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DIRECTOR NOTES

This issue contains the Advance Program for the 49th Shock and Vibration Sym-
posium. My most sincere thanks are extended to the program committee for a
job well done. In my opinion, the selection of technical papers this year promises
to be as interesting and informative as any we have ever had. The National Aero-
nautics and Space Administration takes its turn as host with Goddard Space Flight
Center doing the honors. The outstanding cooperation and support by Brian
Keegan and others at the Goddard has made our job at SVIC substantially easier.

In the Opening Session, the Keynote Address and two of the invited papers will
be presented from the viewpaint of NASA interests. As always, it is expected that
these talks will provide useful information to a broad segment of the technical
community and inspiration for fruitful discussions during the remainder of the
symposium. We will also be treated to a veiw from the Department of Defense
with respect to dynamics and the DoD technology thrusts. The speaker recently
came to DoD from the Aerospace Corporation, so we may anticipate that dynamics
problems are not exactly new to him.

| am proud to announce that, for the first time in several years, there is a complete
session in the program covering human response to vibration and shock. This
session was especially organized, rather late | might add, to meet a special need.
The program committee, and others, felt there should be more interchange of
information between the biodynamics pecple and those concerned with structures
and equipment. My thanks to Dr. John Guignard for his assistance in organizing
the session and to the speakers for accepting our invitation to participate. | think
that representatives from all areas of the shock and vibration fraternity will be
interested to hear these papers. We look forward to a successful symposium.

H.C.P.
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EDITORS RATTLE SPACE

THE BLACK BOX SYNDROME

Many engineers seem to be relying on data processing
devices but apparently do not understand how they
work. It has become common practice for both
mathematical analysts and experimentalists to enter
data into “‘black boxes’’ that manipulate or process
the data. Engineering judgments and recommenda-
tions are therefore increasingly based on the results
of some sort of data manipulation process that
isn't understood by the user - | call it the “black
box syndrome.” The black box might be a large
general purpose computer program for the mathe-
matical analyst or a real time analyzer for the experi-
mentalist. Regardless, this practice frightens me
because important decisions are being made on data
processed in ignorance -- the user does not know the
capabilities of assumptions, compromises, or limita-
tions of the system he’s depending on. At the very
least the user fails to take full advantage of the
capability of the device; even worse, ignorance can
result in errors in judgment that may in turn lead to
an engineering disaster.

Some years ago the technologies of both experi-
mentation and mathematical analysis, based on
electronics, began to grow at a rapid rate. At present
the digital computer and other portable digital data
processing devices are marvelous data processing
tools, capable of turning out accurate results quickly.
The large data processing and storage capabilities
of digital computers have made practical the solution
by numerical methods of complex structural dy-
namics problems at a reasonable cost. As a result
the capability and cost effectiveness of the engineer
has grown at a phenomenal rate. In the experimental
area new measuring devices have allowed voluminous
amounts of data to be collected in a precise manner.
Coupled with this data gathering capability has been
tremendous growth in the ability to analyze complex
signals instantaneously with the real-time analyzer.

The problem as | see it today is that the capabilities
of hardware and software have grown much faster

than those of the average engineers who use them -
thus bringing on the black box syndrome. As a
result, either the engineer is totally unfamiliar with

‘the capabilities of digital data processing and there-

fore does not derive full benefit from their applica-
tion or he uses them even though he is only partly
familiar with their capabilities and limitations.
Data in and data out thus equal a decision, and only
a few engineers know why, and only a few are aware
that the black box can distort, has limits, and can
degrade results.

The solution to this dilemma is training. Good
training is available (see the monthly Digest short
course listings) at a reasonable cost -- a fraction of
the cost of the equipment. In fact, most companies
that make black boxes are eager to train users.
The vendors realize that the more the buyer knows
about their black box, the more he will use it and
that this is a good way to establish a demand for
larger and better black boxes. Training courses
increase the capability of the engineer, as well as his
confidence that the decisions made are based on
facts rather than on magically manipulated data.
| recommend that management provide training
opportunities for their engineers before they begin
to use new equipment. In this way the risks inherent
in the black box syndrome can be avoided.

R.L.E.
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BALANCING MACHINES REVIEWED

D.G. Stadelbauer*

Abstract - This article reviews the history of balancing
machines and compares various types currently in
use.

Computerized balancing has been carried out for
years in large, high-speed test facilities ftor flexible
turbine rotors and generator rotors. With the advent
of the low-cost table-top computer, a similar ap
proach has become economical for many production
balancing operations, and the first such installations
are underway (see Fig. 1 for a typical arrangement).
Thus, the art of balancing has becorme a precisely
controlled routine, and all steps and salient data are
permanently recorded.

EARLY BALANCING MACHINES

The first balancing machines were developed around
1900; they were trial and error devices consisting of
a flexibly mounted set of bearings with some means
of drive (see Fig. 2). Years passed before mechanical
indicators were developed. First the magnitude of
vibration was indicated; then the high spot on the
shaft was used as a crude reference for the angular
position of unbalance.

r«.r.r!

During the late 1920s and early 1930s elaborate
counter vibration mechanisms were developed that
could counteract the unbalance vibration in the
balancing machine by means of a mechanically
generated counterforce of known magnitude and
phase angle. During the 1940s, electrical indicating
systems with electromagnetic pickups and phase
reference generators became available;, the latter
rotated in synchrony with the workpiece. In re-
sponse, mechanical plane selectors and nodal bars
were added to older style compensation machines to
allow a direct readout of unbalance in the correction
planes during the first spinup.

On a typical compensation machine (see Fig. 3) the
workpiece (1) was end driven from a faceplate (2)
and rotated on open rollers (3) suspended from ad
justable springs (4) via a linkage (5) The motor-
driven faceplate also drove a cam (6) via @ manually
turned ditterential (7). The latter served to change
the angular relationship between cam and work
piece. A vertical pin (8) transmitted the motion of
the cam into the countervibration mechanism (9).
The amplitude picked up by the axially moveable
finger (10) was transferred along the machine bed
by an oscillating shaft (11) and fed back through

counter springs (12) into the support linkage. By
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__ Figure 1. Typical Computer Control of Several Balancing Machines _
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Figure 2. First Known American Patent on a Balancing Machine

adjusting the phase angle and amplitude of counter-
vibration until a dial indicator (13) attached to each
linkage registered zero the angle of unbalance could
be read on a protractor (14) and the quantity on a
scale (15). Readings were taken in sequence for the
left and right correction planes by alternately locking
out the other plane with a nodal bar (16) and plane
locks (17).

The manufacturers of machines with electrical in-
dicating systems countered with electrical plane
separation networks that enabled the operator, with
the help of a balanced rotor and test weights, to
calibrate the indicating system in practical correction
units in any two selected correction planes. Angle
indication was provided by a stroboscopic lamp,
which eliminated the need for an end-drive coupling.
This development was used to balance many small
and medium size rotors (see Fig. 4).

During the 1950s competition continued, and both
types of machines were further refined. An electronic
null indicating system replaced the dial indicators

on compensating machines, and electrical machines
were equipped with an initial unbalance compen-
sating network called a compensator (see Fig. 5).

The compensator eliminated the need for a balanced
rotor. Instead, the first (unbalanced) rotor of a series
could be used to calibrate the machine by electrical
compensation of the unbalance signals with the help
of several potentiometers and suitable circuitry.
Although the rotor still vibrated in the machine,
the indicating system registered zero unbalance. The
operator added test weights of known value and
calibrated the plane separation and amount indica-
tion networks of the machine. Thus the need for
physically balancing the first rotor by trial and error
was eliminated.

Compensation machines were usually equipped with
a tunable workpiece suspension system that could
be adjusted for resonance. This provided good sen-
sitivity. Machines with electrical indication, however,
had non-tunable, softly sprung suspensions in which
the workpiece rotated considerably above resonance.
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Figure 3. Schematic of Compensation Machine with Counter Vibration Mechanism

Hence, their later designation as soft-bearing bal-
ancing machines.

HARD-BEARING MACHINES

In the late 1950s and early 1960s a new approach
to balancing was developed: the hard-bearing ma-
chine (see Fig. 6). The workpiece rotates in rigidly
supported bearings, and unbalance is measured
directly as centrifugal force. Various types of pick-
ups are used. A serious problem was the extremely
low signal to noise ratio, which necessitated expen-
sive filtering systems so that adequate sensitivity
at balancing speeds low enough for common shop
use could be obtained. The first machines were over-
designed with regard to structure; this assured ample
rigidity but added to their cost.

The first hard-bearing machines were thus expensive
to buy and to maintain. Signiticantly more electronic
components were needed than for the soft-bearing
machine. After several years of refinement and the
advent of solid state components and plug-in circun
boards, the hard-bearing machine became more com
petitive pricewise; the superiority of the system soon
propelled it to the forefront of the market

One significant advantage is permanent calibration
This feature, defined by 1SO 1940, “‘provides calibra-
tion for any rotor within the capacity and speed
range of the machine by ‘setting’ it.”" Setting, in
turn, is defined as ‘‘the operation of entering into the
machine information concerning the location of the
correction planes, the location of the bearings, the
radii of correction, and the speed, if applicable "’

The centrifugal force exertec by a specitic amount
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Figure 4. Machine with Electrical Indicating System Using Stroboscopic Lamp for Angle Indication.
The suspension led to the name soft-bearing balancing machine

of unbalance at a given speed is always the same,
regardless of whether the unbalance occurs in a small
or large or light or heavy workpiece, Direct measure-
ment of this force permits permanent calibration of
the indication system of the hard-bearing machine in
ounces or grams for all workpieces within its capac-
ity Such calibration is not possible with soft-bearing
machines because a specific amount of unbalance
causes different amplitudes of vibration in different
types of rotors, depending on such factors as mass
and configuration of workpiece, moments of interia,
mass of the balancing machine suspension, and
balancing speed
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Figure 6. Typical Hard-Bearing Balancing Machine with Permanently Calibrated Instrumentation.
Rotor Dimensions a, b, ¢ and 1, , v, are directly dialed into the analog computer

test weight size and suitable calibration. Estimations
of the maximum expected initial unbalance require
experience, as do comparisons to the specified
tolerance and determination of a calibration setup
that will provide a readable indication of both.
Correct judgment of this relationship determines to
a great extent the eventual capability of a soft-bearing
machine to indicate a large initial unbalance and a
small final tolerance.

Size, weight, or shape of a workpiece change fre-
quently in most types of balancing applications,
particularly in short production runs, maintenance
and repair work, and shop balancing. In such in-
stances, the hard-bearing, permanently calibrated
machine is most valuable because it provides the
operator with an immediate, first-run readout of
unbalance. Because most hard-bearing balancing
machines have a dual channel indicating system,
readings for both correction planes are shown simul-
taneously.

Occasionally, a workpiece has to be balanced at more
than one speed. This iz not particularly difficult

if a hard-bearing machine is used because built-in
electronic circuitry maintains permanent calibration
throughout the speed range. On the other hand, a
soft-bearing machine must be recalibrated for each
balancing speed; weights are attached to the rotor
for each calibration. Problems often occur. Typically,
for example, the weights used are lumps of either
clay or wax. Even though they are carefully weighed,
errors can be introduced when they are attached
to the workpiece because it is difficult to position
the center of gravity of such a lump at any exact
radius or angular position. Such positioning errors
result in calibration errors. In addition, the peri-
pheral speed of the rotor is sometimes such that the
clay flies off, specially made bolt-on weights or
something similar must then be used. In addition
weights temporarily attached to a workpiece pose
some danger to operators.

On some soft-bearing machines small shakers are
mounted to the supports to eluninate the calibration
weight problem. These machines are calibrated with
the shaker force when the rotor 1s not turning. How-
ever, the fact that these machines do not account tor
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the polar moment of inertia ot the rotor significantly
affects the accuracy of cahlibration for any but a
narrow range of rotors of standard shape

Even limited calibration requires that the operator
adjust a series of dials and switches in a prescribed
sequence. In principle, he vibrates the rotor on the
machine supports with built-in shakers that produce
a force equivalent to a known unbalance in the
bearing plane Shaker frequency must conform
precisely with the intended balancing speed. Next,
an A-B-C netwurk 5 set to refer the calibration
weight simulation to the correction planes. Another
set of dials adjusts for the radius of correction.
Only after all these steps have been carried out
can the actual amount be calibrated; eight additional
dials are necessary to establish a fixed relationship
between shaker force and unbalance readout. The
same shaker force is used for all rotor sizes, initial
unbalances, and tolerance requirements. This is a
severe limitation when rotor requirements vary over
a wide range. Furthermore, the entire process must
be repeated if the balancing speed is changed or a
rotor of a different size is to be balanced.

These frequently overlooked difficulties inherent
in the calibration procedure of soft-bearing ma-
chines point out the basic ease and simplicity of
the newer, hard-bearing machines. Sensitivity and
accuracy are built into the hard-bearing machine,
on a soft-bearing machine, however, they are en-
tiely dependent on how well the operator cali-
brates the machine for the given part.

Permanent calibration in no way compromises the
capability of a hard-bearing machine to measure
extremely large unbalances. Quite the contrary!
A hard bearing machine will indicate very large
initial unbalances that would be impossible to mea-
sure with soft-bearing machines because the large
vibration amplitudes would exceed the limits of
the pickups.

Another mportant adventage of hard-bearing ma-

funes 15 that they clirinate wind disturbances when
blowers and tans are balanced The workpiece rotates
as 1f it were assembled, and there is no swinging of
the supports as can occur with soft-bearing machines.
Thus the unbalance signals are not distorted.

Although extremely sensitive, the hard-bearing
suspension system is rugged and cannot be damaged
by chips, grit, and dirt. One further and sometimes
very important advantage of the hard-bearing ma-
chine is its capability to balance at extremely low
speeds, something a soft-bearing machine cannot
do because its balancing speed must always be con
siderably higher than the natural frequency of the
rotor and vibratory support system so that a stable
readout is obtained for the calibration. Low balancing
speeds greatly reduce the horsepower requirements of
a machine on which rotors with large moments of
inertia or considerable drag are to be balanced
Horsepower required to accelerate a given mornent
of inertia decreases proportionally to the square
of the balancing speed. Horsepower required to run
a fan decreases approximately proportional to the
cube of the speed. A low balancing speed can thus
significantly decrease the cost of the drive, of other
related components, and thereby of the entire ma-
chine -- in addition to saving energy.

The advantages cited above are sufficient reasons for
the dominant position in the field of balancing
acquired by the hard-bearing system during the past
15 years. Not surprisingly, the system is now at the
forefront of a new developmental stage -- computer-
ization. All hard-bearing instrumentation has hereto-
fore included a manually operated analog computer.
This can now be replaced by an on-line digital com-
puter which transforms the art of balancing into a
routine task. Computerization greatly simplifies the
mating of a balancing machine with such correction
devices as a drill head or milling machine, thereby
allowing low cost automation when many pieces of
the same type and size are to be balanced. Such
automation was previously practiced almost ex-
clusively in the automotive industry but has now
become economical for many other applications
involving shorter production runs.
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I'he 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 1s 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 unpubhished 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

Current work on transonic blade flutter research is summarized by Professor Platzer
of the Naval Postgraduate School. Aerodynamic theory and flow models are re-
viewed

Professor Norman Jones of Massachusetts Institute of Technology has written a
two part article on recent progress on the dynamic plastic behavior of structures
Part | on the behavior of ideal fiberreinforced beams, higher modal response,
transverse shear and rotary inertia effects, fluid structure interaction, and dynamic
plastic buckling is published in this issue of the DIGEST




TRANSONIC BLADE FLUTTER: A SURVEY OF NEW DEVELOPMENTS

M.F. Platzer*

Abstract - This paper is a review of current work in
transonic blade flutter research. Aerodynamic theory
and flow models are summarized. Analyses of super-
sonic and transonic flow past oscillating cascades,
blade row interactions, and three-dimensional un-
steady flow through rotating annular cascades are
given. Experimental studies are described.

An earlier survey [1] presented a general description
of the transonic blade flutter phenomenon and
summarized the analytical and experimental In-
vestigations devoted to the problem prior to 1975,
This paper updates the current status of transonic
blade flutter research.

The term transonic flutter is used here to indicate
that the flow over the outer span of a blade is either
transonic or supersonic. Depending on the flow con-
dition, any of three types of flutter can occur:

e transonic choke flutter, when the blade is oper-
ating at near-choke conditions

@ supersonic unstalled flutter, when the attached
flow over the outer span of the blade is fully
supersonic

@ supersonic stall flutter, while the outer portion
of the blade is operating supersonically but the
flow is partly or fully separated

Typical flutter boundaries that have been observed
on modern compressors are shown in the figure.
The choke flutter boundary is encountered during
part-speed operation. The blades operate transoni-
cally at negative incidence angles and, due to a
choked flow, in-passage shocks with possible flow
separations are likely to occur.

The supersonic unstalled flutter boundary imposes
an important high speed operating limit. Recent
tests have shown that the blade flutter mode during
this type of flutter can be either predominantly
torsional or consist of a large vibrational deformation
of the blade camber line (chordwise bending mode).
Still_another type of supersonic torsional f_lc._:_ttAeL,

*Professor of Aaro;uuticl, Naval Postgraduate School,
Monterey, CA 93940
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designated A-100 flutter, was recently identified;
it occurred only above a threshold level pressure
ratio. Two additional flutter boundaries may be
encountered during operation near surge  SUpersonic
stall flutter and subsononic stall flutter. The latter
phenomenon has plagued the engine industry for
many years but is outside the scope of this paper.
Supersonic stall flutter, however, is still largely
unexplored due to the enormously complex nature
of separated supersonic flow through
rotors

transomec

Subsequent sections of this review are himited to a
discussion of transomic choke flutter and
sonic unstalled thutter  The interested reader s re-
ferred to recent reviews by Sisto [65], Fleeter [66],
and Platzer [68] for discussions of other aeroelastic
problems in turbomachines.
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AERODYNAMIC THEORY

It has been pointed out [1] that considerable sim-
plifications are required in order to make the problem
of transonic blade flutter mathematically tractable.
To this end, viscous flow effects are usually ignored
at the outset, and the analysis is based on Euler
equations or some suitable approximation of them.
The fully linearized approximation has been the
most widely used, but attempts have recently been
made to include nonlinear flow effects.

Linear analysis assumes that the major effects are
described by small perturbations of a uniform flow
of velocity U in the x direction. Therefore, the well-
known linearized unsteady potential equation for
the velocity potential ¢ can be used.

2
1 /a d 2
— ——+ — =
= b (1

In equation (1) c represents the constant velocity of
sound of the uniform flow. Solution methods for
this equation have been well developed and docu-
mented (2, 3, 71]. Unfortunately, equation (1)
is only conditionally valid for describing wave prop-
agation phenomena in flows with mixed subsonic/
supersonic flow regions. As has been shown [4, 5]
the propagation must occur at sufficiently high
frequency for equation (1) to be valid, or more
precisely

k>>(1- M|

M is the local Mach number and k the reduced
frequency.

In nonlinear analyses nonlinear flow effects can be
incorporated by basing the analysis either on the
transonic small perturbation equation [5]

[1—M’-(7+1)M—2¢]¢ +
U Px! Pxx T ¥yy

1 2 - 0
o2 it ¢ Pxt

(2)

the full potential flow equation [5], or the Euler
equations.
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FLOW MODELS

The analysis of three-dimensional unsteady flow
through a transonic multi-stage machine is still
prohibitively complex. Various simplifying assump-
tions are made so that the problem is amenable to
a mathematical solution.

The most simple and widely used model -- the cas-
cade flow model - is obtained by unwrapping an
annulus of differential radial height from the flow
passage of an axial-flow turbomachine. Only one
cascade is usually considered because of the com-
plicated interactions between neighboring blade
rows. As has been pointed out [1] the case of super-
sonic cascade flow requires further differentiation
depending on the axial through-flow Mach number,
which can be either subsonic (causing propagation
of the disturbances upstream of the biade leading
edges), moderately supersonic (causing interactions
only between the reference blade and its adjacent
blades), or highly supersonic (causing no interactions
between neighboring blades).

Three-dimensional flow models have recently been
introduced; examples include the flow past a vi-
brating blade row of finite blade height situated
between end plates and the flow past an annular
blade row with a finite number of vibrating blades
rotating at a constant angular velocity in an infinitely
long cylindrical duct.

ANALYSIS OF SUPERSONIC FLOW PAST
OSCILLATING CASCADES

Interest in the analysis of unsteady supersonic cas-
cade flows was stimulated by the need to understand
supersonic wind tunnel interference effects [1]. The
two problems are closely related because an oscil-
lating airfoil situated between two solid wind tunnel
walls is equivalent to an unstaggered cascade whose
blades are oscillating in counterphase. Using equation
(1), Miles [6] obtained a complete solution by
Laplace transform methods.

This work was extended [7-10] to staggered cas-
cades with supersonic leading-edge locus (supersonic
axial velocity). Equation (1) was again used with
various solution methods.




Analysis of the more practical but more difficult
case of supersonic flow past staggered vibrating
cascades with a subsonic leading-edge locus (sub-
sonic axial velocity) began only recently. The dis-
turbances are able to propagate upstream of the blade
leading edges, thus producing a more complex blade
interaction phenomenon. The first treatment seems
to have been that of Gorelov [11], who used colloca-
tion methods. Solutions for semi-infinite cascades
were published almost simultaneously in the U.S.
by Verdon [12], Brix and Platzer [13], and Naga-
shima and Whitehead [14]. The approach assumes
a first blade; sufficient additional blades are con-
sidered until convergence toward a periodic solu-
tion is achieved. Linearized theory restricts the
analysis to flat-plate cascades; complete solutions
were obtained using different approaches; i.e., finite
difference [12], characteristics [13], and singularity
methods [14] .

The case of an infinite cascade oscillating at low
frequency was first considered at about the same
time by Kurosaka [15] . He succeeded in enforcing
the periodicity condition explicitly and obtained
an analytical solution using Laplace transform meth-
ods. Other solutions for vibrating flat-plate cascades
with subsonic leading-edge locus have been pub-
lished [16-23]. Adamczyk and Goldstein [23]
approached this problem in several new ways: the
time marching technique [16], the Wiener-Hopf
technique [22, 23], and formulations in terms
of two boundary value problems solved successively
and represented by infinite series expressions [20,
21]. Comparisons of the various methods indicate
substantial agreement, but additional systematic
evaluations will be required for a definitive assess-
ment.

The differences between semi-infinite and infinite
cascade analyses have recently been studied (24].
An elementary approach was used to develop analy-
tical solutions for slowly oscillating semi-infinite and
infinite cascades. The resonance phenomenon in
supersonic cascades was first pointed out by Samay-
lovich [25]. The computation of the aerodynamic
forces in the super resonant regime has recently
been discussed in some detail (21] .

All of the above analyses are based on linearized flow
theory and hence are restricted to flat-plate cas-
cades. The effects of blade thickness and loading

on supersonic blade flutter are still unresolved.
However, work on two approaches has recently
begun. One analysis has been based on the nonlinear
transonic small disturbance equation and the steady
flow field computed by a nonlinear characteristics
method upon which the oscillatory flow field was
superimposed as a linear perturbation [24)]. Pre-
liminary results indicate that flutter is significantly
dependent on blade thickness, especially at lower
frequencies. Kurosaka [26] used the complete non-
linear potential equation as the governing equation
and applied the method of strained coordinates.
Results for the cascade are as yet unpublished, but
the solution for the oscillating single airfoil has been
published [27]. Such methods as the time-marching
method are also applicable to the analysis of thick-
ness and loading effects, but apparently no results
have been published.

ANALYSIS OF TRANSONIC FLOW PAST
OSCILLATING CASCADES

The prediction of transonic cascade fiows is ham-
pered by the difficulties invalved in computing mixed
subsonic/supersonic flows. The problems have re-
cently been reviewed in a workshop on transonic
flow problems in turbomachinery [28]. At present,
only a few rather sirnplified oscillatory cascade flow
solutions have been published although several re-
cently developed methods are potentially able to
provide much better approximations of the actual
flow. Hamamoto [29] gave a solution for sonic
flow past unstaggered flat-plate cascades oscillating
at zero interblade phase angle. He applied Fourier
transform methods to the linearized transonic small
disturbance equation.

An extension of this analysis to arbitrary interblade
phase angles and to cascades with firite blade thick-
ness on the basis of Oswatitsch’s parabolic approxi-
mation [30], as well as an investigation of other
solution techniques, such as Laplace transform and
collocation techniques, his recently been studied
[31]. This study revealed that cascade interference
effects have a strongly destabilizing influence on
torsional vibrations for many parameter combina-
tions.

The related problem of sonic wind tunnel interfer-
ence has also been analyzed [32] using linearized
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transonic flow theory. in the past few years attempts
have also been initiated to account for the presence
of transonic shocks. In the first such study [33])
transonic flow through a staggered oscillating cascade
was examined. Normal shocks were assumed in the
blade passages. The flow downstream of the shocks
is thus subsonic; the shocks act as reflection planes
for the disturbances propagating throughout the
subsonic flow region. The shock oscillations were
determined, and it was concluded that torsional os-
cillations are damped by the shock waves. A similar
flow model was used with the Wiener-Hopf technique
[34] . The results predicted greater torsional stability
than the completely supersonic model but aiso re-
vealed the possibility of supersonic bending flutter.

The limitations of the above approaches can be fully
assessed only by comparison with more accurate
procedures. Computation of transonic flow past
a single oscillating airfoil using the time marching
technique was the first exact solution to this problem
[35] . As has already been mentioned, this technique
has been applied to oscillating flat-plate cascades
[16] . Efforts are presently underway to apply
the technique to oscillating cascades with arbitrary
blade shapes; the results will provide a valuable
standard for evaluating more approximate but faster
procedures. Among such procedures, the relaxation
method is promising although results are apparently
available only for single oscillating airfoils [36] .

The vibration characteristics of transonic turbine
cascades have recently been investigated (37].
Shock motion in transonic channel flows has also
been studied [38-41]. Asymptotic expansion pro-
cedures were used to study shock formation and
propagation responses to small downstream pressure
disturbances. Depending upon the initial condi-
tions imposed, either small or large amplitude shock
wave motions can occur, even when the shock wave
travels upstream from the throat, disappears, and
then reappears at the throat. Such behavior is similar
to the shock wave maotions on an airfoil with an
oscillating flap. in transonic flow [42]; either sinu-
soidal shock wave motion, interrupted shock wave
motion, or upstream propagated shock wave motion
was observed. The aerodynamic response can easily
induce blade flutter, but no such computations have
yet been performed based on Adamson’s model
[38-41)
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ANALYSIS OF BLADE ROW INTERACTIONS

Few analytical or computational studies have been
performed on transonic/supersonic blade row inter
actions because the flow phenomena are very com
plex. Unsteady supersonic rotor/stator interference
occurs only in machines with subsonic axial through
flow velocities; such interferences were apparently
first considered in 1953 [43]  Linearized unsteady
flow theory was used to study the wave formations
and interactions between stator and rotor, but no
complete solution could be obtained. The analysis
was restricted to supersonic absolute flow.

In a recent paper [44] subsonic absolute flow out
of the stator was considered; wave diffractions and
reflections on the stator vanes were studied by
observing the shock waves formed at the leading
edges of the rotor blades. It was found that unsteady
pressures were generated on the vanes and that these
pressures can excite bending and torsional vibrations.
Schlieren-optical cascade investigations in a shock
tube appeared to confirm the theoretical analysis
Other experimental studies of blade row interactions
in high-speed machines are described below.

ANALYSIS OF THREE-DIMENSIONAL
UNSTEADY FLOW THROUGH ROTATING
ANNULAR CASCADES

The adequacy of the two-dimensional cascade flow
model can be assessed only by comparisons with
well-controlled experiments in rotating test rigs or
by the development of fully three-dimensional solu
tions. Work on such solutions has been undertaken
in recent years in both France and Japan. The theo
retical model considered by Salaun [45, 46] and
Namba [47] consists of a single annular blade row
with a finite number of blades rotating at a constant
angular velocity in 3 cyhndrical annular duct The
blades are assumed to vibrate harmonically at simall
amplitude, thus making possible the linearization of
the Euler equations and the continuity equations
about the helical base flow. Lifting surface methods
were used to solve the resulting boundary value
problem for the case of subsonic base tlow, inter
esting numerical results were given. According to
Namba [(47], three-dimensional effects are small
if the reduced frequency of vibration is well above
the resonance frequency of the predominant acoustu




mode, but aerodynamic damping decreases below
the level predicted by strip theory in the subresonant
regime. The conclusion is that three-dimensional
effects cause a reduction in flutter velocity. Equally
significant deviations from strip theory were found
by Salaun [46], who also obtained as yet unpub-
lished results for supersonic flow [48) .

FLUTTER ANALYSIS

The flutter analysis of a blade row is considerably
simplified by the application of Lane's theorem
[49] , which permits consideration of a single equiva-
lent blade, thereby reducing the problem to that of
a wing flutter analysis. Blades vibrating only in
torsion can therefore be analyzed in a short time by
determining the aerodynamic pitch damping as a
function of interblade phase angle. Chordwise bend-
ing flutter and blades exhibiting plate-type deforma-
tions in flutter require more laborious procedures
[77]) . A detailed description of the blade flutter
theory can be found in Samoylovich's text [71].

EXPERIMENTAL STUDIES

A number of experimental programs are currently
in progress or have already been completed since
1975 [1]. The supersonic torsional cascade fiutter
tests conducted at the United Technologies Research
Laboratories (UTRL) [1] have been expanded to
include chordwise bending flutter tests. The pos-
siblity that supersonic unstalled flutter could involve
a large vibrational deformation of the blade camber
line (chordwise bending) was discovered on very
high-speed fans built of composite materials. Tests
of typical high-speed fan blades ir the supersonic
cascade tunnel at UTRL verified the existence of
supersonic unstalled flutter. Linearized aerodynamic
theory as stated in equation (1) could predict basic
trends although important quantitative differences
remained unresolved (53] .

Complete understanding of the flutter phenomenon
requires knowledge of unsteady blade pressure dis-
tributions. The purpose of a comprehensive mea-
suring program now underway at Detroit Diesel
Allison is to determine the pressure distributions
and their phase relations to blade motion. The tests
are performed in the Allison supersonic cascade

tunnel using electromagnetically driven blades and
Kulite pressure transducers. Projects completed to
date include measurements on blades with diamond
back profiles and multiple circular arc profiles [54
57]. Further tests are planned to investigate the
characteristics of high-turning turbine cascades

Unsteady cascade testing is also being carried out in
Europe and Japan. At DFVLR-AVA Goettingen,
Germany, Bublitz [58] investigated the aeroelastic
characteristics of a nine-bladed highly cambered
turbine cascade in the Mach range 0.4 to 1.0. During
transonic operation large pressure tluctuations and
dynamic stresses were observed. Lawaczek and Heine-
mann [59], also at DFVLR-AVA Goettingen, mea
sured the Karman vortex street shed from a ten
bladed turbine cascade exposed to subsonic, tran
sonic, and supersonic flow. At ONERA, France a cas
cade tunnel that permits subsonic, transonic, and
supersonic unsteady cascade tests has apparently
been completed [60). Transonic cascade flutter
tests have also been reported in the Russian litera-
ture [61], and recent surveys of current Russian
work on aeroelasticity in turbomachines have been
published [62-64) .

A recently completed experimental and analytical
study [67] demonstrated transonic choke flutter
for an airfoil free to oscillate in torsion about the
mid-chord between parallel walls in transonic flow
This instability was predicted using a one-dimen-
sionai flow analysis. The phenomenon is similar to
the well-known transonic aileron buzz, which has
been investigated by Tijdeman [42] .

Tests in annular cascades are simulating the unsteady
aerodynamic and aeroeiastic phenomena that occur
in transonic turbomachines. An annular cascade
of 16 blades permits testing at subsonic and super-
sonic Mach numbers up to 1.4 (69) . Electromagnetic
excitation of the blades is used; the aerodynamic
moments due to torsional oscillations over a Mach
number range from 0.6 to 1.2 are measured. Both
a fixed and a rotating supersonic annular cascade
are available at ONERA and have been used [70]
to study the unsteady flow phenomena and shock
motions caused by over-speed operation of a tran-
sonic compressor. An annular cascade research pro-
gram at Detroit Diesel Allison [66] has been designed
to obtain subsonic and transonic flutter boundaries
in the stall and choke flutter regimes,
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Another important test program recently completed
at Detroit Diesel Allison [72] concerned demon
strating the feasibility of scaled model flutter tests,
the purpose was to acquire full-scale flutter data at
a fraction of the cost of full-scale engine or rig tests.
The subsonic stall flutter boundaries of the model
and rig were in excellent agreement. Unfortunately,
for as yet unknown reasons, a similar correlation
between the supersonic flutter boundaries of the
full-scale fan and the model was not obtained

The amount of detailed unsteady aerodynarnic and
flutter information obtained in full-scale engines
1s, of course, limited due to the expense and com-
plexity involved in such tests although a number of
flutter incidents have occurred. Considerable progress
has been made in recent years in acquiring oscillating
pressure and velocity information in rotating rigs
and full-scale engines using high-response pressure
transducers and non-intrusive measuring techniques
(e.g., laser-doppler velocimetry, holography). A
summary of the measurements in transonic turbo-
machines has recently been assembled [73] in an
overview of the current status of these efforts. It
suffices, therefore, to refer only to a few particularly
noteworthy efforts, such as the blade row interac-
tion studies of Arnoldi [74] and Gallus et al [75]
and the laser measurements in a transonic compres
sor obtained by Weyer and Schod! [76] .

SUMMARY AND OUTLOOK

A number of advancements have occurred since
the last review of transonic blade flutter research
in 1975 [1]. Progress has been made in predicting
supersonic flow past oscillating flat-plate cascades
with subsonic leading-edge locus, but additional
systematic comparisons of the various approaches
are needed in order to assess their reliability and
computational efficiency.

The limitations of the flat-plate cascade model are
now better understood, Analyses of blade thick-
ness, camber, and three-dimensional flow effects
are underway, but no definitive results have yet
been published.

Transonic flow past oscillating cascades has received

considerable attention, and simplified shocked flow
models have been proposed and analyzed. An assess-
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ment of the validity of these models awaits further
theoretical and experimental studies

Steady progress has also been made in conducting
well-controlled and instrumented measurements in
cascade tunnels, scaled model test rigs, and full-
scale machines. These experiments, together with
the theoreucal approaches, have begun to provide
a useful body of information that will serve as a
qguide to the flutter-free design of high-performance
transonic  turbormachines. However, much further
systematic theoretical and  experimental work s
clearly required before the complex aeroelastic
phenomena occurring in these machines is sufficiently
understood to provide reliable design information.
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RECENT PROGRESS IN THE DYNAMIC PLASTIC BEHAVIOR OF STRUCTURES
PART 1

N. Jones*

Abstract - This two-part article reviews the literature
on the dynamic plastic response of structures pub-
lished since 1975. The review focuses on the be-
havior of such simple structural components as
beams, plates, and shells subjected to dynamic loads
that cause extensive plastic flow of material.

Part | deals with recent work on the behavior of
ideal fiber-reinforced beams, higher modal response
of beams, the influence of transverse shear and
rotatory inertia, approximate methods of analysis,
rapidly heated structures, fluid-structure interaction,
and dynamic plastic buckling. Part Il contains a
discussion of a few numerical studies on the dynamic
plastic response of structures and some miscellaneous
comments and concluding remarks.

This two-part article surveys recent literature pub-
lished on the inelastic response of such structural
members as bearms, plates, and shells subjected to
dynamic loads or sudden applied displacements that
cause permanent displacements or structural damage.
The results of studies on the inelastic response of
structural members are applicable in various fields -
for example, the development of rational design pro-
cedures to avoid the destructive action of earthquakes
on buildings, the improvement of occupant safety
during collisions of aircraft, automobiles, buses,
and trains, the collision protection of ships and
marine vehicles containing hazardous cargoes; es-
timations of slamming and bow wave damage to
ships and other marine vehicles; the design of nuclear
reactor tubes to withstand violent transient pressure
pulses, of buildings to withstand internal gaseous
explosions, and of other energy absorbing systems.
Background material [1] concentrated on the non-
hinear effects of finite displacements (or geometric
changes) and the strain rate sensitivity of materials.
In addition, Krajcinavic (2] surveyed the exact
theoretical solutions available on the dynamic in-
elastic behavior of various rigid perfectly plastic
structures that undergo infinitesimal displacements.
Baker (3] published a survey on approximate tech-
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nigues for estimating the plastic deformation of
structures acted on by impulsive loads, and Rawlings
[4] reviewed a wide range of metal structures sub-
jected to dynamic overloads and discussed many
applications, particularly concerning automobile
safety.

IDEAL FIBER-REINFORCED BEAMS

A beam with straight fibers embedded in a matrix
and aligned along the axis is considered transversely
isotropic when the plane transverse to the fibers is
a plane of isotropy. This beamn is strongly anisotropic
if the value of Young’s modulus associated with axial
extension of the fibers is much larger than the values
of Young’s modulus in the transverse plane and the
shear moduli of the matrix. In this circumstance the
fibers can be idealized as inextensible with little
sacritice in accuracy. The composite of fibers and
matrix is known as an ideal fiber-reinforced beam
when, in addition to the properties already men-
tioned, the material is assumed to be incompressible.
This material idealization is a continuum one in
which no distinction is made between the behavior of
the fibers and the response of the matrix. The static
elastic behavior of wvarious ideal fiber-reinforced
beams has been discussed [5], and many simple
theoretical solutions have been found.

Spencer [6] recently deveioped a theoretical pro-
cedure for studying the dynamic plastic structural
behavior of ideal fiber-reinforced (strongly aniso-
tropic) beams. He made the assumptions -- infinites-
imal displacements, neglect of material elasticity,
and transverse wave propagation - customarily used
to obtain the response of rigid-plastic beams made
from an isotropic material, under certain circums-
stances use of these assurnptions leads to results that
are in reasonable agreement with tests on experi-
mental models [1]. Spencer [6] examined the
response of a beam of finite length intially traveling
with a velocity V that suddenly struck a rigid
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stop. The solution to this problem can be trans-
formed so as to give the behavior of a beam sub-
jected, at the midpoint, to a constant velocity Vg
that is maintained for an infinite duration. In turn
this problem is equivalent to the case of a beam of
finite length that is struck by an infinite mass M
traveling with a velocity V.

Theoretical solutions have been developed [7] for
the dynamic plastic structural response of various
ideal fiber-reinforced (strongly anisotropic) heams
with boundary conditions and external dynamic load-
ings which are easily and reliably reproducible in a
laboratory. The theoretical behavior of these beams
has also been compared to the corresponding dynarm-
ic response of beams made from a rigid perfectly
plastic isotropic material. In general it appears that
the permanent transverse deflections and durations
of response of ideal fiber-reinforced beams loaded
dynamically are less than the corresponding values
tor similar rigid perfectly plastic isotropic beams.
These theoretical solutions [6, 7] were developed
for a rigid linear strain-hardening ideal fiber-rein-
forced material.

Spencer reexamined the beam problem he had
previously studied [6] and presented a theoretical
procedure that could be used for a wider class of
strain-hardening materials [8] . The theoretical
predictions for an ideal fiber-reinforced rigid plastic
beam supported across a span of finite length and
loaded impulsively indicated that material strain
hardening exercises an important influence on the
magnitude of the permanent displacements and
the shape of the final deformed profile [9]. Shaw
and Spencer [10] examined the behavior of var-
ious beams struck by masses, in some cases simple
theoretical results were possible only for a linear
strain-hardening ideal fiber-reinforced material. No
theoretical investigations have apparently been
published on the dynamic plastic behavior of ideal
fiber-reinforced plates and shells

It is evident from theoretical studies [7, 9] that
the duration of the response and the permanent
transverse displacements of ideal fiber-reinforced
beams are significantly less than the corresponding
quantities in “equivalent”” rigid perfectly plastic 1so-
tropic beams. Thus it appears that the weight of
energy-absorbing systems made from materials
characterized as ideal fiber-reinforced rigid-plastic

might be considerably lower than that from other
materials. However, experimental investigations will
be necessary to estatish whether or not the ideal
fiber-reinforced material model is valid for strongly
anisotropic beams loaded dynamically. The cases
already examined (7, 9] would be attractive for
experimental work because similar rigid-plastic
isotropic beams have been investigated.

HIGHER MODAL RESPONSE OF BEAMS

Early interest in the modal response of plastic struc-
tures was associated with the development of ap-
proximate solution methods, however, with the
exception of a two-mass discrete model [11, 121,
only primary or fundamental response modes have
been examined. It is evident that an infinite number
of plastic modes is possible in a continuous structure,
as is true with elastic structures. Knowledge of these
mode shapes and the accelerations associated with
them could contribute to understanding the basic
properties of rigid-plastic structures that deform in
the plastic range as a result of dynamic loading.
Moreover, information concerning the excitation of
higher modal plastic deformations might well be
applicable to the development of efficient energy-
absorbing devices.

Exact theoretical solutions for the first, second, and
third modal responses of fully-clamped beams sub-
jected to impulsive velocities having first, second, or
third modal shapes have been presented [13] . These
theoretical predictions were compared to sorme
permanently deformed profiles measured after a
series of higher modal experimental tests on alurmi
num 6061 T6 511 beams. It was concluded that
geometric changes, or finite deflections, had a sig-
nificant influence on the dynamic response, in accord
with previous studies on uniformly loaded beams
[1]. A simple theoretical procedure (14] was used
to examine a first modal response of a beam The
results confirmed that geometric changes were
largely responsible for the discrepancy between
experimental results and theoretical predictions
developed using an infinitesimal theory

Infinitesimal and finite-deflection analyses [13]
were further generalized [15] to predict any sym
metrical or antisymmetrical modal response  of
impulsively loaded, fully-clamped, rigid, perfectly




plastic beams. The numerical elastic-plastic behavior
of fully-clamped beams subjected to impulsive
modal velocity fields was also examined [15]; the
spatial finite-element JET 3C computer program was
used (16, 17]. It was evident that results using the
simple theoretical rigid-plastic procedure [14],
which includes the influence of gemoetric changes,
are in fairly good agreement with the numerical
elastic-plastic finite-element results. This further
confirms the accuracy and reliability of the general-
ized theoretical method, which has also been com-
pared to some experimental results on beams and
rectangular plates [1, 18] .

The magnitudes of the dimensionless transverse
shear forces (Q/Qq) - where Qg = agH/ V3 , 0, is
uniaxial yield stress, and H is beam thickness --
have been estimated from the bending moment
distributions predicted by the JET 3C numerical
elastic-plastic program for the first three modes
[15]. The ratio Q/Q, increases with an increase
in mode number, despite the fact that the dimen-
sionless permanent transverse displacements are
smaller for the higher modes. The largest numer-
ical value of Q/Q,, 0.35, is associated with a third
modal response. The excitation of higher modes
in structures can generate even larger transverse
shear forces. Thus, the transverse shear force can
become large for high modes, regardiess of the
values of the transverse displacements. These ob-
servations would appear to justify investigations
to establish the importance of transverse shear
forces on plastic yielding and to assess the influence
of shear deformations on the higher modal response
of beams and other structures.

Although pure modal responses are not likely to be
excited in most practical problems uriless deliber-
ately activated (as in a specially designed energy
absorbing system), it is nevertheless apparent that
the behavior of complex structures loaded dynami-
cally can involve complicated deformation fields
having some of the features of higher modal re-
SPONSes.

INFLUENCE OF TRANSVERSE
SHEAR AND ROTATORY INERTIA

Transverse shear forces can influence the response
of dynamically loaded rigid-plastic beams more than

statically loaded ones [1, 19] Indeed, it has been
demonstrated experimentally [20] and shown theo
retically [18] that shear failures can develop at the
supports of uniform isotropic beams loaded im
pulsively. Numerical results {15] also indicate that
transverse shear forces can be significant in beams
that undergo higher maodal dynamic responses
Transverse shear forces also dominate the dynamic
response of strongly anisotropic beams [6-10]
The studies cited above involve beams loaded dy
namically into the plastic range, but transverse
shear effects would also play an important role in
the dynamic plastic response of plates and shells

Considerable uncertainty apparently exists concern-
ing many aspects of the precise role of transverse
shear forces, even for the yielding of rigid perfect
ly plastic beams loaded statically. It has been demon-
strated that interaction curves relating bending
moment M and transverse shear force Q are not
proper yield curves; further support for this view-
point includes interaction curves for |-beams that are
not convex [21] .

The role of transverse shear forces on the plastic
yielding of beams has recently been examined [22]
some justification was given for using convex yield
curves for |-beams within the setting of engineer
ing or classical beam theory. A suitable compro
mise for |-bearns between the simple local (stress
resultant) and more rigorous nonlocal (plane stress,
plane strain) theories might be achieved by using
a local theory [23] with a maximum transverse shear
force based only on the web area. It is evident (22]
that revised theoretical results [23] now provide
an inscribing lower bound curve in the M/M, - Q/Q,
plane which, because of its simplicity, might be
acceptable for many theoretical studies on beamns
Furthermore, theoretical predictions [21, 24] have
been reasonably approximated by a square yield
curve that has also been used to solve various prob-
lems in dynamic plasticity [19) . In fact, Hodge's re

vised results [23] and a square yield curve pro
vide two simple methods for essentially bounding
the actual vyield curve for an [ beam, ac shown in
[22]

A number of local and nonlocal theories give similar
curves in the M/M Q/Q, plane for beams with
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rectangular cross sections [22]; thus whatever theory
is most convenient can be used.

Symonds [19] examined the influence of transverse
shear forces on the dynamic plastic response of an
infinitely long beam struck by a mass traveling with
an initial velocity V. He simplified the theoretical
work with a square curve relating the values of
bending moment M and transverse shear force Q
required for plastic yielding. More recently, Nonaka
[25] used a similar theoretical procedure for a
beam simply supported across a span of finite iength.
The beam was subjected to a blast-type loading -- one
that had a peak value at t = O and decreased mono-
tonically with time t --distributed uniformly across
the entire span. He presented detailed theoretical
results for impulsive loading, rectangular pulse
loading, and exponentially decaying loading. In
qeneral Nonaka's observations lend further support
to those of Symonds, in that transverse shear effects
can be imrortant for beams with non-compact
cross sections, regardless of the type of dynamic
loading, and that such shear effects are important
for compact beams subjected to dynamic pressures
much larger than the corresponding static plastic
collapse pressure (e.g., impulsive loading).

No restrictions were placed on the amount of shear
sliding at the stationary plastic hinges which develop-
ed in the theoretical analyses [19, 25]. However,
complete severance occurs when the amount of sheai
sliding equals the beam thickness [18] . It is thus nec-
essary to assure that this mode of failure does not
control the response of a particular beam rather than
the theoretical results [19, 25] .

The influence of rotatory inertia seems to have been
neglected in all analytical investigations on the dy-
namic plastic response of structures. This situation
has prevailed despite many studies of the role of
rotatory inertia in various dynamic elastic problems.
An exact theoretical procedure that retained the
influence of rotatory inertia and transverse shear
forces on the dynamic plastic behavior of beams has
been developed [26] The behavior of a long beam
struck by a mass and the impulsively loaded simply-
supported beam problem of Nonaka [25] were
examined using a square yield criterion,

The theoretical predictions for certain parameters
[26] indicated that rotatory inertia barely influences
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the dynamic plastic response of a long wide-flanged
|-beam struck by a mass. A greater effect was ob-
served for a simply-supported wide-flanged |-beam
loaded impulsively. As expected, rotatory inertia
had the most influence on beams with rectangular
cross sections. The largest reduction observed in the
maximum dimensionless transverse displacements
was approximately 11 percent [26]. It appeared
that the effect of rotatory inertia on the dynamic
plastic response of beams in sensitive to the kind of
boundary conditions and the type of loading.

The influence of transverse shear forces and rotatory
inertia on the dynamic plastic response of beams with
nonlinear vyield curves has been examined by a
numerical procedure [27] .

APPROXIMATE METHODS OF ANALYSIS

A previous review on the dynamic plastic response
of structures [1] emphasized the influence of finite
deflections, or geometric changes, and material
strain rate sensitivity .

Symonds [28] observed that the nonhomogeneous
nature of the strain rate sensitive constitutive equa-
tions complicates theoretical modal solutions and
bounding methods. He replaced the nonhomogeneous
relations with simpler homogeneous viscous expres-
sions and found that replacing a rigid viscoplastic
constitutive equation with a homogeneous viscous
representation did simplify the theoretical analyses.
The initial stresses and initial slopes of the dimen-
sionless stress-strain rate provided the best fit to the
nonhomogeneous exact and homogeneous viscous
curves. The homogeneous matched viscous constitu-
tive relations constructed in this way were then used
in theoretical work [29-32]. An upper bound theo-
rem was developed from the theorem of minimum
patential energy and used to estimate the permanent
displacements of strain rate sensitive structures
loaded impulsively [29, 30] . Extremal path concepts
[33] were utilized to obtain well-defined func-
tions of specific strain energy and specific com-
plementary strain energy when the influence of
finite-deflections was retained in the basic equations.
The extremal paths for homogeneous viscous rela-
tions between stress and strain rate were simple (29] .




Ihe response of the dynamic problem was compared
to the behavior ot the sate structure subjected to
a static loading, which produces stresses and strains
that follow an extremal path When static loading
was taken as a concentrated 'IJH", an upper bound
on the displacerment at the same location for the
dynamic problem could be found [29]) 1f the wotal
strain energy of the static probicin was equal to the
initial kinetic enerqy for the dynarmic problem [29)
Unfortunatety, the upper bound theorem requires
knowledge of the duration of the response, for which
no rigorous bounds exist when finite deflections and
material stramn rate effects are retained i the basic
equations. However, the theoretical predictions were
P value of the response

‘s time bound [34]
or an approximation [29] coule be used

not very sensitive 1o the act
duration, so that either Mait

The upper bound theorerm was used to examine
sitnple structural models having ane or two degrees
of freedom [29, 30]

for the onedegreeof freedom model were alimaost
]

he upper displacement bounds
equal to the exact maximum displacements  The
upper bound theorem was also used to study an
impulsively -loaded
sandwich cross section. The
for the

fully constramed  bearm  with a
theoretical predictions
maximum permanent  transverse  displace
ments were compared [29] 1o corresponding exper
mental results [35]

although accurate at the lower

The upper bound predictions,
impulse levels are
significantly results  for

above  experimental large

impulses that are responsible for maximum  per
manent transverse displacements greater than about
five beamn thicknesses The theorem was not used
for a rigid perfectly plastic material, thus, it s not
known  whether

qeometric

approximations associated  with

changes, strain rate  sensitive relations,
or both require refinerment to improve the estimates

at larger inpulse levels

Symaonds and Chon [31, 32] also examined modal

approximation techniques for strain rate sensitive
structures when the influence of tinite deflections,
or qgeometric changes, were retained in the basic
equations.  The modal responses considered above
(s Higher Modal

sociated with structural problems in which external

Resporise of Beams) were as

foading was respon Die for an exact structural re
sponse having a velocity poofile with a time-indepen
dent shape; e, modal response. However, the
¥ In some earller worlk these were called stationary mode forms,

mode approximations [31, 32| followed other work
136] in that the behavior of any dynamic problem
can be approximated with a modal response

I the same modal form remains valid throughout
an entire structural response, it s said to be a “per-
it On the other hand,
a sequence of mode form solutions might be required
i cerain classes of problems; e 9., when geometric
changes are retained in the basic equations. The initial
velocity field in a theoretical solution using a mode
approxumation s not the same as the initial velocity
distribution ot the corresponding impulsive loading
problem, exceptional  circumstances.
Martin and Symonds [36] developed a criterion for
selecting  the magnitude of a modal
velocity field in order to minimize the error due to
the different initial conditions. More recently, Chon
and Martin [11] examined the mode approximation
method for a simple two degrees-of-freedom visco-
plastic Ihis theoretical work was developed
for structures that undergo infinitesimal displace-
mients, the influence of finite displacements has not
vet been incorporated in the work

manent mode form solution

exceplt n

judiciously

bearn

A twodegrees of freedom beam problem, consisting
of two masses connected by massless finks has been
studied [30), a stationary mode solution was ob-
tained when the end supports were free to move
mward. 1t the supports ®vere restrained  axially,
however, 1t was necessary to use an iterative method
to chtain a sequence of mode solutions,

The mode approximation procedure has been used
{311 to examine a strainrate sensitive fully-clarmped
circular plate undergoing large transverse deflections.
The plate was assumed to have a sandwich cross
section and to be made of a homogeneous viscous
materal. The iterative solution procedure required
five to ten cycles to achieve no more than a five
percent difference between two successive iterations
of the midpoint velocity at a given time, This numeri-
cal procedure was repeated at about 13 time steps to
generate theoretical estimates for the final permanent
transverse displacerments [31]. The various approxi-
mations in the theoretical procedure are conservative
in the sense that they should lead to overestimates
of the transverse displacements. However, the theo-
revical predictions were below  corresponding  ex-
perimental results [37-39] . Various reasons for the
discrepancy have been suggested [31].
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The mode approximation technique has also been
used [32] to study the dynamic behavior of circular
plates subjected to axisymmetric pressure pulses
when  geometric  changes were  disregarded; 1.e.,
infinitesimal — displacements, Stationary mode  solu-
tions existed only for impulsive loadings or when the
shape of the external pressure distribution was the
same as the modal shape of the transverse displace-
ment field.

Bodner and Symonds [40, 41] recently presented
experimental results of a test program conducted
on strain rate sensitive frames and fully-clampec
circular plates subjected to impulsive velocities that
produced large permanent displacements. The ex-
perimental results were compared [42, 43] with theo-
retical predictions of the displacement bound and
mode approximation methods ['30] -

The upper bound theorem (29, 30] and the mode
approximation technique (31, 32] were considerably
more difficult than simple, rigid, perfectly plastic
methods and the comparatively simple procedure
used to assess the influence of finite displacements
[1, 14] . However, the upper bound theorem and the
mode approximation technique are useful in that
they provide some information about certain features
of the structural response that would be much more
expensive f a numerical procedure were involved.
More importantly, perhaps, the methods provide
insight into some characteristics of plastic structural
dynamics

Ploch and Wierzbicki [44] constructed an alternative
theorerm for obtaining upper bounds on the perma-
nent  displacements  of  impulsively-loaded  rigid
perfectly plastic structures with large displacements.
[he theorem predicted reasonable values for the
maximurn permanent transverse displacements of a
tully clamped beam subjected to a uniformly dis-
tributed inmpulsive velocity field.

[he fundamental characteristics of dynamic plastic
mode solutions for structures that undergo infinites
imal  displacements have been examined from a
variational viewpoint [4547] . Erkhov [45] studied
the dynamic plastic behavior of a simply-supported
ngid  perfectly plastic shallow cap subjected to a
uniformly  distributed pressure with a rectangular
pressuretime  history, Frkhov's theoretical results
for the permanent displacement profile for inter-

mediate pressures were identical to the theoretical
solution [48] except for a difference in the static
collapse pressures; the difference is related to the use
of different yield criteria. A two-degrees-of-freedom
system [46] and a simply-supported circular plate
[47] have also been examined.

Wierzbicki [49) developed a simplified strain-rate
sensitive constitutive relation and demonstrated that
an eigenfunction expansion method could be em-
ployed to examine the dynamic behavior of plastic
continua when the displacements remained infinites-
imal.

Maier and Corradi [50] derived an upper bound
theorem for the dynamic infinitesimal displacements
of elastic-plastic continua using the principle of
virtual work and Drucker’s stability postulate. The
final form of this theorem contains quantities that
are either known when motion begins or are related
to a solution of the same dynamic problem con-
sidered wholly elastic.

RAPIDLY HEATED STRUCTURES

Large neutron pulses can cause a temperature gra-
dient to develop through the thickness of a structure
made from a fissionable material. This temperature
gradient can cause curvature changes in such struc-
tural members as beams, plates and shells as well
as other effects. The structural response is governed
by dynamics equations when these curvature changes
develop in a sufficiently short time. The dynamic
structural response can thus be estimated with
rigid-plastic analytical methods when the temperature
accelerations are sufficiently large.

Parkes [51] examined the dynamic infinitesimal
displacement response of a free rigid-plastic beam
subjected to a time-dependent and spatially-inde-
pendent thermal curvature (x7).eThe behavior of the
beam depended on the speed of heating (or Xy).
A free bearmn remained rigid ? for sufficiently small
values of X7, at higher values a discrete plastic hinge
developed and became an expanding and contracting
plastic hinge (zone) at still larger values of YT-

The behavior of a free beam having a temperature-
inqependgm plastic moment and subjected to an

2 The beam deforms due to the thermal curvature X1+ but the associated maximum bending moment is less than the fully plastic

bending moment
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XT with a sinusoidal® temporal form [51] is com-
plicated. For example, the earliest dynamic response
assoclated with a large value of ')h— is a rigid phase;
this is followed by a phase with a positive central
plastic hinge. An expanding positive plastic hinge
(zone) then develops, followed by three additional
phases. a positive central plastic hinge, a contracting
plastic hinge, and a negative central plastic hinge.
Finally, a rigid phase develops before motion ceases.
The sequence of events depends on the magnitude of
X7 and is undoubtedly also a function of the form of
X1 The latter has not yet been explored, however.

In a more recent publication, Parkes [62] examined
the dynamic rigid-plastic behavior of a rapidly heated
cantilever beam subjected to the form of X1 con-
sidered before [51]. The exact theoretical solution
was complicated, even though the displacements
remained infinitesimal and the plastic moment was
temperature independent. Parkes [52] found that
the approximate theoretical analysis of a so-called
strong beam -- having all deformation restricted in
a hinge at the root of a cantilever -- was much sim-
pler. In addition, the analysis predicted surprisingly
accurate values for the final displacements after the
relief of the thermal curvature.

Wisniewski [53] examined the dynamic structural
behavior of an aluminum 6061 T6 rectangular plate
subjected to an X-ray depasition. When the entire
surface of the plate exposed to the X-ray deposition
is heated almost simultaneously to high temperatures,
some of the material melts and blows off. The blow-
oft creates an impulsive load, which creates a stress
wave that propagates through the plate toward the
rear surface. Simultaneously, the material below the
exposed surface is heated, inducing a compressive
stress wave that is reflected as a rarefaction tensile
wave from the rear surface. The paossibliity of spalling
for sufficiently large stresses should therefore be con-
sidered in such studies.

Wisniewski [53] simplified the problem described
above and used an available computer program to
predict the behavior of the material during the first
few microseconds of the response. The numerical
predictions were used to generate the input for an
elastic-plastic  finite-difference scheme [54) for
predicting the structural response, the duration of
which is in milliseconds [1] .

FLUID-STRUCTURE INTERACTION

In a recent review [55] Krajcinovic distinguished
between steady-state and transient behavior of
structures interacting with a fluid and discussed
the general features of transient interaction problems
involving constant and variable wetted surfaces.
The theoretical behavior of a transient interaction
problem is simplified considerably when the struc-
tural material is idealized as rigid-plastic. The theo-
retical predictions of such analyses are useful when
the ultimate performance of a structure is of primary
concern, provided the usual restrictions associated
with such an approximation are satisfied [1-4, 565].

Krajcinovic [56] examined the dynamic response
of a simply-supported rigid-plastic beam resting on
a semi-infinite pool of incompressible, irrotational,
and inviscid fluid. The governing equations were
formulated for a beam subjected to a time-depen-
dent external pressure that caused infinitesimal
transverse displacements. Evaluation of the fluid
back pressure and the virtual mass associated with
a simple triangular deformation mode for the beam
without any traveling hinges was the most difficult
task. Krajcinovic also examined a simply-supported
beam subjected to a uniformly distributed pressure
and found that a single mode transverse deformation
profile was valid so long as the magnitude of the
external dynamic pressure was less than about three
times the corresponding static collapse pressure [56] .
The permanent transverse displacements were less
than those that would be obtained in vacuo.

Krajcinovic [57] also examined the dynamic be-
havior of a simply-supported, circular, rigid, per-
fectly plastic plate resting on a potential fluid. The
response due to a uniformly distributed externs'
pressure with a rectangular-shaped pressure time
history was obtained for a conical transverse dis-
placement profile. A conical displacement profile
could be used for external pressure pulses with
magnitudes up to somewhat more than twice® the
corresponding static collapse pressure. The theo
retical predictions for the impulsive velocity loading
case were also presented [57]. However, these
results are of doubtful validity until it has been
established that a statically admussible generalized
stress field can be associated with a conical dis-
placement profile. It is unlikely that the association
can_be established, however, because it is known

3 This form is characteristic of neutron heating in 8 pulsed resctor

_‘ Equation 60 [57] gives a ratio of 2 when in vacuo and 2.346 for a steel plate with a radius to thickness ratio of 26 resting

on water
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that traveling plastic hinges develop during the
response of the same problem in vacuo.

From the work reportea [56, 57], it can be con-
cluded that external dynamic pressures must be
low - only a few times larger than corresponding
static collapse pressures -- because larger external
pressures would probably give rise to traveling plastic
hinges that would complicate the calculation of the
fluid back pressure and virtual mass.

The nonlinear influence of finite transverse displace-
ments, or geometric changes, would have an impor-
tant effect on the response when maximum per-
manent transverse displacements exceeded the
corresponding structural thickness. These effects
have been discussed (1, 14] for beams and plates
in vacuo and exposed to dynamic loads on one
surface. Theoretical results [58] illustrate the im-
portant strengthening influence of membrane forces
that developed in a simply-supported circular plate
subjected to a static pressure distributed over the
entire surface of one side and another static pressure
distributed within a circular region on the opposite
surface.

Theoretical solutions [56, 57] have been simplified
by neglecting the generation of waves on the surface
of the fluid. However, in a practical beam or plate
problem involving a single mode transverse defor-
mation profile, it is inevitable that waves would be
generated on the fluid surface outside the supports
when the fluid is assumed incompressible. Never-
theless, it is possible to retain the incompressibility
assumption without generating surface waves by
using more complex transverse displacement fields;
e.g., a modification of the third modal velocity fields
[13,15].

Duffey [59] examined the transient response of
visco-plastic spherical shells submerged in a fluid.
The inner surface of a shell was subjected to a spheri-
cally symmetric impulsive velocity that produced
a spherically symmetric structural response. Dutfey
considered the inviscid fluid to be compressible and
used the classical wave equation to evaluate the
fluid pressure. The thickness of the shell was assumed
to be sufficiently thin so that the material in the
entire shell could pass simultaneously from an elastic
to a plastic state. With these sirplifications, Duffey
was able to examine the influence of material elastic-

ity (including unloading), material strain hardening,
and material strain rate sensitivity. One interesting
conclusion was that a significant error is associated
with the linearization of the strain rate sensitive
relations.

Theoretical solutions [56, 57, 59] have been devel-
oped for structures with one side dynamically loaded
and the other side in contact with a fluid; an example
would be an internal explosion in the hull of a ship.
Structures are sometimes subjected to a disturbance
that travels through a fluid from a distant source;
for example, external explosion acting on the hull
of a ship [60). Other types of practical problems
might involve the impact of a structure on a fluid,
as the slamming of ships and marine vehicles; or the
impact of a fluid on a structure, as the water wave
impact on a barrier or offshore platform. Simple
rigid-plastic methods developed [61-63] to estimate
the damage sustained by ships and marine vehicles
from severe slamming and bow impacts were in
surprisingly good agreement with experimental
results. The theoretical methods could be developed
further to examine other problems.

DYNAMIC PLASTIC BUCKLING

The work described in the previous sections has to
do with the inelastic behavior of structures that
have a stable response when subjected to dynamic
loads. However, dynamic plastic buckling, or unstable
behavior - which is characterized by wrinkling,
as in static buckling -- can occur when certain struc-
tures are acted on by large external loads.

A brief literature review of the dynamic plastic
buckling of rods, flat plates, cylindrical shells, and
spherical shells has been presented [1]. It would
appear that the dynamic plastic instability of all
structural problems investigated thus far occurs as
a result of the growth of small imperfections in other-
wise uniform initial displacement and velocity fields.
Unlike classical static buckling analyses, no distinct
value of the dynamic load that causes structural
instability is predicted by theoretical analyses.
Rather, the results obtained indicate the way in
which the displacement profile of a structure in-
creases with time for different dynamic load levels
Buckling is said to occur when the dynamic load
reaches a threshold, or <ritical, value; this value




8 associated with the minimum unacceptable or
maximum acceptable deformation, the magnitude
of which is defined arbitrarily. J

The dynamic plastic buckling of a cylindrical shell
made from a rigid linear strain-hardening material
and subjected to a uniformly distributed, almost
axisymmetric, external impulsive velocity field has
been examined [64). An especially simple solution
for an infinitely long cylindrical shell allowed various
characteristics of the response to be examineJanaIyt-
ically. For example, the dynamic plastic buckling
of a long cylindrical shell was more sensitive to initial
imperfections in the profile than to imperfections
in the initial velocity field. This is fortuitous because
it is usually easier to control imperfections in the
initial shape than imperfections in the initial velocity
field. Moreover, the greatest amount of scatter might
be expected in the experimental critical mode num-
bers of long cylindrical shells with large radius to
thickness ratios and/or small values of the material
parameter @, , the ratio of tangent modulus to aver
age flow stress [64]. Furthermore, local elastic
unloading is more likely to occur for shells with the
larger radius to thickness ratios and/or smaller values
of the material parameter §, {64]

The theoretical predictions for the dominant be-
havior, critical mode numbers, and threshold impulses
from all known previous studies on the dynamic
plastic buckling of cylindrical shells and rings sub-
jected to external impulsive velocities have been
summarized [64). In addition, experimental results
were presented from a test program on hot-rolled
mild steel and aluminum 6061 T6 rings subjected
to axisymmetric external impulsive velocity fields.
The experimental values were compared with all
known experimental results and with theoretical
predictions for the dynamic plastic buckling of rings
and cylindrical shells, The various theoretical pre-
dictions were widely divergent: some were in good
agreement with corresponding experimental values,
but others were not.

Simple theoretical predictions for the permanent ra-
dial displacements of rigid perfectly plastic rings sub-
jected to an axisymmetric velocity field (equations
(28) and (33) in [64] ) generally agree reasonably well
with the permanent average radial displacement re-
corded in the experimental tests, provided any mate-
rial strain rate sensitivity is accounted for, as has been

suggested [65] and demonstrated for shells [66) .

The critical mode numbers observed during tests
have been compared [64] with the results of all
known relevant experimental investigations. The
results were reasonably consistent, notwithstanding
the differences in yield stresses of the materials,
experimental techniques, and the fact that the
buckled profiles of cylindrical shells and rings are
irregular. The experimental critical mode numbers
typically increase with an increase in the length to
radius ratio and with an increase in the radius to
thickness ratio.

Experimental results [64] indicated that the esti-
mated threshold impulses [67] (equation (49) in
[64]) assures that permanent wrinkles in the deform-
ed profiles of the rings will remain small. However,
experimental results [64] demonstrated that the ratio
of wrinkle (buckle) amplitude to average permanent
radial displacement decreases as the impulse magni-
tude increases.

The manner in which initial geometric imperfections
of the rings influences the wrinkle amplitude has
been explored (64] .

The general features of iso-damage curves in a dimen-
sionless peak load-impulse space have been discussed
[68] . Such curves were convenient for representing
theoretical predictions and experimental results
on the dynamic response of various structures sub-
jected to pulse loads (as distinct from oscillatory
loads). Moreover, an iso-damage curve for the dy-
namic buckling of a simply-supported cylindrical
shell under uniform lateral pulse loads is not very
sensitive to the amplification factor -- that is, the
factor by which initial imperfections grow during
the response -- or to the pulse shape. Iso-damage
curves have also been plotted [68] for the dynamic
plastic response of beams and circular plates sub-
jected to the transverse dynamic loads responsible
for stable behavior and infinitesimal displacements.
Iso-damage curves presented [62] for rectangular
plates retained the influence of finite transverse
displacements, or geometric changes.

Florence and Abrahamson [63] observed that the
stability of cylindrical shells and rings subjected
to large external impulsive velocities improved during
deformation when the increase in wall thickness
was taken into account. They defined a critical
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impulsive velocity that is associated with a specified
acceptable amplification factor. Impulsive velocities
larger than the critical value thus produce acceptable
departures from the circularity of a cylindrical shell;
impulsive velocities smaller than the critical value
are responsible for unacceptable damage. The general
trend of experimental results (64] indicates that the
ratio of the wrinkle (buckle) amplitude to the average
permanent radial displacement of a ring decreases
as the impulse increases.

The governing equations for a ring made from a rigid
linear visco-plastic material have been formulated
and used to study the case in which the impulsive
velocity remains constant during the collapse of
a cylindrical shell onto its longitudinal axis [69] .
The governing equations were solved numerically;
the results indicated that linear visco-plasticity
drastically reduced the amplification factors and the
preferred mode numbers, thereby contributing to
the stability of a cylindrical shell.

Lee [70] explored the bifurcation and uniqueness
of elastic-plastic continua loaded dynamically from
a fundamental viewpoint because random initial im-
perfections, or perturbed motion, may be insufficient
to describe the dynamic plastic buckling of some
structures. Lee also developed a quasi-bifurcation cri-
terion for the stability of elastic-plastic continua
loaded dynamically [71]. A quasi-bifurcation of mo-
tion develops at a time t,, when a nontrivial perturb-
ed motion exists. No applications of this theorem
have yet been published, but Lee claims to have suc-
cessfully used it to describe the dynamic plastic buck-
ling of rods subjected to axial loads. Lee showed that
his dynamic quasi-bifurcation criterion reduces to
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BOOK REVIEWS

NUMERICAL METHODS IN FINITE
ELEMENT ANALYSIS
K -J. Bathe and E.L. Wilson
Prentice-Hall, Inc, Englewood Cliffs, NJ

Numerous books on finite element analysis have
appeared in the last few years; this book is ore of
the better ones. Written by the developers of SAP
(Structural Analysis Program) finite element com-
puter programs, the book consists of 12 chapters
divided into three sections.

Chapters | and Il introduce matrix methods, be-
ginning with simple operations and progressing to
vector spaces and subspaces, matrix representation
of linear transformations, and an introduction to
variational formulations. The chapter concludes with
eigenvalue solutions of a symmetrical matrix, the
Rayleigh quotient, and vector and matrix norms,

Chapters |Il and IV contain a basic formulation
of the finite element method and an introduction
to bearmn and plate (plane stress) elements, plate
bending elements, and three dimensional solid ele
ments. A good discussion of convergence require-
ments leads to a description of generalized coordinate
finite element models. In the formulation of iso-
parametric elements, the authors derive the basics
and proceed from two-dimensional to more com-
plicated threedimensional elements. Gauss points
and Jacobian matrices are explained, as is their role
in isoparametric relationships. The chapter concludes
with numerical integration methods used to solve
the integrals employed in isoparametric relations.
The reviewer would have liked to have seen more
applications of interpolation formulas for the higher
order 20 node solid element

Early finite element work involved variational for
mulation. The authors recapture this aspect in Chap-
ter V and show its relationship to the Rayleigh-
Ritz method The chapter includes a formulation of
heat transfer analysis and noncontforming displace-
ment-based finite elements.  Other formulations

of finite elements, including hybrid and mixed
models, are considered. It is the reviewer’'s opinion
that the Galerkin variational approach should have
been included.

Chapter VI resembles a manual on using a finite
element program. Lists for static analysis programs
and flow charts are included as introductory material
to more advanced sections.

Chapter VII concerns the use of various modern
methods of analysis to soive large problems. The
Gauss elimination, Choleskey method, Givens meth-
od, Householder’'s method, and the Gauss-Seidel
iteration solution required for static analysis are
described.

Chapter VIl describes the direct integration meth-
ods (Houbolt, Wilson, or Newmark) used to solve
the more difficult dynamic problems. Although the
content is sometimes difficult to understand, the
explanations are clear. The chapter concludes with
mode superpositions.

In Chapters IX and X direct integration methods
are applied, their shortcomings and their accuracy
are reviewed. The important eignevalue solutions,
which are irnportant in cutting computer costs,
are presented, as are common methods of mass
ndrmalization, static condensation of nodes, and
approximate methods. The chapter concludes with a
brief discussion of component mode synthesis.

Chapters X| and XII consider the vector iteration
method and its variants, as well as transformation
methods namely, the Jacobi, Sturm sequence proper
ty, and the Householder Q R iteration method. The
large eigensolution requires special methods, and
the authors describe the determinant search and
subspace iteration.

This is an excellent book, with clearly written ex
planations and computer programs. The careful
reading required is well worth the effort, The review

A




B T —

er heartily recommends this book to both beginners
and those with experience. It should be on the desk
of anyone involved in finite element analysis.

Herb Saunders
General Electric Co. LSTGD
Schenectady, NY 12345

ELASTODYNAMICS
VOLUME |. FINITE MOTIONS
A. Cemal Eringen and E.S. §uhubi
Academic Press, New York and London, 1974

This is the first of a two-volume set on the dynamics
of elastic continua, ““intended, hopefully, to remedy
the need for a rigourous study of the mathematical
theory of elastodynamics.’® Volume | consists of
four chapters and two appendices as follows:

| Basic Theory

I1.  Propagation of Singular Surfaces

111, Finite Motion of Elastic Bodies

IV. Small Motions Superimposed on Large Static
Deformations

A. Tensor Analysis

B. Quasilinear System of Hyperbolic Equations
with Two Independent Variables

Chapter | provides the reader unacquainted with a
modern treatment of the mechanics of continua
a concise, readable exposure to kinernatics, balance
principles, and constitutive equations for thermoelas-
tic solids. A rectangular Cartesian reference system
15 employed, with the aid of Appendix A, the results
can be expressed in curvilinear coordinates when
needed  Field equations are obtained for finite
maotion of nonlinear elastic solids and specialized
to hinear and quadratic approximate theories.

Chapter |l introduces the geometry and fundamental
jump  conditions relevant to moving singular sur-
faces (discontinuity surfaces) in  materials. The
singular surfaces associated with motion of a material
body, dynamical compatibility conditions, and the
classification of singular surfaces are treated. Both
shock waves and acceleration waves (sound waves)
are discussed for elastic bodies, with specialization
for acceleration waves in isotropic, as well as in-
compressible, materials

Chapter |1 is devoted to the solution of a collection
of problems associated with finite motions of elastic
solids. First, two examples of quasi-equilibrated,
controllable motions are presented: radial oscilla-
tions of a cylindrical tube and radial oscillations of
a spherical shell. These results obtain for an iso-
tropic, incompressible elastic material. The notion
of simple waves in nonlinear elastic bodies (resem-
bling and generalizing plane waves in linear elastic
solids) is developed and illustrated in the remainder
of the Chapter. As an example, material found in
Appendix B is used to discuss the Riemann problem
for a isotropic elastic half-space and to bring out the
concepts of longitudinal and shear waves in non-
linear elastic solids.

In Chapter 1V, equations necessary to examine small
motions superimposed on large static deformation
of an elastic body are developed. This material
finds application in the study of the stability of
motion, as well as in numerical analysis of finite
motion of bodies.

A substantial amount of the material presented in
the book appears in two earlier warks of the first
author. Repetition presumably serves to make this
volume self-contained.

The design engineer requiring knowledge of finite
wave motion in nonlinear elastic materials will find
little consolation in the authors’ observation that the
field is still “barren.’”” Although this book is a step
in the direction of building the foundation on which
rational design will ultimately be based, it will be
clear to the reader that rational solutions to the
real world problems enunciated in the preface remain
adream,

Karl S. Pister

Professor of Engineering Science
University of California, Berkeley
Berkeley, CA 94720
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SYMPOSIUM ON RAILROAD EQUIPMENT
DYNAMICS
R. Byrne, Editor

The American Society of Mechanical Engineers, 1976

This volume is a collection of eight papers presented
at the Joint ASME-IEEE Ratlroad Conference in
April, 1976. It is a sample of current analysis, test
ing, and design techniques for improving the dy-
namic performance of rail vehicles and components.
Vehicle vibration is the principal, though not ex-
clusive, concern of the papers. Although there is
no formal division, three distinct types of articles
are included.

The first type emphasizes mathematical modeling
and data analysis. In the first paper, Scheffel defines
the conflicting demands of lateral stability and
curving performance on suspension and wheel profile
characteristics. Using simple mathematical and
laboratory wheelset models, he indicates the im-
portance of wheel wear to limiting dynamic behavior
The possibility of substantial improvement in both
hunting and curving with cross-braced truck designs
is discussed and demonstrated with field test results

Garg, Chu, and Mels focus on the area of lateral
dynamic stability. They illustrate the use of linear
models for parametric studies of suspension charac-
teristics. A model of a specific four axle vehicle is
used to indicate the sensitivity to, as well as inter
action suspension, wheel profile, and creep parame-
ters on linear critical hunting speeds.

Cooperrider, Law, et al present their method for
characterization of the nonlinear variation of wheel/
rail profiles as a function of lateral displacement.
They establish a correlation between their analytical
and experimental procedures and present a sample
of their results for specific profiles. The form of the
results provides a description of such parameters
as conicity and gravitational stiffness; such parame
ters determine the limits of dynamic performance
in analytical models of rail vehicles. The authors
and others have reported such studies in recent
work.

Guins, in the last paper of this group, uses random
vibration techniques to analyze freight car rnide
data. He emphasizes the importance of spectral
analysis hardware in power spectral density charac

terization of the vibration environment. In par
ticular, he examines the relation of track irregular
ities to vertical car acceleration and establishes the
predominance of joint frequency on this vibration
tor the test results considered

The three papers in the second group of articles
examine specific problems associated with the de
manding conditions of coal hauling unit train opera
tion. Each article discusses the road and laboratory
tests used to identify and investigate the causes of
the problems and describes the design modifications
that provided the engineering fixes in each case.
Weber and Driver describe their investigation of
cracks in truck bolsters. Their fatigue analysis, coor-
dinated with the test program, revealed the need
for heavier structure to assure lower stress levels for
the severe dynamic environment in the service ex-
pected of the unit train vehicles. Rhine, Williams,
and Driver, in a short article on corrosion fatigue
of car bodies and a longer one on Brinelling of
roller bearings during impact operations, describe
the successful use of strain gage instrumented com-
ponents to diagnose and relieve problems. In each
case, the need to properly characterize extreme
loading, lading, and operating conditions in relation
1o design specifications is clearly identified

The last paper, by Isler, Clingerman, and Paternoster,
1s largely descriptive. It is a report of the design fea-
tures of a birmodal rapid transit rail passenger car
The constraint of nearly equivalent acceleration
performance under gas turbine and conventional
DC third rail power emphasize the issue of specifi-
cations for propulsion and system operation.

In summary, the volume is a set of examples of the
engineering tools that are being applied rather than
an exhaustive survey of all features of rail dynamics.
It represents a kind of progress report on the in-
creasing awareness of and concern with dynamic
environments that set the lLimits on operating per
formance. In particular, it provides a useful digest
of evolving techniques and identifies the need for
further refinement of these tools.

A.B. Perlman

Department of Mechanical Engineering
Tufts University

Medford, MA 02155
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OPENING SESSION
(Unclassified) 9:00 A M. Tuesday, October 17
Washington Room

Chairman Mr. Bris: Keegan, NASA Goddard Space
Flight Center, Greenbelt, MD

Cochairman: Mr. Henry C. Pusey, Director, Shock and
Vibration Information Center, Naval
Research Laboratory, Washington, D.C.

Welcome: NASA Goddard Space Flight Center
representative

Keynote Address: Mr. Andrew J. Stofan, Deputy Associate
Administrator for Space Sciences, Na
tional Aeronautics and Space Adminis-
tration, Washington, D.C.

Invited Papers: ““The Role of Dynamics in DoD Science
and Technology Program’’ Dr. George
P. Millburn, Office of the Deputy
Director of Research and Engineering
{Research and Advanced Technology),
Washington, O.C,

“Dynamic Problems in Large Space
Structures” Dr. Michael Card, Or.
Garnett Harner, and Or. Ray Mont
gomery, NASA Langley Research Cen-
ter, Hampton, VA

“Analytical Model far Predictions of
Noise Levels in Space Shuttle Payload
Bay” Dr. John F. Wilby and Larry D.
Pope, Bolt, Beranek and Newman,
Canoga Park , CA

Session |A (Unclassified) 2:00 P.M. Tuesday, October 17
Adams Room

VIBRATION AND ACOUSTICS

Chairman: Mr. Edgar K, Stewart, U.S. Army Arma-
ment R&D Command, Dover, NJ
Cochairman Mr. Larry Cook, NASA, Goddard Space

Flight Center, Greenbelt, MD

1. Probability of Failure Prediction for Step-Stress Fatigue
Under Sine or Random Stress - R.G. LAMBERT, General
Electric Company, Utica, NY

2 Signature Analysis of Inertial Guidance Systems - D.F.
SULLIVAN, Charles S. Draper Laboratory, Cambridge,
MA

3. Multiple Shaker Transient Waveform Control - P RADER
and R. BERRY, Martin Marietta Corporation, Denver, CO

4. On the Use of Coherence Functions 1o Evaluate Sources
of Dynamic Excitation - S. BARRETT, Martin Marietta
Corparatian, Denver, CO

BREAK

5. Status of Cavity Noise Phenomena Measurement and
Suppression B1 Aircraft - AG. TIPTON and C H. HOD-
SON, Rockwell International, Los Angeles, CA

6. Experimental Evaluation of the Effects of Payloads on
the Space Shuttle Acoustic Environment Using a /4
Scale Dynamic Model - P. RENTZ, A PIERSOL, W
WOOD, and J. WILBY, Bolt Beranek and Newman
Canoga Park, CA

7. Cavity Noise Induced by Aerodynamic Flow LA
SCHUTZENHOFER, PW. HOWARD, WW. CLEVER,
and S.H. GUEST, NASA, Marshall Space Flight Center,
AL

SUPPLEMENTARY
Barkley Dam Gate Vibration Field Tests - E.D. HART

and J.E. HITE, Jr., U.S. Army Corps of Engineers Water-
ways Experiment Station, Vicksburg, MS

Session 1B (Unclassified) 2:00 P.M. Tuesday, October 17
Monroe Room

BLAST AND SHOCK

Chairman Dr. Jimmie P. Balsara, U.S. Army Engi-
neer Waterways bExperunent Station,
Vicksburg, MS

Cochairman Mr. Edward Rzepka, Naval Surface

Weapons Center, Silver Spring, MD

1. Snaps in Structures - M. ZAK, Jet Propulsion Laboratory,
Pasadena, CA

2. A Simplified Method for Evaluating Wave Propagation
in Complex Structures - J.D. COLTON and T P, DES
MOND, SRI International, Menlo Park, CA

3. High g Pyrotechnic Shock Simulation Using Metal-to-
Metal Impact - M, BAIl and W, THATCHER, Motorola,
GED, Scottsdale, AZ

4. An Experimental Design for Total Container lmpact
Response Modeling at Extreme Temperatures VP
KOBLER, U.S. MIRADCOM, Huntsville, AL, RM
WYSKIDA and J.O. JOHANNES, The University of
Alabama in Huntsville, Huntsville, AL

BREAK
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. Empirical Procedures for Estimating Recoilless Rifle

Breech Blast Overpressures - P.S. WESTINE and R.E.
RICKER, Southwest Research Institute, San Antonio, TX

. Blast from Bursting, Frangible Pressure Spheres - E.D.

ESPARZA and W.E. BAKER, Southwest Research
Institute, San Antonio, TX

. Test Evaluation of Shock Buffering Concept for Hydro-

dynamic Ram Induced by Yawing Projectile Impacting
a Simulated Integral Fuel Tank - P.H. ZABEL, Southwest
Research Institute, San Antonio, TX

SUPPLEMENTARY

Air Blast Response of Tapered Beams Using Finite Ele-
ment Method - A.V. SINGH, Defence Research Establish-
ment, Suffield, Alberta, Canada

Prediction of Fragment Velocities and Trajectories -
JJ. KULESZ, LM. VARGAS, and P.K. MOSELEY,
Southwaest Research Institute, San Antonio, TX

Session 2A (Unclassified) 9:00 A.M. Wednesday, October 18

Adams Room

MODAL AND IMPEDANCE ANALYSIS

Chairman: Dr. Ben Wada, Jet Propulsion Labora-

tory, Pasadena, CA

Cochairman: Dr. George Morosow, Martin Marietta

BR

4.

————e

Corporation, Denver, CO

An Impedance Technique for Determining Low Fre
quency Payload Environments - K.R. PAYNE, Martin
Marietta Corporation, Denver, CO

. Modification of Flight Vehicle Vibration Modes to

Account for Design Changes - CW. COALE and M.R.
WHITE, Lockheed Missiles & Space Company, Sunny-
vale, CA

. A Statistical Look at Modal Displacement Response to

Segnential Excitation - W.J. KACENA, Martin Marietta
Corporation, Denver, CO

EAK

On Determining the Number of Dominant Modes in
Sinusoidal Structural Response - W.L. HALLAUER, Jr.
and A. FRANCK, Virginia Polytechnic Institute and
State University, Blacksburg, VA

. Lateral and Tilt Whirl Modes of Flexibly Mounted Fly-

wheel Systems: Analysis and Experiment - CW. BERT
and T.L.C. CHEN, University of Oklahoma, Norman, OK

. On Combining Modal Responses in the Shock Spectrum

Method of Analysis - S.5. GASSEL and J.J. CULLENS,
Westinghouse Electric Corporation, West Mifflin, PA

SUPPLEMENTARY

Development and Application of the Mobile Dynamic
Analysis Laboratory (MODALAB) - R.C. STROUD,
Lockheed Missiles and Space Company, Sunnyvale, CA,
S. SMITH and G.A. HAMMA, Lockheed Missiles and
Space Company, Palo Alto, CA

Session 2B (Unclassified) 9:00 A.M. Wednesday, October 18
Monroe Room

HUMAN RESPONSE TO VIBRATION AND SHOCK

Chairman: Dr. John C. Guignard, Naval Aerospace
Medical Research Laboratory Detach-
ment, New Orleans, LA

Cochairman: Mr. Donald Wasserman, National In-
stitute for Occupational Safety and
Health, Cincinnati, OH

1. Problems and Progress in Biodynamics - Dr. H.E. VON
GIERKE, 6570th Aerospace Medical Research Labora-
tory, Wright-Patterson AFB, OH

2 Musculoskeletal Response to Impact Loading - Dr. L.
KAZARIAN, 6570th Aerospace Medical Research Lab-
oratory, Wright-Patterson AFB, OH

Human Impact Acceleration Facility - W.H. MUZZY |11,
Jr. and G.C. WILLEMS, Naval Aerospace Medical Re-
search Laboratory Detachment, New Orleans, LA

o

BREAK

4 Whole-Body Vibration of Heavy Equipment Operators -
D.E. WASSERMAN, National Institute for Occupa-
tional Safety & Health, Cincinnati, OH

6. Vibration Characteristics of the Hand - Dr. D.D. REY-
NOLDS, University of Pittsburgh, PA

6. Recent Reserach on Passenger Reaction to Vehicle
Ride Quality - Dr. 1.D. JACOBSON and A.R. KUHL-
THAU, University of Virginia, Charlottesville, VA

7. Research Related to the Expansion and Improvement of
Human Vibration Exposure Criteria - Dr. RW. SHOEN.
BERGER, 6570th Aerospace Medical Research Labora-
tory, Wright-Patterson AFB, OH

Session 2C (Unclassified) 2:00 P M. Wednesday, October 18
Adams Room

ISOLATION AND DAMPING
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Chairman: Professor Frederick Nelson, Tufts Uni-
versity, Medford, MA
Cochairman: Dr. John Henderson, Air Force Materials

Laboratory, Wright-Patterson AFB, OH

1. Computer Aided Design of Passive Vibration Isolators
for Airborne Electro-Optical Systems - PW. WHALEY,
Air Force Institute of Technology, Wright-Patterson AFB,
OH and J. PEARSON, Air Force Flight Dynamics Labora-
tory, Wright-Patterson AFB, OH

2. Transmissibility Across Completely Free Thin Square
Plates with and without Structural Damping - B.M.
PATEL, Lord Kinematics, Erie, PA

3. Liquid Spring Shock Isolator Modeling by System Iden-
tification - P.N. SONNENBURG, B.H. WENDLER, and
W.E. FISHER, U.S. Army Corps of Engineers Construc-
tion Engineering Research Lab., Champaign, IL

BREAK

4. Preliminary Design of Practical Damping Applications -
L. ROGERS, Air Force Flight Dynamics Laboratory,
Wright-Patterson AFB, OH

5. Design of Turbine Blades for Effective Slip Damping at
High Rotational Speeds - D.I.G. JONES, Air Force
Materials Laboratory, Wright-Patterson AFB, OH, and
A. MUSZYNSKA, Polish Academy of Sciences, Warsaw,
Paland

6. A Generalized Derivative Model for an Elastomer Damp-
er - R.L. BAGLEY and P.J. TORVIK, Air Force Institute
of Technology, Wright-Patterson AFB, OH

7. Low Cost Measurement of Material Damping Behavior -
D.1.G. JONES, Air Force Materials Laboratory, Wright-
Patterson AFB, OH

Session 2D (Unclassified) 2:00 P.M. Wednesday, October 18
Monroe Room

DYNAMIC ANALYSIS

Chairman: Mr. Sumner A. Leadbetter, NASA,
Langley Research Center, Hampton, VA
Mr. Jess Jones, NASA, Marshall Space
Flight Center, Huntsville, AL

Cochairman:

1. Reflection and Transmission of Fluid Transients at
Elbows - J.W. PHILLIPS, University of lllinois at Urbana-
Champaign, Urbana, IL

2. Stability Analysis and Response Characteristics of Two-
Degree of Freedom Nonlinear Systems - M, SUBUDHI
and J.R. CURRERI, Brookhaven National Laboratory,
Upton, NY

3. Application of Random Time Domain Analysis to Flight
Data - S.R. IBRAHIM, Old Dominion University, Norfolk,
VA

BREAK

4. Shock Spectra Design Methods for Equipment-Structure
Systems - J.L. SACKMAN and J M. KELLY, University
of California. Berkeley, CA

5. A Computational Model Describing the Initiation of
Silver Acetylide-Silver Nitrate Explosive by an Intense
Light Source - F.H. MATHEWS, Sandia Laboratories,
Albuquerque, NM

6. Analysis of the Motion of a Barrel Tamped Explosively
Propelled Plate - R.A. BENHAM, Sandia Laboratories,
Albuguerque, NM

7. A Stability Theorem for a Dynamically Loaded Linear
Viscoelastic Structure - D.W. NICHOLSON, Naval Surface
Weapons Center, Silver Spring, MD

SUPPLEMENTARY

Analog Double Integration of Shock Pulses - K. PELEG
and R. LUND, Michigan State University School of
Packaging, East Lansing, M|

Session 3A (Unclassified) 9:00 A.M.
Adams Room

Thursday, October 19

STRUCTURE-MEDIUM INTERACTION

Chairman: Dr. Robert O. Belsheim, NKF Engireer-
ing Associates, Inc., Silver Spring, MD
Cochairman: Dr. Jack Kalinowski, Naval Underwater

Systems Center, New London, CT

1. Long Wave Length Effects in Fluid-Structure Interaction
Calculations - R.E. NICKELL and R.S. DUNHAM,
Pacifica Technology, Del Mar, CA

2. Late-Time Ground Motion Calculations for Stemming
Material in an Underground Nuclear Test - D.F. PATCH,
Pacifica Technology, Del Mar, CA

3. Simplified Shock Design of Underground Structures -
A.K. GUPTA, IIT Research Institute, Chicago, IL

BREAK

4. Failure of Underground Concrete Structures Subjected
to Blast Loadings - P.T. NASH, G.R. GRINER, USAF
Armament Laboratory, Eglin AFB, FL and C.A. ROSS,
University of Florida, Eglin AFB, FL
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Theoretical Investigation of Loads on Buried Struc-
tures - R.R. ROBINSON, IIT Research Institute, Chicago,
IL and M A. PLAMONDON, S A. CHANG, Air Force
Weapons Laboratory, Albuquerque, NM

6. Optimization of Reinforced Concrete Slabs to Resist
Blast Loading - JM. FERRITTO, Civil Engineering
Laboratory, Port Hueneme, CA

SUPPLEMENTARY

A Numerical Comparison with an Exact Solution for
the Transient Response of a Cylinder Immersed in a
Fluid - D.S. LUCAS and M.E. GILTRUD, Naval Sur-
face Weapons Center, Silver Spring, MD

Session 3B (Unclassified) 9:00 AM.  Thursday, October 19
Monroe Room

CASE STUDIES IN DYNAMICS

Chairman: Dr. Anthony Amos, NASA, Head-
quarters, Washington, D.C.
Cochairman Mr. Don McCutchen, NASA, Lyndon B.

Johnson Space Center, Houston, TX

1. Foil System Fatigue Load Environments for Commercial
Hydrofoil Operation - D.L. GRAVES, Boeing Marine
Systems Co., Seattle, WA

2. Protection of a Large Superconducting MHD Magnet
from Random Load-Induced Fatigue Failure - D. KRAJ-
CINOVIC, University of Illinois at Chicago Circle, Chi-
cago, IL, R.A. VALENTIN, WP, LAWRENCE, Argonne
National Laboratory, Argonne, IL and E.J. RIPLING,
Materials Research Laboratories Inc., Glenwood, IL

3. Evaluation of Rotor-Bearing Systern Dynamic Response
to Unbalance - RE, THALLER and DW. OZIMEK,
Aeronautical Systemns Division, Wright-Patterson AFB,
OH

4. Experimental Investigation of Dynamic Characteristics
of Turbine Generator and Its Low Tuned Foundation -
S.P. YING and M.E. FORMAN, Gilbert/Commonwealth,
Jackson, MI, R.R. DRUMM, Pennsylvania Power and
Light Company, Allentown, PA

BREAK

5. Selected Topics from the Structural Acoustics Program
for the B-1 Aircraft - PM. BELCHER, Rockwell Inter-
national Corp , Los Angeles, CA

6. Combined Vibration/Temperature/Sideload Environmen-

tal Testing of UHF Blade Antennas - R.E. VOLKER,
McDonnell Aircraft Company, St. Louis, MO

42

7. An Investigation of Operator Ride Quality in Tractor-
Trailer Trucks - T.G. CARNE and L.T. WILSON, Sandia
Laboratories, Albuguerque, NM

SUPPLEMENTARY

An Assessment of the Machinery Noise Problem of the
Fabricated Metal Products Industry - E.P, BERGMAN,
Southwest Reserach Institute, San Antonio, TX

Session 3C (Unclassified) 9:00 AM.  Thursday, October 19
Adams Room

SHORT DISCUSSION TOPICS

Chairman: Mr. Roland Seely, Naval Weapons
Handling Evaluation Facility, Earle, NJ
Cochairman: Charles Fridinger, Naval Surface Weap-

ons Center, Silver Spring, MD

This session will program papers covering progress reports
on current research efforts and unique ideas, hints and
kinks on instrumentation, fixtures, testing, analytical short
cuts and so forth. It is intended to provide a means for up-
to-the-minute coverage of research programs and a forum
for the disucssion of useful ideas and techniques considered
too short for a full-blown paper. Complete titles of short
talks will be published in the final program.

Session 3D (Classified) 2:00 P.M. Thursday, October 19
Goddard Space Flight Center

CLASSIFIED SESSION

Chairman: Mr. Anthony Paladino, Naval Sea Sys
tems Command, Washington, D.C.

Cochairman: Mr. Kenneth Cornelius, Naval Ship
R&D Center, Bethesda, MD

1. EMP Hardening of Ships from a Shock and Vibration
Point of View- R.J. HAISLMAIER, Naval Surface Weap
ons Center, Silver Spring, MD

2. The Analysis of Response to Acoustic Excitation of
Ramjet Combustors Lined with Thermally Insulating
Materials - T.B. JONES, Jr., The Marquardt Company
Van Nuys, CA

3. Initial Considerations of Near Miss Ship Shock - R.G
MERRITT, R.L. WOODFIN, and W.N. JONES, Naval
Weapons Center, China Lake, CA




BREAK
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Instrument Panel Vibration Reduction of U.S.S. Glover -
E V. THOMAS, David W. Taylor Naval Ship Research
and Development Center, Annapolis, MD

Shock Isolation Platform for Sea Sparrow Launcher -
P V. ROBERTS, Raytheon Corp., Bedford, MA

The Residual Hydrostatic Strength of Initially Shock
Damage Pressure Hulls - M.E. GILTRUD, Naval Surface
Weapons Caenter, Silver Spring, MD
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SHORT COURSES

OCTOBER

CURRENT DEVELOPMENTS IN UNDERWATER
ACOUSTICS

Dates: October 2-6, 1978

Place: University Park, Pennsylvania

Objective: This course will cover linear and non-
linear propagation of sound in the ocean, transducers,
and sources of underwater noise.

Contact: Robert E. Beam, The Pennsylvania State
University, Keller Conference Center, University
Park, PA 16802 - (814) 865-5141.

SONAR AND SEISMIC SIGNAL PROCESSING
Dates: October 9-12, 1978

Place: University Park, Pennsylvania

Objective: This course is designed to provide those
scientists and engineers practicing in the fields of
underwater acoustics or seismic exploration an under-
standing of the principles and techniques used for
the detection of underwater and underground signals.

Contact Robert E. Beam, The Pennsylvania State
University, Keller Conference Center, University
Park, PA 16802 - (814) 865-5141.

MACHINE PROTECTION AND MALFUNCTION
DIAGNOSIS

Dates October 9-13, and December 11-15, 1978
Place Carson City, Nevada

Objective. Topics to be covered include: Measuring
and monitoring parameters for predictive mainten-
ance, Eddy current probe and proximitor theory of
operation; Installation procedures and common
pitfalls, Permanent machine monitoring systems;
System calibration procedures, Thrust position
measurements; Troubleshooting the system; Trans-
ducer polarity rules, Hazardous area considerations;
Introduction to machine data acquisition; Oscillo-
scope theory and operation; Oscilloscope cameras;
Tunable filters, Vector filter-phase meter; Tape
recorders, Keyphasor theory; and Electrical runout.

Contact:  Training Manager, Bently Nevada Corpor-
ation, P.O. Box 157, Minden, Nevada 89423 - (702)
782-3611.

VIBRATION DAMPING

Dates: October 23-26, 1978

Place: University of Dayton Research Institute
Objective: To cover the science and art of utilizing
vibration damping materials to reduce the undesir-
able effects of noise and vibration on structures and
equipment. The course is designed to teach the
background, basic analytical methods and experi-
mental techniques needed for design and application
of damping treatments in aircraft and spacecraft
structures, engines and equipment. Step by step
procedures will be discussed, along with case his-
tories. The fee for early registration is $410 (before
October 2, 1978) and $425 thereafter.

Contact. Vibration Damping Short Course, Re-
search Institute - KL 501, University of Dayton,
Dayton, OH 45469, Attn: Dale H. Whitford, (513)
229-4235.

MACHINERY VIBRATION SEMINAR

Dates: October 24-26, 1978

Place: MTI, Latham, New York

Objective: To cover the basic aspects of rotor-bear-
ing system dynamics. The course will provide a funda-
mental understanding of rotating machinery vibra-
tions; an awareness of available tools and techniques
for the analysis and diagnosis of rotor vibration
problems; and an appreciation of how these tech-
niques are applied to correct vibration problems.
Technical personnel who will benefit most from this
course are those concerned with the rotor dynamics
evaluation of motors, pumps, turbines, compressors,
gearing, shafting, couplings, and similar mechanical
equipment. The attendee should possess an engineer-
ing degree with some understanding of mechanics
of materials and vibration theory. Appropriate job
functions include machinery designers;, and plant,
manufacturing, or service engineers.




Contact: Mr. P.E. Babson, Mktg. Mgr., Machinery
Diagnostics, MTI, 968 Albany-Shaker Rd., Latham,
NY 12110 - (518) 785-2371.

STRUCTURAL ANALYSIS SHORT COURSE

The following short courses in structural analysis
are being offered by Schaeffer Analysis in October
of 1978 in Boston, Massachusetts.

NASTRAN related courses
e DMAP and Substructural Analysis Using
NASTRAN
Qctober 16-19, 1978
Composite Materials
e Structural Applications of Composite Ma-
terials
October 23-26, 1978

Contact: Schaeffer Analysis, Kendall Hill Rd., Mont
Vernon, New Hampshire 03057 - (603) 673-3070

NOVEMBER
DIGITAL SIGNAL PROCESSING
Dates November 6-10, 1978
Place: The George Washington University

Washington, D.C.

Objective: The course is designed for engineers,
scientists, technical managers, and others who desire
a better understanding of the theory and applications
of digital signal processing. The objective of this
course is to provide the participants with the essen-
tials of the design of IIR and FIR digital filters,
signal detection and estimation techniques, and the
development of Fast Fourier Transform Algorithms.
The applications of digital signal processing to speech
processing will also be discussed. The mathematical
concepts needed for understanding this course will
be developed during the presentation.

Contact: Continuing Engineering Education Pro-
gram, George Washington University, Washington,
D.C. 20052 - (202) 676-6106 or toll tree (800) 424-
9773.

VIBRATION AND SHOCK TESTING
Dates: November 6-10, 1978
Place: Washington, D.C.

Objective: Lectures are combined with physical
demonstrations: how structures behave when me-
chanically excited, how input and response forces
and motions are sensed by pickups, how these electri-
cal signals are read out and evaluated, also how
measurement systems are calibrated. The relative
merits of various types of shakers and shock machines
are considered. Controls for sinusoidal and random
vibration tests are discussed.

Contact: Wayne Tustin, Tustin Institute of Tech.,
Inc., 22 East Los Olivos St., Santa Barbara, CA
93105 - (805) 963-1124.

16TH ANNUAL RELIABILITY ENGINEERING
AND MANAGEMENT INSTITUTE

Dates: November 6-10, 1978

Place: Tuscon, Arizona

Objective: The course will cover the following top-
ics: Reliability engineering theory and practice; Me-
chanical reliability prediction, Reliability testing and
demonstration; Maintainability engineering, Product
liability; and Reliability and Maintainability Manage
ment

Contact:  Dr. Dimitri Kececioglu, Aerospace and
Mechanical Engineering Dept., University of Arizona,
Bldg. 16, Tucson, AZ 85721 - (602) 626-2495/
626-3901/626-3054.

JANUARY

STRUCTURED PROGRAMMING AND SOFTWARE
ENGINEERING

Dates: January 8-12, 1979

Place: The George Washington University
Objective: This course provides up-to-date technical
knowledge of logical expression, analysis, and inven-
tion for performing and managing software architec-
ture, design, and production. Presentations will
cover principles and applications in structured pro-
gramming and software engineering, including step-
wise refinement, program correctness, and top
down systern developrment.

Contact.  Continuing Engineering Education Pro-
gram, George Washington University, Washington,
D.C. 20052 - (202) 676-6106 or toll free (800) 424-
9773
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MARCH
MEASUREMENT SYSTEMS ENGINEERING
Dates March 12-16, 1979
Place Phoenix, Arizona
MEASUREMENT SYSTEMS DYNAMICS
Dates March 19 23, 1979
Place Phoenix, Arizona

Objective  Program emphasis 15 on how to increase
productivity, cost-effectiveness and data-validity of
data acquisition groups 1n the tield and in the labora
tory. The program s intended for engineers, scien
tists, and managers i ndustrial, governmental, and
educational organizations. Electrical measurements of
mechamcal and thermal gquantities are the major

topics

Contact Peter K. Stein, 5602 E. Monte Rosa,

Phoenix, AZ 85018 (602) 945-4603/946-7333

-4
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NEWS BRIEFS

CALL FOR PAPERS
Transducers and Their Applications

The 10th Transducer Workshop will be held 1214
June 1979, at the U.S. Air Force Academy, Colorado
Springs, Colorada. The Workshop will cover the
physical parameters with Trans
ducer Technology. Applications are in flight, field
and laboratory testing. Paper presentations should
be only 10 to 15 minutes long. The Workshop is
sponsored by the Transducer Committee of the
Telemetry Group, which reports to the Range Com-
manders Council. Papers may be about transducers,
their conditioners, or entire transducer based sys-
tems. Measurands include force, pressure, accelera-
tion, velocity, displacement, temperature and others
Topics include the calibration and evaluation of
transducers and their conditioners, in addition to
their in engineering tests and measurements.

measurement  of

use

Abstracts of about 200 words are requested and
should be sent by September 20, 1978 to National
Bureau of Standards, Attn: Paul S Lederer, Div. 722,
Washington, D.C. 20234 - (301)921-3821

SYMPOSIUM ON FUTURE TRENDS IN
COMPUTERIZED STRUCTURAL ANALYSIS
AND SYNTHESIS

This Symposium will be held October 30 - November
1, 1978 at the Marriott Hotel, Washington, D.C.
It will be co-sponsored by George Washington Univer
sity and NASA - Langley Research Center in coopera
tion with the National Science Foundation and the
American Society of Civil Engineers. Topics to be
discussed in this symposium include structural analy
sis and design of systemns, supercomputers and micro
processors, advances and trends in numerical analysis,
symbolic computing and minicomputer applications,
structural synthesis, advances and trends in engineer
ing characteriza
structural  modeling, nonlinear  analysis,
computer computer aided
nstruction and engineering software systerns, struc

software  development, material

tion  and

interactive graphics,

news on current
and Future Shock and
Vibration activities and events

tural modeling and advanced structural applications
Sessions on research in progress on computers and
structural analysis and synthesis will be held.

Make checks payable to The George Washington
University and mail betore October 2, 1978, to
Professor Ahmed K. Noor, Mail Stop 246, The
George Washington University, NASA Langley
Research Center, Hampton, Virginia 23665

INTER-NOISE 78 PROCEEDINGS
PUBLISHED

“Designing for Noise Control,” the Procecdings of
the 1978 International Conterence on Noise Control
Engineering contains the papers presented at INTER
NOISE 78 which was held in San Francisco, Califor-
nia, on 810 May 1978, INTER-NOISE 78 was
sponsored by the International Institute of Noise
Control Engineering and organized by INCE/U.S.A.
The book of Proceedings, edited by Conference
Chairman William W. Lang, contains papers covering
all branches of noise control engineering, including
machinery noise control, industrial noise control,
in-plant noise control, transportation noise control,
instrumentation and analysis techniques for noise
control, and building noise control. Copies of the
INTER-NOISE 78 Proceedings are available from
INTER-NOISE 78, P.O. Box 3469, Arlington Branch,
Poughkeepsie, NY 12603 The postpaid price is
$35.00. Overseas orders must include $7.00 extra
if shipment is to be by air

PROCEEDINGS OF THE INTERNATIONAL
SYMPOSIUM ON FRACTURE MECHANICS

Proceedings of the International Symposium on
Fracture Mechanics held at the George Washington
University, September 11-13, 1978, will be a. lable
through the University Press of Virginia. This sympos
ium, sponsored by the Office of Naval Research,
presents an overview of the fracture problems in ship
and aircraft structures, as well as an international
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review of the state-of-the-art in many areas of frac-
ture mechanics research. Included are results of
both theoretical and experimental studies of frac
ture and fatigue in a variety of materials and struc
tures. Various aspects of fracture are discussed for
composites, polymers, ceramics and metallic materials
under wide ranges of loading and environment
Fracture mechanics technology is reviewed through
fracture case studies, discussions of recent advances
in nondestructive flaw detection, and applications
to nuclear reactors, gas turbines, and rocket motors.
This book, edited by Drs. N. Perrone, H. Liebowitz,
and D Mulvilie, will be available in September. It
can be ordered form the University Press of Virginia,
Box 3608, University Station, Charlottesville, VA
22903, for $25.00.

NOISE-CON 79
April 30 to May 2, 1979, Purdue University

The conference will be sponsored by Purdue Univer-
sity and the Institute of Noise Control Engineering/
USA. The theme of the 1979 National Conference
on Noise Control Engineering in machinery noise
control. Several different sessions will be held in
which papers will be presented on noise from in-
dustrial machinery, engines, pumps, COMPressors,
and home appliances. Each session in the Conference
will consist of invited and a limited number of
contributed papers.  Contributed papers will be
selected by review of lony abstracts (maximum 1000
words and up to one figure and 5 equations if need-
ed) The deadline for receipt of these abstracts is
December 15, 1978 Prior to NOISE-CON 79, there
will be a special seminar on machinery noise control,
on April 2628, 1979 For further information on
the conference or seminar, please write: NOISE-
CON 79, 116 Stewart Center, Purdue University,
West Lafayette, IN 47907 - (317)749-2533. Abstracts
should be mailed to: Professor J W. Sullivan, Program
Chairman, Ray W. Herrick Labs., Purdue University,
West | afayette, IN 47907 (317)749-6345

CALL FOR PAPERS
Design and Applications:
Advanced Composite Materials

The Mechanical Failure Prevention Group (MFPG)
sponsored by the National Bureau of Standards,

Office of Naval Research, Department of the Navy,
Department of Energy, and NASA Goddard Space
Flight Center will hold its 29th Symposium at the
Naticnal Bureau of Standards, Gathersburg, Mary
land on May 2224, 19/9
the following areas
and aerospace systems, Analytical techmiques, Fabri
cation techniques, Non-destructive testing, Failure
modes; Environmental effects, and Materials. Fro
ceedings in the form of extended abstracts, 24
typewritten pages, will be published by the National
Bureau of Standards. Closing date for initial abstracts
i1s January 1, 1979 and for extended abstracts,
April 30, 1979. Abstracts should be sent to Jesse t
Stern, Code 721, Goddard Space Flight Center,
Greenbelt, Maryland 20771 - (301)982-2657

Papers are desired in

Applications in land, marine,

NOISE CONTROL ENGINEERING
BEGINS 6TH YEAR OF PUBLICATION

NOISE CONTROL ENGINEERING, the technical
journal of the Institute of Noise Control Engineering
(INCE) has, with Volume 11, entered its sixth year
of publication. The bimonthly journal, edited by
Professor Malcolm J. Crocker of Purdue University,
is the only magazine publisned in the United States
which prints refereed articles concerned exclusively
with noise control

NOISE CONTROL ENGINEERING s available for
$30.00 per year Students are eligible for a one
time, three-year subscription for $30.00 Individual
subscribers become Associates of the Institute of
Noise Control Engineering and also receive the
bimonthly publication NOISE/NEWS. For further
information, contact NOISE CONTROL ENGI
NEERING, P.O. Box 3206, Arlington Branch, Pough
keepsie, New York 12603

SESA TO HOLD 1978 MEETING
IN INDIANAPOLIS

The Society for Experimental Stress Analysis, an
international engineering society will hold 1ts 1978
Fall Meeting at the Sheraton West Hotel, Indiana
polis, IN on Octobe<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>