devices (proplets) using
vortex lattice method shows that the ideal efficiency of a
fixed diameter propeller can be improved by 1-6%. By suit-
able orientation and sweep of the proplet, the noise analysis
method presented predicts that propellers with tip devices
will have approximately the same noise as propeliers without
tip devices. Therefore proplets can be sdded to a fixed
diameter propeller to improve the efficiency with no in-
crease in noise or the noise may be reduced by decressing
the diameter with no loss in aerodynamic efficiency.

82609

Helicopter Noise Exposure Level Data: Variations
with Test Target. Indicated Airspeed, Distance, Main
Rotor RPM and Takeoff Power

J.S. Newman
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Office of Environ. and Energy, FAA, Washington,
DC, Rept. No. FAA-AEE-80-34, 37 pp {(July 10,
1980}

AD-A100 691

Key Words: Helicopter noise, Noise measurement

This report provides uncorrected noise exposure level data
measured using an integrating sound level meter at a single
measurement location during the recently completed, week
long, FAA helicopter noise test, In addition to the mea-
surements reported, primary acoustical measurements were
conducted.

82-610

Model Helicopter Rotor Impulsive Noise

J.E. Hubbard, Jr. and W.L. Harris

Dept. of Aeron. and Astron., Massachusetts [nst,
of Tech., Cambridge, MA 02139, J. Sound Vib,,

78 (3), pp 425437 (Oct 8, 1981) 9 figs, 2 tables,

18 refs

Key Words: Helicopters, Rotors, Propeller blades

An investigation of helicopter rotor blade slap was per-
formed on a model rotor. The effects of number of blades,
blade pitch, advance ratio, and shaft angle on the generation
and intensity of blade slsp have been investigated. The
effect of each parameter was determined by varying the
parameter of intersst while keeping the others constant.
The rotor tip speeds of the tests performed in this study
were limited to approximately Mach O+4. The directivity
associated with the blade slap signature was measured, The
results of this investigation are based on a8 subjective defini-
tion of blade slap.
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82611

Power Plant Noise Control

S.P. Nuspl and H.R. VanHandle

Babcock & Wilcox Co., Barberton, OH, ASME Paper
No. 81-JPGC-Pwr-15

it P A e

Key Words: Power plants (facilities), Industris! facilities,
Human response, Noise generation

Equipment specifications often refer to Occupational Safety
and Health Administration limits regarding allowsble noise
emissions. OSHA limits the exposure to noise, not its level.
A study was undertaken to assess the extent of power plant
employee exposure noise. Several criteris were used to
determine the effect of noise on employees, the extent of
noise control required, and its cost with particular emphasis
on the steam generator and its auxitiaries.

MECHANICAL COMPONENTS

ABSORBERS AND ISOLATORS
[Also see Nos. 600, 602, 628)

82-612

Mechanical Design Handbook for Elastomers

M. Darlow and E. Zorzi

Mechanical Technology, Inc., Latham, NY, Rept.
No. NASA-CR-3423, MTI-81TR5, 354 pp (June
1981)

N81-26461

Key Words: Elastomers, Design techniques, Rotating ma-
chinery

A comprehensive guide for the design of elastomer dampers
for spplication in rotating machinery is presented, Theoreti-
cal discussions, s step by step procedure for the design of
elastomer dampers, and detailed examples of actual elastomer
damper applications are included. Dynamic and general
physical properties of elastomers are discussed slong with
measurement techniques.

82613

A New Method for Determining the Reaction of
Rubber under Dynamic Stress (Eine neue Methode
tur Bestimmung des Verhaltens von Gummi unter
dynamischer Beanspruchung)

C. de Meersman and P. Vandoren

Direktor der Forschungs - und Entwicklungsabteilung
von Bergougnan Benelux, Evergem/Belgien, Gummi,
Asbestos, Kunststoffe, 34 (5), pp 280-284 (May
1981) 7 figs, 2 tables

{In German}
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Key Words: Elastomers, Stiffness coefficients, Damping
coefficients, Hysteretic damping

Dynamic properties are the main characteristics of rubber,
e.g., stiffness, damping, and hysteresis. These properties
are specially important for tires, shock absorbers, and vibra-
tion isolators. This paper gives a survey about the mentioned
properties and the commonly used test methods. A new
method is described by which the dynamic behavior of
rubber can be measured quickly and exactly, The informa-
tion about the single test results are independent of compo-
nent shape.

82614
Optimum Vibration Absorbers for Linear Damped

Systems

S.E. Randall, D.M. Halsted, I1i, and D.L. Taylor
Sperry New Holland, New Holland, PA, J. Mech,
Des., Trans. ASME, 103 {4}, pp 908-913 (Oct 1981)
9 figs, 1 table, b refs

Key Words: Vibration absorption (equipment), Damped

structures

This paper presents computational graphs that determine
the optimal linear vibration absorber for linear damped
primary systems, Considered as independent parameters
are the main system damping ratio and the mass ratio exam-
ined over the range O to 0.50 and 0.01 to 0.40, respectively.
The remaining nondimensional parameters were optimized
using numerical methods based on minimum-maximum
amplitude criteria, With independent parameters specified
the computational graphs can be used to find the response
amplitudes as well as the optimal absorber characteristics.
This procedure is illustrated in a design example. A qualita-
tive discussion of the sensitivity to parameter errors is pre-
sented.

82615

Transition from a Non-Reverberant to a Reverberant
Dynamic System

G. Maidanik and L.J. Maga

David W. Taylor Naval Ship Res. and Dev. Ctr,,
Bethesda, MD 20084, J. Sound Vib., 78 (3), pp 397-
416 (Oct 8, 1981) 4 figs, B refs

Key Words: isolation, Vibration isolation, Vibration damp-
ing, Reverberation

When a dynamic system is isolated from its environment it
may become reverberant and inhibit the effectiveness of the

isolation, The transition from a non-reverberant to a reverber-
ant situation introduced by isolation is considered in this
paper. An example is cited dealing with the escaping power
from a one-dimensional dynamic system to its environment.
Consideration is focused on an attempt to reduce the es-
caping power by isolating the dynamic system from its
environment. A prescription for converting the formalism
to a three-dimensional dynsmic system ( an enclosurs) is
proposed and developed. The use of coating as a means for
providing isolation for an immersed enclosure is discussed.

82616

Optimum Pulse Control of Flexible Structures

S.F. Masri, G.A. Bekey, and T.K. Caughey

J. Appl. Mech., Trans, ASME, 48 (3), pp 619-626
(Sept 1981) 11 figs, 26 refs

Key Words: Active vibration control, Stochastic processes,
Earthquakes, Pulse excitation

A simple yet efficient active control method is presented for
reducing the oscillations of distributed parameter systems
subjected to arbitrary dynamic environments. Following
determination that some specified response threshold has
been exceeded, an open-loop control pulse is applied, The
optimum puise characteristics are determined analytically
so as to minimize a non-negative cost function related to the
structure energy. The proposed control method is shown
to be reliable in consistently mitigating the response of
realistic multidegree-of-freedom systems, whether linear or
nonfinear, subject to arbitrary stochastic or deterministic
excitation,

82-617

Fatigue Damage of the Locomotive Suspension
Fiements under Random Loading

D.S. Garivaltis, V.K. Garg, and A.F. D'Souza
Dynamics Res. Div., Association of American Rail-
roads, Chicago, IL, J. Mech. Des., Trans. ASME,
103 (4), pp 871-880 {Oct 1981) 20 figs, 14 refs

Key Words: Suspension systems (vehicles), Locomotives,
Random excitation, Fatigue life, Spectrum analysis

Spectral analysis techniques are employed to snalyze the
fatigue damage to the suspension of a six-axie locomotive on
tangent track with vertical and lateral random track irregu-
larities. The locomotive is represented by a thirty-nine
degrees of freedom linear model. Spectral densities of forces
and probability density functions for stress levels in suspen-
sion elements are generated. Using a modified definition of
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transmissibitity, the probability density functions of the
output/input and mean square values of outputs are obtained
for various stiffness ratios. A cumulative linesr damage
criterion based on Miner’'s theory is employed to predict
fractional damage per operational second and mean life
of the suspension elements. Operational stress cycles/sec.
versus operationsl stress ievel are plotted for the suspension
elements. These cperational characteristics in conjunction
with fatigue characteristics (S-N curve) can be effectively
used as a tool for fatigue design.

82618

Design Predictions for Noise Control in the Cryogenic
National Transonic Facility

W.S. Lassiter

NASA Langley Res. Ctr., Hampton, VA, Noise
Control Engrg.,, 17 (2), pp 76-84 {Sept-Oct 1981)
12 figs, 2 tables, 6 refs

Key Words: Acoustic linings, Noise reduction, Honeycomb
structures, Fans

Two-layered perforated sheet/honeycomb core aluminum
linings were designed to sttenuate drive fan noise. A high-
pressure cryogenic transonic wind tunnel that will use gase-
ous nitrogen at cryogenic temperatures to generate flows at
full scale Reynolds numbers for current and planned sero-
space vehicles is examined. A two layer perforated sheet
honeycomb lining was designed to attenuate drive fan noise.
A muffler consisting of trays filled with mineral wool and
acting as an acoustical absorber was designed to attenuate
noise from two throttling valves on the exhaust end of the
tunnel. Fan silencers, an acoustical enclosure and a relatively
large ejector exit area will be used to reduce fan and jet-
mixing noise in the fan/ejector exhaust system of the tunnel.
The fan/ejector system exhausts a high pressure nitrogen
in the tunnel to the atmosphere through a 36.6 meter high
exhaust stack and induces rapid mixing and warming of the
cold gas with the atmosphere,

BLADES
(Also see Nos. 669)

82619

Natural Frequencies of Rotating Bladed 