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DIRECTO R NOTES
The February 1977 issue of the Journal of the Acoustica l Society of America
contains a series of papers on the history of Am erican Acoustic s. The Society in
general , and the author s in particular , are to be commended for an excellent contri-
bution to our litera ture . I firmly believe th at “ the past is prologue ” and that
the history of science and technology has a strong influence on our presen t and
future research . In this vein , as I looked at this fine j ournal , I wondered about the
origin of scientific jo urnals and how they have grown . Professor John Z iman , FRS ,
of the Univer sity of Bristol provide d some interestin g answers. *

It all began with the “Philosophical Transactions of the Royal Society ” in 1 665
• which covered all branches of learn ing. As new learne d societies were formed ,

each would start its own journal . By 1750 there were abou t 10 different scientific
journals; in 1825 the number had gr own to 300. Scienc e was growing so rapidly
at this poin t that researchers coul d not hope to scan all the literature and the
first abstract journal was born . By 1950 there were 300 abs tract journals coverin g
materi al from more than 50 ,000 scientific journ als. According to Professo r Ziman ,
the number of journals is not the only indicator of strain on the system of com-
munica t ion since the bulk of each of these journ als seems to double every 10 years.
How can we continue to cope with this massive proble m?

I agree with two statements in Prof . Ziman ’s book; “. . - the ‘ai...tract journ al .’
• where summaries of al l new scientific papers are publishe d under carefu l ly clas-

sif ied heading s , is quite an old device that is not easily improv ’ ’t on . . . ” -- part
of the contribu tion of our DIGEST is in thi s area . “Mu ch rnc ,1~ d&iberate attention
to writing of trea tises and critical review articles would als~ help in opening up the
archives and finding the nuggets of gold among the dross ” -- our literature review
section , as yet imperfect , is approaching the problem along these lines , It is hoped

• that in our field we will have a measu re of success .

• H.C. P.

*John Ziman , FRS, The Force of Know ledge - The Scientific Dimension of Soci ety,
Cambridge Universi ty Press , 1976 .
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EDITORS RATTLE SPACE
VIBRATION “POLLUTION”

Most engineers have been concerned with vibration as it pertains to the function
and life of machines, vehicles , or structures. To date , little attention has been given
to the effects of vibration on man. Men w~ o work with vibrating hand tools and on
ships can testify to the physiological and psychological effect s of vibration . Al•
though such physiological problems as pneumatic hammer disease and “dead fin-
ger ” (Raynaud’s phenomenon) have been recognized for some time , little effo rt
has been made to establish the relationship between stimulus and effect . No at-
tempt has been made thus far to assess the psychological effects of vibration on
man , but environmentalists have stimulated interest in the matter.

Noise and vibration pollution are analogous. The physical effe cts of noise are
evident as hearin~j loss; the physical effects of vibration “pollution” are probably
less obvious , perhaps causing problems that are not immediately evident . The two
types of pollution are of course connected: much airborne noise is attributable to
mechanical vibration. If the vibration can be stopped , the noise stops. Excessive
noise is often controlled by inserting barriers in the sound path -- the noise level
drops, but the vibration continues . Such a solution is fine in situations in wh~.,u
men are not exposed to the vibrating object. In cases in which men are involved,
howeve r , the basic vibration problems remain . If environmental standards pertain-
ing to vibration are eventually established , therefore , these problems will have to be
dealt with again.

The public forced legislation to control noise pollution. Unfortunately, lack of
coordination of efforts at all levels of government resulted in conflicting require-
ments . Voluntary standardization of noise levels was largely ignored by industry
until the laws were in effect . As a result , both effo rt and money were wasted in
superficial and temporary solutions aimed at complying with the various regula-
tions . Will the same chaotic situation develop if vibration “pollution” regulations
must be established?

The question of whether or not vibration “pollution” will have to be regulated has
yet to be answered . A few voluntary programs at the national level (A,N.S.l.-S2)
and the international level (ISO TC 108) have been initiated by users in attempts
to develop procedures and criteria for controlling vibration effects on man. To my
knowledge no machinery manufacturers have attempted to incorporate human
factors into machine design. Perhaps they are not yet aware of any problems .
In my opinion it is time for manufacturers , as well as more users , to become in-
volved in standardizing vibration “pollution.” A strong voluntary effort in the near
future might help us avoid possible regulatory confusion .

4 R.L. E.
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DAMPING CAPACITY OF STRUCTURAL MATERIALS

J. Robert Birchak

Abstract - Damping devices are frequently added to selected applications [9 , 10] . Damping in these
structures to prevent unwanted vibrations. Alterna- examples is provided by internal friction within the
tively, structural materials with high internal friction load-carrying structura l member.
sometimes provide sufficient damping. This review
article surveys damping mechanisms that pmduce
significant internal friction in structural materials. SPECIF I C DAMPING CAPAC ITY
Damping capacity is presented as a function of vibra-
tional stress amplitude for selected materials. Data The term damping coefficient must be defined before
from available ilterature are used to compare the the internal friction from various phenomenological
relative dissipation of various mechanisms: visco- mechanisms can be compared. Damping is usually

• elastic relaxation, dislocation motion, two-phase defined in terms of parameters that can be con-
interface slip, and magnetomechanical damping. veniently measured with a particular experimental
These mechanisms have been used to reduce objec- apparatus . The definition is frequently based on the
tional vibrations in automotive disc brakes and in complex modulus of a damped harmonic oscillator
turbine blades. that has coefficients independent of amplitude [ 11] .

When internal friction is amplitude dependent , how-
The energy of unwanted structural vibrations can be eve r , the complex modulus is not rigorously correct.
damped by internal friction within structural mate- Non-uniform stresses in the specimen make the inter-
r ials or by damping devices that contribute little to pretation even more difficult [1 , 12] .
the load-carrying capacity of the structure [1 , 21.
High-strength structural materials usually have rela- For materials with amplitude-dependent damping, it
tively small internal friction; dampers are usually IS convenient to select a specific damping capacity,
added to systems containing such materials to reduce ~b. The specific damping capacity is defined as the
objectionable vibrations. Certain high strength fraction of energy lost per cycle in a body having a
materials , however , have relatively high internal uniform distribution of stresses , If ~ U is the energy
friction that can reduce vibrations. The purpose of per unit volume dissipated per cycle and U is the
this discussion is to review internal friction as a func- maximum stored energy per unit volume ,
hon of vibrational stress amplitude for a variety of
structural materials. These data can be used in struc- n~ 

— tiiJ,1U (1)
tura l design to determine if internal friction will
provide sufficient damping or if dampers must be Computer techniques have been developed for
added to control vibrations, deriving ~ for bodies with non-uniform stresses [12] .

The references chosen from the exiensive literature For damping independent of vibrational stress ampli-
[3-6) on dam ping identify phenomenological mech- tude, n~

, can be related to the complex modulus. The

anisms that contribute to the internal friction of two damping coefficients are related by the equation
structural materials. Some of the materials are already
used to control vibrations...for example , graphite i/i = 211 E2/E 1 (2)
flakes are used in gray cast irons to eliminate “squear

• in automotive disc brakes [7] , and magnetomechani- E1 and E2 are the real and imaginary modulii res-
cal damping of nickel-cobalt alloys reduces vibrations pectively. Equation ( 1) is used in the remainder of
in turbine blades [8) . The microstructure of mangan- this discussion .
ese-copper alloys provides significant damping in

Babcock and Wilcox , Lynchburg Research Center , Lynch-

4 burg. Virginia 24~O5

1
‘
t

~

”

~

•

~ 

~~~~~~~~~~~~~~~~~~~ .,—-
~~
-- -.-- — 

. T



r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

DAMPING MECHANISMS Dislocations
Dislocations are disruptions of the orderly arrange-

General Categories ments of molecules in m aterials and can be mo ved by
Damping mechanisms are frequently classed in one of applying stress [17-20] . Such stress-induced motion
two categories relaxation phenomena and irreversible is dissipative , that is , energy is lost in the form of
phenomena [1 , 1 1) .  The stress-strain cycle in both heat and elastic waves . Two types of motion occur;
groups forms a hysteretic loop, the area of which is the dislocation is either pinned at its ends, and bends
proportional to the energy lost per cycle . Relaxation like a vibrating string, or breaks loose at the ends.
phenomena generally involve rate-dependent dissipa- The bending dislocation is a resonance motion that
tion of the energy, an example is resonant absorption , produces relaxation damping; the damping is depen-
In resonant absorption the strain is out of phase with dent on temperature and frequency and independent
cyclic stress because of viscodrag . Viscodrag can be of amplitude. The other type of dislocation produces
represented by a complex modulus [ 1 1 )  - Damping a permanent residual strain; damping is relatively
due to relaxation phenomena is usually frequency- independent of temperature and frequency but
and temperature-dependent; it is independent of dependent on amplitude . At high stress amplitudes ,
amplitude , howeve r . Because the effect is viscous in such irreversible damping can be a major source of
nature , the material relaxes to the orig inal length damping in structural mater ials. Because the disloca-
when the stress is removed . tion process depends on the microstructure of the

m aterial , materials must be carefully prepared to
In contrast , a material that undergoes irreversible optimi,’e damnping.
damping is permanently deformed after an applied
stress is removed . A trace of residual strain remains Interface Slip
after the stress is rem oved [1 , 13 , 141 - For cyclic Materials comprised of two phases having dissim ilar
stresses , the width of the hysteretic loop is deter- elastic properties can have damping due to slip
mined from the residual strain . Damping due to (sliding of adjacent surfaces) at the interfaces be-
irreversible phenomena is usuall y amplitude depen- tween the phases. This sliding is irreversible and
dent and may be relatively independent of frequency creates residual strains, In the damping of gray cast
and temperature , iron [7 , 21 , 22] , for example , f lakes of graphite

precipitate in a matrix of metal , When gray iron is
A large number of damping mechanisr ims fall into or’m e subjected to vibrational stresses , energy is dissipated
of these two categories. Many of the roost extensively at the interfaces between the graphite and the metal .
investigated mechanisms have only a small damping Although damping increases with increasing concen-
capacity. Electronic damping mechanisms , for exam- trations of silicon and carbon in large flake s , the
pIe , produce only a small amount of darmmping and are large flakes lower the strength of the iron. The
of interest only at very low temperatures . However, composition of gray iron thus depends upon the
the dissipation of vibrational energy in superconduc- specific application -- that is , whether or not dam ping
tors has been studied extensively to verify the exi s- or strength is roost important .
tence of electron pairs proposed in the Bardeen-
Cooper-Schieffer theory of superconductivit y [15 , Phase-Related Phenomena
16) - Dissipation resulting from damping decreases as Certain multiphasic materials other than gray iron ,
more pairs for m because elastic waves are scattered such as manganese copper alloys [9 , 10, 23) exhibit
by normal electrons but not by superconducting hi gh damnpinq capacities . The phenomenolog ical
electron pairs. Because large amounts of damping origin of this damping is currently being investi gated.
are required to significantly reduce structural damp- Experi m ents have shown that these materials must
ing, the discussion below is limited to rriechanisms specially treated w t h  heat before their capacity for
that have a large damping capacity at typical oper- damping increases. For nmanganese copper , a high-
ating te m peratu res. temperature annealing process must he followed by

1



quenching and then aging at an intermediate tempera- mnagnetomechanica l damping, disappear. The magnet-
ture. This series of processes partially transfornms the omechanical contribution in this case can be iden-
material into a tetragonal crystalline phase with a t if ied independently of other damping m echanis m s
large daroping capacity at room temperature. At by subtracting the damping of the specimen in the
elevated operational temperatures , both the da m ping saturation field fromr i the damping in the demnag-
and the amoun t of tetragonal phase decrease . net iied state . Magnetomnuechanical damping is also

prevented by large static stresses that lock magnetic
High Temperature Phenomena dom ains. Ter rm perature dependence results from
Many materials develop a large damnping capacity temperature-dependent magnetostrictive and moag-
when the temperature approaches the softening netization constants . The effect disappears above the
temperature (24 , 251 . fhe orig in of such damping Curie tem perature , which is the upper limit for
is attributed to various effects , including grain ferromnagnetism . Magnetomechanica l damping, like
boundary motion, vacancy diffusion , and dislocation most other damping mechanisms , is sens itive to
motion. Regardless of the origin , however , it is microstruct ure and tends to be larger for annealed
important to recognize that the damping at elevated than for cold-worked materials.
temperatures may be significantly different from that
at room temperature . Investi gations by Postinikov
[24) have shown that a variety of metals and alloys DA MPING OF SELECTED MATERIALS
exhibit higher damping at elevated temperatures than
at room temperatures . The relative effectiveness of damping mechanisms can

be determined from the damping capacity of selected
Diffusion materials. Based on the definition in equation ( 1) ,  the
The stress-induced diffusion of point defects (solute specific damping capacity, i~~, has been plotted against
atoms , interstitia ls , and vacancies ) produces relaxa- vib rational stress amplitude for various structural
tion damping [17 . 26, 27] - Such damping is depen- materials. The damping curves in Figure 1 are numo-
dent upon temperature and frequency. Carbon and bered for different materials . The properties of each
nitrogen in iron , for example , give damping maxima material are identified by nunmber in Table 1. Al-
at temperatures of 22°C and 40°C at a vibrational though the predominant mechanism for somne miatc ’-
freqm uency of 1 Hi. Went [27] has found damping nials with small damping capacity has not been
peaks as large as ~(i 0.1 for this diffusion damping identified in the referenced literature , these m aterials
in iron. Diffusion dam ping is usually not important are presented to demonstrate the range of damping
in structural applications because it depends on heat in structural materials. Most materials with a large
treatr rient , decreases with age , and is often small , damping capacity - - such as plastics , nmagnes iurn, md
Diffusion damping has been investigated extensively, gray iron - . have relatively low tensile strength .
however , because it provides information on the Manganese-copper alloys , however , have relatively
ato m ic behavior of materials, large damping capacity and high tensile strength .

Magnetomechanical Damping Materials that exhibit moagnetoniechanica l dar ipmng
The stress-induced motion of magnetic domain walls can also have relatively large damping capacity and
produces irreversible damping [8 , 12-14 , 28-34 ] - The high tensile strength . The damping curves in Fiqure 2

• movement of magnetic domain walls in ferromagnetic are numbered for m aterials having pro; lies den-
materials occurs as a result of magnetoelastic inter- tified by numbers in Table 2. Curves labelcil wi th a
actions during the application of stress. The frac- number followed by the letter “5” show da ;inq
tional energy lost per cycle has been related to the in a saturated m agnetic field. The mnagnetor u hanical
distribution of pinning centers that act as barriers to contribution is calculated by subtracting da rmp inq in
domain wall motion [32-34] - The resulting damping a saturation field from damping in d / ‘ r o  fe - Id.  Note
is dependent on vibrational stress amplitude and is that magnetomechanica l damping has a ‘laxi r i l u m m i  .11

influenced by magnetic field strength , static stress , a specific stress amplitude. The lar p-st m1ma~ irna are
temperature , and material moicrostructure. In a satur- obtained for highly annealed spei m nens. Cold worlo~d
ation magnetic field the domain walls , and hence specimens have smaller m axi m a , but ~“eaks oct j r at a
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for Materials in Table 1 Stress Amplitude for Materials in Table 2
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Table 1. Material Identificat ion and Physical Properties for Damping Specimens

Sample Tensile Strength Reference
Number Material (psi x 10~~) Damping Mechanism Number

1 Plexi glass 7 - 10 Viscoelastic 3

2 Polystryene Not available Viscoelastic 3

3 Cast magnesium 10 Dislocation 20, 35
99.9% pure

4 Mg -0. 6% Zn 21 .6 Dislocation 20

5 Mg - 0.9% Mn 13.5 Dislocation 20

6 Mg - 8% Al ,0.5% Zn 52 Dislocation 20
0.2% Mn

7 Austenitic steel,OiI 130 Dislocation 19
quenched from
1000°C, l6hrs. 650°C

8 Pearlitic gray cast iron 17.3 Graphite flake 7
3.63%C, 3.39% Si ,
0.54% Mn

9 Pearlitic gray cast iron 41 Graphite flake 7
3.01%C, 2,49% Si ,
0.53 Mn

10 Pearlitic nodular 88 Graphite nodules 7
cast iron

11 Mn - 35.9% Cu, 95 Two phase material 9
0.24% Fe , Heat 1 hr.

0790 C, quench - 2 hr.
450°C

12 N-l55 Alloy, Fe- 119(room temp.) High temperature 25
21 .7% Cr , 1.9% W , Damping (1500°F)
0.1 5% C, 19 .4% Ni ,
1.74% Mn, 19% Co
0.76 Cb, 2.76% Mo,
0.37% Si quenched ,
aged

7 

~~~~~,•• 4 - - .~ ,; ~~~~
. 

~~~ ~ 

— 

—- -. .— ,._s - — S - -— — — - , - - s—,- -



—.

Table 1. Continued

Sample Tensile Strength Reference

Number Material 
- 

(psi x 10~~
) Damping Mechanism ,

13 Stellite 92.6(room temp.) High temperature 25

Co -0 .45% C, 1.4% Fe, damoping (1500°F)

0.42% Mn . 24 .8% Cr ,
0.93% Si , 10.4% Ni ,
7.26% W as cast

14 Ti - 3.9% Al , 4.3% 152(room temp.) High temperature 25

Mn,0,1%Cannea led damping (600°F)

15 Sandvik Steel 204 Not available 25

Fe - 1% Cr , 0.2% Si ,
1% C, 0.26% Mn,
0.24% Mo, quenched ,
tempered

16 Free cutting bra. ; 55 Not available 20

Cu - 35% Zn , 3% Pb

17 Al - 5.5% Cu 53 Not available 20

0.5% Pb .0.5% Bi

18 Al -4% Cu ,0.5% Mg 62 Not available 20

0.5% Mn

19 Nava l brass 69 Not available 20

Cu - 39% Zn , 1% Sn

I
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Table 2ilaterial Identificatio n and Physical Properties
of Specimens Having Magnetomechanica l Damping

Sample Tensile Strength Reference

Number Material (psi x l0~~
) Damping Mechanism Number

Fe - 3.3% Si 78 Magnetomechanical 12

anneal 5.5 hr @ 1 200°C

1S Sample 1 - Saturation
Magnetic Field

2 Pure Nickel 50-80 Magnetomechanical 13, 18,31

2S Sam ple 2 - Saturation
Magnetic Field

3 NIVCO Not available Magnetomechanical 1 ,8, 25

73.5% Co ,22.5% Ni ,
1 .8% Ti , 1 .1% Zr

4 403 Steel Alloy 129 Magnetomechanical 4

Fe - 12% Cr , 5% Ni

5 Mild steel Not available MagnetomeChanmca l 14

0.28% C, 0.2% Si .
0.79% Mn,0.12% Cu ,
0. 14% Ni ,0.1% Cr ,
annealed 18 hrs at
625°C

5S Sample 5 - Saturation
Magnetic Field

6 Carbon steel Not available Magnetomechanical 14

0.42% C,0.32% Si ,
0.99% Mn, 0.09% Ni ,
0.06 Cr , normalized

6S Sample 6 - Saturatio n
Magnetic Field

9
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larger vibrational stress amplitude . Damping can be 6. Jones , D I G . ,  “Some Aspects of the Ana lysis
optim ized , therefore , by selecting a heat treatment of Damping and Vibrations in Simple Struc-
that produces damping m axima at the anticipated tures ,” Air Force Matls. Lab.. Ohio , Tech . Rep.
vibrational stress amnp litude. A~- M m. TR ~65~l51 11965).

7 . Miller , E.J ., “Damping Capacity of Pearlitic
SUMMARY Grey Iron and Its Influence on Disc Brake

Squeal Suppression ,” SAE Trans. No. 69-0221 ,
Data from available literature show that structura l 78 , pp 949-958 (1969).
mnateria ls can have significant internal damping
capacity. Dislocation motion , two phase effects , and 8. Cochardt , A., “The Origin of Damping in High
magnetomechanica l damping give fractional energy Strength Ferromagnetic Alloys ,” Trans. ASME ,
lost per cycle as great as 0.5 or larger . The damping, 75 , A- 196 (1953); Trans. AIME . 206, p 1295
however , depends on metallurgical microstructure; (1956).
materials must be carefully prepared to obtain
optimum performance . 9. Jensen , J.W ., Schwaneke , A.E., and Walsh , D.F ,,

“Fatigue Properties of Mn-Cu Damping Alloys ,”
Bur , Mines Rep. lnv . 5853 (1961).
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LITERATU RE REVIEw
The m onthly Literat une Review , a subjective critique and surm imn mary of the litera-
ture . cons ists of two to four review articles each month , 3,000 to 4 ,000 words in
length . The purpose of this section is to present a “digest ” of literature over a
period of three years. Planned by the Technical Editor , this section provides the
DIGEST reader with up-to-date insights into current technology in m ore than
150 topic areas. Review articles include technical information from articles , reports ,
and unpublished proceedings. Each article also contains a minor tutorial of the
technical area under discussion , a survey and eva luation of the new literature , and
recommendations. Review articles are written by experts in the shock and vibration

This issu~~~~~~e .IGEST contains the first parts of two serial articles. Professors
Jensen and Madsen ‘~tf the Department of Ocean Engineering of the Technical
University of Denm ark review the analytical and num erical tools for calculation of
ship hull vibra tions .

Dr. Chen and Dr . Pierucci begin to review underwater fluid-structure interaction
technology -
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A REV iEW OF SHIP HULL VIBRATION
PART I~ MATHEMATICA L MODELS

J. Juncher Jensen and Niels F’I. Mad sen *

Abstract - This paper isa review of the analytical and occur. Models suggested for analyzing higher triodes
numerical tools used to ca/cu/ate hull vibrations, range f rom two coupled beam s to threc’-dirllensional
Mathematical Models are described in the first part. finite ele m ent mod~’ls.
The second part on Modeling of Physical Phenomena
contains descriptions of mathematical models of the
hull. Numerical determination of the equations of VERTICAL VIBRATIONS
motion is discussed in the third part - - Methods of
Solution. The fourth part, Comparison of Beam Vertical vibrations are usually more important than
Models, is a review of methods used to solve the longitudinal ones because the vertical commiponemits of
equations of motion; an example problem illustrates the exciting forces predominate , The coupling be-
various principles. tween vertical and longitudinal hull vibrations is

usual ly neglected . Longitudinal vibrations play no
Vibration is a serious problem in engine-powered significant role in either stress amoplitudes or human
ships , Vibrations of the hull are due to unbalanced discom fort.
moments and forces from the engine, the passage of
the propeller through the irregular flow field , and The first mathematical treatment of the vertical vibra-
wave-induced forces. Excessive hull vibrations give tions of a ship hull was published by Schlick 1113] in
rise to local vibrations and noise, and may cause 1884 . He modeled the hull as a Bernoulli-Euler beam
fati gue damage and operational problems in equip- with free-free boundary conditions and determnined
ment or inconvenience to crew mnerribers and pas- the fundamental two-node natura l frequency. During
sengers. the next 50 years the following phenomena were

incorporated into the Timoshenko beam formulation
The significance of hull vibrations is reflected in [56] expressed in equation ( 1) :  virtual added mass of
organizations and literature. Since its first moeet ing in water [82, 124] , shear deflection and rotatory
1961 . the International Ship Structures Congress has inertia [17 , 89 , 105 , 125] ,and damping [56 , 125] .
had a subcommittee on ship vibration . The sub- a r a a~l acommittee publishes a literature review and a discus- ~

.
~~[Elv 11+1? ~‘j — )  

~—J + k~GA( 1 +u 
~j l

sion of trends every three years [39 -43] - Other a a2 oreviews of various topics pertaining to ship vibration I 
~~~~~ 

— 0) — J~ ~
-
~r- = — m

have been published [5 , 7, 50, 69 , 106 , 115 , 117], (1)
and a bibliography has been compiled 1511. Two 

~~ Ik~GA (1+L) ±) (~~~~~~~~
‘ 0)] -

books (91 , 1271 provide a thorough introduction to ax L ~t ax j
the subject and to the methods available up to (pA 

~P~
) 

~~
—

~~~
- a = — f

about 1960 . at at
El~ and k~GA are the vertical bending and shear

Accurate determina tions of the lower modes of ship rigidities respectively, 0 is the slope due to bending,
hull vibrations can be made by modeling the hull as y is the total deflection , i~ and v are internal viscous
a single beam . The reason is that the length of a damping coefficients , and a is an external viscous
conventional ship is m uch greater than its linear damping coefficient; pA , Pv’ ~v’ f , and m are respec-
cross section . Beam modes of vibrations can be tive ly the hull mass , the added mass of water , the
divided into two types: coupled vertical-longitudinal mass moment of inertia , the external force and the
nodes and coupled horizontal-torsional modes. For external couple ...all expressed per unit length . That

higher modes of vibration , however , the single beam equat ion ( 1) is suitable for the calculation of vertical
model is inadequate because distortions of the hull vibrations with four to eight nodes , depending upon
Department of Ocean Engineering, The Technical University

4 of Denmark , 2800 Lyngb y , Denmark
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the type of ship, has been verified in comparisons The influence of the shaft system on hull vibration
with full-scale measurements; see , for example , has been investi gated [881 - The hull and the shaft
[3 , 90 , 95) - system were represented by a uniform Timoshenko

beam and a spring-mass system , respectively. The
Single bm-’amn models have been used to derive semi- results pertained to the coupling between longitudinal
em mipirical forriiulas for deter m ining natural frequen- and vertic al hull vibration and shaft system vibration .
c i .  Formulas by Schlick [113] and Todd [126] Another model consists of a two-dimensional assem-
have been used to calculate the funda m ental mode blage of beam elements , springs , and concentrated
for conventional ships. Accuracy improves wi th masses . An extensive parametric analysis using such
correction for distribution of loads and for hull a model has been published [50] .
stiffness variation [55, 61 , 1051 , for shear deflections
and rotatory inertia [54 , 105] , and for the etfect The disadvantage of two-dimensional beam and finite
of reduced water depth [1051 - The importance of element models at higher vertical modes is that
these formulas is decreasing. however , because digital neither can account properly for the shear lag effect,
computers are now used to obtain accurate solutions The influence of shear lag has been studied with a
to equation ( 1).  simple rectangular box girder model [68 , 104) .

Although reliable results for higher modes are pos-
Single beam models do not provide satisfactory de- sible only with three-dimensional models [28 . 35, 36,
scriptions of vibrations involving more than eight 107] , the large number of parameters required with
nodes because of local vibrations and shear lag such models often destroys their usefulness .
effects , Local vibrations occur in such parts as bot-
tom panels , side shells , long itudinal bulkheads , super-
structures , and the shaft system; see , for example HORIZONTAL-TORSIONAL VIBRATIONS
[50 , 97 , 107 , 122] - The importance of the shear lag
effect in horizontal members of the hull increases as In conventional ships , the stiffnesses of the hull in
the number of nodes increases [35 , 36, 1251 - horizontal bending and torsion are higher than those

in vertica l bending; furthermore , the forces that
The effect of bottom vibration is most pronounced excite the horizontal-torsional vibration modes are
for bulk carriers and cargo liners. In a study of the relatively low. For these reasons horizontal-torsional
influence of bottom vibration on overall hull vibra- vibrations are often ignored in the design phase of a
tion , a model in which the bottom is treated as an ship “~ - - ,ips developed in recent years , such as
isotropic plate and the remaining part of the hull is container Ships and Ro-Ro ships , horizontal-torsional
modeled as a shear beam was suggested [1381 . The vibrations are just as impo rtant as vertical vibrations.
plate is hinged to the main hull along the bil ge lines . The following coupled equations account for shear
In a refined version of this model [98] a Timoshenko [96] -

beam was coupled with an orthotropic plate , the
effect of the transverse bulkheads was included . , , ‘ 2- , (El hO ( +k hGA(y - 0 ) + w  Jh 0 0Calculated modes of vibration were in accordance
with full-scale measurements [98 , 122]. Coupling
between bottom vibrations and overall vibrations has 1k~ GA(y ’ — 0 ) 1’ + w 2 )pA +ph)(y + sO) = 0 (2)
also been analyzed with a two-beam model [115] -
Another type of coupling is important in super
tankers. The relative vertica l def lections between the ( GK O) ’  + ~, +~~ ) w 2 0 +two longitudinal bulkheads and the , side shells
become significant with vertical vibrations having w 2 (pA 

~ p h) s ly + sO ) = 0
more than four to six nodes. This effect can be
accounted for if the hull is modeled as two coupled The natura l frequency is w. The natural modes are
Tmmoshenko beams [97 1; the beam s represent the described by the bending slope 0~ the athwartships
side shells and the longitudinal bulkheads respec- deflection y, and the torsion angIe 0 , respectively;
tive ly. all modes are taken with respect to the shear center.
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The distance between the shear center arid the center
of mass is denoted by s. Differentiation with respect
to the longitudinal coordinate is represented by ( ) ‘ .

Comparison of results obtained with equation (2) and
with full-scale measurements reveal errors of ten
percent in the natural frequencies. In addition ,
coupling between horizontal and torsional vibrations
is lower than predicted . The mode) has been imn-
proved by accounting for warping rigidities and the
effect of the transverse bulkheads 1481 - Uncertainty
as to the position of the shear center and the in-
fluence of the virutal added m ass and mass moment
of inertia means that results are not quite accurate ,
Forced vibrations have been treated with similar
models [104 , 114] .
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UN DER WA ’U R 1” LUII ). STR UCTUR E I NT ERACT ION
PART I. IN ’I ’R OO Uc ’r lON ANt ) SCOPE

1.11. Chen~ and M. Pierucci**

Abstract - Fluid-structure interaction encompasses a script is used here to denote tim ni e derivatives ,l The
broad spectrum of technical areas of interest in engi force fteld is represented by a linear combination of
neering application. This discussion is limited to three components F lUl, which is due to the moving
“underwater ’ applications and includes the following nredium; P(~~ l, which is the fluid intemaction force
topics. sound radiation and scattering, structural field , and FA , wh ich represents all known or pre-
vibration and shock response, flow-induced noise, scnibed mechanical forces applied at the str u n  t o ns ’

hydrodynamic divergence and flutter, boundary
layer stability, and propeller-induced forces. The The com plicating factor in a fluid-structure m Icra .-
common thread linking these technologies, namely, tion problem is the interaction fo ce field Pl7~”) . In
the interaction phenomenon, is stressed. An attempt this paper , the problems are placed in one of two

I

:

. 

, has been made to clarify some of the terminology categories , depending on the way in which P(t~’1 is
within these diverse technical areas. treated , Those methods which attempt to simul-

taneously satisfy equations (1)  and (2 1 - -  eit her
This article focuses on the fluid-structure boundary exactly or in some approximate fashion -- are called
( interface), specifically, upon the way in which the formal or coupling, met hods, Those methods which ,
physically coupled phenomenon is being treated in by virtue of certain assumptions , require only the
engineering analysis. Nonlinear theory is not con- solution of either equation (1) or equation (2 1 are
sidered . Linear or linearized structura l and fluid called decoupling methods. This paper covers three
fields are implied, technica l areas in terms of the nature of the applied

forces - either mechanical , acoustical , or hydro-
The authors have taken advantage of severa l recently dynamic .
published review papers. References are cited to the
‘extent necessary to support the text. Although m any Mechanically-applied forces. The case of a structure
important works have not been included in the immersed in a stationary (U = 0) inviscid fluid me-
reference list , most of the relevant work is adequately dium is considered , components ~~, ~~~, and ~~ norma l
covered in the review papers cited . to the fluid-structure interface are denoted by w ,

w~ , and u respectively. The medium subjects the
structure to periodic forces . Such problems are of

SCOPE OF REV I EW interest in sound radiation and vibration of under-
water structures when one or more harmonic forces

A fluid-structure problem can be described by linear is applied at any part of the structure. Equations
partial differential equations of the form 11), 12), and (3) take the form of

D5 [~~] = FlU) + PI~~ ) + FA (1 1 D5 [w J = plw l + FA (4 1

Df[~ 1 = F lU 1 +P(~~”) (2) V2 0+ K 2 =0 (5 1

(3) w ’=u  16)

D5 [ I and Df I I are differential operators that The interaction pressure p)w *) is interchangeable
characterize the structure and the fluid medium with the force P(w l. Equation (5) is the fluid
respectively. U denotes the velocity of a moving reduced wave (steady-state Helmholt ,’l equation in
medium. The vectors ~~, ~~~, and ti denote respec- which f is the potential; K =u.r/c the wave number;
tive ly the structur al displacement , structura l “par- w the angular frequency; and c the acoustic speed of
t ide ” velocity at the fluid-structure interface (Super- the fluid medium .

Manager of Technology Development
“Principal Engineer , General Dynamics E - ctr ic Boat Div..

Groton ,CT 06340 
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~0 Thus , instead of equation (8) , equation 19) applies.
p = - iwpØ and u - - —

~~~~ (7 1
au u 5

In equation (7) the pe m uu . duc tummue dependency ,,f D5 1w] = p + r u lw ’ 1 (9)
~~~~ is implied , p is the fluid density , and n is tOe

Soutward normal at the fluid-structur e interface . The interaction pmessure p ( w )  is su i m u ie t i n ies ca lled
t he scattered or radiated pressure .

Although formal and decoupling mmrethod s are con-
sidered separately, there is , in princip le , no dis Hydrodynamically applied forces (moving medium).
t imiction between the two problenis when fluid-struc- Problems of unt emu ” ;t are flow - induced noise , hydro-
ture interaction is considered. Decoupling methods dynamic divergenc e and flutter . boundary layer
have traditionally been employed almost exclusively stability, and propeller-induced forces Equations
in naval architecture for studies of ship vibration. (1) - (31 tak e the form of equations (101 ‘ (121.

Acoustically-applied forces. Formrra l methods include D5 (~~1 F( U) + P(~~”~ (101
both steady-state and transient cases; decoupling
methods are also described. Acoustic scattering is D~(~ 1 F lU) + P(~~* ( 111 )
essentially the “reciprocal” of sound radiation
prob lems , and the same methodology applies. The = ( 12)
two are considered separately primarily to emphasize
the different ways in which the force field is tradi- The fluid equation , equation ( 11 ) ,  represents the
tuonal ly treated in the literature . The problem of linearized Navier-Stokes equation , The linearization
shock response , within the linea r acoustic theory, is process is a perturbation about the m ean flow field
the same as that of transient acoustic scattering velocity U. The linearization simplifies the nonlinear
except that the response of the structure itself - .  convective momentum terms; the viscous terms can
rather than the reflected or scattered acoustic field -. be retained The velocity-related forcing funct ion
is of primary interest. F(U) can be obtained either analytically las in flutter

pro blemsl or experimentally (as in turbulent hnuund-
The steady-state case of acoustic scattering is gov- ary layer pressure f luctuation l. In either case , F lU)
erned by the same type of equations as that of sound is spec ified a priori , as is the case of FA in equation
radiation , see equations (4 1 - 17). The force field . (4 1 or ~ in equations (8) and (9 1
however , may be conveniently separated into three
components. Equation (4) is modified by

i 5 5
Ds [wJ p +p + p ( w ) (8)

where p represents the prescribed incident wave , i.e.,
the undisturbed wave that would be present if the
structure were not there . The term p1 represents the
rigid scattering field , i .e . the induced acoustic field
if the structure were assumed ri g id (w~ = 0). The
remaining term 

~: 
(w~) denotes the elastic scattering

field that accounts for the vibratory motion of the
structure .

In the transient case of shock response , in which the
structural response is of primary interest , the force
field is usually broken up into two components.
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BOOK REVIEWS

DYNAMICAL SYSTEMS : STABILITY THEORY AND APPLICATIONS
N. P. Bhatia and G. P. Szego

Springer-Verlag (1967)

This book is based on the lecture notes of the authors The last chapter , “The Second Method Lyapunov
for coumses rrieant for graduate students in mathe- for Ordinary Differential Equations ,” treats the
moatic s , physics , and systems theory. Engineers wil l existence and uniqueness of solutions of ordinary
f ind the presentation somewhat abstract. Some differential equations , Extensive results are given

knowledge of functional analysis and topolog ical on the nonuniqueness of solutions. Several theorerr is
spaces is required. The for rruat consists of defini- on Lyapunov stabilit y theory are stated and proved.
tions , Ie mn m rtr as , theor emn ms , and their proofs. Few A detailed list of references and a bibliography are
exam oples are included to illustrate the theorems , and given at the end of the book,
theme are few exercises.

Engineers who have attempted to apply the Lya-
The book contains three chapters. The first chapter , punov stabilit y theory to investigations of the sta-
“Dynamical Systems in Euclidean Snace ,” deals bil ity of engineering syste m s will appreciate the
with the properties of c l e n n u u n t s  constitutin g a dy- enormous difficulties involved in determining suitable
nan u u u a l  syste m in Euclidean space . ..namnely , trajec- Lyapunov functions. There is no method for genera-
tories , nuotions , invariant and mninim oa l sets , and pro- ting a Lyapunov function , even for systems de-
longat ions and their limit sets, The behavior of scribed by linear ordinary differential equations ,
dynamica l systems and stabilit y concepts in the sense with time-varying parameters. Hence , for the present
of Lagrange , Poisson , and L~’apunov are also de~ time at least , the theory has academic value only,
scribed .

A . Frank D’Souza
The second chapter , “Dynamical Systems in Metric Professor of Mechanical Engineering
Spaces ,” is more advanced. Properties of the elements Illinois Institute of Technology
comprising a dynamical system in metric space are Chicago , Illinois

• presented. The behavior of dynamical systems with
reference to stability in the sense of Lagrange . Pois-
son , and Lyapunov are described.
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CONCEPTS AND APPLICATION OF FINITE ELEMENT ANALYSIS
R . D, Cook

John Wiley & Sons (1974)

This book bridges the gap between existing finite In chapters V I I I  and IX the author describes an axi-
e)eumme nt hooks , which emimphasize basic theory, and sy m metric shell finite element program . He derives
the production computer , which furnishes “answers ,” the stress-strain relationships and utilizes a curved ele-
The author states that his subject is analysis rather ment to (or m muul at e a segm uuent of an element. He also
than design; his work is thus slanted toward genera) derives a thin element for a fla t plate , With regard to
methods rather than special ones. EIer’ ,ents discussed thick element (ei ght and 20 node l isoparametric
in detail are based on an assu nmued displacement elements , Gauss points are considered , the author
field and thus are not restricted to special shapes recommends a 2 x 2 quadrature .
having no strain or curvature. Linear static analysis
is emphasized , as are isoparametric elements. In chapter X on shell elennents , the author recom-

mends the 20 node element , A discussion of the
In the first two chapters , the following topics are advantages of the 2 x 2 quadration rule , which
discussed - the basic ele m ents of elasticity, plate results in four upper and four lower Gauss points ,
and shell theory, interpolation and representation of is included.
curves applicable to grid m’neshes , Fourier representa-
tion of asy mmu uetri c loading conditions , and the Chapter X I contains a short description of coordinate
application of the stiffness method to the plane transformation . The technique is used to apply
truss , He also considers the assembling of matrices , material or element properties in different sets of
estab l ishmmient of the relationship between modal coordinates and is important in orthotropic and
degrees of freedomn , and a simple com rmputer program isotropic shells. A short discussion of substructuring
of the Gaussian elimination method , should have had greater emphasis.

The physical reason for using the finite element Chapter X II  considers dynamics and vibration . The
method is to link small elements within a continuum . elgenvalue problem , the Sturm sequence method ,
In chapters III and IV the author shows the similarit y elgenvalue economizer , Gauss elimination method .
between finite difference and finite elements and and effective combinations of the methods a nn -
considers plane and eight and 20 node solid-element described. The SOLID SAP program is an exam ple
isoparametric elements. He also establishes the valid-
ity of the isoparametric method and provides the Chapters X II I  through XV contain information
order of the Gauss quadrature required to determine about the stability of beam and plates; geometric
element stiffness. stiffness matrix , nonlinearity behavior and large

displacement of structures; deformned systems ;
Thu. topic of chapters V I and VII  is isoparametric and the Newton-Raphso n method of iteration .
elements , which behave poorly under bending.
The author describes parasitic shear at the Gauss The final chapters contain information about hybrid ,
points. The situation with bending is improved by skew , triangular , and annular elements ,
adding internal nodes and then condensing them
before assembling the elements. This is important The reviewer considers this book outstanding but
in three-dimensional eight-node brick elements , would have liked a more extensive discuss ion of
l m . o m ~upat ib le modes have little effect on torsion and dynamics , of geometrical stiffness applied to blades
should be excluded for highly skew ed elements. rotating in a centrifugal field , of mesh generation ,
Solids of revolution under axisymmetric loading are and also a discussion of interaction graphics. The
two dimensional. The Fourier series is used for book contains an excellent bibliography.
bending and torsion with such problems. The iso-
parametric relationship is useful for many types of
asymmetric loading problems, The author describes H. Saunders
specific and general cases for nonsymmetric loading. General Elec tr i s  Co. - LSTGD

Schenectady. NY 12345
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EwS BRIEFSN ~ and Future Shock and
~ Vibration activities and events

MECHANICAL FAILURES PREVENTION GROUP ENGINEERING FOUNDATION TO HOLD
SYMPOSIUM ON CONFERENCE ON “ APPLICATION OF NEW

DETECTION . DIAGNOSIS , AND PROGNOSIS SIGNATU RE ANAL YSIS TE CHNOLOGY ”
May 17.19. 1977 July 24-29. 1977

The 26th Meeting of MFPG will be held at Ill The Engineering Foundation will hold a conference
Research Institute , Chicago , Illinois on May 17-19 , on the Application of New Signature Analysis Tech-
1977 under the sponsorship of the National Bureau nology at Franklin Pierce College . Rindge , New
of Standards , Office of Nava l Research , Naval Air Hampshire , July 24-29 , 1977 . This conference will be
Development Center , Frankford Arsenal , Federal co-sponsored by the Vibration institute . The programTl
Aviation Ad mTu ini stration , and the Energy Research includes both panel discussions and for m al paper
and Development Adrmi inistration , NASA . and hosted sessions . Topics to be discussed include selecting a
by the DD&P Technical Committee and IITRI. signature analysis systemn , application of new and

novel techniques , future user ’s needs , industrial and
The purpose of this sym’nposium is to aid commun ica- OEM application of signature analysis , how to yet
tions between those involved with the reduction of started in monitoring machinery with signature analy-
mechanical failures throug h detection , diagnosis , sis , and troubles and realities of si gnature analysis ,
and prognosis with a basic t hemrie of “DD&P Pay-
Off” . The meeting will consist of five technical For more infor mmu ation contact Dr . Sanford S. Cole ,
sessions addressing 11) Oil Analysis Revisited , (2 1 Director Engineering Foundation Conferences , 345
Signature Analysis Techniques , (3) New DD&P E. 47th St., New York , NY 10017 , (212) 644-7835
Techniques and Equipment , (4) Railroad System or Dr. Larry D. Mitchell , Chairman , Engineering
Diagnostics , and (5) Land Vehicle Diagnostics , Foundation Conference Signature Analysis , Dept.

of Mechanical Engineering, Virginia Polytechnic
General inquiries regarding the 26th meeting program Institute and State University, Blacksburg, VA 24061
should be directed to: (703) 951 -6750

Mr , Henry H. Hegner , Program Chairman , GARD ,
INC.. 7449 North Natchez Avenue , Niles , IL 60648
1312) 647-9000 or Mr . Robert M, Whittier , Public-
ty Chairman , Endevco , Rancho Viejo Road , San

Juan Capistrano , CA 92675 , (714 1 493-8181

I t
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CALL FOR PAPERS

48th SHOCK AND VIBRATION SYMPOSIUM*

The 48th Shock and Vibration Symposium will be held at session. Those interested only need to subm it a short sum -
the Von Braun Civic Center , Huntsville . Alabama on 18 , 19 , mary due at SVIC on 12 September 1977.
and 20 October 1977. The U. S. Army Miss ile Research and
Development Command , Huntsville , Aiabama is the host for SUGGESTED TOPIC AREA S
this meet ing.

Papers from all areas of shock and vibration technology will
SUBMISSION OF PAPERS be considered . The follow ing are possibi e topics for discus-

s ion based upon suggestions from the shock and vibration
Those wish ing to offer formal full-length papers for the community.
sympos ium should carefully follow the ins truction s on the
reverse side of the SUMMARY COVER SHEET. Papers may Ground Mot ion
be offered either for presenta t ion at the Symposium , or Ship Shock and Vibration Problems
publ ication in the Bulletin , or both , Summar ies of papers Numer ical Method s in Structura l Dynamics
accepted for presentation will be published and distributed Reliability Testing and Field Failures
pr ior to the Symposium . Six copies of the two page (approx- Dynamic Testing and Environments
imately 600 words) summary should be sumbitted , No Shock and Vibration Software
f igures should be included in the summary. Prosp ective Transportation & Packag ing
authors are encouraged to subm it supplemental figures Ins trumentation & Data Analysis
and additional information which the program committee Biomechanics
can use to evaluate the paper , but th is material should not Structura l Response Ana lysis
be referenced in the summary which will be published if Rotor Dynamics & Balancing
accepted . Author s are requir ed to furnish such a su mmary Vehicular Crashworthiness
even if the complete paper is submitted . In genera l , unc las-
sif ied-un limit erl distribution summaries of classif ied papers CRITERIA FOR ACCEPTANCE
are requested , If this is impossible , a cla ssified summary may
be subm itted , but th is will not be published . Dead l ine for Papers will be evaluated on technical merit , They should
receipt of summar ies is 30 June 1977. describe work that advances the technology and which has

not been publ ished previously, Papers w ith a commercial
CLASSIFIED SESSIONS flavor will not be accepted , however techn ical subm issions

from v endor employees will be jud ged without bias and on
The Shock and Vibration Symposium prov ides a special the same basis as those of other prospectiv e authors .
platform and publication med ium for authors of classified
papers up to SECRET. To simplify problems of paper relea se , PUBLICATIONS
SVIC policy for the 48th Symposium is that attendance at
classified sessions will be limited to U.S. c itizens having the For your scheduling, if your paper is offered for publication .
required clearance and need-to-know , Lim ited distribution three review copies of the comp lete paper , neatly typed in
papers which are accepted wil l probably be programmed in your own format , mu st be in this office by 12 September
the classif ied sessions. 1977. If the paper is accepted for publication , an author ’ s

kit will be pro vided for final copy preparation . Acceptance
-
‘ 

SHORT DISCUSSION TOPICS for publication in the 48th Bull etin depends upon favorable
referee rev iew ,

Because of continued interes t , a session w ill once again be
programmed covering progress repo rts on current research LADIES PROGRAM
efforts and unique idea s , hints and k inks on instrumentation ,
f ixtures , test ing, analyt ical short cuts and so forth, It is in- Arrangements are once again being made for outside activ-
tended to prov ide a means for up-to-the-minute coverage of ides for the ladies in Huntsville, Deta ils will be included
research programs and a forum for the discuss ion of useful with the Advance Progra m.
ideas and techniques considered too short for a full-blown
paper. These discussions will not be published . Pres n,-t at ion PROGRAM
of a short d iscussion at this meeting will not preven t later
publication of the f inal results in SVIC publications or other The advance progra m for the Symposium will be distr ibuted
journals, Accepted s peakers will have 5 minutes for presen- in September , together with hotel , security clearance . and
tat ion and 5 minutes for discussion . Only unclassified -un lim. registra tion information.
ited d istribution discussions w ill be programmed for this

Forms enclosed in th is issue of the DIGEST
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SHORT COURSES

MAY JU LY

TURBOMACHINERY BLADING SEMINAR THIRD INTERNATIONAL OCEAN
Dates: May 3 - 5, 1977 ENGINEERING AND MANAGEMENT COURSE
Place - Rochester Institute of Technology Dates . July 11 - 22 , 1977

Rochester , New York Place : UCLA Campus , Los Angeles , California
Objective To introduce the vibration technology Objective : To provide an annual educational forumn
involved in the desi gn and operation of turboma- for technology transfer between engineering and
chinery blades. Methods and instrumentation used to management working in the field of ocean tech-
measure and analyie blade vibration will be de- nology develo pm ent,
scribed . Industrial experts and consultants will
present theoretical background material and case Contact: Ocean Engineering and Manage m ent
histories. Panel sessions dealing with gas and stea m Course , 6266 Boelter Hall , UCLA Extension , Los
turbine blading problems and their solutions will Angeles , CA 90024 Tele , 1213) 825-3858
also be conducted.

Contact : Dr . R . L. Eshleman , Director , Vibration
Institute , Suite 206, 101 W . 55th St., Clarendon Hills ,
IL 60514 Tele. (312) 654-2254 /654-2053

INSTRUMENTAT ION FOR
MECHANICAL ANALYSIS

Dates : July 25 -29 , 1977
FINITE ELEMENT METHOD Place : University of Michi gan . Ann Arbor . Ml

AND NASTRAN USAGE Objective : Emimphasis is on the use of instruments
Dates: May 16 - June 9 , 1977 by non-electrical engineers to analyie syste nnn s.
Place : Washington , D.C. Attendees will use a wide range of transducers and
Objective : A sequence of three professional develop- associated instrumentation . Morning lectures are
ment courses will be presented to provide an under- devoted to theory and afternoons to various appli-
standing of the technological content in general cations in the laboratory. Previous instrumentation
purpose finite element programs; and to provide experience is not required.
training in the use of NASTRAN. The courses and
dates are: Contact Engineering Sum mer C umi f ri nces , 200

Chrysler Center , North Cam pus , The U n i v ’ nc i t y  of
. Theory of Finite Elements , May 16-20 , 1977 Michigan , Ann Arbor , Ml 48109
• Static Structural Analysis using NASTRAN .

May 23 - 26 , 1977

• Dynamics and Nonlinear Structural Analysis
using NASTRAN , June 6 -9 , 1977

Contact : Dr . H. Schaeffer , Schaeffer Analysis ,
P. 0. Box 761 , Berwyn Station , College Park , MD
20740 Te)e . (30 1)7 21-3788
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ABSTRACTS FROM
THE CURRENT LITERATUR E

Copies of articles abstracted in die DIGEST are not available fro rm i the SV IC or the Vibration Institute lexcept
those generated by either organization ) . Inquiries should be directed to library resources. Go ve rmnm m ne mn t reports
cain be obtained from the National Technical Infor m ation Service , Spring field , Va., 22151 , by c iting the AD- ,
PB- , or N- number. Doctoral dissertations are available from University Microfilms (UM I. 313 N. Fir St.. Ann
Arbor , Ml. Addresses following the authors ’ namnues in the citation refer only to the first author . The list of
periodicals scanned by this journal is printed in issues 1. 6 , and 12,

A BSTRACT CONTEN TS

.-‘t NA LY SIS AND DESIGN . . . .31 Soil 42 SYSTEMS 61
Viscoelastic 45

Analytical Methods 31 Absorber 61
Optimization Techniques - .32 EX PERIMENTATION 45 Noise Reduction 61
Finite Element Modeling. - .32 Active Isolation 61
Modeling 32 Diagnostics 45 Aircraft 61
Parameter Identification - - .33 Facilities 46 Bridges 62
Criteria , Standards , and Instrumentation 47 Building 62

Specifications 33 Techniques 47 Constructio n 64
Surveys 34 Holography 50 Earth 64
Tutorial 34 Foundations 64
Mode Synthesis and COMPONENTS 50 Helicopters 64

Analysis 35 Isolation 66
Shafts 50 Metal Wo rking and

COMPUTER PROGRAMS .. . .36 Beams , Strings . Rods 50 Forming 66
Bearings 53 Pressure Vessels 66

General 36 Blades 54 Pum ps , Turbines , Fans ,
Columns 54 Compressors 66

ENVIRONMENTS 38 Cylinders 54 Rail 68
Ducts 54 Reactors 68

Acoustic 38 Frames 55 Reciprocating Machine . . . .70
Randonmu 39 Gears 56 Road 71
Seismic 39 Membranes , Films , and Rotors 73
Shock 40 Webs 56 Ship 74

Panels 56 Spacecraft 74
PIIENOMF,NOLOGY 40 Pipes and Tubes 56 Structural 74

Plates and Shells 57
Composite 40 Rings 60
Damping 41 Structural 60
Fluid 41
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ANALYSIS AND DESIGN
Non-Linear Vibrating Syst ems in Resonance (,ov-
erned b y h yperbolic Differential Equations
G.N. Bojad iiev
Dept - of M ut l i ’ m i u t  ICS , Sim m ion Fraser Univ., But miahy -

British Columinbia V5A 1S6 , Canada . In t l .  J. Nun
ANALYTICAL METHODS m mcm Mech ., 11 (6), PP 347-354 (1976) 6 figs .

8 ref s

77448 Key Words: Asymptotic approximat ion . Differential equa-

Vibratio n of Branched Torsiona l Systems with t ions , Natural frequencies

Multi ple J unct ions The asym ototic solutions of second order hyperbolic d mf-
S. Maha lm ngam ferential eq uations with wea k non -l inearities in the case of
Dept . of Mach , Engrg., Univ. of Sri Lanka , Pera- internal and external resonance are found. The method used

deniya , Sri Lanka , J. Sound Vib., 49 (2 ), pp 195- is an extension of the Kry lov .Bogo li ub ov ’Mitr o pol sk ll me-

214 )Nov 22, 1976) 4 figs , 11 refs thod. An application is made to the longitudinal vibratio ns
of a rod in which non-linear elast ic behavior and linea r
viscoe lastic damping occur,

Key Words: Branched systems , Torsional vibration

The displacement excitation method is us ed to invest igate the
vibration characteristics of branched torsional systems with 77451
multiple junctions. Among the special features of the paper On the As ymptotic A ppro xi mations of the Solutions
are the employment of the product form of receptances as
an analyt ical tool and the use of overlapping subs ystems in of a System of Two Non-Linearl y Coupled Haimonic
synthesis. The distribution of natura l frequencies and t he Oscillators
effects of changes in some of the parameters are discussed . A , H , P, van der Burg h
A detailed numerical analysis is given for free and forced Dept. of Mathematics , Imperial College of Science
vibration of a two -junction system in which three of the and Technology, London SW7 2BZ . Eng land , J
natural frequencies are equal.

Sound Vib. , 49 ( 1 ) ,  pp 93-103 (Nov 8, 1976 1 6 figs .
9 ref s

77-649 Key Words: Oscillators , Asymptotic approximation
A Simultaneous Iteration Algorithm for Symmetric
Eigenvalue Prob lems A procedure , closely related to the averaging method , is given

R ,B , Corr and A Jennings for the construction of asymptotic approximations for the
solutions of a Lagrangian system.Ove Arup and Partners . London , Eng land , Intl. J.

Numer . Methods Engr., 10 (3 1, pp 647-663 (1976)
l2refs

77-652
Key Words: Eigenva lue problems , Iteration First Passage Probability for Nonlinear Oscillators

J.B. Roberts
A FORTRAN IV algorithm is presented for determining School of Engrg. and Applied Sci ., Univ . of Susse x ,
sets of dominant eigenva lues and correspo nd i ng eigenvect o rs Falmer . Brig hton . Sussex , Eng land , ASCE J . Engr.
of symmetric matr ices. It is also extended to the solution of

Mach . Div ., 102 (EMS). pp 851-866 (Oct 1976)the equations of natural vibration of a structure for which
symmetric stiffness and mass matrices are available. The
matrices are stored and processed in variable bandwidth Key Words: Oscillators , Failure analysis , Probability theory
form , thus enabling advantage to be gained from sparseness
in the equations. Some of the procedures may also be us ed to An approximate method of calculat ing the probability that
solve symmetric positive definite equations such as those a nonlinea r oscillator will fail wit hin a specified interval of
arising from the stat ic analysis of structures loaded within time is develo ped , where failure is assumed to occur at t he
the elastic range. instant the response amplitude first exceeds a critical level.
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Is is shown for oscillators driven by white noise that the parameters are first formulated as extreme va lue funct ionals.
energy envelope of the response process is well represented The cost function is linear combination of extreme dynamic
as a one-dimensiona l Marko v process . From the appropriate responses of the mechanical system and constra i nts are
Fokker -Planck equation of this process simple differe ntial impose d on certain extrem e responses .
equations for the moments of the time to failure are derived .
and integrated numerically in certa in cases. In the case of
an oscillator with linear damping but a nonlinear spring of
the power law type , a complete analytical so lution is found
in terms of hypergeometric functions. FIN ITE ELEMENT MODELING

f,Also see Nos. 679, 703, 768, 771 , 830)

77.653
Free Vibratio n and Stead y -State Response of a Non- 77455
linear Oscillator with Hysteresis Solution Techni ques fo r Linear and Nonlinear Dy’
K.E.  Boatrig ht namics of Structures Modeled by Finite Eleisie nts

Ph .D . Thesis , Univ . of Arkansas , 102 pp (1976) H. Ade li-Rankoohi
UM 76-26 ,456 Ph.D. Thesis , Stanford Univ ., 345 pp (1976)

UM 76-25 ,965
Key Words: Oscillators , Hysteretic damping, Computer
programs Key Words: Finite element techniques , Nonlinear systems ,

Linea r systems
A different nonlinear hy steretic model as a mechanism for
the re storing force and energy dissipation in an oscillator is Several competitive solutio n techniques for linear and non-
prop osed and investi gated in this dissertatio n , The proposed linear dynamic analysis of structures by the finite element
model is referred to as a bi rt on l inear hy steretic model of the method were studied . The accuracy, stability, and efficiency
cubic type. By proper selection of parameters for such a of t he solution procedures were examined by comparing the
model , it may bett er simulate the dynamic response of some results from a plane stress sample prob lem . For linear analysis
physical systems t han do other dissipative models currently four solution techni ques were compared . They are direct
available , Direct and numerical integrations are used to ob linear extrapolation with th e trapezoidal rule , the central
ta m the solutions for the response of free vibrati ons , The difference predictor , two cycle iteration with the trapezoidal
method of equi valent linearization and an alternative me- rule , and the normal mode method. Among the method s
thod , the method of slowly va rying parameters , are employed studied , dir ect linear extrapolation with the tra pezoidal rule
to obtain the equations of the steady-state forced vibrations , appears to be the best techn ique for linear dynamic analysis .

The central differ ence procedure should be rated second , and
two -cycle iteration with the trapezoidal rule is t hird. The
normal mode method is competitive with the other methods
studied onl y if modal truncation is used , For nonlinear

OPTIMIZATION TECHNIQUES anal ysis , three explicit meth ods and three im plicit methods
were investi gated. Both mater ial and geometric nonl inear i-
ties were included in the finit e eleme nt formulation.

77-654
Mechanical Design Optimization fo r Transient Dy-
namic Response
M. Hsiao MODELING
Ph .D. Thesis , The Univ. of Iowa , 109 pp (19761 lAlso see No. 6981

UM 76-26 , 292

Key Words: Optimization , Steepest descent method, Tran- 77456
sient dynamic respons e , Vibration iso lators , Suspension Modeling of Vibrat ing Syst ems ‘ .&n Ov erv iew.
systems (vehic les l Part I. Force Balance and Energy Methods

A.J. Hannibal
In thi s thesis , a technique for mechanical design optimiza- Lord Kine mniatics , 1635 W. 12th St., Erie , PA
tion with constraints on transient dynamic response ms de- - -

ve loped throug h application of optimal design theory and 16512 , Shock Vib. Dig.. 8 ( i l l ,  Pp 25-29 lNov
functional anal vsis. Cost .snd co nstraint functions involving 1976 1 2 figs , 15 mefs
the state variables , design param eters , and environmental
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Key Words: Mathematical models , Energy meth od s. Reviews CRITERIA , STANDARDS ,
- - - AND SPECIFICATIONSA number of prominent modeling methods are presented in

capsule form , The “ type ” of modeling technique is empha-
sized rather than details of the method . The references have
been divided into sections relating to the modeling methods. 77459

Technical Review of Federal Auat i r i ii Regulations.
Part 36. Noise Slandards: Aircraft (.t- rf ifit ’at ion
W .J. Galloway and D. E . Hi~ t i

PARAMETER IDENTIFICATION Bolt , Beranek and N m -~’~’~, , mnm . ln ., (
~, i l r l li- , MA

Rept. No. BBN ?~l4 ~ . ~l pp IMar 19761
P8-257 717 /9GA

77-657 Sponsored by the Environ . Proic lion Agency,
Structural System Parameter Estimation by Two - Arlington , VA , Off . of Noise Abatemn ent & Control
Stage Least-Squares Metho d
W. Gersch , G ,T . Taoka , and R . Liu Key Words: Aircraft noise , Regulations
Univ . of Hawaii , Honolulu , Hawaii , ASCE J. Engr .
Mech , Div ., 102 (EMS), pp 883-899 (Oct 1976 1 This regulation and its first three amen dments apply to noise

— standards for turbine powered subsonic aircraft regardless of
category, and subsonic transport category aircraft , regard-

Key Words: Natural frequency, Damping characteristics , less of means of power. Th is report provides technical corn-
Parameter identification , Random excitation , Least squares ment and analyses to support the EPA review of FAR 36 and
method its Appendices A . B, and C.

A two-stage least-squares parameter estimation procedure
using covariance function data is developed for the esti-
mation of the natura l frequency and damping parameters of 77460
randomly excited structural systems. The estimation proce - Analysis of the Public Health and Welfa re Effec ts
dure is stati stically and computationa lly efficient and yields - . -

- , - - - of EPA Proposed Airc raft Noise Regulationsa measure of the statistical reliability of the structural
parameter estimates. Examples of the estimation of the W .J. Galloway
natural fr equency and damping computed by forced vibra- Bolt Beranek and Newman , Inc., Cambr idge , MA ,
ti o n , correlation analysis , and two-stage least-squares me- Rapt . No. BBN-31 71 , 40 Pp (Mar 19761
th od s are examined. PB-257 716/1 GA

Sponsored by the Environ , Protection Age ncy,
Arlington , VA , Off , of Noise Abatement & Control

77-658
Est imating the Dynamic Properties of Mechanical Key Words: Aircraft noise , Regulations
Structures , Based on the Asym metric Ds iffing Mode l
M Kulisiew icz This report utilizes the concept of fractional impact analysis

- - to assess several of the proposed regulations. In this concept
Bu ll . Acad. Polon . Sci., Ser . Scm. Tech ., 24 (7-8), the number of decibel s that a noise exposure exceeds the
pp 357-364 11976) 4 figs , 8 ref S identified levels s pecified in the EPA Levels report deter -

mines a fractional impact index.
Key Words: Parameter identification

An identification method is presented for dynamic proper-
ties of structures , with a nonlinear asymmetric , Duffing-type 77-661
model applied. As the method is active , it involves imp lemen - Putt ing a Value on Noise — The Development of an
totion of a properly selected periodic excitation for a model Index Which is Fair to Both Airport Operators and
under investigation , which results in th e desired state of a the Publicsystem. For such a state , proper resonance con ditions have E ~ R’ ch rdbeen derived which made it possible to create an al gorithm - - I a s

based on the resonance criterion , which is of essential sig- Institute of Sound and Vibration Research , Univ. of
nific ance when estimating the structural life. Southampton , Southampton S09 5NH , England ,

J. Sound Vib., 49 ( 1) ,  pp 53-73 (Nov 8, 19761
l3 f i gs , l 7 r e f s
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Key Words: Airports , Noise generat ion , Regulations 77464
Earthquake Engineering: Buildings, Bridges, Dams.

A national , or regional , noise control agency having its own and Related Structures. Volume 2. 1974-Aug 1976
secretariat and speaking as an instrument of the community
as a whole is su ggested . Also , a Noise Burd en Factor is pro- (A Bibliogra phy with Abstracts)

posed , to provide an applicable quantitative rating of the G. E. Habercom , Jr.
noise nuisance (dis -amen ity ) of any airpo rt in respect to its National Technical Inforrriation Service , Springfield ,
soc io-ecor iomic benefits (amenit y l. This factor is defined in VA , 245 pp (Oct 19761 (Supersedes NTIS/PS-75/633 ,
terms of the number of man -days of serious noise nuisance and COM-74- 1114 1)
per airport passenger . N TI S/PS-76/0772/4G A

Key Words: Seismic design , Buildings , Bridges , Dams , Bib l io-
77-662 graphies
A Perspec tive Overview o SAE Standards Activities
for Sound Levels of Aircra ft and Automotive Seismic phenomena relative to buildings , bridges . dams , and

other structures are invest igated . Damage assessme nt is made
Vehicles and design inadequacies are revealed . Suggestions for struc-
R . K. Hi(lquist tural improvements for dynamic respo nse are presented.
P. 0. Box 113 , Milford , Ml 48042 , Noise Control Abstracts on site selection and earthquake-proofi ng for

Engr . ,  7 (1 1, pp 10-15 (July/Aug 1976) 13 refs atomic power plants are incl uded.

Key Words: Aircraft noise , Motor vehicle noise , Standards

From a simple beginning over fifty years ago , SAE activities
in sound measurement and standardization have evolved into TUTORIAL
a broadly based effort affecting mo st eng ine-powered or self-
propelled equipment types. These technical activities are
regulated by Society rules and monitored by parent bodies 77.665
to assure valid and nondiscriminatory test methods. The
underlying philosophies of these methods are in keeping with ~~~~ A Practical Guide to Noise Control
the needs of the ultimate user , both industrial and govern- RD. Berendt , E.L.R, Corliss , and MS. Ojalvo
mental , and they are dynamic to meet chang ing require- Inst. for Basic Standards , National Bureau of Stan-
ments. Recognition of national and internat ional efforts has dards, Washington , D.C.
resulted in greater SAE participation in these areas. PB-258 046/2GA

Key Words: Noise reduction

SURVEYS The guide offers practical solutions for ordinary noise pro-
blem s that a person is likely to meet. Discussions are made of
sound generation , transmission t o the listener , and impacts
on hearing and wel l being. Recommendations are made for

77463 controlling noise both at source and in travel , and for pro-
Maneuvering Aircraft : Noise PoHution and Control tecting the listener. Warning signs are noted that determine

(A Bibliograp hy with Abstracts) whether one is being subjected to hazardous prolonged

G. E Haberco m, Jr noise. Remedies are suggested for home , work , and school.
for tr aveling, and in the community. An index is given for

National Technical Infor m ation Service , Spring field , -noise sources ,
VA , 229 pp (Sept 1976) (Supersedes NTIS /PS.75/
762 , and NTIS /PS-75/060l
NTIS /PS-76/0733/6GA

Key Words: Aircraft noise , Noise reduction , Bibliographies

Metho ds for alleviating noise created by maneuvering aircraft
are cited. Flyby, turning flig ht , takeoffs , and landings are the
maneuvers inve stig ated . _________ - - — — -
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MODE SYNTHESIS AND ANALYSIS 77468
lA lso see Nos. 701 , 724 , 805,8061 Modal Analysis with the DMS/TSA System

D.J. Durham and R H . Russell
Zonic Technical Labs., Inc., SAE Paper No, 760877 ,
32 pp. 33 figs , 4 ref s

77-666

~stodaI Surve ys of Weakt y Coupled Sy stems Key Words: Modal analysis , Computer programs , Fast
A L Klosterman Fourier transform

Structural Dynanmics Research Corp., SAE Paper No. . , .  - - -

- Digital signal processmng systems using the FFT (Fast Fourier
760876 , 12 pp. 25 figs . 2 refs Transform ) have increased the efficiency and powe r of moda l

analysis in solving dynamics problems. The generation of
Key Words: Modal analysis . Coupled systems animated deformation plots by the FFT provides a very

useful tool for studying complex structure S vibrating at
it is shown in this paper that in certain types of physical resonant fr equencies. Dig ital processing sy stems have auto-
sy stems , mode shapes are so highly sensitive to small changes mated the procedure for developing these plots and have
in the physica l properties of the sy stem that close agreement allowed the extraction of multiple plots from a single set of
between computed and experimentally measured mode data. This paper outlines the development of animated
shapes cannot be expected. It will be show n, for example , deformation plots from experimental fr equency res ponse
that in certain situations stiffne ss changes in the order of information , Emphasis is placed on the use of a local and
five percent g ive rise to changes in coupled mode shapes of time-shared analysis system (the DMS/TSA I for cost effective
the order of f ifty percent. analysis procedures.

77-667
An Iterat ive , Self-Organiz ing Method for the Deter ’ 77469
mination of Structural Dynamic Characterist ics Calculated Restitution of Structural Natural Modes
M. Feix from Non-A ppro priated Excitations
European Space Agency, Paris , France , In: La Rech . X .T . Nguyen
Aerospatiale , Bi-monthly Bull. No, 1975-1 (ESA-TT- European Space Agency, Paris , France , Rept . No .
232 1 Dec 1975, pp 36-60 (Eng I . trans l . from La Rech . ESA TT 295; ONERA-NT -1975-9 , 58 pp (May
Aerospatiale , Bull. Bimestrie l , Paris , No, 1975-1 , 1976) (Eng I. trans l, from “Restitution par Calcul des
Jan-Feb 1975 , pp 21-33 , N76-31180) Modes Propres a Partir d’Exc i tat ions Non Appro-
N76-31 183 priees ”, ONERA , Paris , Report ONERA-NT- 1975-9 (

N76-31590
Key Words: Modal analysis

Key Words: Fundamental modes , Modal analysis
A method for determining the modal characteristics of a
structure from harmonic vibration te sts at several fr equencies After a review of the theoretical bases and experimental
is presented. It was assumed that in regard to resonance only methods used for the ground vibration test , the fundamental
a small number of modes give an appreciable answer and that problem o f determining the modal data is di sc ussed. The
the structure behaves like a system with only a few degrees results calculated in this manner are perfectly comparable
of freedom, Used are either applied forces or mats over- to those obtained with a test performed with conventional
loads , The method appears as iterative: starting from a forc e isolation processes.
b r  a mats ) arbitrarily applie d, progress is made by steps , each
step providing indications for the execution of the next ,
while a te st shows if the number of degrees of freedom to be
considered is reac hed , Neither the number of degrees of
fr eedom nor the l ocation of excitation (or mass ) points are
fixed a priori , except for the fir t t one. The practical interest
of the method is illustrated by application to a theoretical
and an actual structure. — _______

1
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77472COMPUTER PROGRAMS Airi-raut Confi guration \oim ,i’ Reductio n . % i,l ws ie Ili.
( otsipuIer Program Source l.iet t iitg
D.G . Dunn ,n I D.J C ’  ii
B o ’ i m i j  Co m m i m er ii Air p idre Co . . ~~ ‘, i t l l~ ’ WA ., H :1 -

No . D6 42H-IH ~3 , F AA /RD- 7b// 1 3, 298 pp (June
G E N E R A L  H176) (Si ’~~Iso vol 1 , AD-A030 655)

A I - .~ see Nos 668 8481 AD A030 657/1 GA

Key Words: Computer programs , Aircraft noise , Noise
77-670 reduction , Configuration ef fects

Eigenva lue F~~tra t’t ion iii \ ~iS’ l’R ’¼N by the In-
This report Ivolume 3) contains the source code listing of the

diago nal Reduction (F’EER) Method : Real Eigen. computer programs for evaluating aircraf t confi guration noise
value Anal ysis. Final Report reduction as defined in the engineering document , volume 1 ,
M. Newmtman and P ,F. Flanagan The User ’s Guide for the programs is contained in appendix
Ana lyt i al Mechamiics Ass ociates , Inc ., Jericho , NY , A of Volume 2. The material presented herein is reference

Ri pt No , NASA CR-2731 , 65 pp (A ug 1976 1 data for use in conjunction with the material presen ted in
vo lumes 1 and 2.

N 7 6-3 1933

Key Words: Eigenva lue problem s , Computer programs
77-673

The development of the tridia gona l reduction method and its NOVA 2 -- .-~ Digital Cons puter Program for Ana-
implementation in NA STRAN are described for rea l eigen - lyzing Nuclear Ovc r~ ress ure Effects on Air c raft.value analysis as typified by structural vibration and buckling Part I. Th eoryproblems. This meth od is an automatic matrix reduction
scheme whereby the eigenso iut ions in the nei ghborhood of W .N. Lee and L.J. Monte
a specified po int in the eigenspectrum can be accurately Kaman Avidyne , Burlington , MA ., Rept, No. KA-TR-
extracted from a tridiagon al eigenva lue problem whos e order 128-Pt- i , AFWL -TR-75-262- pt -1 , 212 PP (Aug 1976)
is much lower than that of the full problem . The process is (see also AD-A029 389)
effecte d without artibrary lumping of masses or other physi- AD-A029 388/6GAcal quantities at selected node points and thus avoids one of
the basic weaknesses of other techniques.

Key Words: Computer programs , Nuclear explosion effects ,
Aircraft , Structural members

77-67E NOVA-2 (Nuclear Overpressure Vulnera bility Analysis ,
Airc raft Confi gu ration ~oiw’ Reduction. Volume II. Version 2) is an updated version of NOVA , a FORTRAN-4
Com puter Program User’s (;uide and Other A ppen. dig ital computer program for calculating the response of

individual structural elements of aircraft , such as stringers ,dices frames and panels , exposed to the transi ent pressure loading
D.G . Dunn , D,J . Cecil , L. M. But i el , J .M Campbell associated with th e blast wave fr om a nuclear explosion. The
and H. Y . Lu up dated version extends the capability of NOVA to analyze
Boe ing Com nr or c,iI Airplane Co., Seattle , WA , ,  Rept. rib elements , frames with varia ble cross section , and offers
No D6-42849 - 2 , FAA / RIJ-76/76-2 , 140 PP (June a choice o f clamped , simply supp orted or free edge boundary

conditions , For inelastic struc tural response , a much im-197(  (see also Vol. 3, AD-A030 657 ) proved elastic-plastic model for material behavior is provided.
AD- A030 656/3GA Also added to NOVA is the REFRA near-ground reflections

model for blast waves, The prog ram still provides the overall
Key Words: Computer programs , Aircraft noise , Noise capability to analyze multilayer ed beam and panel elements
reduction , configuration ef fects  exposed to a steady-state subsoni c or supe rsonic aerodynamic

pre load , followed by a dynamic blas t wave. A critical slant
This report (volume 2) contains: The user ’s guide i.., the range is automatically determ ined in an iteration where
computer software of the aircraft configuration noise reduc . damage criteria (specified on a probabilistic basis) are com-
ti on study : A prelimina ry test plan for assessing forward pared wi th the structural response,
velocity effects on wing and fuselage shielding; and Va. ‘ous
curves , derivations , and back ground theo ry in support of
material presented in volume 1.
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77-671 77476
NO’, ~ 2 — -~ Digital Computer Program for Ana- DYNALIST II. A Computer Program for Stab il ity
lyzing Nuclear Ove rprt ’ss ure Effects on Aircra ft , and Dyna niic Response Analysis of Rail Vehicle S~ s-
Part 2. Com puter Progra m testis. Volume Ill. Technical Report Add endum
W N. Li i i  and L.J. M u t t ’  A. Bronowicki and T.K . Hasselmuan
Kammij n A vu lyr r i ’ , Bur lurr it ri . MA. , H - l 1 No , CA- J. H. Wiggins Co., Redondo Beach , CA ., Rept . No,
TR-128-Pt-2 , AF vV L-TR- 75 2u2 Pt-2 , 155 pp ( A 1  DOT-TSC-FRA-7 4 - 14- 1 11 , FRA/ORD-75/22. 1 11 , 74
1976 1 (-~ ‘o als j AD AO29 .Q8) pp (July 1976) (also see P8-256 046 and P8-258 194)
AD A029 389/4 GA PB-258 193/2GA

Key Words. Aircraft , Panels , Frames , Nuclear explosion Key Words: Computer programs , Dynamic response . Rail-
effects , Computer programs road cars , Suspension systems (vehicles )

NOVA-2 INuclear Overpressure Vulnerabi lity Analysis , Several new capabilities have been added to the DYNAL IST
Version 2) is an updated version of NOVA , a FORTRAN -4 II computer program. These include: a component matrix
digital computer program for calculat ing the response of in- generator that operates as a 3-0 finite element modeling
div idual structural elements of aircra ft , such as stringers , program where elements consi st of ri gid bodies , flexural
frames and panels , exposed to the transient pressure loading bodies . wheelsets , suspension elements and poi nt masses
associated with the blast wave from a nuclear explosion. The assembled on a nodal skeleto n; a periodic and transient time-
updated version extends the ca pability of NOVA to analy ze history response capability: a compo nent update capability
rib elements , frames with variable cross section , and offers for pa~ame s ric studies;an orthogona l ity check on component
a choice of clamped , simply supported or free edge bou ndary and syst sm complex eigenvectors ; an option for improving
conditions , low-fr equency convergence under modal trunctio n; a more

general sine-amplitude forcing function capability - automatic
phase lag generation; user-controlled scaling options on all
response plots; and a number of addit ional minor improve-

77-675 ment s . A Technical Report Addendum and a co mpletely
l )Y NAL IST Il: A Computer Program for Stab ility revised User ’s Manual document these changes to the pre-

and Dynamic Response Ana lys is of Rail Vehicle vious version of DYNA LIST II.

Sys tems. Vo lw ne II. User ’s Manual
A. Bronowicki and T,K . Hasselman
J.H. Wiggins Co ., Redondo Beach , CA ., Rept. No. 77-677
DOT-TSC - FRA-74- 14 .Il , FRA /ORD-7 5-22 .II , 97 PP l )YNA L IST II. A Com puter Program for Stability
(Feb 1975( (see also PB-256 0461 and Dynami c Response Analysis of Rail Vehicle
PB-257 733/6GA Syst ems. Volu m e IV . Revised I ser ’s Manual

A. Bronowicki and T.K . Hasselman
Key Words: Computer programs , Interaction: rail-whe el , J . H. Wiggins Co., Redondo Beach , CA . ,  Rept. No.
Railroad cars DOT-TSC-FRA-74 /1 4- IV , F RA /ORD -75/22 . IV , 156

pp (July 1976 1 (see also P8-258 1931A methodology and a computer program , DYNA L IST 2 ,
have been developed for computing t he response of rail P8 258 194 /OGA
vehicle systems to sinusoidal or stationar y random rail
irr egularities. The compu t er program represents an extension Key Words: Computer programs , Dynamic response , Rail-
of the earlier DYNALIST program. A modal synthesis road cars
procedure is used which permits the modeling of subsystems
or components by partial modal representation using corn- The Revised User ’s Manual reflects current modifications in
plex eigenvectors. Both vertical and lateral m otion are output format which have been written into the DYNAL IST
handled by the program which allows up to twent y -fiv t II program .
component and fifty system degrees of freedom.
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77-678
PF V IBA T — ~t Computer Program for Plane Frazsse ENVIRONMENTS
Vibration .-%nalysis b y an E~aet Met hod
B A  Aki ’sson
Div ‘‘ Sou l Mi’t fmanic s , Chal m ers Univ. of Tech ,,
i.: ur li’ m ibi i rg , Sweden , Intl . J. Numm ier . Methods Engr.,
10 (6 1, u p  1221 - 1231 (1976 1 8 figs , 33 mIs ACOUSTIC

lAlso see Nos . 659 . 660 ,661 .690.691 . 694 , 695, 708.
Key Words: Computer programs , Frames , Beams , Transient 7 17 . 719 . 722 , 734 . 759 . 782 , 784 . 787 , 788, 807.

817 , 819 , 835 . 840, 84 6)vibrations

The described program PFVIBAT uses the exac t displace-
ment method to perform free and forced vibration analysis
entirely within the differential equation theory of beams

77-680thus avoiding assumed modes and lumped masses , The frame
may contain rig id bodies. Clamped , hinged , guided and rol- W ave Propagation in a Nonlinear Laminated Material :
ling connections are allowed for , Consideration of rotatory A Derivation of Geomet rical Acoustics
inertia , shear deformation and second-order bending mo- M. P. Mor iel l and B R .  Seymour
ments and shear forces as caused by static axial load is Dept of Mit~ e’ riat ical Physics , Univ e rs i ty  Colle ic’ .
optional. Eigenfre guencies and modal masses are calculated Cork , Ireland , Quart, J, Mu: h . A ppl . Math., ~~ (4 1 ,with an accuracy that may be specified. Displacement and
moment modes are plotted. Transient vibrations are studi ed. PP ~57 4iu tNov 19761 5 ref

Key Words: Sound waves , Wave propagation , Laminates

The problem of describing the propagation of a wave throug h
77.679 a nonlinear elastic laminated composi t e is considered , u n d e r

On a Numerical Solution of the Supersonic Panel the restriction that the mismatch of successive impedances
Flutter Eigenprob lein is small , A theory neglecting all reflections is derived and is

shown to li”-iir to the first term in a nonlinear geometrical-K K  Gupta -acou- ‘ c s  e~ nar’ - -n for a nonuniform continuous medium.Jet Propu lsion Lab ,, Ca l i fornia Iris). of Technology , Whe - the composite has a periodic structure the limiting
Pasadena , CA., Intl . J. Nurner . Method s ~ngr. , 

~~ 
131. medium isa nonlinear viscoe lastic material.

pp 637-64 5( 1976 ) 11 refs

Key Words: Flutter , P a n e l s , Computer programs . Finite 77-681element t echnique 
F (f eet of Nonlinearit y on Noise Propagation

An automated digital computer procedure is presented in F . ‘ . Pestor ius , SW,  Wi lliams arid D,T . Blackstoc k
this paper which enables efficient solution of the ei gen - Applied Research Labs., Texas Univ . at Austin ,
value pro blem associated with the supersonic panel flutter Austin , TX , Rept No AFOSR-TR-76-0 997 , 15 pp
phenomena. The step-by-step incremental solution pro- (1974)cedure is based on an inverse iteration technique which
effectively ut i l izes solution results from the previous step AD-A029 927/1 GA
in determining such results during the current solution step.
Also , the computations are limited to the determination of Key Words: Sound transmission
a few sp ecific roots only, which are expected to contain the
flutter mode , and this is achieved at each step without having A previous study of plane waves of noise has been followed
to compute any oth er root , The structural discretization up by extending the analysis to the problem of noise props-
achieved by the finite element method y ie ldg highly banded gation in open media, Plane wave analysis was extended to
stiffness , mass , and aerodynamic matrices; the aerodynamic cov er spherically and cylindrically spreading waves. Scali ng
matrix evaluated by the lineari zed piston theory is real but rules concerning the effects of fr equency and amplitude were
unsymm et r ic in nature. Numerical results are presented for det ermined , Distortion computations were made usi ng a
a two-dimensional panel flutter problem , particular example of actual jet noise , noise of not very hig h

intensity from the British-French Concorde.
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77-682 77-685
Far-Field , Finite-Am plitude Radiation front Direc- Virtual Modes and the Surface Boundary Condition
t ive Sources in Underwater Acoustics
J,C, Lockwood , T ,G. Muir amid D.T. B)ackstock C. T . Tind le , A.P. Sta m p and KM .  Guthrie
Applied Reseani L , : I1i5 , Texas Univ . at Austin , Dept. of Physics , Univ. of A h and , Auck lai id , New
Austin , TX , Rept. No. AFOSR TR-76-0980 , 5 pp Zealand , J, Sound V ib., 49 (2 1. PP 231 -240 (Nov 22 ,
(1971) 1976) 3 figs , 12 refs
AD-A029 929/7GA

Key Words: Underwater sound , Sound waves
Key Wor ds: Elastic waves , Harmonic analysis

An exp licit expression f or the contribution of continuous
The theo ry of far-field radiation from intense spherical and normal modes to the acou stic pressure field in shallow water
cylindrical sources has been exten ded to include effects of is derived under the assumption of constant sound speed in
directivity. Examples include the dipole , quadrupo le , and the bottom . An approximate evaluation of the resulting
baffle d piston. Experimental measurements of the directivity int egral leads to a summation over “ virtual ” modes , These
of harmonics when the so urc e is a piston are discussed to virtual modes are sim ilar to the tr aPped modes except that
show the extent of validity of the the ory. their amplitudes decay with range. The validity of the “ pres-

sure release ” boundary condition at the su rface is investi-
gated . This approximate boundary condition is justif ied by
allowing for energy leakage into the air and examining the

77-683 virt ual mode contribution to the normal mode expression.

Scattering of Sound by a Lifting Boundary
D.S. Jones
Dept. of Mathematics , The J’~ -iers it y ,  Dundee ,
DD1 4HN , England , Quart. J , Mech . APP). Math ., RANDOM
29 (4), pp 429-455 (Nov 1976) 2 refs ISee Not. 671 , 6721

Key Words: Acoustic sca ttering, Cylinders

SEISMIC
A rigid cylinder is placed in a fluid with steady velocity (Also see Not. 664 , 701 ,702 ,703 ,704 , 705 , 706 , 707 ,
perpend icular to its gener ators and with a given circulation , 765 . 768 , 796 , 797 , 798 , 799 , 812 , 821 , 822 ,
The flow is irradiated by t ime-harmonic sound waves from a 823 , 824 , 825 , 826 , 827 , 828 , 8291
line source parallel to the cylinder . The far field is obtained
when the Mach number of the bac kgrou nd f low is sma ll and
th e fr equency of excitation is low.

77-686
77-684 Random Vibration Analysis of Inelastic Multi-De gree.
A Normal Mode Model for Estimatin g Low .Frequen. o f-Freedom Systems Subjec ted to Earthquake
cy Acoustic Transmission Loss in the Deep Ocean Ground Motions
K .E.Evans ’ G. Gazetas
Nava l Postgraduate School , Monterey, CA., 178 pp Dept. of Civil Engrg,, Massachusetts Inst of Tech .,
(Sept 1975) Cambridge , MA., Rept No. R76-39 , 322 PP (Aug
AD-A030 078/OGA 1976)

P8-258 311 /OGA
Key Words: Underwater mound , Sound transmission loss ,
Normal modes , Computer programs

Key Words: Random vibration , Mult ideg r ee of freedom
systems , Seismic response , Multi story buildingsThi s work describes a computer model (QMODEI which uses

the normal mode method for the estimation of low-frequen-
cy long-range acou stic transmission loss in the deep ocean.
Wentze l- Kramer .Bri ll o uin (WKB ) solutions for the phase
speeds leigenvalues ) and modes (elgenfun ctions). The WKBt L
solutions are extended to consider the effects of the surface
and bottom boundaries, -
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A random vibra tion method is presented to predict the during real and simulated impa ct conditions. Corres pond ing
probability distribution of t he maximum inelastic response dummy test data which could be made available to any
of deterministic , multi-d egree-of-freedom , elastop last ic sys- source interested in manufacturing, checking, comparing
tems subjected to earth quake ground motions described by with oth er dummy confi gurations was studied.
a single power s pectral density function and a strong motion
duration . Extensive simulation studies are used as a guide
for the development of the theory. as they yield a better
understanding of the elastoplastic dynamic behavior of
multistory systems. The th eory is evaluated by comparing
its response predictions with statistics from multiple time- PHENOMENOLOGY
int egration analyses. Various two - and four-degree-of-free-
dom structures and motions with different fr equenc y content
and motion duration are used for this evaluation,

COMPOSITE
77-68 7 (Also see Nos . 680, 7661
Identification of Structures Throu gh Records Ob-
tained During Stron g Earth quake Ground Motion
F E ,  Udwadia and P .C. Shah 77-689
Univ . of Southern California , Los Angeles , CA., J. Sm all Vibratio us of a Fibre-Reinforced Compos ite
Engr , Indus ,, Trans. ASME , 98 (4 1, pp 1347-1362 N, Scott and M, Hayes
(Nov 1976) 12 figs . 13 refs Dept. of Mathem atics , Univ . of Dundee, Dundee,

Quart. J . Mech , AppI . Math ., 29 (4 1, Pp 457-486
Key Words: Beams , Buildings , Seismic res ponse s pectra (Nov 1976 1 8 refs

This paper is concerned with the problem of estimating a Key Words: Composite materials . Fi ber composites , Vibra-
space dependent coefficient in a forced linear hyperbolic ti o n res ponse
differential equation from the knowledge of the solution at
one or more isolated points. The continuous model of a An idealized model of an elastic material subject so the
structural system by a shear beam is used to study t he utility internal constraints of inextentibi l it y along a g iven fixed
of earth quake records in determining structural models, direction , and of incompressibility, is used to examine the

propagation of small-time harmonic plane waves in a homo-
geneous isotropic composite which is subjected to a finite
static pure homogeneous deformation , The theory for smallSHOC K deformations superimposed upon large is developed . The

lAlso see Nos . 671 , 672 , 699 , 735 , 785 , 834 , 8471 case when there is no initial deformation is considered , This
theory includes as a s pecial case the classical linea r theo ry of
wave propagation in art incompressib le transversel y-isotropic

‘ 77-688 material which is inextensible in the direction of the axis of

Anthro pometnc Test Dummy, Model 825.50, Design, anisotropy ,

Deve lopment and Performance
J.L. Roshala and L.E , Popp
Sierra Engrg. Co., Sierra Madre , CA,, Rept. No. 77-690
TR~825-900 , DOT-HS-801 917 , 245 pp (Aug 1976) A Model Theory for the Fibrous Absorber . Part I:
P8-25 7 1 79/2GA Regular Fibre Arrangements

F .P, Mechel
Key Words: Collision research lautomotive) . Anthropo- Universitat des Saarlandes , Labor A kus~~ , Sear-
morp hic dummies brucken , Grunzweig + Hartmann und Glasfase r AG ,

Ludwigshafen , Acustica . 36 (2) , u~~i 65-89 lOct 19761
This repo rt covers the development , manufacture , testing , 22 figs , 13 refand evaluation of two (2) 50th percentile male anthropo-
morphic test dummies, The objective was to develop a test (In German)

ç dummy which could be used for compliance tests with
appropriate Federal Motor Vehicle Safety Standards in the Key Words: Sound waves , Acoustic absorption , Fiber
evaluation of protection sy stems for vehicle occupants composites
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The axial propaga t ion of sound waves in a mode consisting of simple friction damped oscillator. The approach then is
parallel fibres were calculated. The viscous forces and the generalized to treat a more general model of friction where
thermal conduction were taken into account. This lead to the author ’s model is used to describe friction force primarily
viscous waves and to thermal waves besides the usual acoustic as a function of displace ment . The solid frict ion damped
compressional wave , The potential function for the total field oscillator studied is a wire pendulum where solid friction
near a fibre was treated as the superp osition of th e radiated enters via inelastic flexing of the wire at the support . Theore-
field from the fibre itself and of the scattered fields from all tica l results are generalized to be applicable to other types
the other fibres , Th m explicit field equations for a regular of oscillators and other sources of solid friction. An expre l-
square fibre arrangement was derived and the influence of the sion for the decay rate of the oscillation amplitude envelope
order of symmetry of the arrangement was discussed , of an unforced oscillator is derived. The decay rate and an

equivalent linear damping ratio are determined for several
values of an exponent parameter in the solid friction model .

77-691
A ~lodel Theory- for the Fibrous Absorber. Part II:
A Model Consisting of Elementary Cells and the
Numerical Results The Effect of Damp ing on the Vibration-Stability

F P. Mechel Relation of Linear Syst ems
D,E. Besk osUniversitat des Saarla ndes , Labor Akustik , Sear-

brucken; Gruniweig + Hartmann Montage GmbH , Dept . of Civil and Mineral Engrg., Univ . of Minnesota ,

Ludwigshafen /Rhein , Acustica , 36 (2) , pp 53 64 Minneapolis , MN 55455 , Mechanics Research Corn-
(Oct 1976) 3 figs , 3 refs munications , 3 (5), pp 373-377 (1976 ( 1 fi g, 6 r -fs
(In German)

Key Words: Flexural vibration , Beams , Plates , Damping
effects

Key Words - Sound waves , Acoustic absorption , Fiber
composites The relation between flexural vibration and elastic stability

The problem of sound propagation in a model absorber 
for linear elastic systems without damping has been inves-
t igated in the past. In this paper the damping of the system is

consisting of parallel fibres is formulated as a boundary taken into account , and its influence on the previous results
value problem of elementary cells surrounding each fibre , is studi ed , Two kinds of damp ed sy stems are considered:
Numerical solutions of the equations are presented and beams and plates with continuous mass distribution arid a
simple approximations for the characteristic propagation linear elastic discrete sy stem of a finite number of degrees of
constant and for the characteristic wave impedance of the freedom.
ab sorber are derived. Particle velocity profiles near the fibres
are computed also. The results are compared to Other absor-
ber theories.

FLUID
lAlso see Not. 683,684 .685, 769.774 . 776 ,814 , 8161

DAMPING
lAlso see Nos. 653 , 740, 770)

77.694
On the Velocity of a Rigid Sphere in a Sound l%av e

77-692 S. Temkin and CM . Leung
Solid Friction Daniping of Mechanical Vibrations Dept. of Mechanical , Industrial and Aerospace Engrg.,

P R DahI Rutgers Univ ., New Brunswick , NJ 08903, J. Sound
The Aerospace Corp., El Segundo , CA ., A IAA ,j Vib., 49 ( 1 ) ,  pp 75-92 (Nov 8 , 19761 6 figs . 22 refs
14 (12 1 ,  pp 1 675-1682 (Dec 1976) 11 fi gs , 8 refs

Key Words: Spheres , Fluid-induced excitation , Sound waves

K ey Words: Coulomb friction , Mathematical models
A study is presented of the oscillatory motion of a rigid

~. 
(

A theory of solid friction damping of mechanical vibrations is s phere that is induced by a plane , monochrom ~~ c sou nd
wave traveling in a viscous , non-heat-conducting fluid of in-presented that is based on a solid friction mathematical
finite extent. Results for the sphere ’s velocity amplitude andmodel previously proposed by the author, A summary and

improved description of the general analytic features of the phase , relative to those of th e fluid , are obtained for soundF c solid friction model are given as necessary backgr ot .id for 
waves of arbitrary fr equency. These reduce to those pre-

the theory. The Coulomb fr ict ion damped osc illator is dicted by irrotational flow theory, and to those o bt ained

analy zed to establish an approach to the tre atment of a 
from viscous , incompress ible , unsteady flow theory.

I I
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77495 Key Words: Fluid- induced excitation
Its-Flui d Response of Complex Structures with A pp li-
cat ion to Orthotro p ic Spheres This article is written in two parts. The basic requirements

of a flow-induced vibration analysis or test , including ade-J.J. Engblorn and R B , Nelson
quate descripti ons of the fluid environment and pertinent

Hug hes Aircraf t Co., Culver City, CA 90230, J . structures , are considered in Part I. The major po rtion of
Sound Vib., 49 ( 1), pp 1-8 (Nov 8, 1976) 3 figs , this part is devoted to discussion of the four different types
12 refs of fluid excitation forces.

Key Words: Spheres , Fluid-induced excitation , Finite
element techniqu e 77.698

Mathensa t ical Model of the Vibration Induced by
A method is presented for determining the response of ~ Vortex Sheddingclosed structure, immersed in an infinit e acoustic medium , E. Szecf’ienyiundergoing harmonic vi bratory motion, The mathemati cal
representation of the structure is based on a finite element European Space Agency, Paris , France , In - La Rech .
approach so that arbitrarily shaped surfaces with or without Aerospatia le , Bi-monthly Bull. No. 1975-5 (ESA-TT-
internal structures may be studied, Applied and fluid- str uc- 298) May 1976 , pp 138-168 (Eng l. trans l. from La
ture interaction forces are related to response quant ities Rech . Aerospatia le , Bu ll Bimestriel (Paris), Nothroug h a velocity mobility matrix form , obtained via an

1975-5 , Sept-Oct 1975 , pp 301-312 , N76-32103)in vacuo eigenso lution. A supplemen tal acoustic relationship
in velocity impedance matrix form is used to quantify the N76-32109
effects of the fluid medium. This relation , based on a dis-
cr eti za t ion of the Helmho ltz int egral equati ons , assures Key Words: Mathematical models , Vortex shedding, Cyl in-
continuity of t he acoustic variable s at the fluid-structure ders
boundary. Both structure and fluid-structure relationships
are combined to yield a structura l -acoustic velocity mobility A mathematical model to allow for the lift forces a blunt
matrix form suitable for digital computer solution. The cylindrical body experineces under the action of a flow
formulation is utilized to inve stigate the response of solid perpendicular to its axis was establish ed . The res ponse of
isotropic , hollow isotropic and laminated ort hotr opic spheres the structure to be calculated is accounted for, The model

is based on simple physical concepts , It also makes use of
the results of experiments carried out at high Reynolds
numbers. The agreemen t between calculation and experiment

77-696 is satisfactory for a test performed in a wind-tunnel on a

Pred ictin g Flow Induced Vibration in U-Bend Re- flexible cylinder .

gions of Heat Exchan gers : An Engineering Solution
K.P. Singh
Joseph Oat Corp., 2500 Broadway, Camden , NJ, SOIL
J . Franklin Inst., 302 (2 ), pp 195-205 (Aug 1976)
5 figs , 14 refs

77-699
Key Words: Heat exchangers , Fluid-induced excita tion A Method for Designing Deep Underground Struc-

ture s Subjec ted to Dynamic Loads
A method to obtain an eng ineering solution to determ ine J .L. Drake and J R . Btitt
the velocity profile in t he U-bend region is proposed in this Army Engineer Waterways Experiment Station ,
paper which may be utilized in conjunc tion with the available
correlations to reliably predict the possibility of vibration. V icksburg, MS. , Rept. No. WES -TR-N-76-9 , 31 pp
Determination of the flow profi le may be further utilized to ( Sept 1976)
improve the estimates of shel lside heat transfer coefficients. AD-A030 601/’9GA

Key Words: Underground structures , Hardened structures ,
Nuclear explosion effects

77497
Understandi ng Flow-Induced Vibrations. Part 1: This report describes solution s to a clan of dynamic elast o-

plastic problems that model so me of the salient features ofBasic Concepts; Fluid Forcin g Funct ions the response of hardened undergr ound facilities in rock. The
M.W . Wambsganss theoretical model consisted of multilayered concentric
Argonne National Lab ., Argonne , IL , S/V. Sound cylinders of elastoplas t ic materials with time-dependent loads
Vib., 10 f i l l , pp 18-23 (Nov 19761 8 figs , 15 refs applied to the exterior boundary .
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77-700 A general substructure method fo r analysis of response of
Finite Eleissent , Similitude and Soil Structu re Inter- structu res to earth quake ground motion including the effects

act ion Stud y of Buried Cy linders tinder Dynami c of structure-soil interaction is presented. Flexibility of the
structural base , spatial variations in the free field ground

Loading motion , structural embedment and interaction between two
C E . Pace or more structures are among factors included in the analysis.
Ph.D. Thesis , Univ . of Arkansa s , 313 pp (1976)
UM 76-26 , 388

77.703
Key Words: Interaction: soil-structu re. Underground struc- 

So il-St ructu re Interaction Parameters from Finitetur es , Cy linders. Shock wave propagations , Computer pro-
Elemen t Analysisgrams. Missile laun chers
C.J. Costantino , CA.  Miller and L.A. Lufrano

A dynamic shock wave te st of 550 psi maximum pressure Dept. of Civil Engrg., The City College of the City
was performed on a prototype (6 ft diameter by 7- ’/a ft University of New York , New York , NY 10031 ,
hig h) and a ‘1.-scale model , both of axitymmetriC reinforced
concrete con struction. The objectives of this test were to: NucI , Engr . Des., 38 12), pp 289-302 (Aug 1976)
verify similitude theory of response between prototype and 30 figs , 4 refs
model ; make computations of prototype and free field
response by using a finite element computer program and Key Words: Interaction: soil-structure . Finit e element
compare the finite element calculations with exp erimenta l technique , Seismic response
data and; to determine the interaction forces on t he model
and proto type. A series of two -dimensional finite element computer ru ns

we ie made to compute the fr eque ncy dependent so !i.struc .
‘ure interaction coefficients. Variations in the element size ,
mesh dimensions , bounda ry conditions , and soil hysteretic

77-70 1 damping ratio to determine their influence on the computed
Modal Analysis for Buildi ng-Soil Interaction interaction coefficients were made.
J , Bielak
Inst . de Ingenieria , Universidad Nacional Autonoma
de Mexico , Mexico , D,F ,, Mexico , ASCE J. Engr. 77 704
Mech , Div ., 

~~~ 
(EM5(, pp 771 -786 (Oct 19761 Special Top ics on Soil -Structure Interaction

J R .  Hall , Jr . and J.F. Kessenpfennig
Key Words: Interaction: soil structure , Earthquake response. E. D’Appolonia Consulting Engineers , Inc ., 8-1180
Modal damping, Modal analysis Brussels , Belgium , Nucj . Engr. Des., 38 (2) , pp 273-
An approximate method of modal analysis is presented for 287 (Aug 1976 1 15 figs , 45 refs
the earthquake response of linea r building- foundation sys-
tems. To estimate the accuracy of the suggested method . Key Words: Interaction: soil-structure , Finite element
both analytical and numerical studies are performed. Severa l technique , Lumped parameter method, Seismic response ,

‘ examples are included to illu strate the effect of hysteretic Nuclear power plants
soil damping on the system response.

A summary of the adva ntages and limitations of lumped
parameter and finite element technique in the design of
nuclear power plants are presented including th e state of the

77-702 art in the determination of soil stiffness and material damn-
A Substructure Method for Earthquake Analysis of ing characteristics. Furthermore , the paper illustrates one
Structure-Soil Interaction type of analysis technique which uses a hybrid approach of

J,A . Gut ierrez and A K . Chopra both finite element results and lumped parameter solutions ,
Details of the lumped parameter approach for embeddedEarth quake Engrg . Res. Center , Calfior nia Univ., foundations and an illustration with numerical examples

Berkeley, CA., Rept. No. EERC-76-9 , 153 pp (Apr are provide d. Recommendations are then presented on a
1976) procedure for soil-structure interaction of deeply embedded
PB-257 783/1 GA foundations.

Key Wo rds: Interaction: soil-structure , Seismic response .
Finite elemen t techni que . Computer programs
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77-705 77-707
Soil-Structure Interaction - An Engineeri tig Solution Soil-Structure Interaction with Separation of Base
A ,H. Hadliari Mat from Soil (Lifti ti g-Ofi)
Bechtel Power Corp., Los Angeles Power Div., Nor- J.P , Wol f
walk , CA 90650, NucI . Engr. Des. , 38 (2), pp 267- ELt ’ k trowatt Enij rq , Services , Ltd., CH-8022 Zurich ,
272 (Aug 1976) 4 figs , 19 refs Swit ierland , Nuci . Engr. Des., 38 (2 1, pp 357-384

(Aug 1976) 22 figs , 22 r -f s
Key Words: Interaction: soil- structure , Seismic response,
Impedance . Finite element technique , Nuclear power plants Key Words: Interaction: so il-structure , Nuclear reactors ,

Plates , Seismic res ponse
The two methods of analysis for soil-structure interaction ,
the impedance and the finite element methods , are reviewed In reactor buildings having a separate base mat and a shield-
with regard to t heir present capabilities to address the signifi. building louter concrete shell) of large mass , large over-
cant factors of the problem, The oblective of the paper is turning moments are developed for severe earthquake load-
to evaluate if an adequate engineering solution to the prob- ing. The standard linea r elastic half- s pace theory is used in
lem is provided by either appr oach . Questions related to th e the toil- structure interaction model and results are discussed .
reduction of seismic motions with depth , scattering of in-
cident waves , the three -dimensiona l ity of the real problem ,
soil damping, strain dependency of soil properties and the
uncertainties associated with all of the above are discussed in 77 708
sufficient detail, 

Probabilistic Frequency Variations of Structure-Soil
Systems
C.W. Hamilton and A.H. Hadj ian
Univ . of Southern California , Los Angeles . CA 90007 ,

77-706 NucI . Engr. Des., 38 (21, pp 303-322 (Aug 19761
Effect on Non-Linear Soil-Structure Interaction Due 13 figs . 11 refs
to Base Slab Uplift on the Seismic Response of a
High-Temperature Gas-Cooled Reactor (111CR) Key Words: Interaction: soil- structure , Probability theory,

Seismic responseR ,P, Kennedy, S.A. Short , D.A. Wesley and T.H. Lee
Holmes & Narver , Inc., Anaheim , CA 92801 , NucI . This paper studies the variations of material properties as
Engr. Des ., 38 (2 1, pp 323-355 (Aug 1976) 24 figs , they apply to structure-soil system frequencies during earth-
6 refs quakes. The emphasis in this paper is both on developing the

methodology and on the resul ts obtained . It covers both the
fi xed-base structure and the effects of soil-structure inter-Key Words: Interaction: soil-structure , Seismic res ponse ,
action. Empirical data on concrete properties were obtainedNj uclear power plants 
from previously published resul ts.

The primary purpose of this paper is to evaluate the impor-
tance of the nonlinear toil- structure interaction effects re-
sulting from substan tial base slab uplift occurring during 77-709a seismic excitation. The structure considered for this investi-
gation consisted of t he containment building and Ore-stressed Propagation of (;round Vibration: A Review
concrete reactor ves sel (PCRV) for a typical HTGR plant. T,G. Gutowsk i and CL.  Dym
A simplified dynamic mathematical model was utilized con- Bolt Beranek and Newman , Inc ., 50 Moulton St. ,
sisting of a conventional lumped mass structure with soil- Caiiibridge , MA 02138 , J. Sound Vib , 49 (2), pp
structure interaction accounted for by translational and 179-193 (Nov 22 , 19761 11 figs , 17 refsrotational springs whose proper ties are determined by ela stic
half space theory. Three different site soil conditions (a rock
site , a moderately stiff soil, and a soft soil site) and two Key Words: Ground vibrati on , Traffic induced vibrations ,
levels of horizontal ground motion (0.3 and 0.5 g earth- Reviews
quakes) were considere d .

A review of the current state of the art of ground vibration
propagation is presented herein , First the theoretical models
of vibration attenuation are reviewed and then measurement
techniques are discussed, Finally, measurement and theory
are combined into predictive models , whose validity it ci is-

________ cussed .
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VISCOE LASTIC EXPERIMENTATION

77-7 10
Effect of Time I)ependent Com pressibility on No,.- DIAGNOST IC S
Linear Viscoelast ic Wave Propagation
D Courtine , F .A Co izarell i and R .P. Shaw
Dept. if Applied Science & Matherr iatics , Jaiiiestown 77-712
CoilirHili lI ty College , Jart iesto wn , NY . ,  Intl. J. Non- Techniques of Vibration Anal ysis A pp lied to Gas
linear Mccli ., 11 (6), pp 365-383 (1976) 17 figs , Turbines
31 refs R. Chisholm
Sponsored by ONR Imperial Oil Lirnitcd , Calgary, Alberta , Canada , Gas

Turbine nternat iona l , 17 (6) , pp 16-22 (Nov-Dec
Key Words: Vis t oelastic media , Wave propagation , Co nstitu- 1976) 12 figs , 6 refs
tive equations

Key Words: Gas turbines , Diaqnostic instrumentation ,
The work presented consist s essentially of two parts: the first Vibration analyzers , Diagnostic techniques
deals with the development of a non-linear constitutive equa-
tion for a three-dimensional viscoelastic material with instan- This paper discusses the results of a two-yea r program of
taneous and time dependent compressibility ; she second deals - -monitoring the vibration of 30 Solar Saturn and Centaur gas
with the solution of some specific wave propagation prob- turbines using a real time vibration analyzer. The advantageslems for three simple three-dimensional geometries, of a real time analyzer over earlier types of analyzers in

troubleshooting units with excessive vibration are discussed .
The use of vibration bar cha rts to evaluate the mechanical
condition of a unit is illustrated. An example of a vibration
spectrum or si gnature analysis is g iven for each section of the
turbine-compressor package. Techniques of determining the77-7 11 source of vibration are also outlined, Forms of analysis to

t Wave-Front Method for Detenstining the l)yisaniic troubleshoot unique causes of high vibration , other than
Properties of h i gh l)anip ing ~1at , -r iats using vibration spectrums , are illustrat ed,
R H . Blanc and F ,P, Char tipo rir ier
Laboratoir v do Mocanique ‘ ‘ t  d’A :oustique , C.N,R.S.,
Marse ille , France , J , Sound Vib ,, 49 (1 1, pp ~~~~~~~~~ 77-713
( Nov 8, 19761 2 figs , 9 rofs Design and Evaluation of Ball and Roller Braring

Ana1~ ,.ers
Key Words: Viscoelastic damping LW V~ ri r~

Mi( r;ir iica l Technology, Inc ., Latham , NY ., Rei’t .The dynamic properties of a viscoelastic medium are deduced
from the development of a stress pulse wave-front during No. MTI-76T R27 , A MMRC-CTR-76-27 , 34 PP
propagation through a bar of the material, An appropriate ( Aug 1976)
experimental set-up is described , whereby the wave-front can AD-A030 536/7GA
be recorded with respect to time after travelling through
two di stances along the bar, An example is provided for

Key Words: Ball bearings , Roiler bearings , Diagnostic instru-which the velocity of propagation and the damping are cal-
mentationculated. In the discussion , a corrective factor is established

for eliminating the error due to modelling the wave.
This report presents a description of the design and eva lua-
tion procedure employed in the construction of a ball bearing
and roller bearing analyzer. The analy zers ’ capability to
differentiate between acceptable and relectable bearings
has been demonstrated on a pilot sample. The results ob-
ta m ed on the analyzer were in excellent agreement withI,

- - - - — results of manual bearing inspection .
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77-7 14 Key Words: Test facil i t ies , Aircraft noise

Listening for the Sounds
A one -twelfth scale aeroacoustic model of a proposed engi-

A .C - Hecr c l i c k  -neering acoustic research facil i ty has been tested to assess t he
Mach Des., 48 (27),  pp 82-92 (Nov 25 . 1976 1 background noise levels in the anechoic measureme nt area.

and to develop a suitable exhaust collector for deflect ed let
Key Words: Diagno stic instrumentation . Bearings conditions. The faci l i ty comprises an open circuit , open let

wind tunnel with an anechoic space surrou nding the test
New instruments which monitor bearing noise are discussed section , Collector confi gurations we h acceptab ly low back-
in this paper. ground noise and low sensitivity to jet def lection have been

defined , but these features were achieved at the exp ense of
some aerodynamic efficiency.

77-715
Diagnostic System t’or Ball Bearing Quality Control
L W . Wino arid H L. Bull
Mecharucal Technology, Inc ., Latham , NY ., SAE
Paper No. 760910 , 12 pp. 5 figs , 4 refs 77 718

Overs peed Test Facil ities of the Group -- Overs peed
Key Words: Bearings , Diagnostic techniques . High fr equency Test ing and Balancing of Large Rotors
resonance technique W . Kel lenberger , H. Weber and H. Meyer

Baden , Switzerland , Brown Boveri Rev ,. 63 . pp 399-This paper describes th . - test and con struction of a bearing —

analyzer which employs th e High Frequency Resonance 411  (June 19761 14 f i gs , 5 refs
Technique IHFRT ) for fault detection and identification.
The analyzer Consists of a mechanical console on whic h the Key Words: Test facilities . Rotors , Balancing techni ques .
test bearing is mounted, loaded, and brought up to speed, Overspend testing. Turbine components
and an electronic console which receives bearing vibrations
via an accelerometer mounted on the bearing retainer , and This article presents the philosophy of overs peed testing o f
processes same to provide a digital unit read-out indicative large turbines and generators , describes the Brown Boveri
of bearing condition. Group s facilities and explains the tec hniques of rotor bal-

ancing.

77-7 16
Eight Ways to Stop Rolling Bearing Failure. Part 2
H. Keire

77-719SKF Ind ustries , Inc ., Philadelphia , PA., Power Trans.
Des., 18 ( 12 l ,~ rp 53-55 (Dec 1976) 9 fi gs Sound Power Measurements in Reverberation Chant-

hers
Key Words: Bearings , Vibration effects J , T ichy,  M.J . Brien and K P. Roy

Dept. of Architectural Engrg.. Pennsylvania State
Four causes of bearing failure are discussed : lubrication . Univ., University Park , PA - Rept. No. NBS-GCR-76-
sealing, vibration , and electric current ,

59 , 234 pp (Jan 197 13i
PB-256 639/6GA

FAC IL IT I ES Key Words: Acou stic measurement . Reverberation chambers

Analytic and experimental studies of the effect of moving

77-71 7 diffusers on the precision and accu racy of reverberation room

Model S t umil ~ of a Proposed Engineering Acoustic measurements are reported. The analytic model involves

Research Fac ility 
numerical computations of the sound field produced by a
point source in a rectangular room with one moving wall.

G.W . Johnston , F , R d - e r and M S C Ku i r i r i r l l
Di v. of M~-~ i l l  ii E r i r r u  - N,stional Research Council
of Canada , Ottawa , Ontario , Canada , Ret rt No.

~~ NIf :?‘I ~~, ~ RC 15480 , 29 pp (July 19761
AD-A030 639/9GA _ - _ - - -
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IN ST R U M E N T A T I ON 77-722
The Acoustic Telescope
J. E-3ill ing slvy and A . Kinns

77-720 Dept of Engrg., Univ . of Cam bridge , Car m rbr ;dqu
-t Fulh Auto matic Torsional Oscillation Test ing CB2 1PZ , England , J . Sound Vib., 48 )4) . PP 485-510
Instrw twn t w ith Process-Control Com puter Com mec- (Oct 22 . 1976) 15 figs , 18 ref
t ion
V.G. Wiegand and R. Goldelius Key Words: Test equipme nt , Noise source identification ,

Aachen , G er r r ~ iny, VD I Z . ,  118 (201, pii 975 981 Aircraft noise , Jet noise

(Oct 1976( 9 f igs . 17 rels A system has been developed for real-time sound source
(In Ger i r ian) location on full-size jet eng ines. A theoretical analysis of

system performance is in terms of a line source of generally
Key Words: Te st equipment , Torsional vibrations correlated omni-direct io nal sound radiators , which shares

the measurable far-field prope rties of a jet engine noise
A torsional oscillation experiment serves for the determina- source , Th-t genera l properties of the system are described .
ti o n of the modulus of shea r and of the mechanical loss including its use to correlate spatially separated sound

factor of a sample in dependency on the temperature. In sources , application in the presence of ground reflections and
this manner the numerical characteri stics can be determined use in a moving al rstream. The statistical properties of
w hich describe with hi gh information power the mechanical- apparent source dis t ributions are also discussed , A series of
thermal behavior of plastics. In comparison to the customary ex periments on a Rolls-Royce/ SN ECMA Olympus engine is
testing in struments , a te sting syst em of fert considerable described , in order to illustrate application of the system .
advantages , in which a torsional oscillation experiment as
well at the evaluation of measuring results are performed
automatically. Such a system is described in this contribu-
tion ,

TECH N IOU ES
lAlso see Nos. 737 , 738, 848 1

77-72 1
Inter ferometric Sensor for the Measu rement of 77-723
Vibrations of Mechanical Structures Survey of European Groun d and Fli ght Vibration
M. Philbert and G . Dunet Test Methods
European Space Agency, Paris , France , In: La Rech . HG.  Natke
Aerospatia le , Bi-monthly Bull . No, 1975-5 (ESA-TT- Technica l University Hannover , Germany, SAE Paper
298) May 1976 , pp 110-137 (EngI. trans l . from La No.760878 , 20 pp, 4 figs , 65 refs
Rech , Aerospat iale , Bull. Bimestrie ) , Paris , No. 1975-
5, Sept-Oct 1975 , pp 289-299 , N76-32103) Key Words: Vibration tests , Testing techni ques . Reviews
N76-321 08

The ground and f l i ght vibration test methods of the E.C.
Key Words: Interferometers , Vibration measurement , which are published and /or used in practice since 1968 are
Blades , Gearboxes reviewed , The survey contains a sho rt description of the

methods, indications with regard to their applications and
A contact less interferome tric sensor for structural vibration ensuing experiences , and it reflects many and successful

measurement was developed . The difficulties inherent in efforts in the field of identification. Ground vibration test
interferences in scatter ed tight , (speckle phenomenon ) and methods without a-priori parameter estimation predominate

the methods used to remedy them , were studied and the over those with paramete r estimation , Only a few methods

sensor and its operation is described. Some experimental consider non- l inearities. The fl i ght vibration test methods are

results are presented , in part icular those for a blade excited based exclusively on estimation procedures and much effort

torsionally and on a helicopter main gear box , is expended to cope with background noise

if
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77-724 77.727
Surve y of Modal v ibration Test/Anal ysis l’eehniques Identif y ing Modes of Large Stru cture s f ro nm Multi ple
R .W . Mustain Input and Response Measur m-imment s
St ,ici ’ Div . ,  Rockwell International , SAL Paper No. M. Richardson and J. Kn is kern
760870 , 16 pp, I me ts Hewlett Re k ,j rd Co., SAE Pai r No , 760875 , 12 pp.

l2 f igs , 2 refs
Key Words: Testing techniques , Vibration tests , Modal tests .
Modal analysis Key Wor ds: Testing techniques , Vibration tests , Moda l tests

The results of a survey of modal vibration test /analysis tech- This paper discusses a new testing and data processing tech-
niques in the United States are presented. Summarized in this nique for obtaining modal parameters which does not require
paper are res ponses to a que stionnaire distributed to Dy- that the transfer function measurements be made using a
namics engineers involved in modal testing and to members sing le excitation or response point. For large structures this
of the SAE Committee 0-5 Aerospace Shock and Vibration. “multiple point ” testing technique is in many cases , neces-
The survey encompassed the following modal vibration test/ sary for obtaining measurements of sufficient quality to
analysis requirements: objectives , test specimens , boundary identify the modes of vibration ,
conditions , support/suspension systems , instrumentation ,
excitation system s , modal testing /analysis excitation method-
ology, correlation checks , and data proces sing requirements.

77-728
— — , — A pplication ot’ Unloaded (F’ ree) ‘lotion Measurements

and ~Iec h anieal Impedance to Vibratio rm Testin g
~.n Evaluat ioi m of Ex citation and .-~ isal~ sis Met hods DO. Srr.rillwood
for Modal Testin g Sandia Labs., Alb uquerque , NM , Rept, No. SAND-75-
G A . Hamma , S. Smith and A C .  Stroud

5790 , Con) -76041 1-2 , 12 pp (1976)Lockheed Palo Alto Research Lab ., Lockheed Missi les Sponsored by ERDAand Space Co., Inc., Palo Alto , CA ., SAE Paper No 
N76-32585

760872 , 20 pp. 14 figs , 17 refs

Key Wor ds: Vibrat ion test s , Mechanical impedance
Key Words: Testing techniques , Vibration t ests , Modal tests

A method using unloaded (free ) motion measurements is
This paper reports on the evaluation of several modal-testing reviewed , Several applications are suggested . Also discussed
procedur es as applied on a modern data-acquisition and are methods for applying the results to sinusoidal , transient ,
-analysis system. Th ese methods include two forms of speci- and random vibrations ,
men excitation (tine and mu it if requency) and several meth-
ods of modal characterization (analytical curvefitting, multi-
shaker modal tuning, and hybrid techniques). The methods
are compared , using examples , and a modal testing pr ocedure
it suggest ed . 77-729

The Use of Induction Motors as Vibration Generator s
T .M. Holdsvvo rth and R D . Morris

77-726 Carrier Corp., Syracuse . NY . ,  S/V, Sound Vib ,, 10
Force A ppro priat ion b y Exten ded Asher ’s ~let lmo d ( 111 ,  pp 24-28 ( Nov 1976) 7 figs
P. Ibanez
Applied Nucleonics Co., Inc., SAE Paper No, 760873 , Key Words: Testing techniques , Vibration testing, Vibrators
16 pp. 6 fi gs , 21 refs (machinery ) . Induction motors

This article describes a vibration excitation technique that
Key Words. Testing techniques , Vibration tests , Modal tests was originally developed for measuring the natural frequen-

cies of a fan system in a unit assembly, and which has since
• Force appropriation is used in modal vibration testing of proven to be very useful in other vibrati on and acoustical

complex structures in order to excite one mode of vibration studies
at a time. In this paper several forc e appropriation algorithms
are reviewed and an extension of Asher ’s method , using —

impulsive and transient excitat ion as well as sinusoidal excita-
tion , is developed.
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7 7-730 77-733
i’he Vibration Test of aim Imperfectl y Linear Stru e- Measure imient oi Structure Honse %~ate Intensity. Part
ture I: l’or.miulation of the Methods
R . Dat G . Pav ic
Europeuri Space Agency , Paris , Fio r ir  i ’ , In: La Aech , Et ectroteci rnical In st itute - -  kudi K o r  i~~

’ 
- 41000

Aerospati ale , Bi - rr runth ly Bull. No. 19754 ( ESA-TT- Zagreb , Yuqoslavia , J. Sound V ib - ,  49 (2),  pp 221
296) May 1976 , pp 47-54 (EngI . trans l. f ro r r r  La 230 (Nov 22 , 197(,i 5 figs , 2 r~fs
ReLI r Aerospat iale , Bull - Biimies t rie l , Paris , No - 1975-
4 , Ju ly-Aug 1975 , pp 223-227 , N76-32097( Key Words: Measurement techniques , Fiexural waves .
N76-32101 Wave propagation , Plates

This paper discusses methods for the measurement of st ruc-
Key Words , Testing techniques , Vibration tests tural wave intensities associated with various points in a wa~-

field, The intensity measurements described are for ex u
Vibration testing of nonlinea r structures is discussed , The test -waves since these play an important role in th~. dynar
methods used for identifying structures are based mainl y behavior of typical structures , The necessa ry i. l cj a t i o i~on the linearity assumption and are inappropriate when the require data obtained purely from the mea- .urement of
structure tested is imperfectly linear , kinematical quantities. In addition , it is shown how the

procedures for intensity measurements can be simplified
some special cases ,

77.73 ’
Frequency Response Testing in a Noisy Env iro nment
or With a Lins ited Power Supp ly 77-734
M E . White and R,G. White Contour Mapp ing A pp lied to OSHA \oise Probte nss
Inst . of Sound and Vibration Res., Univ . of South- T.H. Rockwell
ampton , Southampton S09 5NH . England , J. Sound Environ m ental Technology Corp., 30405 Solon Rd.,
Vib., 48 (4 1, pp 543-557 (Oct 22 , 1976) 13 figs , Cleveland , OH 44139 , Noise Control Engr ., 7 11 ,
9 refs pp 35-38 (July /Aug 1976) 1 fig, 2 refs

Key Words: Tetting techniques, Transient excitation Key Words: Industrial noise , Noise reduto on, Contour
mapping, Noise measurement

The use of time domain averag ing is demon strated and it is
shown to be a suitable signal enhancement procedure for A systematic method using noise contour mapp ing with
testing in poor signal to noise ratio conditions, when using a time-motion data to define an industrial noise environri it

transient excitation technique. The limitations and accuracy is discussed in this paper.
of the technique are discusse d and examples of practical
application are g iven .

77.735
Underwater Exp losion Research Using Small

77-732 Amounts of Chemical Exp losives
Computerized Signal Processing for Detecting Cracks L Bjorno and P. Levin
under Insta lled Fasteners Dept. of Fluid Mechanics , To~ hnica l Univ . of Den-
J . Couchman , J. Bell and P. Noronha mark , DK.2800 Lyngby, Denmark - Ultrasonics , 14
General Dynamics , Fort Worth Div., Fort Worth , TX (6) . pp 263-367 (Nov 1976 1 3 fi gs , 25 refs
76101 , Ultrasonics , 14 161. pp 256-262 (Nov 19761
14 figs , 3 ref ~ Key Words: Underwater explo s ions . Testing techniques ,

Model testing
Key Words: Ultrasonic testing, Testing techniques , Corn-
puter aided techniques Measurements of pressure waves taken at a short range from

the detonation of small amounts of chemical explosives are
This paper describes the development work on a computer- di sc ussed . Empirical exprestions for the peak pressure , time
ized system designed to detect cracks by rotating a shear constant , impulse and energy flux density as a function of
wave transducer aroun d installed fasteners or bolt holes. Two charge wei ght and distance are shown ,
promising methods to compute flaw sizes are al so described
in this paper.
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77.736
Reciprocit y Measurement of Acoustical Source COMPONENTS
Stren gth in an Arbitrar y Sur roundin g
T. ten W olde
Institute of Applied Physics TNO-TH , Delft , The
Netherlands , Noise Control Engr ., 7 ( 1) , pp 16-23
(July /Aug 1976) 8 (igs , 10 refs SHAFTS

Key Words : Reciprocal measurement , Acoustic measurement
77-739

A reciproca l version of the sub stitution method is desc ribed , Dynamics of High-Speed Cam Mechanisms wi th
which of fers advantages over other methods for in situ Damped Flexible Followers Driven by Flexible Cam-
measurements and measurements at low frequency. Examples

sha ftsindicate the potential of the reciproca l method in these and
other conditions , and consider in detail the quality of reci- D. Ardayfio
procity in a system , a primary factor in the method’ s validity. Univ . of Science and Technology, Ku lds , Ghana ,

ASME Paper No. 76-DET-63

HOLOGRAPHY Key Words: Cams , Camshafts , Shock res ponse spectra

The dynamic response of a damped fle xible cam follower ,
taking into cccoun t the flexibil ity of the camshaft , is invest i-

77.737 gated , The response characteristics are obtained in terms of
A pplication of Holograp hy to Panel Flutter t he primary and residual shock response spectra ISRS) .

D.A Evensen Numerical results are presented in three-dimensional charts to
portray the effect of the various design parameters on theJ .H. Wiggins Co ., Redondo Beach , CA ., A IAA J., res ponse. Three different cam motion profiles are used .

14 (12) . pp 1671-1674 (Dec 1976 1 2 figs , 12 refs

Key Words: Panels , Flutter . Holographic techniques

An analytical approach which outlines the use of holographic BEAMS , STRINGS , RODS
interferometry to measure the deflection shape of a fluttering lAl s o s ire Not . 678 , 687 , 693 . 8001
panel is presented. The approach relies on a differential
holographic technique which has been demonstrated experi-
mentally on other structures.

77-740
Motion of a Rigid Plastic Cantilever in a Damping

77-738 Medium Under Transverse Impact
Diversification of Acoustical Holograp hy as a Non- S.A. Rarnu and P.N. Rao
destruct Inspection Techni que to Determine Aging Dept. of Civil Engrq., Ind an Inst. of Scrence , Banga-
Damage in Solid Rocket Motors lore 12 , India , Intl . J. Nonlinear Mech ,, II. (6) . pp
H,D, Collins 355-364 119761 8 fi gs , 7 refs
Hofosonics , Inc ., Rich)and , WA., Rept. No. AFRPL-
TR-76-37 , 117 pp (Apr 1976) Key Words: Cantilever beams , External damping. Moving

AD-A030 319 /8GA loads, Shock loads

The motion of a rigid plastic cantilever beam which is sur-
Key Words: Testing techniques , Acoustic hol ograp hy . Solid rounded by a damping medium and st ruck transve rsely at
propellant rocket engines the tip by a moving mass is studied. The elementary theory,

which disregards effects due to rate of straining and geometry
The feasibility of using acoustical holograph y as a non- cha nges is used. The governing equations of motion are
destructi ve technique for determining small innerbore cracks integrat ed numerically. For comparison the case of discrete
and debond s in larger solid rocket motors is demonstrat ed . damping pro vided at the tip only is also solved. Results are
Acoustic attenuation in TITAN III C type propellant was presented for a wide range of parameters .
measured, Off axis scanning and concentric axial scanning
were investigated.
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77-71. 1 effect of shear deformation and for the first time the effect

Technolo gy Trans fer in the Vibration Aisalysis ~f of rotary inertia on the regions of dynamic instability are

l.inear ly Tapered Cantilesei ~~~~~~ 
investi gated. The elastic stif f ness , geometric st iffness , and
inertia matrices are developed and presented in this paper for

HH N1,ilr ’ nmm i C R .  Rogers a Timoshenko beam ,
Virginia P m tm i ’  himmm Inst and State Univ ., Blacks-
burg, VA - I Engr Indus., Trains ASME , 98 (4) ,
pp 1 335 1 ill (Nov 1976) 26 , figs , 15 r m r t ~

77-7”
Transverse Vibration of a Uniform , Simply Supported

Key Words: Cantilever beams , Variable cross section , Natural
fr equencies Timnoslienko Beam Without Transverse l)eflection

B. Downs
Cur ves are presented for determining the f undamental Dept . of Much . Engrg., Loughborough Univ. ml Tech . ,
frequenc y and several hig her harmonics for cantilever beams Loug hboroug h , Leicestershire . LE1 1 3TU , Eng lan d ,
linearly tapered in the vert ical or the horizontal plane or
tapered in both planes simultaneousl y (double taper); both J. AriPl . Mech ., Trans. ASME . ~2 (41, pp 671 L/ 4

the sing le-tapered and the double-tapered beams are treated ( Dec 19761 3 figs , 9 ref s
with free end, end mass, and end support .

Key Words: Beams , Timoshenko theory, Transverse shear
deformation effects , Rotary inertia effects , Vibration re-
sponse

77-742
Shear and Rotary Inertia Effect on Beck’s Column An additional solution is obtained for the vibrati o nal behav-
A. Kounadis and J ,T. Katsikade lis ior of a uniform , simply supported Timoshenko beam. The

National Technical Univ ., Athens , Greece , J . Sound characteri stics of the mode are explained in physical terms ,

Vib., 49 (2), pp 171-178 (Nov 22 , 1976) 5 f igs ,
15 ref s

77-745
Key Words: Cantilever beams , Flutter . Transverse shear O ptimization of Continuous One-Dimensional Stru c-
deformation effects , Rotary inertia effects tures Under Stead y llarmonic Excitation

E. H. Johnson , P . Rizzi , H. Ash ley and S.A . Segen-
In this paper the in fluence of transverse shea r deformation

re ichand rotatory ine rtia upon the flutter load of Beck’ s column
w ith various support characteristics for a variety of sl ender- NASA , Anil es Research Center , Moffett  Field , CA.,
ness ratios and cross-secti onal shapes is presented . A IAA J,, 14 12), pp 1690-1698 (Dec 1976) 14 figs ,

18 refs

77 743 Key Words: Cantilever beams , Minimum wei ght desi gn ,
Harmonic excitationDynamic Stability of Timoshen ko Beams by Finite

* Element Method To illu strate the minimum -weig ht design of one-dimensional ,
J. Thomas and B.A .H. Abbas elastic structures under dynamic excitation , methods from
Mechanical Engrg. Dept.. Univ . of Surrey, Gui ldford , optimal control theo ry are applied to the cantilever bar
Surrey, England , J. Engr Indus., Trans ASME . driven sinusoida l ly by an axial force at its tip , Other directly

98 (4), pp 1145-1151 (Nov 1976) 10 figs , 12 refs 
anal o gous problems are identified, and closely related cases
are discussed in this paper along with practical applicatio r s.

Key Words: Beams , Dynamic buckling, Timo s henko theory.
Rota ry ine rtia effects , Transverse shear deformation effects ,
Finite element technique 77 746

Three Dimensional Added ~Iass of a Vibrating Ship
A finite element model is developed for the stability analysis y Temn
of Timo sh enko beam su biected to periodic axial loads, The Ph .D. Thesis , The Univ. of Mm iigan , 103 Pp (19761effect of the shear deformation on the static buckling loads
is studied by finite element method, The results obtained UM 76-27 , 604
show excellent agreement with those obtained by other
analytical meth ods for the first three buckling loads, The Key Words: Ships , Beams . Vibration response
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In this paper a general method for calculating the three S 77.749
dimensional flow about a vibrating ship hull is developed by 

~ ibr atrnoi m AnaR sin~ o l Linearly ‘l’apered Ileamiss I ~ii Ig

using the potential flow theor y. The ‘Double-Hull” concept 
I” req uenc 3 -1h’ p4 ’m ld eim t Stillness and ~lamv’ Ma trices

is adopted by assuming that t he vibrating frequencies are
A L Guptahigh. The boundary valu ’ problem is linearized with respect

to the vibration amplitude. By ass um. -’q the hull geometry Ph .D. Thesis , Utah State Univ ., 153 pp (1975)
varies slowly in the axial direction, the solution to the exac t UM 76-25 . 608
boundary value problem is wr i t ten in terms of a sequence of
one-dimensional Fredholm integral equations of the second Key Words: Beams , Variable cross section , Vibration re-
kmnd , from which a surface source density distribut ion is

sponse, Rotary inertia effects , Matrix methods
found iteratively.

The influence of dynamic correction stiffness and inertia
matrices on the vibration of linearly tapered beams has been
investigated in this study. The static stiffness and consistent-77.747 transverse and rotary ine rtia matrices have been erived in

Second Order l)if t ’ereis t ial Systeimis wit h A pplica tions explicit form for the linearly tapered beam elements of
to % ibraling Beau s Probleisss almost all the cross-sectional shapes. Dynamic correction
S. C ( mi m i mj  s t i f fness and consistent-mass matrices have been derived in

Ph [3 Thesis , Univ of Ca lifonnia , Davis , 66 pp 119761 explicit form for the beam element of closed box or I-section
only. These matrices were derived by finite element method

UM 76-28 , 961 -using exact expressions for the required displaceme nt func-
tions , Variation of the area and mi nt of inertia of cross

Key Words ; Beams , Vibration response section along the axis of the elemi. is exactly represented
by simple fu.ictions . involving shape factors , Vibration analy-

Two-point boundary and eigenvalue problems for a class of sis of beams with various end conditions was performed by
se”ond order linear differential systems are investigated a computer program. Numerical results were obtained using
th”~ugh establishing various comparison theorems , oscillation the derived matrices and compared with the available analy-
and disconj ugacy criteria. Then as applications , a class of tica l solutions and the approximate solutions based upon
fourth order nonselfadjoint differential equations that arose stepped representation of the beams using uniform elements,
in connection with the lateral vibrations of supported beams The sic’ .iilicance of the severity of taper within beams upon
is studied, solution accuracy and convergence characteristics is exam-

ined, A discussion of the comparative costs and advantages
and disadvantages of the quadratic and conventional matrix
formulation is also given ,

77-748
Moving Loads on Elasticall y-Supp orted Beam s
T A . Apaydin
Ph .D. Thesis , Virginia Polytechnic Inst. and State 77-751)

University, 100 pp (1976 1 \Ioving %lass on Structures (Beamm i . Plate , Shell)

UM 76-24 , 311 R. Raghavan
Ph .D. Thesis , V i r m l in ia Polyt i ehnic I m m -o - and State
University . 13 - ; ; :  1974 mKey Words: Beams , Elastic foundations , Moving loads .
UM ?02 ’L  fl8Harmonic analysis

The dynamic responses of the simply- , elartica l ly-, and Key Words - Bean- s . Plates , Shells , Moving loads
system of elastically-supported beams on an elastic founda-
tion sublected to moving concentrated loads are obtained by A technique has been presented in this paper , to obtain th~means of the harmonic analysis method, The response of a solutions of the differential equation of motion , which
simply-supported beam of a finite length on an elastic foun- govern the dynamic response of beams , plates and shells ,
dation carrying moving concentrated loads is scrutinized and subjected to moving masses. To illustrate the procedure , the
used to obtain closed-form approximate solutions for elas- particular case of simpl y supported end conditions was used.
tica lly- and sy stem of elastically-supported beams, Numerical The load consists of nonelastic wheel type mats , together
examples are g iven in order to investigate the effects of with a pu lt a’in g driving force, The mast is assumed to move
various parameters on the dynamic response of the beams , either in an arbitrary linear path with a constant velocity or

in a cyclic path with respect to any arbitrary point on the
elastic structure.
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77-7 51 Key Words ; Cables lropes) , Strings , Moving loads

Om i the Belia~ m r  ol I ,inear I !ndaiiiped Elastic S~ sb ’ i iis
Pci turbed Ii~ Follo w er l ’ i i rce ’ The response of a str ing to a mass particle undergoing a

constant horizontal accelero~ion from rest has been calcu-
L . F - I m u l t i :  und J.A. VV all r i la sed. The string deflection is e.,presse d in terms of the t rans-
L ’ IsmJui t - Center for Dynam r mm al Systems , Brown verse mass motion, A delay-differential equation is solved
Univ - ,  Pr m m v i ii ‘iii ‘ , RI . ,  14 pp (19761 (preset i ;~ :1 at both numerically and asymptotically for the mass velocit y.

In t l . Sy mm mp.  on 0. r m ~u m I m i al . ) y s t m m m m s , Ga m m m e s v m i l e , FL., String profiles are presented at subsonic and supersonic

.ivl un 1976) speeds. Two oppositely traveling jumps in string displacement
are found to appear as the mass is accelerated through the

AD-A030 183/8GA wave speed of the string.

Ki’~ Words: Rods, Dynamic response , Follower forces

Beck’ s Problem is one of many non-conservat ive problems
encountered in the theory of ela stic structures; the problem 77-75 1
is called nonconservative in that the total energy is not Cable Dynati t ic s — A Finite Segment A ppro acis
necessarily constant given the follower nature of the load, J .M. W m m m j ’t and R .L. Hutton
This problem is investigated and discussed in this paper. Dept. of Engrg. Analysis , Univ . of Cincinnati , Cit :

c innati , OH 45221 , Con iputers and Struc ., 6 16) ,
pp 475-480 (Dec 1976) 7 figs , 27 refs

77-7 52 Key Words: Cables Iropes) , Mathematical models , Finite
% ibralmons nI a Rotatin g Flexible Rod Clan iped Off element tehcnique
the \~ is ot ’ Rotation
W D .i~ in The paper presents and discusses a nonlinear , three-dimen-

.~~ t - ~~t e s , Un iv . of Toronto , Toronto , sional , finite-segment , dynamic model of a cable or chain,
The model consists of a series of links connected to each

.3 14 1 , .i . Engr . Math ,, 10 141, pp 313-321 other by ball-and-socket joints. The size , shape, and mass
Om .t 197i3 i 2 f m - i s , 8 ‘Is of the links is arbitrary. Furthermore , these parameters may

be distinct for each link. Also , the number of l inks is arbi-

Key Words - Rods, Boundary value problems trary. The model allows an arbitrary force system to be
applied to each link. The model is used to develop a com-

A f r , u , nh  iiriii’r boundary value problem associated with the puter code which consists primarily of subroutines con-
small  vii , - ions of a uniform flexible rod which is clamped ~ 

ta m ing algorithms to develop the kinemat ics , force systems ,

one end and rotates in a plane perpendicular to the axis of and governing dynamical equations. Although the mntegra-

rotation is considered. A significant feature is that the axis tion of the equations is performed with a Runge-Kutta al-

of rotation does not pass through the clamped end itself. For gorithm , the code is developed so that any other suitable
rapid rotation rates , the governing equation involves a small integration technique or algorithm may be substituted . An

parameter and must be treated by singular perturbation example problem is presented which describes the motion of

techniques. A second parameter fixes the relative location of a sphere drug through water by a partially submerged cable
two turning points. For a range of this second parameter , suspended from a rotating surface crane, Viscous forces of

consistent approximations to the characteristic equation are the water are included. Although the example simulates a

derived, and the limiting behavior of the elgenvalues ~ 
typical nautical rig, i ts inclusion in the paper ms introduced

obtained , primarily to il lustrate the capability of the model ,

77.753
Respo nse of a String to an Accelerating Mass

* A.  Rodernan , D.B. Lon y mmp m ; and L F , Shampine B E A R I N G S
lSi’e Not. 713 , 714 , 715 , 716 . 811 1

App, Mechanics Div . 1281 , Sandia Laboratories ,
Albuquerque , NM . ,  3 . Appl Much ., Trans . A$M E ,
43 (4) , pp 675-680 (Dec 1976) 4 figs , 9 refs
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BLADES DUCTS
lAlso see Nos. 721 . 8461

77-757
Boun dary Layer Consideratio ns for Optimization of

77-755 Acoustic Liners for Aircraft Engine Ducts
Soil Excavation luiproven ment from Bulldozer Blade R.A. Prydz
Oscillation Lockheed-California Co., S.AE Paper No, 760896,
J.M. Brown 20 pp. 15 figs . 10 refs
State Engrg. Industrial Res. Station , Mississippi State
Univ ., MS., Rept. No . MSSU/E IRS/ M E -77-1 , 250 pp Key Words: Ducts , Acou stic linings . Aircraft engines
(July 30 , 1976)
AD-A030 028/5GA This paper presents a study of the effects of shear flow on

the sound attenuation in lined ducts. The main emphasis
is on proper selection of lin er impedance for optimum at-Key Words: Construction equipment , Excavations , Blades tenuati o n performance of the acoustic liner in the presence
of realistic duct boundary layer fl ows , Results are g iven forThe results of research so determine the feasibility of oscil- arbitrary spinn ing acoustic propagation modes , and combina-lating a bulldozer blade to improve productivity are repo rted . t ons of modes in treated inlet and exhaust ducts for aIn particular , the research was directed toward determining variety of simp le boundary layer velocity profiles and bound-the optimum oscillating mass , frequency, amplitude, and ary layer thicknesses,

direction; to determine the power required for oscillation;
and to conceive practical confi gurations which could be
integrated into a dozer and which would prevent the oscil-
lation from damag ing the tractor. 77-758

Sound Attenuat ion in Ducts Lined on Two Opposite
Walls wit h Porous Material. With Some A pp lications
to Splitters

77-756 A. Cummings
Frequencies and Mode Shapes in Jet Engines Dept . of Environmental Science and Technology,
M. Lalanne and C. Zabukovoc Polytechnic of the South Bank , London SE1 OAA ,

N.S.A. Laboratoire de Mecanique des Structures , England , J. Sound Vib,, 49 (1 ,) , pp 9~35 (Nov 8,
Cedex , France , ASME Paper No. 76-DET-89 1976) 19 fi gs , 21 refs

Key Words: Blades , Natural frequencies , Mode shapes , Jet Key Words: Ducts , Noise reduction , Acoustic linings . Hole-
engines containing media

The calculation of frequen cies and mode shapes for jet A theory is given for acoustic attenuation in ducts lined on
engines is discussed , and a specific example of a structure two opposite t ides with porous sound-ab sorbing material
of axisymme s ric type is presented in detail , with particular incorporating perforated facings , in the presence of uniform
emphasis on the evaluation of an improved design . flow , Theoretical calculations are compared to measurements

by the author , and to experimental data in the literature.
Some emphasis in the discussion is placed on three-dimen-
sional hi gher order modes of propa gation. The application
of the model to splitter type silencers is di sc ussed , and desi gn

COLUMNS curves for duct linings are given.
ISee No. 737)

77-759
Prediction of the Acoustic Impedance of Duct Liners
W E , Zorums ki and B.J . Tester
NASA , Langley Res. Center , Langley Station , VA . ,C Y L I N D E R S

lSee Nos. 694, 695) Rept. No . NASA-TM-X-7395 1 , 65 pp (Sept 1976 1
N76-3 1979
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Key Words: Ducts . Acoustic linings , Acoustic impedance The primary ob iective of this study is the development of
analytical and experimental techniques which examine the

Recent research which contributes to the prediction of the finer details of the propagation processes , and she unification
acoustic impedance of duct liners is reviewed. This review of these techniques into a verified method of treatmen t
includes the linear and nonlinear properties of sheet and bulk design which optim izes the suppress ion of noise under a
type materials amd methods for the measurement of these given set of constrain ts , The basic theory of flow duct acous-
properties. It also includes the effect of grazing flow on the tics for ducts of rectangular cross section is presented. The
acoustic properties of ma terials , Methods for predicting the nature of the boundary condition is considered in detail and
properties of single or multilayered, point reacting or ex- a numerical method is developed for determining the eigen-
tended reaction , and flat or curved liners are discussed . values. A generalized theory of orthogonality for boundary

value problems with eigenvalue-dependerut boundary condi-
tions is developed to justify the expansion of arbitrary func-
tions in series of eigenfunctions.

77.760
An Expev-iiiic iit al Stud y ol Swinbanks’ Met hod of
Act ive Atte is uati o n of Sound in Ducts FRAMESJ.H.B. Poole and HG,  Leventhall lAlso see No. 6781
Dept. of Physics , Chelsea College , Pmilton Place ,
London SW6 5PR . England , J. SoLind Vib , , 49 (2) .
pp 257-266 (Nov 22 , 1976 1 9 figs , 5 refs 77-762

Dynamic Buckling of Shallo w Arches
Key Words: Ducts, Acoustic absorption, Active isolation D.L.C Lo and E.F , Masur

Fast Breeder Reactor Dept . , General Electric Co.,The concep t of attenuating sound propagating down a duct
by means of an antiph ase copy of the sound was first put Sunnyvale , CA., ASCE J. Engr. Mech , Div ., 102
forward forty years ago , but to date no practical system has (EM5). pp 901-9 17 (Oct 1976)
been produced. The prin cipal problem is to intr oduce the
ani t phase signal in such a way that it propag ates only in the Key Words- Arches , Dynamic buckling
direction of propagation of the orig inal sound and to ensure
that this prope rty can be maintained over a useful frequency When a shallow arch is subjected so a sfmmetr ic dynamic
range. A unidir ectional array of secondary sources has been load, this load becomes “critical” if a sli ght increase in the
successfully constructed around a rectangular duct , using load magnitude leads to a sudden snap-through . Anotherloudspeaker drive units and electronic delays. Sound props- form of inst ability occurs when a sli ght antisymmetric com-gating in the direction of these sources was sampled and a -ponent in the load produces a sharply increasing antisym-control signal applied to the sources which in turn acted to metric response. Both forms of instability are investigated bysignificantly reduce the amplitude of the sound, Pure tones means of a numerical procedure which introduces a f in i teat frequencies around 150 Hz have been attenuated by more element technique into an integ ro-di fferentia l equationthan 50 dB hut results with band-limited noise have been less formul ation,
Successful, Further work is suggested which should result in
a device having significant advantages over conventional
splitter silencers, at low frequencies.

77-763
Large Deformations of Framed Structures t~nder

77-76 1 Static and Dynamic Loads
Theory- and Measurement o f Acoustic Wave Propaga- C. Oran and A. Kassi ma lm
host in ~luJt i-Segsne nted Recta ngular Flow Ducts Civil Engrg . Dept., Univ . of Missouri-Columbia .
R E .  Kraf t  Cclumbia , MO 65201 . Computers and Struc ,, 6 (6 1.
Ph .D. Thesis , Univ. of Cincinnati , 271 pp (19761 pp 539-547 (Dec 1976) 10 figs , 14 refs
Sponsored by NASA
UM 76-25 , 127 Key Words: Framed structures , Beam-columns , Dynamic

response

Key Words: Ducts , Noise reduction
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With reference to the problem of large deformations and There is presentl y little k~~,z~ii about the d~~ , i i  bef ,,s i
stability of elastic framed structures , this paper explores th e of Large Precast Panel Building IL PPBI sy s tems Thi t  report
computational capabilities of a general beam-column type is a preliminary investigation of the i y r i a m a  i-s~i~~~ ’~ - charac-
method which was recently developed by the senior aut hr - . t erist i c s of these systems The s tructure is ,,ssum ed to re-
The method is flexible in that the coordinate system used spond elastically and is modeled using statical l y conden sed
may be either Eulerian or Lagrangian . In addition , various super elements to represent the panels and anisotropic f i n it e

types and levels of consistent approximations can be intro- elements to model the conne ctions ,
duced into the analysis in a rather routine fashion ,

77.766
GEARS Dyna nmics of Com posit e and Sandwich Panels. Part II

lSee No. 72 1) C W  Bert
School of Aerospace , Mechanica l and Nud i st E s - i r y . ,
Univ . of Oklahoma , No r r ia r s . OK 73069 , Shod V iii .

MEMBRANES, FILMS , AND WEBS Dig,, 8 ( 1 1 ( , pp 15-24 (Nov 19761 109 ref s

Key Words: Panels , Composite structures , Sandwich struc-

77-764 tures , Flexural vibration , Elastic prope rties , Viscoe lass ic

Ass Experiniental Study of the Static and Dynamic properties

Beha viour of a Tensioned Sheet with a Rectangular . .  - -This article surveys the literature pertaining to t he dynamics
Opening of composite and sandwich panels and emphasizes flexural
P. K . Datta motion . It is limited to elastic and viscoe last ic behavior of
Indian Inst. of Technology , Kharagpur , India , Aero- materials. Free vibration work since 1969 is emphasized.

naut Quart , 27 (4), pp 257-262 (Nov 19761 7 figs , Plates stiffened with attached stiffeners Istringers l and curved

10 refs 
— panels las opposed to flat ones l are beyond the scope of the

survey. The author has concentrated on references avai lable
from the National Technical Information Service.

Key Words: Hole-containing media, Vibration tests

The results of an experimental study of the buckling and
vibration behavior of tensioned sheets with a recta ngular
opening are presented . The buckling phenomenon involves PIPES AND TUBES
the existence of a non-uniform pre-buck le stress state in the (A lso see No. 7871
vicinity of the opening. The local buckling load has been
estimated on the basis of the modified Southwell method.

77-767
PANELS On the Problem of Wrapp ing and Lagging No~t .t

lAlso see No. 679 1 Piping
D,H, McQueen
10 George Road , Winchester , MA 11890 , Ac ustica ,

77-765 35 (4) ,pp 316-320 (Aug 1976)
Dynamic Modeling of Large Precast Panel Buildings
Using Finite Elements with Subs t ructur ing Key Words: Pipes Itubes ) , Noise reduction , Absorbers
R.A Frank , J .M. Becker and J,M. Biggs lmaterialsl , Sound transmission loss

Dept of Civi l Engrg., Massachusetts Inst. of Tech ,,
Cambridge , MA , Rept No. MIT-CE-R76 -36 , 166 1) The theoretical basis of acoustic wrapping and lagging is dis-

cussed in terms of the mathematically defined insertion loss
( Aug 1976( (see also Rept. No. 1 , PB-252 852) and transmission loss of barriers , The general theory is
PB-257 220/4GA applied specifically to the problem of choosing appropriate

conditions for measurement of the insertion loss of wrapping

Key Words: Buildings , Panels, Preca st concrete , Earthquake and l agging applied to standard steel pipes. Some practical

resistant structures guidelines are given.
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PLATES AND SHELLS
(:oiii pa ratiss - Methods for ~ual ysis of Piping Sys te msi s (Also ~ . -  ~~~ 693, 733 , 750 , 8221
Subjecte-d Iii Seismimit ’ %loti t ,n

l i r e dlii i M . M r
L ~i ii ’! rlieiilal Res. Section , Uss r east Verit as , Paris - 77-770
.\ V I I , France , Ntis I . F ngr . Des., ~~~~, (3) . PP 511-525 Damping Prope rties of Layere-d Cylindrical Shells,
(Sept 19/ oF 15 f igs , 4 r i r f s  Vibratin g in Ax iaIR Sym metric Modes

S. Mark i i~.
Key Words: Piping systems , Nuclear power plants , Seismic Inst of Machine Mechanics , Slovak Acade r - r - iy of
response , Finite element technique Sciences , 809 31 Brat islava - -  P~ t ru i i l  ~s . Czechoslo-

vakia , J. Sound Vib., 48 (4 ) ,  ~i~ i 5 11-524 (Oct 22 ,The dynamic analysis of a three-dimensional piping sy stem —

of a nuclear power plant is conveniently performed through 1976) B figs , 15 rots
a finite element method, When the modal analysis is used .
only the first few modes of vibration are computed for  Key Words: Cylindrical shells , Viscoelassic damping
practical purposes. In this paper , a method of residues is
proposed which evaluates the neglected modes and combines rhe damping of cylindrical shells coated with unconstrained
them with the f i rst calculated modes to estimate the total layers of viscoelastic material either on one side of the shell
seismic response of the piping. This method emphasizes the (inside or outsidel or on both sides is estimated. The basic
importance of the selected modes, When the approach is equations of motion are derived which describe harmonic
made through a time history input function , this latter is forced flexural damped vibrations in axisymmetric modes ,
usually characterized by a combination of several recorded For pure sinusoidal modes expressions for the overall loss
acce lerograms , e.g. , El Centro , San Francisco and Taft, The factors are given. The damping properties of cylindrical shells
response of a particular piping has been evaluated by means of finite length , coated on the inside or outside , or on both
of these two methods: the use of the modal approach will be sides Isymmetrica lly or unsymmetrica l ly l are compared,
strongly recommended due to its inherent advantage of Classical thin shell theory is used for the analysis. It is shown
economy and also computation time and reliability, how two-layered damped shells differ from two-layered

damped beams, The extent of damping reduction in shells
resulting from the fact that the shell cross-section is closed
is discussed ,

77-769
Dynamic Characteristics of Heat Pipes
G . Rice and E.Azad
Engineering and Cybernetics Dept., Reading Univ ., 77-771
England , In: ESA Heat Pipes , pp 153-164 (1976) F’inite Eletnent Method A pplied to the Supersonic

Flutter of Circular Cy lindrical Shells(N76-32374(
MN. Bisrnarck-NasrN76-32388
EMBRAER . Eropresa Brasileira de Aeronautica , S.A. ,
Sao Jose dos Campo s , Sao Paulo , Brazil , Intl . J.Key Words: Pipes (tubes) , Fluid-induced excitation , Thermal
Nueii r Methods Engr ., 10 (21, pp 423-435 (1976 )excitation
4f igs , 23 refs

The dynamic response of a heat pipe at start-up or variable
thermal input under buffered conditions relates to varicis 

Key Words’ Cylindrical shells , Flutter , Finite elementproperties of the working fluid. Both water and sodium techniquecharged heat pipes were tested with air and helium buffering,
respectively. The experimental determination of dynamic 

The application of the finite element method to the super-response of each heat pipe , under varying operating condi- 
sonic flutter of circular cylindrical shells subjected to internalti o ns , was compared to theoretical predictions.
pressure and axial compression is presented. A circular
cylindrical shell element is used. The element stiffness. mass
and initial stiffness matrices are given . The element aero-
dynamic matrix is derived based on a first order high Mach
number approximation to the linear potential flow theory .
The eigenvalue problem is solved by the OFt algorithm.
Numerical results are presented and these are compared with
analytical solutions and experimental data,
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77-772 77-775
~loti im~ Loads on Elastic Cylindrical Shells ‘flie % ibrat iom ms of aim lisli nite Ort lsotrop ic i.ayercd
CC ,  Huanq Cs,limsdris’al ~ jscu~-lastjc Shell in an Acoustic Medisnum
De1 t of Mi Fi , i r u ,sl  L i i  i~~ - Univ . of V/ - ’ ,ii ’ r ii Aus- B,S. Bergur
tra l ia , Nedlamids . West e rn Aust ra lia litiOl) - Austral ia , Dept of Mi- , Ii Eniir ii - Univ . of Mary land , Coh en .-
J . Sound V ii i ., 49 (2(, pp 21 5-220 (Nov 22 , 19761 Park , ML) - J . Appi . Mm.’s F i . ,  Tr ans. ASME - 43 (4 1,
-1 f iqs ,9 rely pp 668-670 IDe 111/ 0) 4 t iq s , 15 i t s

Key Words: Cylindrical shells , Moving loads . Periodic re- Key Words: Cylindrical shells , Fluid-induced excitation
sponse

In the following a numerical solution is given for the vibra-
This paper present s a theoretical analysis of the axial ly-sym- tion of an o rthotropic layered cylindrical v iscoe lastic shell
metric , steady-state response of a linearly-elastic , homo- in an acoustic medium, The acoustic fluid is modeled through
geneous, infinitely-long, cylindrical shell , subjected to a ring a finite-difference scheme , Numerical results for the elastic
load traveling at a constant velocity. The Fourier transform shell in an acoustic medium agree with previous solutions,
method in conjunction with the contour integral has been
applied to obtain the steady-state response. A numerical
illustration is given .

77-776
Nuisierical Fluid Loading Coefficients ior t he Modal
Velocities of a Cy lindrical Shell77.773
B.E . Sandm anThe Frequency of Inertial Waves in a Rotatin g. Naval Underwater Systems Center . Newport . RI

Sec tored Cy linder 02840 , Computers and Struc , , 6 (61. pp 467-473
W E .  Scott —

(Dec 1976) 7 f igs , 13 refs
Ball ist i c Research Laboratories , The Johns Hopkins
Univ . ,  Baltimore , MD ., J. App I. Mech ., Trans. ASME ,

Key Words: Cylindrical shells , Fluid-induced excitation,
43 (4) , pp 571 -574 (Dec 1976) 1 fig, 9 refs Submerged structures

Key Words: Cylindrical shells , Fluid-filled containers , The generalized fluid loading coefficients for the modal
Natural frequencies velocities of a simply-supported shell section are defined and

formulated. The simplified nature of infinite cylindrical
An analysis of the inertial wave eigenfrequencies of a rapidly coordinates is employed in the geometry of interaction by
rotating liquid in a cylinder whose cross section is divided assuming the predominance radial effects in a baffled e,tten-
into four 90 deg sectors reveals that only if the cylinder s ion of the finite shell. An efficient numerical procedure for
height is less than the cylinder diameter can the fundamental the computational evaluation of the int egrals which define
frequencies be of the order of magnitude of the frequencies the direct and cross mode comp onents of the fluid imped-
of spin-stabilized projectiles, Hence, sectoring the usual ance is presented and applied. The approach and illustrated
long cavities in liquid-f illed, spin-stabilized projectiles will results are directly applicable in the combined solution of
preclude the occurrence of a “Stewartson ” resonance , shell and fluid intera ” tion pr o b lt ms.

77-774 77-777
Dynamics of a Paritall y -F’dled Cy linder The Free Vibrations of Elasticall y Connected Circular
D R .  Tichenor Plate Systems with Elasticall y Restra ined Edges and
Ph .D, Thesis , Univ. of Missouri -Rolla , 83 pp (19761 Radial Tensions
UM 76 - 26 , 872 S. Chonan

Dept. of Mechanica l Engrg., Tohoku Univ.. Sendai .
Key Words: Cylindrical shells , Fluid-filled containers , Japan , J. Sound Vib., 49 ( 1 ) ,  pp 129-136 (Nov 8.
Sloshing 1976) 3 figs , 5 refs

In this investigation a series of thr ee problems involving the Key Words: Circular plates , Natural frequenciesmotion of partially full , thin-walled, circular cylinders which
roll without s l ippin g on plane su rfaces is treated anal ytically.
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The free vibrations of elasticall y connected circular plate 77-780
systems with elastically restrained edges and initial radial :~. Thick Finite Stri p Solu t iofl for Static , Fret’ % ibra’
tensions are investiga t ed analytically. By using the equations tio n and Stability Probler.ss
developed for the general n-plate system , the plate systems

P R , Benson amid E. Ilintonconsisting of three and two identical plates with identical
boundary conditions and a uniform radial tension are treated Dept . of Civil I: mii l ni; , U n i v - r ~ i r .y College ol ~~
in detail , Both axisymmetric and non-axisymmetric vibra- Swamisea , Wales , Int l .  J , Nu m r i i r . Mi- O i ls Engr ., 10
tions are considered . Attentio n is directed to the influence (3), pp 665-678 f 1976) Ii figs , 24 refs
of the radial tension and the elastic edge constraints on the
first nine eigenva lues and the corresponding natural fr equen-
cies of the sy stems. Key Words: Plates , Finite tt ri p method

A finite strip method for the analysis of plate bending prob-
lems is described . This method, which takes into account
the effects of transverse shear deformation, is applied to the

77.778 static analysis of a curved plate and then to the tree vibration
and stability of thick and shin plates.A Reduction Method for Vibratin g and Buckling

Prob lem s of Orthotro pic Continuous Plates
T . Sakata
Dept. of Mechanical Engrg., Chubu Inst . of Tech . ,  77-781
Kasugai , Nagoya-sub ,, Japan 487 , J. Sound Vib ,, The Flexural Vibration of a Line-Stiffe ned Plate wi t ls
49 (1 ),  pp 45-52 (Nov 8, 1976) 1 fig, 13 refs Fluid Loading. Part 1: Analysis

V . Wil l ia m s and F .J. Fahy
Key Words: Plates , Natural frequencies , Reduction methods Institute of Sound and Vibrat ion Research , Univ . uf

Southarliptori , Suut hariipton S09 5NH , Eng land , -I.
It is shown that the natural fr equency and buckling force of Sound Vib - , 49 (2 ) ,  pp 161-169 (Nov 22 , 1976)
an orthotropic continuous plate subject to bi-axial in-plane 2 figs , 9 refs
forces can be estimated from those of an isotropic con-
Sinuous plate with the same boundary conditions by using
the reduction formula derived in the present paper. The Key Words: Plates , Flexural vibration, Fluid-induced excita-
correlation between the natural frequency of an orthotropic tion
continuous plate and the in-plane force acting on the plate
is exactly derived from the reduction formula. Several This paper considers the vibration of a symmetrical system
numerical calculations are performed to justif y the reduction consisting of an infinite fluid loaded plate bearing a finite
method and the correlation proposed here, number of parallel stiffeners. The system is driven at the

central stiffener by a travelling wave line force, Formal
solutions for the equations of motion are found i n  terms of
cosine transforms, Manipulation of the equations allows the
problem to be reduced to the solution of a set of linear

77.779 algebraic equations in the vibration amplitudes at t Ime stif -
Free Flexura l Vibr ation of Initiall y Imperfect Thin feners, The coefficients in these equations depend in a

Plates with Large Elastic Amp litudes simple way upon the stiffener parameters , and upon parti-
cular values of the cosine transform of a function whichZ Celep depends only on the plate and fluid parameters , and the

Z. Angew, Math . Mech . ,  56 (9), pp 423-428 (Sept stiffener positions.
1976) 10 f igs ,9 refs 

—

Key Words: Plates , Rectangular plates , Flexural vibrations 77 782
The l st- of Power Flow Methods for the AssessmentApproximate solutions for the free flexura l vibration of

initially imperfect thin rectangular plates with large deflec - of Sound Transmission in Building Structures
tiont are presented with four boundary conditions. The B.M , Gibbs and C.L,S. Gi lford
effects of large amplitudes and initial imper fections on the Dept. of Construction and Environmental Health ,
v ibration are inve sti gated , Numerical results represent ed in Univ. of Aston in Birminghart r , Birr mri ngha rn B4 7ET ,figures make these effects more clear.

England , J , Sound Vj b ., 49 (2), t ip 267-286 No- . 22 ,
1976) 25 figs , 19 refs
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Key Words: W a lls , Plates , Sound transmission 77-785
Rt.SpOIIM’ of l’q uipuuue- , ut iii N t ie- I ear Pos~ e’ r Plants to

A description is lI ven of a versatile method of analysis of & irp lane Cu-ash
noise transmission in buildings. This m ethod incorporates M ~ liji k ,ii i i  H VVI~ lii ‘ Ipower f low techniques and has the advantage that a unified
approach is possible to both she direct and indirect trans lnyenieurb~

’iro Dr. .Ini . H. Wö lfe l , D-8706 Wür iburg-
mission paths and is therefore equally applicable to trans- Hui li lier i l - I . 0 - n il Hi -

~ 
ru ble. of Ger mim army, Nod . Engr .

mission between rooms which are adjacent or several rooms Des., 38 131. ii HO / 1 ,02 1 S t  ~ l~ / l~ I 28 figs
or floors apart .

Key Words: Nuclear power plants , Collision research lair-
cra f t  I, Floors

77.783 Nuclear power plants in Germany are to be designed against
Rausdoin ~ uleration of Coinp liais t Vs all airplane crash , A comparison with the results of earthquake
J Yang and H A .  Holler loading is given. Suggestions are m ade for developing suit-
Di:; i t ii Civ , Mm’ iJi - .  and E m iv imi imr i , i o nta l  Enijrq., able floor design spectra and using them to analyze multi-
(i omgO ’ .‘i i s l imr r ; tn i r i  U mim, ., VKi ’. l i i r i : ; t inm , D.C. , .ASCE degree-of-freedom systems. However , the paper gives onlV a

partial answer to the questions arising because of someJ . Erv ~m N I .  Ii Div ., 102 (EM6I, m u  1( 1-t i  1057 important restrictions which had to be made.
(Dec 19761

Key Words: W a ils , Plates , Random excitation
77-786

A random vibration analysis for the response of a compliant l’mfruefure’4iorise \iii’,i’ ol’ t otters- fe Floors on (;i-ade’
wal l , consisting of an elastic base plate , a low modulus E L VV i;y h ind and W F S m i t h
viscoelastic substrate and stretched skin, subjected to turbo- Deere ~s Corripan’,.- , Moline , IL., S/V . Sound Vib ,,
lent boundary layer excitation is presented. Compliant walls
have the potential to reduce aerodynamic drag in fli ght ~_~2 ( i ll ,  our 30-36 (Nov 1976 ) 12 ts ; S . 9 rels

vehicles, The cross-power spectral density of surlacis displace-
ment is calculated as a function of design variables, Three Key Words: Floors , Concretes , Vibration effects , Sound
examples are presented and their response statistics are transmission
examined in relation to wave drag and roughness drag.

A method to calculate the noise levels generated by a vi-
brating concrete slab floor has been developed . Noise levels
calculated uting this method show very good agreement to

RINGS noise levels actually measured , The method requires an
ISee No. 8221 estimate of the absorption properties of the room which

encloses the floor , an estimate of the radiation ratio of the
floor , and a measurement of the floor vibration levels.

STR UCTURAL
lAlso see Nos. 673, 674 , 765 . 782 , 7831

77 -787
Time Influence oi a Partition V. all on flue Radiatio n of

77-784 Vsater -Pipe Noise’
Problems of Im pact Testing of Floors K - Gosele and C A . Vo :its i r u i : m
L. von Crermier Fraunhofer-Gese llschaft , Inst itut fuer Bauphys i. -

Institut (nor Technis lie Akustik h r  Ttrchnischon Stuttgart , Acustica , 35 14). pp 310-315 (Aug 1976)
Universitht , Berlin , Acustica , 36 (3), ;ip 173-183 7 figs , 11 rots
)Nov 1976( 11 fi gs , 19 rots (In Gerrnan(
( In German)

Key Words: Walls , Sound transmission , Water pipelines ,
Key Words: Floors , Impact tests , Acoustic tests Pipes ltubesl

The problems of impac t testing of floors are discussed . The sound radiation of various heavy partition walls it

Shaker impedance , elastic layer mounting, and nonlinear investigated , when set in motion by water pipes fastened on
material mountings are reviewed , the walls ,

I
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A CTIV E ISOLATIONSYSTEMS ISee Ni

AIRC RA FT
lAlso si ’ m~ No ,  659, 660 ,661 . 662 . 663 , 673 ,

ABSORBER 674 , 7 17 , 722 , /00 , 7571
IS.- .’ N .. Cli i , 691 1

77.794)
NO ISE REDUCTION Nonstationary Rando isu Pulses Ks- p resentatio n ol

I/ li- , sm ’, N,ms 662 . 663, 1113. / i i’ inn, i ;t  - /~ l? , i’io . (;round Roughness (or ‘l’a% iilig ,-t i rcra f t
l u l l  813 , 810 831 , 832 , 833 , 842 , 8431 R.P Chen and M.C Bernard

The l. ,,m m i l l  Co rp .  Los A m i 1 i ’ l , ’ s , CA . , J. A. r~ m . i h m
13 111) ,  PP 911 -918 Nov 10/ b, 8 figs . 25 m i - I n

77-788
(:alcsil a l ie. ius on li me - ~oti is d Refit-s-lion f ro iii Periodi- Key Words: Aircraf t , Taxiing effects , Pavement roughness
-all y I tie ’s cii Surfaces uf Arbitrary Profile
Y . i’~,i~ j i ,~m m i j  K. Kato This paper presents a genaral method of describing both
Hi ‘ i t  ot Eu m i m i  ‘ I ’ m l o t ,  so iL’ - Umi iv., K i b m . J~ ; i.mmi 657 , nonstationary and stationary roughness experienced by an

- aircraft taxiing on ground.Ac -ì , ~~ (4 ) ,  pp 321 - ~29 (Auq 1976) 7 figs , 8 ri ‘Is

Key Words: Noise reduction. Sound transmission , Acoustic
absorpt ion

77.79 1
An approximate solution is worked out for the problem of Aircraft Configuration Noise’ Reduction. Volume I.sound reflection when a plane wave is obliquely incident Engineering Atsal s - s isupon an absorbing periodically uneven surface of arbitrary D,G. DLmnn , L M Butiel , A . DiBlasi , L, Fi / i r andprofile . A simultaneous infinite system of linear equations
is derived according to the number of the rectangular regions. L.D. Jacobs
The equation with the field amplitudes is solved by replacing Booing Conmm imerc ial Airplane Co .. Seattle , VcA . -
the system by a finite system . From the solutions , the total No. D6-42849-1 , FAA/ P D-7 m3/76- 1 , 412 tip I
reflection factor and she reflecting transfer function as ~ 1976) (see also Vol . 2 , AD-A030 lS’ m~ ispace point are obtained . 

AD-A030 655/5GA

Key Words: Aircraf t noise , Noise reduction , Jet engines ,
77-789 Jet noise , Geometric effects
Contro l of indust rial Wood Planer No ise Thi ros ig h

This report discusses use of wing and tutelage structures asIm proved Cutterhead Design -noise barriers for shielding aircraft engine noise from theJ.S. Stewart and F .D, Hart community. The report concerns use of favorable aircraftNoise Control Services , Inc., P.O. Box 5467 , Greens- confi gurations for community noise reduction of tumbojet
boro , NC 27403 , Noise Control Engr., 7 (1) ,  pp 4 -9 and turbofan powered aircraft.
(Ji ly/Aug 19761 8 figs , 12 ri ft
Sponsored by the National Institute for Hun i ip, itmonal
Safety and Health

77-792
Key Words: Woodworking machines , Noise reduction , Coimeorde - Comnmuuiity- No ise ’
Design techniques .1 H Hay

- - - - ‘ . Brutish A i r -  i.i ft Co rp., SAE Paper No, 760898 , 12 pIn this article , a machine design approach noise control in the -
wood planing operation is described . A desi gn for a new 10 figs , 4 rr’f s
helical cutterhead is presented. The theoretical equation ,
design relationships , and experimental field results which Key Word t : Aircraft  noise , Noise reduction
were part of the development process are repo rted.
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This paper presents a briel description of the special prob- BR IDGES
lems encountered in dev izing and developing s ilencir m.j t reat-  lA lso’ ,’ i  No ol,ll
ments for a supersonic transport a m i i : r cm f m , and the extensive
research and developm ent effort involved, Is outlines the
methods adopted and the deve lopment programs involved in
the Concorde project. In the course of this work , it was
found that static noise tests are not a reliable basis for in- 77.795
flight noise prediction. The main noise flig ht tests of the D~ naiuiic Cliaras’tenstj cs of Cable-Staved (;irder
prototype and production aircraft which demonstrated the
community noise levels are summarized , and the public ~‘ -

response to the first months of in-service operations is S. K i i i  115 m m ii i  M. I ..i ‘ m m u i
indicated. Dept. ol C - n i l  Emi u m i . , Osaka Umi v - (A ,m~ ,m , Japan ,

[ccli Hm ’ ; i t  I ln. l . i  Univ . - 2b (1276- 1307 1, PP 329
Al) I Mir 1976) 10 fi gs , 12 ruifs

77.71)3
. , , . Key Words: Bridges , Cable stif fened structures , Moving loads

l’.l le t - l i t  i’ Pert’eiscd Noiye I. -vel \ e’rstis Distance
( .I ui te -s l’or 4 is u l  .-~ iui’raft In this paper , the dynamic character ist ics of cable-stayed
1) E - Bishop, J I Mills 1 3 1  J - N - F1c~ Lu mann girder bridges , involving their free vibration and dynam.c
H ‘ I t  Beranek and Nocn ” u imu i , Inc . ,  Ca mmmbr id ge , MA., response to a moving load , are theore t ica li y investigated. The

Re; ; No. BBN-2 -1/  A , 71 u.ip (Feb 1976) dynamic increment factors of deflection and bending mo

PB.2r7 761 /7 GA ment in a main girder subjected to a t raf f ic  load are calcu
lated from a practical point of view To ve ri f y the rationality
of a theory and an analytical procedure at the present study,

Key Words: Aircraft noise , Acoustic measurement the theoretical results are compared ~~ith mlii ‘ x i i i ’  imentai
ones obtained by dynamic field tests on Toyosato Bridge

This report provides effect ive perceived noise teve i (EPNL) which is a cable-stayed nirder bridge. The ef fect  of a para-
data for civil aircraft in a form useful for noise exposure meter of cable stif fness on the c haracter is t ics of the lie,’
forecast INEFI calculations. The EPNL noise data are pre- vibration , and that of parameters of nondimensional velocity
tented in graphical and tabular form; the report also sum- of a vehicle as well as on the dynamic increment factors are
marizes the data sources and technical analyses used in de- discussed in this study. The impact fractions in the Japanese
veloping the noise data, A companion report presents sound Specification of Highway Bridges are investigated comparing
exposure level ISEL) data for use in day-nig ht level lLdn) with the dynamic increment factors calcu lated herein,
calculations. Noise data are included for all major current
U.S. civil transport and business jet aircraft and for most
general aviation aircraft. Data are provided for possible retro-
fit of low bypass ratio ILBPRI turbofan transport aircraft BUI LDING
with acoustically lined nacelles. Also see N s .  664 , 686, 687 . 7651

77-794
F.tle ~ts ot Noise Reduction on (,hara cter ists cs of a -(.oup ied Lateral To rsuona l Response of Buildings toTi lt-Rotor A ur c raft
J. Gibs , W.Z , S;epniewski and R. Spencer (,round Shiakun g

Boeing Ver tol Co., Philadelphia , PA., J. Aircraft , CL .  Kan amid A K . Chopra

13 1111 ,  PP 919-925 (Nov 1976) 13 figs , 8 refs Earthquake 1 r m c; m q Ri ’s Cc ’ m mtcr , Ca l i h i .:rn m a Univ .,

— Ber Lu - l iu ~~. CA R u t  N i.  EE RC-7 0-1 3 , 179 pp
. , - - )M6y 1976)Key Words: Aircraft , Noise reduction , Design techniques

PB-257 907/6GA
The reduction of far-f ield acoustic si gnature through modifi-
cation of tip speed , number of blades , disk loading, and rotor Key Words: Bu,ldingx . Torsional response , Seismic response ,
blade area was examined using a t i l t-rotor aircraft as a base- Earth quake response
line configuration.
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This study of earthquak e response of buildings for which Key Words Multistory bui idmngs , Earthquake response ,
the lateral motions are coupled with the torsional motion is Computer programs
presented in three parts, The elast ic response of torsionally
coupled one-Story buildings to earthquake ground motions , The inelastic dynamic response of plain frames subjected to
characterized by idealized shapes for the response spectrum , earthquake loadings is studied , A sophisticated computes
is studied, A simple procedure is developed for ‘ me analysis progra m , FRIEDA , is used for the time integration of the
of the elastic res pommse of a part icular class of torsionally nonlinea r equations of motion . Fi rst , two models of non-
coupled multistory buildii-’~5 so ea rth quake ground motion, linear member behavior are compared: the single and the duai
characterized by smoo sh response spectra. Wi th the aid of component model . Both have been used in the past in non-
perturbation analysis of v mi ir , i m ,o n frequencies and mode linear dynamic analysis studies. Then two real buildings,
shapes it is shown that any lower .a it , m,mm ion mode of a to t- desi gned following the A TC-2 procedures , are ana l yzed for an
sionall y coupled building may be approximated as a linear a rtif icial motion matching the design spectrum . Comparisons
combination of s hree vibr ation modes of the corre s ponding between results from modal analysis wi th inela stic res ponse
torsionally uncoupled system. s pectra and those obtained using FRIEDA are made and

tentative conclusions are drawn . Finally, the use of inelastic
spectra in deisg n is fu rther studied for some other cases.

77-797
Non hit le-ar Inelast ic [)vna mj c Anal, six wit h Soil-
l ”Iexi bilhi~ in Rocking
A L .  Une mmu o r i a m i b  R V , W hi t u mi , m m m 77 799
Lii’pt of Civi l Eriqug., Massacl uij si ’t ts Inst. of TecH ,, Dynamic Response Chara cteristics of Re’ info reedCai rmbrid ;i’ . MA , Rept. No. R76- 13 , NSF/AA-76019J , Concrete Structures223 pp IF oH 197oi 

5.A , Frin um u an , CH Chen , and A ,M Czarmi ec~PB-256 /~ 4/0CA
Research Div . , John A. Blunme and Assoc ., San
Francisco . CA , Ri-pt No. CONF-760 307-3 , 1 4  ppKey Words Seismic design , Buildings, Multistory buildings. (1976)Rigid foundation, Elastic foundation, Computer programs
Sponsored by ERDA
N76-31 580This report comp ares the dynamic response of a building on

a rigid foundation designed for earthquakes to the dynamic
response of the same building on a nonlinear inelastic flexible Key Words: Multistory buildings , Concrete construction ,foundation, A 17-story reinforced concrete shear wall apart- Structural response , Underground explosions , Damagement building was placed on each one of two limiting cases prediction
of clay soils, Foundation sy stems were designed for each
soil profile according to existing codes, and moment-rotation A program of vibration investigations of two identical four-relationships for each foundation tyttem were generated. story reinforced concrete test structures which were con-An existing dynamic response computer program was modi- structed in 1965 at the Nevada Test Site is summarizedfied to incorporate the predicted moment-rotation charac- These investi gations were conducted as pan of a structuralteristmcs of the foundations, Response of she building on response program associated With the detonation of under-both flexible foundation systems were compared to the ground nuclear explosions, The structures were built toresponse of that building on a rigid foundation, and signi. obtain experimental data on the dynamic response charac-ficant differ ences identified , teristic s of high-rise concre te buildings , ultimatel y leading to

the development of improved techni ques for predicting
damage and response to ground motion , Information is
included on the four-story test structure , test equipment and77 798 methods , method s of response data analysis , and comparisonStudies on the Inelastic Dynamic Anal ysis and Design of calculated and measured dynamic response of reinforced

of Multi-Stor y Frames concrete structure.
W .H, Luyties , I l l , S.A, Anagr~ostopoulos , and J.M.
Biggs
Constructed Facilities Div . ,  Massachusetts Inst. of
Tech., Cambridge , MA , Rept. N R76-29 , 197 pp
(July 1976) (Also see report dated Feb 1976 , PB-253
188)
PB -256 540!LGA
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77-800 several hypotheses for the source of excitation , the response

Wind l-tespoiise- oh’ th e- lnteraiuua ‘lower of t h e  Swi displacements and accelerations have been obtained from

KG.  Mr ’dm ’, im i s , J A Peterka , amid J ,E. Ci : mu u ia k  a mathematical model and, according ly, the dynamic st resses.

Colorado State Univ ., Fort Collins , CO 80523,
Comui p i i t . ’rs cii i Struc,, 6 (6) ,  up ill3 HIll) (Dec 1976)
12 figs , 17 rots

FOUNDAT IONS
Key Words: Towers , Cab les, Wind-induced excitation , Wind lAlso set’ No, 824)
tunnel tests . Mathematical models

The proposed Interama Tower of the Sun is an 830 ft. high
tower suppo rted by 168 guy cables with a skyhouse located —

between the 650 and 740 ft levels. The tower was to be Torsional Rs-speeuisc oh Rigid Ets ibedded l” ou.ndation

located approximately 5 miles north of Miami , FL.  The site R.J . Apse) ar e ) J .E. Luco
is f lat open land , only a few feet above sea level , located a [ J i t t  il A Ii I u Il.Il tvli- i .m m i i i .s arid Engrg. Sci . , Un iv .
short distance inland from the seacoast -. sufficiently close ,l Cali l ui i~~, La Jo l la , CA , ASCE J. Engr . 1’ I . Div.,
that no reduction in hurricane wind magnitude due to iand- 102 (Ei) l i i , p; 957-970 (Dec 1976)fall can be allowed, A study was undertaken to determine
overall loads and local pressures by means o wind-tunnel
tests , and to determine the dynamic response ~f the tower Key Words: Foundations . Torsional response
to wind loads by means of computer simulation, ‘~ind-tunnei
modeling was used to obta:n overall wind b a a  ng on the A series representation is obtained for the harmonic torsional
tower , to inve stigate possible vortex shedding phenomena , res ponse of a rigid massless semi-ellipsoidal foundation em-
and to obtain local pressures on the skyhouse and legs. bedded in an elastic half space and subjected to the act ion of
The computer simulation used so determine dynamic re- both an ‘~xte~,iaI torque and a plane nonvertica i l y incident
sponse modeled primary structural components of the tower SH wave , Numerical results are presented for t he torsional
as well as the guy cables , the latter introducing geometric impedance function for different embedmer,m ratios over a
nonlinearity into the model , Appropriate beam-column and range of frequencies. Numerical results are also shown for
cable elements were utilized to represent the structure , with the torsional response of embedded foundations to plane
wind loading being considered on all elements , wave excitation with different angles of incidence, ft is

shown that oblIquely incident S E-f waves may induce a large
torsional response of the foundation.

CONSTRUCTION
( See No. 755)

HELICOPTERS
lAlso see Nos. 808 , 809, 846)

EARTH
(Also see No. 664) 

77-803
Evaluation of tI le Sikorsk y “ Swastika ” Dynaissic

‘ -801 
Vibration Absorber in the H-37~I i  

- , , , Army Aviation Test Board , Fort Rucker , AL , Rept .
Dynans ic Anal ysis of an .-\ rch Dam Subject to Forced

No. ATBG-DT -AVN-4558 , 8 pp (Mar 3, 1959)
Vibrations

- . - , AD-A029 763/OGA
• A . Priscu , A, Popnivui~i , D, Sternat iu , and L, ( lie

Civil Enqrg, Institute , Bucharest , Romania , Mi~ . ,m uu
ique AppIiqul~e , 21 (2) , up 309-317 (1976) 9 fi gs , Key Words: Helicopters , Vibration absorption (equipment)

7 refs An evaluation of the Sikorsky “Swastika ” ve rtical-lateral
vibration absorber was made to determine if this equipment

Key Words: Dams, Hydroelectric power plants , Vibration is suitable as a permanent fix by significantly reducing the
response inherent five times rpm vibration encountered in the cock-

pit of the H- 37A Helicopter .
During the Tarn itza power plant operation , vib :ations in the
dam body occurred simultaneously with the tuO . ne opera-
tion. The analysis of the structure response records has po tm nf -
ed out the hydraulic nature of the phenomenon , Assuming
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77-804 77.806
.t,i ti-He-wmant l,wah ati on for fhingeless Rotor Jicli- On the I ~~ ‘ oh Branch Modes for the Calculatio n of
co pters Ih4icopt er Structui -aI l) yiiansic C l t ara e-t e ’ i ’ is t n -s

‘
~
‘
~ E )lu,i;.i iu r and HA . Desla riiuns C T  - Tr u m u , W . Twomtiey, and R. Dat

Boeing V i m  liii Co ., SAE F’ a; u i’ r No. 760893, 12 i l ,  I uropi:un Spa . Agency, Paris , Frau u i ..r’ . 1 mm.  La Hoe)
24 lips , 13 r i f t  Aerospatiaku . Bi-nionthly Bull . No. 1973-6 (ESA-TT-

308) July 1976 , pp 51-80 (EngI , tr ansl . fro m La
Key Words. Vibration isolators , Helicopters , Rotor-induced Rech . Aerospatiale , Bull. B i mmmestr i i : l , Paris , no. 1973 -
vibration 6, Nov-Dec 1973 , pp 337-354 , N76-31 187)

Spomisored by the Soc . Nat) . nd. Aerospatiri k-
An isolation system has been developed for hingeless rotor

N76-31 192helicopters which has been demonstrated so be extremely
effective in preventing rotor induced vibration f rom reaching
the airframe. Named IRIS llmproved Rotor Isolation Sys- Key Words: Helicopters , Normal modes, Branch mode tech,
tem) the system has been in development for 3 years and was nique
first flown and is currently being demonstrated on a BO-105
helicopt,mr, A similar system has been installed in a Company- The dynamic characteristics of the complete structure ,
owned UTTAS helicopter and is presently being developed incl uding fuselage and rotor , are determined fro m the normal
through flight testing. This paper describes some of the branch modes which characterize separately the fuselage and
analytical and bench testing background of both IRIS instal- the blades. The solutions define nat ural vibration mode s
lations and presents latest available flig ht data. which vary with the blade rotational speed, The results

obtained on a helicopter model are in agreement with the
experiments.

77-805
Detemsination of the Dynais sic Characteristi cs of a
Heli co pter by the Branch-Modes Method 77 07

f-I. Loiseau and J. Nicholas TIn’ Effect of Helico pter Main Rotor Blade Phasing
European Space Agency, Paris , France , In. La Rech . and Spacing on Perfo rm ance , Blade- Loads and Acous-
Aerospat ia le , Bi-month ly Bull , No, 1975-1 (ESA-TI- tics. Fisa l Report

232) Dec . 1975 , pp 61-8 1 (EngI. trans l. from La S.T , Gangwani
Rech . Aerospatia le , Bull , Bimestriel , Paris , No. 1975’ Systems Research Labs., Inc ., Newport News , VA .
1,Jan-Fe h 1975 , pp 35-44 , N76-31180) RepS , No. NASA-CR-2737; SRL-3169-0014 , TOO pci

N76~31184 ( Sept 1i)76)
N76-321 24

Key Words: Helicopters . Branch mode technique
Key Words: Helicopter rotors , Helicopter noise

Dynamic characteristics of a helicopter structure w ith a
moving rotor are determined by using the branch modes The performance , blade loads, and acoustic characteristics
method, The base, rotor head, and blades were from low of a variable geometry rotor IVGR I system in forward
damping homogenous materials with rigid or flexible connec- flight and in a pullup maneuver were determined by the use
ti ons having no dissi pating hinge points , Test condition s were of exist ing analytical programs , The investi gation considered
such that the un steady aerodynamic forces on the blades the independent effects of vertical separation of two three-

• were either zero or negligible. The mechanical properties of bladed rotor systems as well as the effects of azimuthal
the model were linear and reproducible. The experiments spacing between the blades of the two rotors, The computa-
allow an estimation of the precision required to Obtain tions were done to determine the effects of these parameters
correct calculations results and show the validity limits of on the performance , blade loads , and acoustic characteristics
the method if applied to an actual helicopter, at two advance ratios in steady-state level flight and for

two different g pullups at one advance ratio, To evaluate the
potential benefits of the V GA concept in forward flight and

c pullup maneuvers , the results were compared as to perform-
ance , oscillatory blade loadings, vibratory forces transmitted
to the f ixed fuselage , and the rotor noise characteristics of
the various V GR configurations with those of the conven-

~ 

- tional six.bladed rotor system.

I
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ISOLATION Key Womds Machining, Cliat t i’ m , Automatic control

)A lso see \‘os r,~iP - 8li m , 841 1
Based on stoch astic process modeirmig. a sche m e ii~ S been
developed for t b ’  detect iomi and control of mac frm nin g chat-
ter. The range of the too l v ibration Cigna it computed by

‘~7-808 a hybrid computer and comp ar ed with permissible limits
lleh icopter Rotor Iso lation I’ valuatio ii I. t il izing t hin to exercise automatic change of the speed and f eed raze

Dynamic -tutiresonant Vibration Isolator The control scheme was evaluat ed for its adaptability arid

effectiveness by forcing a chatter condition and subjectingA . Jones and J .H. McGarvey the process to computer control. The scheme is Sens it ive to
Kamnami Aerospace Corp., SAE Paper No. 760894 , process variables -

20 pp. 14 (igs , 2 me t s

Key Words: Dynamic Antiresonant Vibration Isolator
)D~~V I ) , Helicopter rotors , Rotor induced vibrations , Helicop- PRESSURE VESSELS
ters

Rotor isolation programs utilizing the Dynamic Antiresonant 77.811
Vibration Isolator IDAVII are repo rted. A summary of the Characteristics of a Magnetic Rotor Bearing for
analytical , full scale shake test and flig ht test rotor isolation
programs are discussed .-~.‘t ive Vibration Control

G. Schweitzer and R. Lange
Technische Universitht Munchen , lnst itut fuer Me-
chanil~, Munich , Germany, In Cant . on Vibratio ns

77-809 in Rotating Machin ery, The Inst. of Mech . Engrs .,
Isolation of Rotor Induced Vibration w it h t h e Bell Univ . of Cammibridge , Sept. 15-17 , 1976 , Paper No.
Focal Py lon-Nodal Beam System C239 , 6 pp, 10 figs , 9 rets
T M . Gaffey and R.W . Balke
Bell Helicopter Textron , Fort Worth , TX , SAE Key Words: Rotors , Vibrati o n control , Active isolation ,
Paper No. 760892 , 10 pp, 18 figs , 3 refs Bearings , Electromagnetic properties

Key Words: Vibration isolators , Helicopters . Rotor-induced An elect romagnetic bearing can be used very effect ively for
vibration the vibration control of a rotor. In order to integrate the

bearing into an overall rotor’bearing design the bearing has

The technical design considerations of tuning the NODA- to be considered as the actuator within a control loop, with
MATIC system for isolation over a wide rpm range. minimi- preferably linear characteristics, This linear relation between
zation of sy stem wei ght , redundancy and crashworthiness , control force and generating control current is derived analy-
and the influence of the isolation sy stem on rotor stability tically and experimentall y. Dynamic properties and disturb’
are discussed. Mechanical desi gn requirements for the sy stem ing ef fects are taken into account , The bearing is descr ibed
are also discussed . The paper concludes with a discussion of ‘~y its multiple input-multiple output characteristic. Its app li-
design requirements for an isolation system that could pro- cation within the control loop for an active bearing is demon-
vide the helicopter with a “iet smooth ” ride, strated .

PUMPS, TURBINES , FANS, COMPRESSORS
METAL WORKING AND FORMING (Also see Not, 712 , 7181

77-810 77-812

Ais Invest igation of Computer Control of Machining Seismic Anal ysis of a Reactor Coolant Pum p b~ the

Chatter Respo nse Spectrum Method

T .L. Subramanian , M.F . DeVries , and SM. Wu A.P, Villasor , Jr.
Met a]tvu ir l ing Section , Battelte Columbus Labs Electro-Mechanica l Div ., Power Systems Co., Westing-

Colu m bus , OH , J . Engr Indus ,, Trans. ASME ,98 (4 1, house Electric Corp., Cheswick , PA 15024 , NucI ,

pp 1209-1214 (Nov 1976( 8 fi gs , 7 rats Engr. Des., ~Q. (3). pp 527-542 Si’ ;’t 19761 5 figs .
C ref s
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Key Words: Pumps, Nuclear reactors , Seismic response , The one-dimensional equations of surge i n  centrifuga l corn-
Computer programs pressors are solved graphically for the pressure head and mass

flow rate as functions of time for a variety of situations, and
A seismic analysis us performed on nuclear steam supply the results are discussed in terms of the acoustical propert ies
systems INSSSI by the response spectrum method in ANSY S , of the external piping. Two important parameters affecting
with seismic velocity as the input excitation parameter. The ihe nature of the surge limit cycle are found to be simply
model is exci ted by a set of three o rtf sog ~isnal spectra. For related to she acoustic capacitance arid acoustic inductance
each load excitation , the modal displacements , forces and of the system ,
moments are computed as each node. A post-run subroutine
calculates the absolute turn of nodal response quantities at
each mode for rsne horizontal and the vertical seismic exci-
tations. The resultant modal values are then combined using 77-815
the square root of the sum of she squares IRSSI to record The ( h- ”e15(, Turbofan Engine. Progress in the Reduc-
the final values: SS[ X - V and SSE V - Z. Nodal Stresses tion of Engine \oiseare computed , absolute displacements are reviewed for

J.P , Bernard and P. Raf fyse lected nodes along the model branches , The relative dis-
placem ents at bearings and labyrinths are determin ed , Final- ka miu  i i  (Leo) Associates , Redwood City, CA , Rept.
ly, the accelerations of nodes previously chosen are found, No . NA SA-TT -F-1 7176 , 37 pp (Aug 19761 (Eng l,
The paper assesses the ef fects of a given seismic excitation on transi. of con-mt . paper frormi Coc Nab d’Etode et de
the overall structural integrity of an RCP , The in-depth Construction de Moteurs d’Aviat ion , Parislanalysis has found the RCP adequate to withstand the

N 76-31230imposed seismic loading. All component stresse s are within
the applicable faulted criteria and the relative movements
between closel y mated parts fall inside th eir nominal clear- Key Words: Turbofan engines . E n g i n e  noise , Noise reduction
ance limits.

The CFM56 is a double-body, dual f ow  turbofan engine.
Test facil i t ies for examination of the aerndynamic internai
and engine noise characteristics of the turbofan are described.

77-813 An installation for the determination of the efficac y of
Silencin g Experience with a Large Gas Turbine acoustic attenuation treatments on the engine is included.

Maximum engine noise is plotted as a function of thrust ,M W . Surowiec
and noise spectra on landing appr oach , takeoff , and inter-Environ mt menta l Elements Corp., SAE Paper No. mediate fli ght are presented.

760908 , 12 pp. 14 figs , 2 refs

Key Words: Gas turbines , Noise reduction
77-816

An existing silencing system, designed for a residential Theoretical Anal ysis of Unsteady Supersonic Flow
criterion and which at a later date had its low frequency Around h armonically Oscillat ing Turbofan Cascadesrequirements upgraded , is discussed. The original design steps J E Caruthersand test results are reviewed and the tet h ng and design work

Ph .D. Thesis , Georgia l u ’ is t i m ite of T i ’ ’  hmmI:Iogy, 157necessary for she low frequency criterion to be accomplished
are presented, pp 1197 1) 1

UM 76-29 ,354

Key Words Tur bofans Flu,d-uriduce,j ‘“ i tat ion77-814
• On the Dynamics of Compressor Surge A solut i,~ methOd is developed iii the supersonic cascade

D.H. McQueen prob lem utilizing .i $ir. r vd . i’ ,.,vnceipressure.amplitude.
Dept . of Building Acoustics , Cha ltm iers Univ . of function u,-~’C.,. ,i,, ,. r .“ ~

,,, ~~ m,.~,. ,iu,.,l is valid for both
Technology, Gothenburq, Sweden , J, Mech , Enijn the supersonic and sut’~. .‘wl nq edge problems , althoug h

developed specifr.m i i~ lo’ ‘C,. ~mt~r pm ulrI,’nm ExcellentSci., 18 (5), pp 234-238 (Oct 1976) 4 figs , 4 rcf s agreement 5 otmta’ned ~. ~ •i. s m , oq soium ions fl all the iimit -
ing cases and mm- .. .,,is ad. ‘i’tUits .uC . “ii,i rot’, w ith some

Key Words: Compressors , Surges , Fluid-induced excitati on recently publ.s i-i .’mn r esuits ..i ing rem -mr ~’mhod s A parametric
stui1~ is give n of a ,pica i supemso rs ,c cascad e ~riril igura t ion.
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77-817 during the tests , The tests determined the gene ral charac -

Predicting t h e  Sound Einiss iois f rot it Air-Coisdition ing teristics of rotational and non-rotational noise as functions

and Ventilating Systents 
of flow coefficient and fan speed.

D.J . Croorne
Dept. of Civil Enqrg., Umiiv , of Technology, Laugh-
boroimqh , Li_ i msnu ~rs l i it u ’, Gri’ui Britain , ,Appl. Acoust ,, 77-820
9 (4),pp 303-315 (Oct 1976) 5 figs , 3 refs A Theory on time R~Iat ionshi p Betw ee n 1)r ive Tra in

Vibration and Belt- I) riven Eng ine Cooling Fan
Key Words ; Air conditioning equipment , Noise prediction Fat igue Failures

A C .  Bremner ,Jr ,
Research has been carried out to investigate the nature and Schwitier Engineered Conmponents , SAE Paper No.
level of sound emitted in rooms served by airconditioning 760842 , 24 pp. 26 fi gs
systems. An initial survey measured the sound spectra in 74
university lecture rooms, Fans, motors , vee-belt drives and an
airflow system were then installed to serve one lecture room, Key Words: Fans , Cra nkshaft s , Torsional vibrations

Fati gue failures observed in a belt-driven engine cooling f a n

indicated the presence of significant vibration activity , A
77-8 18 testing and analysis program was undertaken in an effort to

Desigis and Developit ient of Cooling Fans for Internal measure the fan vibration characteristics in a vehicle environ-

Coiiil,u~uliois Engines 
merit, and relate these characteristics to some known source
of excitation,

D, Esche
Koin , Germany, MTZ Motortech , Z. , 37 (10), pp
399-403 (Oct 1976) 7 figs , 7 rots
(In German) RAIL

ISee Nm, 675 . 676 , 677 1
Key Words: Cooling f a n s , Internal combustion engines ,
Noise generation

This article discusses development work concerning aero-
dynamic and acoustic problems of cooling fans for air-cooled REACTORS
internal combustion engines. For single-stage axial fans with lAlso see Nos , 703 , 704, 705, 706 , 768, 785, 812 1
guide vanes, optimum design ranges and comparisons for
installation of front or rear guide vanes are given. Fan noise
can be calculated in advance from aerodynamic parameters.

77-821
Seismic Model of the (;as Cooled Fast Breeder

77-8 19 Reactor Core Support Structure
Noimie Mechianisni Separation and Desi gn Cons idera- L.E. Ponies
lions for Low Tip-S peed , Axial-Flow Fans Gen :tal At i, Iii Co ., San Diego , CA 92138 , NucI .
R E . Longhouse E- f r Des., 38 (3 1, pp 543-564 (Sept 1976) 9 figs ,
Fluid Dynamics Research Dept., Research Labora- 11 ru ts 

—

tories , General Motors Corp., Warren , MI 48090 ,
.1, Sound Vib ,, 48 (4 1, pp 46 1-474 (Oct 22 , 1976) Key Words: Nuclear reactor components, Seismic response,
15 figs , 5 refs Modal analysis

A modeling technique for the seismic analysis of the core
Key Words: Fans , Noise generation support structure of a gas-cooled f ast breeder reactor is

Noise and performance tests were conducted on low ~~~~ 
developed. The core support structure consist s of the support

speed, half-stage axial flow fan such at is used in automotive cylmnder and a perforated grid plate to which 265 fuel and

applications. The tests were conducted in a free-field enviro n- blanket elements are clamped as cantilevered beams, The

merit , Various degrees of rotational noise due to inflow dis- analysis of the core support structure consi st of three steps:

tortion were produced by installing circular rods upstream analysis of the grid plate , analysis of the core elements , and

from the fan , The fan back preteure and speed were varied modal synthesis.
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77-82 2 Key Words: Nuclear power plants, Seismic design , Founda-
Bell-Ring Vibration Respo nse ol’ Nuc lear Cot itain- tions 

-

niet it \ i-sw -I with Attached Masse-s l ittler Earth qua ke
Low-tuned turbine founda tions e, ’t h hel ical- s pring-supportMotion are discussed usetr, respect to special pmblems with the

K . Shim,iki , Y , Ka i immmura , H, Shibata and T . Kawakatsu aseismic design .
Takasaqo Technica l Institute , Mitsubishi Heavy
lndustri i’s . Ltd ., Takasago , Japan , NucI , Engr. Des.,
38 (31, pp 475493 (Sept 1976) 22 figs , 4 rc’fs 77-825

Earth quake Design of Nuclear Power Plaist sKey Words ; Nuclear power plants , Seismic response , Bells , H.J. Kaest leRings
Inst. fuer Reaktorsicherhe it , Technischer Uerber-

Approximate seismic analyses of bell-ring type vibration wachungs - Verein Rheinland , e ,V., Cologmse , ‘/Vusi
using the natural mode shapes of unweighted perfect axi- Germany, In; Roy. Neth Meteorol Inst. on Earth-
symmetric shell are advocated on the assumption that the quake Risk for NucI Power Plants (Jan 1976). ppeffect of the attached mass on their natural modes might be 157-1 63 , N76-31 787)very small . In this paper we show the seismic response
analysis of the bell-ring type vibration coupled with the N76 31 807
beam-type vibration through the attached masses with the
new co ns ideration , These results show good agreement Key Words: Nuclear power plants , Seismic design, Earth-
between the theoretical calculation and the experiment, quake resistant structures

The earthquake risk to nuclear power plants and the prob-
lems involved in protecting nuclea r power plants against77-82.3 earthquakes are disc ussed, Methods for calculating the

Nonlinear Dynamic Response of Reactor Contain- maximum loadings for buildings , structures , and components
went are reviewed, They include she response spectrum modal
f , Takemori , K . Sotornura and M. Yamnada analysis , the time history modal analysis , and the time

history analysis ,Dept. of Structural Engrg,, Ta isei Corp., Chuo-ku ,
Tokyo 104 , Japan , NucI , Engr. Des., 38 13), pp 463-
474 (Sept 1976) 20 f igs , 7 refs

77.826
Key Words: Nuclear power plants , Seismic response , Corn- Generation of Artificial Time-h istories, Ric h in All
puter programs Frequencies, Frons Given Response Spectra

S. Levy and J .P.D. Wi ll. ~f lSIII i
The purpose of this paper is to present the outline of this Power Generation & Propulsion Lab ,, General Elec-program and to discuss the problems of nonlinear response
of structures. A reactor containment Ireactor buildingl of In c Company, Schenectady, NY 1 2345 , Nucl . Engr.

• a PWR plant was modeled, This building consists of three Des., ~~ ( 21, pp 241 -251 (Aug 1976) 10 fi gs , 7 rets
components: a concrete internal structure , a steel contain-
merit vessel and a concrete outer shield wall, These com- Key Words: Nuclear power plants . Seismic responseponents rest on a rigid foundation mat. They were modeled
with a lumped mass model coupled on the foundation. An objective of this paper is to present a method of syn-

thesizing time-histories from a given desi gn response spec-
trum , The method to be described in this paper allows the
generation of time-histories w ith all frequencies in the77-824 spec t rum. This is achieved by choosing a large number of

.-~seismic l)es igis of Turbine h ouses for Nuclear closely-spaced f requency points such that the haIf~power
Power Plants points of adjacent frequencies overlap. Examples are given
R. Danisch and M. Labes concerning seismic design response spectra , and a number of

points are discussed concerning the effect of frequencyKraftwerk Union AG , Kraf twerktechn ik , D-852 spacing on convergence.Erlangen , Ger m any, NucI . Engr . Des,, 38 (3), pp
495 501 ( Sept 19761 11 figs , 3 refs
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77-827 This paper presents the analysis and results for a liquid metal

S -Is,iiie Des ’tgis of Nuclea r Power Plants -- ‘tn .%ssess- fast reactor system which was analyzed for both scram t imes
and seismic responses such as bending moments , accelerations

it ient and forces. The reactor system was represented with a one-
G.E. Howard , P. lbanel and C. B. Smith dimensional nonlinear mathematical model with two degrees

Applied Nucleonics Co., ltmc ,, Santa Monica , CA of freedom per node Isranslational and rosasionall. The

90404 , NucI. Engr Des , 38 (31, pp 385461 (Sept model was developed to incorporate as many reactor corn-

19761 18 figs . 256 ro ts ponents as possible without exceeding computer limitations,

Key Words ; Nuclear power plants , Seismic design 77-830
This paper presents a review and evaluation of the design Three-Dimensional Dynamic Response Modeling of

standards and the analytical and experimental methods used Floating Nuclear Plants l.’sing Finite Element Meths-
in the seismic design of nuclea r power plants with emphasis ods
on united States practice. Three major areas were investi- H.W. Johnson , A K . Vaish , FL.  Porter and R . Mc-
gated ; soils, siting, and seismic ground motion specification;
to il-structure interaction; and the response of malor nuclear George

power plant structures and components . The purpose of this EDS Nuclear , Inc., San Francisco , CA 94104 , Nod ,

review and evaluation program was to prepare an indepen’ Engr. Des., 38 3), pp 503-510 )Sept 1976) 14 figs ,
dent assessment of the state-of-the-a rt of she seismic design 5 ro ts
of nuclear power plants and to identify seismic analysis and
design research areas meriting support by the various organi- Key Words ; Nuclear power plants. Floating structures .
zations comprising the ‘nuclear power industry ’ . Criteria used Dynamic response , Finite element technique
for evaluating the relative importance of alternalive research
areas included the potential resea rch impact on nuclear A modeling technique which can be used to obtain the dy-

power plant sit ing, design , construction , Cost , safety. Ii- riamic response of a floating nuclear plant (FNP I moored in

censing, and regulation an artificial basin is presented . HydrodynamiC effects of the
seawater in the basin have a significant impact on the re-
sponse of the FNP are included. A three-dimens ional model
of the platform and mooring system lusing beam elements)

77-828 is used , with the hydrodynamic effects represented by added

I)e%elopnle nt and I ~~ of St-~ ntic l,sstructure Re- mass and damping.

spoisse Spectra in \w ’ li -ar Plants

F 

M. Stoy kovich
Gibbs and Hill , Inc., New York , NY 10001 , NucI . REC IPROCAT ING MACHINE

Engr Des., 38 (2),  pp 253-266 (Aug 1976) 10 figs , lAlso see Nos. 729 . 818 . 8321

l7 refs
77.831

Key Wo rds: Nuclear power plants , Seismic design Qweten ing a Quiet Engine - The Rh121 I I)e-tuon-

This paper encompasses methods for the development of strator Programme
structure response spectra as well as the use of these spectra M.J.T. Smith
in she seismic design and analysis of nuclear plant corn- Rolls-Royce 1971), Ltd.. SAE Papu’i N~~~~’ J897 ,

ponents. The time history modal analysis method is des- 20 pp. 26 figs , 6 rots
cribed.

Key Words: Engine noise , Noise reduction

Against the background of the RB2lliLOCkheed L tOt l

77-829 development programme , which led to the cert ification of

Scram and Nonlinea r Reactor Sy” teii i Seismic Analy ’ the quietest modern jet aircraft then entering service , Rolls-

six for a l.iqt i id ~1eta l Fast Reacto r Royce determined to establish the realist ic potential for
further noise reductions on a high bypass ratio engine.

A. Morrone , A. N. Nahavandi and W.G. Brussalis Following a two year feasibility study the programme was

Advanced Reactors Div . ,  West inghouse Electric Corp. , launched in mid 1972 based around a standard production

Madison , PA 15663 , NucI . Engr. Des.. 38 (3), pp 555- RB 211 engine. This paper summarizes the important find-

5 i f ’, (Sept 19761 9 figs , 4 refs ings , h i g h l i g hts areas in ‘.~hich research and develoPment
should be concentrated for ni~’e reduction in high bypass
ratio jet engines. It presents a judgment of future trends and

Key Words ; Nuclear reactor components , Seismic response implications.

TO

4,,

I

~~~~~~~~~~~~~~~ ~~~~ ~~~~~~ ‘ 

~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~ ‘l”~”~

’ 

‘



r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

77-832 Key Words. Collision research fautomotiv& , Automobile

Computation and Measu reti sent of the Vibration ~~~
Modes of Reci procatin g Engines. The goal of this study is so prove in a theoretical way that
G. K Iilpi .’ns a controlled sea t movement relative to the passenger corn-
lngolst

~
iJt . Gi. r m m i any, MTZ Motom li Ii . Z. .  37 (9), partment will tesult in an improvement of passenger

pp 369-372 (Sept 19761 4 fi ps , 3 m ‘Is deceleration during vehicle frontal impacts.
(In Gt mr mtm an (

Key Wo ,ds; Motor vehicle noise, Noise reduction , Vibration 77.835
measurement , Eng ine noise A Tentative Criterion for Acce ptable Noise Levels

This a rticle gives a calculation method for the vibra tion las Passenger ‘t elii -lt -m.
modes caused by the free forces of a freely vibrating, rec ipro-  ME.  Bryan
cating engine, which is assumed to be rigid. Further , a msth- Dept. m i t  Eln’i . tr i al E m i j m i j  - Univ. of Sa lfor i  ‘~a 1 lj r d
od is given to measure the vibration modes of an engine, MS 4WT , E ng land , J. Sound Vib., 48 (4) , pp 525-535
which is not dynamically rigid. By comparing the calculated ( O t  22 , 1976) 10 figs , 11 nets
vibration modes with the actual vibration modes measured
it is possible to see to what degree the engine vibrations
exceed their theoretical minimum and to decide if the engine Key Words: Passenger vehicles , Interior noise , Noise measure-
should be improved. ment

This paper describes the results of the measurement of noise
inside a variety of passenger vehicles ove r the frequency range

77-833 2 Hz-l6k Hz and an attempt to find a satisfactory measure of

Expe rimental Clean Combustor Program; Noise 5ublectu~e response .

Measurement Addendum , Phase 2
J .J. Emnm ner l ing and K .L. Bekofske
General Electric Co., Cincinnati , OH , Rept. No. 77-836
NASA-CR- 135045 , R75A EG 147-13-A dd , 177 pp Mechanical Design Optimization with Transient
(Jan 1976) Dynamic Response
N76-31231 M.H. Hsiao , E.J . Haug, Jr ., and i S.  A nora

Div . of Materials Engrg., Iowa Univ., Iowa City,  IA ,
Key Words: Combustion engines , Noise measurement 1 1 1  pp (Apr 1976)

AD-A029 677/2GA
Combus to r noise measurements were performed using wave
guide probes. Test results from two full a~ale annular corn-

Key Words: Ground vehicles , Optimization, Dynamic re-bus tor configurations in a combu stor test rig are presen ted.
sponse, Steepest descent method

In this report a technique for mechanical design optimiza-
tion with constraints on transient dynamic response is devel-
oped through application of optimal design theory and fur ic-

ROA D tional analysis. Several mechanical system problems involving
IA lso see Nos, 662 . 688) a family of input or environmenta l excitation functions

are solved to illu strate the technique.

77-834
Seat Movement Relative to the Passenger Compart- 77.837
ment — A Possible Metho d to Improve Passenger Sound Attenuation Kit for Diesel-Powered BusesProtection During Frontal Impacts J C. Berry and DL .  Overgard
H H. Braess Rohr Industries , Inc ., Chula Vista , CA , Rept. No.

ç F . Porsche Akt iengese llschaft , Stuttgart , Germany, DOT-TSC -OST-76-5 , 235 pp (June 1976)Vehicle Syst . Dyn ,, 5 (3 ), pp 127-145 (Oct 1976) PB-256 828/5GA9 figs , 14 refs
if

71

I

~~~~~~~~~~~~~~

tm-e .51

~~~~~~~~~~~~~~~~~~ ,~~, . - , % ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ , ... - - -5. -



Key Words ; Buses lvehic les). Noise reduction 77-840
i’ruck Noise’ 1-I). Empirical Model for Predic t itsg

This report is intended to provide a reference for manufac- lit -Service l’rut-k l’ire Noise Levels
turers , owners , and operators to consult for recommenda-

H. U. Kj l i r mc m , W. A. Leasure it ., D. M. Corley,
tions or instructio ns on in stalling a proven noise-reduction
kit. It provides an insight into the causes of diesel-powered D. E . Mathews , atid C. 0. Shoemtii l  iii
bus noise and demonstrates an effective means for its reduc- Nat l inal Bureau of Standards , Washingto n , D.C.
tion , Appendixes give standard noise measurement proce- Rept. No. DOT/TST -76T-5 , 68 PP (July 197151
dures , acoustic and performance test data on the various PB-257 786/4GA
design configurations , and service information on sound
attenuation kits.

Key Words : Truck sires , Noise measurement , Noise pre-
diction

This report discusses the basic assumptions and necessary
input data for a DOT/NBS developed empirical model which

77-838 utilizes the certification test results to predict in-service

The Stud y of Vibratio iss (;enerated by the Tracks of noise levels. The usefulness and expected accurac y of the

Tracked V ehicles 
predictive model are shown through a comparison of mea-
sured versu s predicted maximum A-weighted sound levels for

SM . Lee a variety of truck/t ire combinations,
Keweenaw Research Center , Michigan Technolog ica l
Univ., Houghton , MI , 52 pp (July 1976)
AD-A030 042/6GA 77-841

The ltsfl uenee of the Suspension Systersi on Motor-
Key Words: Tracked vehicles , Tanks (combat vehicles), cycle Weave Mode Oscillations
Interior vibration , Interior noise . Vibration control R.S. Sharp
This is an analytical study of the vibrations generated by the Dept. of Mech. Engrg., Uqiv , of Leeds , Leeds LS2

track of tracked vehicles , A method of analysis is derived 9JT , Eng land , Vehicle Syst. Dyn - , 5 (3),  PP 147-154

from the technique of receptance ca lculation. Combination (Oct 19761 3 figs , 5 rots
of these results can be used to predict optimum conditio ns
under which the vibration of a prescribed frequency can be Key Words: Motorcycles , Suspension systems (vehicles l
minimized. Actual vehicles operating under various terrain
conditions will be used. The vertical motions of a large motorcycle on its tires and

suspension system are analyzed , and the possibility of one of
the natural frequencies being close to that of the lateral
oscillation , the weave mode, is demon strated . Interactions
between the vertical and latera l modes , and the implications

77-839 
for motorcycle design and deve lopment are discussed.

Experiments in Guideway -. Levitation \ ehic le
Interaction I)ynansics
J F . Wilson 77-842

Dept of Civil Engrg., Duke Univ - Durham , NC, Control of Motorcycle Noise, ~ olutnt - I. Technology

Rept. No . FRA/ORD-76/259 , 88 pp (Jan 1976) and Cost Info rmation

PB-257 941/5GA S.R. Skale and B.H. Sharp
Wyle Labs., El Segundo , CA , Rm’pt . No. EPA/550 /9-

Key Words ; Tracked vehicles , Ground effect machines, 741001~A~, 132 pp (June 1974)
Interaction: vehicle-guideway PB-25 7 727/8G A

This investigation involves the design and interpretation Key Words: Motorcycles , Motor vehicle noise , Noise reduc-
of laboratory-scale dynamic experiments of vehicles travers- lion
ing multiple-span or cable- sta yed guideways.

This document contains information useful for the develo p-
ment of noise emission standards for motorcyc les . Topics
covered include information on motorcycle construction .
noise characteristics of models currently on the market , and

noise reduction techniques and C osts necessary to achieve

_____________________ 
specified noise levels.I
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77-8~I3 77-845
Control ot Snowmobile Noise’, %‘ o luii ie I - ‘l’et’linolog~ 

,\iij h sis of Flex ible Rotor %% l.irl and %~ hi p I sti lC a

alit 1 (:ost l,iforiii atio ii Realistic ll y drod y itaiti is’ Jour iial Bearing Model
B A .  D;ivy ,itii l R H .  ~r m m , i m l  S.] . My m i  , Ji . arid H U . Hy i ; l imdl r
Wy km Labs , Huntsv i l l i ’ , AL , Re~it No EPA/SSU/ Erigrg. R ~ U I ) iv  , E . I . duPont di’ N ’  urs dm id Co.,
974 /003 A 63 pp (Jutie 1974) Wi l i m i l t ) i j t m n i , DE , J, I m iqr l m i i J i i ~, - Trans. ASME , 98

PB-257 680/9GA (4),  ‘1 1135 1144 (Nov 1976) 12 I l l s . 23 r i - I s

Key Words: Snowmobiles , Engine noise. Noise resj ucf iori Key Words ; Rotor-bearing systems , Whirling

This document contains information usef, l for the develop- An analytical method has been developed for the simulation
ment of noise emission standards for snowmobiles. Topics of the transient and steady-state response of flexible rotors 

‘I
covered include information on sn owmobile construction , supported by realistic incompressible-film hydrodynamic
noise characteri stics of models currently on the market , iourna l bearings. The coupled nonlinear differential equations
and noise reduction techniques and costs necessary to achieve of rotor motion , formulated as an initial-value problem, are
specified noise levels, solved in conlunction with a “realistic ” Reynolds equation

solution which includes finite bearing lengt h, wedge and
squeeze films , fluid film cavitation , oil inlet geometry, and
eccentricity and tilt (gyroscopics) of the journal . Presented
in this paper are some of the results of a numerical and
experimental study of rotor whirl using that analytical

ROTORS model . The response of a flexible rotor , for speeds up to the
threshold of instability, is demonstrated as a function oflAlso si r’ Ni s  718 , 808 ,809, 81 1)
disk unbalance and viscous damping. The validity of the
analytical model is confirmed by comparison of experimen-
tal whirl data with numerical simulations of the response of
the test rotor through the critical speed region to the onset of

77-844 oil whip.
Insta bilities of an Asyn ttneti -ic Rotor with %syiii-
metric Shalt Mounted on Symmetric Elast ic Support s
D. Ardayfio and D.A . Frohrib 77-846
Mech . Engrg., Fdciilty of Engrg , Univ . of SLicmli. c and Radiation Characteristics of Acoustic Sources in
Technology, Kum rmasi , Ghana , J. E ngr . lndm is ., Trans. Circular Motion
ASME , 98 (4) , PP 1161-1 1 75 (Nov 15/hi 3 figs , V.J , Virchis and S, E Wri ght
11 refs Inst . of Sound and Vib , Res ,, Univ . of Southamnpton ,

Southarmipton S09 5NH , England , J, Sound Vib .,
Key Words: Rotors , Elastic foundations. Stability 49 (11 ,  pp 115-128 (Nov 8, 1976) 16 f i gs , 3 refs

Instabilities of an asymmetric rotor with a:’,”metric shaft
mounted on symmetric elastic supports are considered. The Key Words: Rotary wings , Blades , Noise generation . Corn ’
periodic coefficients which appear in the system equations ~t51ter programs

are eliminated by transformation to a rotating coordinate
system rotating at the constant angular speed of the rotor . This paper examines the acoustic properties of periodic
The unstable speed regions are identified by studying the unsteady rotor blade forces. An efficient computer program ,
nature of the roots of the characteristic equation. The which retains what is regarded as the essential radiation
combined ef fects of the inertia and shaft asymmetry and the terms , has been developed to numerically evaluate the
flexible support s are appreciated by representative numerical radiation equations for sources rotating in a circle. A variety
examples. The results are presented in three-dimensional of operating conditions and typ es of blade loading have been
diagrams to show how the asymmetry parameters affect the computed; of special interest are the radiation properties of
unstable speed regions for know n values of support stiffness , impulsive blade loading at hig h tip speeds. These computa-

ti o nt show an acoustic beaming effect similar to that which
is radiated by helicopters in high forward speed flight.
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SHIP  STRUCTUR A L
(Also see No . 7461

77-849
774117 Ott ti le Dynamics of Bridged Structures
o n  the Collision Prot ectio li ot ’ Shi ps R Sofronin
N Joritis Inst of Civi l  Engry., B hari st Romnanj a , M~can ique

m lii of O Cm1l im E mi ; r g . ,  M~ssac hiisnt ts Inst. of Tech ., App ligiir . r , 21 (3 ) ,  pp 389 404 I1976i . 7 figs , 7 refs
C , im i i br i l l ’ , MA , Nucl . t mq r Des . ,  38 (2), pp 229-240 —

( A u ;  1976) 2 figs , 48 t efs  Key Words ; Structural response , Bridging, Natural vibrations ,
Sponsored by the National Scien ce Foundation Wind-induc ed excitation . Earth quake response

Key Words ; Collision research (ships) , Energy absorption, The paper deals with systems of elastical structures bridged

Honeycomb structures at one or more levels. The influence of bridging on natural
oscillations is first determined. Then, the response of these

A brief survey of the literature exi stent on the collision structures to impulses of wind and earthquakes is artalyzed.

protection of ships is presented herein . An examination of The structural damping is evaluated such that all the induced

the characteristics of different energy-absorbing methods energy be dissipated and the motion remain stable. The anal-

suggests that honeycomb structures provide a feasible alterna- ysis emphasizes new prope rties of the bridged structures ,

five so deck structures which are currently used to achieve
the collision protection of ships. Various leatures of honey-
comb panels are explored and a pa rticular structural arrange-
ment which utilizes both sides of a hull and incorp o rates

77-850honeycomb panels is proposed for the collision protection
of a ship. Resonant Scattering by a Harbor with Two Coup led

Bas ins
CC ,  Mei and U. Unluata
Dept. of Civil Engrg,, Massachusetts Institute of

SPACEC RAFT Technology, Cambridge , MA 02139 , J. Engr. Math ,,

lAlso see No 700 1 10 (4) , PP 333-353 (Oct 1976) 6 figs , 19 rets

Key Words: Harbors , Resonant frequencies

77-848 A harbor with two coupled rectangular basins is subjected to
Comparison of Modal Test Results: Mult ipoint Sine periodic incident waves , Ignoring friction the scattering
Versus Single-Point Random problem is solved by the method of matched osymptotics
EL.  Leppert , S.H. Lee , F.D. Day, P .C. Chapman , for narrow junctions. The example of two identical basins

and B K  Wada is analyzed in detail for the resonant spectrum and response.
It is shown that for certain modes the inner basin is lessJet Propulsion Lab., California Inst. of Technology, shielded ,

SAE Paper No. 760879 , 16 pp, 7 fi gs , 6 rots

Key Words: Spacecraft , Modal tests , Computer programs ,
Testing techniques

Several so ftware packages have bee n developed for use with
minicomputers to decrease the test schedule and co st of
modal surveys. The tests, performed on the Mariner Jupiter/
Saturn IMJS) spacecraft , provide an additional compariso n
of the more traditional multipoint sine dwell and the single-
poing random modal test methods.
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CALENDAR~~~

MEETING DATE LOCATION CONTACT
_ _ _ _ _ _ _ _ _ _

A P R

Lubricat ion Symposium 1 1 - 13 St. Louis . MO ASME Hq.

American Power Conference , I I I .  ins t . Tech.  1 8-20 Chicago , IL B A .  Buden i’iol zer . Dir
APC c/o l IT , l O W .  35th S n .
Chicago , I L  60616

Design Eng ineering Conference and Show , ASME 1 8-20 New York , NY A SME Hq.

2nd internat ionai Conference on Vehicle Structural 18 - 20 Sous hf ie id . M i  SAC I-Iq.
Mechanics

Mini- Conference on Transportat ion 19-21 Ann Arbor , M l  Hi ghway Safety Research inst it ute
The Un ivers i t y  of Michigan
Ann Arbor . M I  48109
Te le. 13131 764-2168

IE S Annual Meeting 24-27 Los Angeles , CA I E S  Hq.

Meeting on Wear of Materials 25-27 St. Louis , MO Prof. K. C, Ludema , Dept. of M E ,
The Universi ty of Michigan
Ann Arbor , Mi 48109

9th Spac, , - mu t ati on Conference 26 28 Los Angeles , CA ES Hq.
IES-A IAA-ASTM-NASA

Internatiora l Conference - Tribo logy Apr i l  Cambridge , MA Lt. R .S. Mil ler , Code 211
Off ice of Naval Research , Baimsion
Tower No. 1 , Arlington , VA 221 17
Tele 692 4421

¶ 23rd International Instrumentation Symposium 1-5 Las Vegas , NV I SA Hq

Symp. on Fatigue Testing of Weidments 1-6 Toronto , Canada ASTM Hq. , Ms . J.B. W h ,~- ;e r

Offshore Technology Conference 2 5 Houston , TX Society  of Petroleum Engineers
6200 N . Central Expressway
D a l l a s , - rx 75206

Symp. on Statistical Design of Fatigue Experiments 5 Toronto , Canada ASTM . Ms. J . B .  Wheeler

American Helicopter Society Annual National Forum 9-11 washington , D.C. American Hel i copter Soc ie ty
Lounsbury, E~ ec. Dir
30 East  42nd St.
New York  NY 10017

National Pla nt Engineerin g and Maintenance 9 1 2  Chicago , IL Clapp & Po l i ak
Show and Conf erence Banner & Grei f  Ltd

369 Lexington Ave.
New York , NY 10017

-. ______________  ______ __________  ___________—--— ~‘
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CALENDAR

MEETING 

J

~~~~~ AT E LOCAUON CONTACT -_ _

31st Annual Technical Conference ASOC 16 18 Philadelp hi a PA R.W. Shearman , A SQC Hq .

Society for Ex per imentai Stress Analysis 1520 Dallas . TX SESA Hq. , B. E. Ross i
1977 Spring Meeting & Expos i t ion

National Aerospace Electronics Conference 1 7 19 Dayton , OH NACCON
140 E , Monument Ave.
Dayton , OH 45402

Society of Naval Arch i tec ts  and Marine Engineers 25 27 San Francisco , CA A. J. Haske l l , Matson Navigat ion Co.
1977 Spring Meeting and STAR Symposium 100 Mission St.

San Francisc o, CA 941 05

6th Canadian Congress of Applied Mechanics 30 May 3 Jun Vancouve r . Canada , Prof . .I .P Duncan , ME Dept.
Univ. of Bri t ish Columb ia
Vancouver , BC , Canada

Symposium on Tir e Vibration and Noise May H. G. Schwartz
ASTM Subcommittee F-9.93 on
Papers & Symposium
E . I , duPont
40 Buchte l Ave.
Akron , OH 4 4308

J U N E

Fuels and Lubricants Meeting, S AK  7 9 Tulsa . OK SAE Hq

Acoustical Society of America . Spring Meeting 7 10  State Col lage , PA .1. C. Johnson , App I. Re x. Lab.
Pennsylvania State University
Box 30
State College, PA 16801

National Computer Conference 1 3-16 Dallas , TX Ms. P . Isaac sO n
University of Texas
Box 688
Richardson , TX 75080

A pplied Mechanics Conference , ASME 14-16 New Haven CT A SME Hq.

Fluids Engineering Conference 15-17 New Haven , CT ASME Hg.

4th Internat ional  Conference on Fracture 19-24 Water t o o , Canada Prof . T , Kawa s aki , Sec Gen.
int ’l Congress of Fracture
d o  Dept. of ME
TohOku Univers i ty
Sendai , Japan

Design Automation Conference 20 - 22 New Orleans . LA H.  Hayrr ian
Box 639
Silver Spring, MD 20901

Symposium on Dynamic Tests on Soil & Rock , 26 Jun 1 Jul Denver , CO ASTM Hg. , Ms. .1.8. Whee m er
,A STM

ii
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MEETINC DATE LOCATION ) CONTACT
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~~~~~
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1977

J U L Y

A 7plication of New Signat ure Analysis 24 -29 , Fiendge , NH Dr. Sanford S. Cole
Technoiogy Conference ‘ Engineering Foundation Conferences r

I 345 8. 47th St.
New York , NY 10017

I Te le. 12121 644-7835

AUG

Society of Automotive Engineers 8-11 Vanco uver , Canada SAE Hg., A L .  Weidy

SEPT

Energy Technology Conference and Exhibit 18-23 Houston , T X  ASME Hg.

Vibrations Conference , ASME 26-28 Chicago , IL ASME Hq.

NOISE-CON 77 ib 12 Hampton , V A  Conference Secretariat
Noise Control Foundation
P.O. Box 3469 . Arlington Branch
Poughkeepsie , NY 12603
Tele. 1914 1 462-6719

48t h Shock and Vibration Symposium ‘ 18-20 Huntsville , AL Henry C. Pusey, Director
I The Shock and Vibration

information Center , Code 8404
I Naval Research Laboratory

Washington , D.C. 20375
Tele. 1202 1 767-3306

_ _  _ _ _ _ _  - -. _ _ _ _

Winter Annual Meeting, ASME 27 Nov-3 Dec Atlanta , GA ASME Hg.
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CALENDAR ACRONYM DEFINIT IONS AND ADDRESSES OF SOCIETY HEADnUARTERS

AFIPS American i ,.l, ’ m , i ; m , o  of Information CCCCAM. Chairma n . d o  Dept. M E , Univ . Toron m o .
Prcmcess mnmj Smic m l  es Toronto 5, Ontario , Canada
2lij  Summit Ave . Montvale , N.J. 07645

IEEE; institute of Electrical and Electronics Engineers
A GMA: Am,.- ican Gear Mammufacture rs Association 345 E . 47th St.

1330 Mass. Ave., N W . New Yo rk , N.Y . 10017
Wash ington . D.C.

185: Institute Environmental Sciences
A IAA -  America n Institute of Aeronautics and 940 E. Northwest Highway

Astronautics , 1290 Sisth Ave. Mt. Prospect , I V .  60056
Now York , N.Y . 10019

IFToMM. International Federation for Theory of
AIChE American Institute of Chemical Engirreers Machines and Mechanisms , US Co uncii for

345 E . 47th St. TMM , d o  Univ . Mass., Dept. ME , Amherst ,
New York , N.Y . 10017 Mass, 01002

A REA: American Railway Engineering Association INCE: Institute of Noise Control Engineering
59 8. Van Buren St. P.O. Box 3206. Arlington Branch ,
Chicago , HI . 60605 Poughkeeps ie . N.Y . 12603

AHS . American Helicopter Society ISA Instrument Society of America
30 6. 42nd St. 400 Stanwix St. , Pittsburg h, Pa. 15222
New Yo rk , N.Y . 10017

ONR. Off ice of Naval Research
ARPA: Advanced Research Projects Agency Code 40084 , Dept. Navy, Arlington , Va. 22217

ASA: Acoustical Society of America SAE Society of Automotive Engineers
335 E. 45th St. 400 Commonwealth Drive
N ew York , N.Y . 10017 Warrendale , Pa. 15096

ASCE American Society of Civil Engineers SEE . Society of Environmental Engineers
345 E. 45th St. 6 Conduit St.
New York , N.Y . 10017 LondonW lR 9TG . England

ASME: American Society of Mechanical Engineers SESA Society for Experimental Strew A nalysi s
345 E. 47th St. 21 Bridge SG.
New York . N. Y . 10017 Westport , Conn. 06880

ASNT. American Society for Nondestructive Testing SNAME: Society of Naval Architec ’s and Marine
914 Chicago Ave. Engi mr eers , 74 Trinity P1 .

• Evanston , III. 60202 New York . N.Y . 10006

ASQC: American Society for Quality Control SVIC. Shoc k and Vibration Information Center
61 W . Wisconsin Ave. Naval Research Lab., Code 8404

Milwaukee , W it, 53203 Wash i ton , D.C. 20375

ASTM : American Society for Testing and Materials URSl-USNC~ lrmternatio na l Union of Radio Science - US

1916 Race St. National Committee d o  MIT Lincoln Lab.,
Philadelphia , Pa. 19103 Lexington , Mass. 02173
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SVIC File No.

SUMMARY COVER SHEET
p 48TH SHOC K AND VIBRATION SYMPOSIUM

Huntsv ille , AL , 18-20 October 1977

(SEE OTHER SIDE FOR INSTRUCTIONS)

Author(s) -  - - ~~~~~~~~ . .

(Underscore name of author who w Ill present the paper , if accepted.)

Affiliation — . - — —

Mailing Address _.~~ . . . - - -- . .

Telephone No. (include Area Code)~~~~ —. - (Aut ov o n ) . —

Title of Paper (Un classified) — . . . .

Has this work been presented or published els ewhere? _ —- . 

if so , where? .— . 
_ _ . .. - . . .- .- - -. - --- -~~ - - - -- --- — — -— - -- -  -. -. -

What are the approximate dates of initiation of this work? ~~~ _~~ ~~~~~~ .. of comp letion ? . .. ,_ -

Paper Category : Publish and present 0 Publish only 0 Present only 0

Paper will be (circle one) Secret , Confidential , Unclassified-Limited Distribution .I Unclassified-Unlimited Distribution.

Can this paper be presented in 20 minutes , allowing 5 minutes for discussion? — . —.

Visual Aids
• 16 mm motion picture projector , silent 0, sound 0,

I Sl ides: 2 x 2 (Paperboard mounted only) 0, 3- 1/4 4 0, Vugraph 0

I Please supply the following bio graphical information If there is more than one author , add identical
• In fo rma t ion  for each on the reverse side or continuation of this sheet.

Education . ._ . . - . .~~~~ ~~~~~~~~~~ . — .

I Experi ence . . —. -- . . . - -

Present Position _ - ._ Employer . City . ~~ . - . —

I (over)

I
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GENERAL INFORMATION AND REQUIREMENTS

The Shock and Vibration Bulletin is a refereed journal which contains the proceedings of the
Symposium and an additional number of papers not presented at the symposium. I

THOSE WHO DO NOT WISH TO PREPARE A FORMAL PAPER , may choose the PRESENT I
ONLY category No written paper wi l l  be required.

THOSE WHO WISH TO PUBLISH BUT NOT PRESENT a paper at the symposium , may choose
the PUBLISH ONLY category This will enable them to submit their paper for the refereeing pro.
cedure and publication if accepted I

ALL PAPERS offered for presentation or publication or both , must have

1. Title I

2 Summary (600 words) (no f Igures) — Summaries wil l be published I
3 Any additional information , including figures or a complete paper which I

may help the program committee.

NOTE 1 Six copies of each summary wIth tit le , author . and affil iation are to he attached .
2 Submission deadline is 20 June 1977. Earlier submissions will be appreciated. I
3 Mail to Shock and Vibration Information Center , Code 8404, Naval Research

Laboratory, Washington , 0 C 20375.
4 Receipt of summary w Ill not normall y be acknowledged Notification of Itogram

Committee action w ill be given promptly.

It is the author ’ s responsibility to obtain all necessary clearances and re/ eases regarding the
material he intends to present. Non.government organizat ions wishing to present classified
papers must process the clearance through the cognizant contracting acti vity . Unclassified

• papers must also be cleared for public release by appropriate authority. This must be accom-
pu shed before the date on which the program becomes firm (Aug. 8, 1977). A written release
for oral presentation and publication must accompany (he complete paper. This is due in the
off ice of the Shock and Vibration Information Center on September 12, 1977.
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SUMMARY OF SHORT DISCUSSION TOPIC
48TH SHOCK AND VIBRATI ON SYMPOSIUM

Huntsv ille , AL , 18-20 October 1977

SUBMISSION DEADLINE , 12 SEPTEMBER 1977
Mail to: Shock and Vibration Information Center

Naval Research Laboratory
Code 8404
Washington , D.C. 20375

Discussions offered should cover a short progress report on a current effort , or a useful
idea or other information too short for a full-length paper These are for oral presentation
only and will not be published so that publication at a later date is not precluded.

Speaker ’ s Name: . . . . — 
_ _ ._ 

~~~.~~~ ___ - . _~~~~~~~ . - . - .

Aff i l iat ion:  — .. . . - .—

Mailing Addre ss : ._ ~_._.~~. . . — -

Telephone (Include Area Code) - _~~~~~~~ Aut ov on

Visual Aids
16 mm motion picture projector , silent ~ sound 0
Slides: 2 ~ 2 (Paperboard mounted only) 0, 3-1/4 4 0. Vugraph 0

Type summary below. Continue on other side , if necessary. Do not use additional sheets.

Title: ~~~~~~~ . .._~~~~~~~. _ . . . . . - - .. —
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