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I ACOUSTIC ViBRATION OF STRUCTURES IN LIQUIDS

V. Fir th

Ab3tract - This article outlines the physics of the HI STORICAL BACKGROUND
vibration of an elastic structure excited by sound
waves in a liquid in contact with the structure. The The acoustic pressure field at the surf tce of a flex ible
historical background is summarized, and some structure can be separated into three components:
recent literature is described. Examples include the incident field (P1) in the absence of any structure;
pldtes, ducts, and complicated engineering systems. the rigid-scattered field (Ps) due to the presence of
Possible future developments are suggested. the structural surface , assumed rigid; and the radiated

field (Pr) due to the motion of the structural surface
that occurs during vibration (excluding incident and
rigid-scattered f ields). The sum P1 + Ps is somet irres

The dynamic response of a vibrating elastic structure called the blocked pressure field (Pb) . It satisfies the
~n contact with a fluid is changed by the fluid loading condition of zero particle velocity normal to the
and radiation damping. Various excitation phe- rigid surface .
nomena are possible. A structure will vibrate in
response to boundary layer turbulence in the moving The equation of forced motion of a structure can be
fluid or as a result of flow-dependent fluid-elastic written
instabilities . Another possible source of excitation
is a sound field in the fluid, for examp le. sound due L(u) = Pi + Ps + Pr
to circulating pumps in heating and ventilating sys-
tems or in nuclear reactors. L, a linear operator on the normal displacement u,

corresponds to the appropriate differential equation
The sound field is modified by the structure , and the for the structural motion . Away from the structur e ,
elastic motion of the structure is modified by the the pressure fields must satisfy the wave equation .
fluid . The problem has characteristics of both acous-
tics and elasticity. An important parameter in deter- In most cases , a further requirement is that no
mining the strength of the interaction is the specific cavitation takes place at the interface ; the fluid and
acoustic impedance of the fluid and the structural the structure remain in contact. Hence the normal
material properties. Specific acoustic impedance is derivative of (Pi + Ps + Pr) equals the negative of the
defined as the product of the density and the longi- product of the fluid density (

~pl, and the normal
tudinal wave speed (speed of sound). The value for acceleration of the structure:
air is 4 X 102 Kg— m 2 --S ’ , for water 2 X 106
Kg— rn 2—S ’ and for stainless steel 4 X 1O~ Kg a . a 2 u

2 — ‘ . . . . — (Pi + Ps + Pr) = — p‘-m -S . The acoust ic-structure interaction is an at 2
stronger as the ratio of the impedances approaches
unity. If the fluid is a gas , the acoustic-structure An early simplifica tion of the problem was to apprcx-
interaction is weak in most situations , and the deter- mate the vl~sf i.: structure by a simple harmonic
rriination of the acoustic pressures and structural oscillator . This approach was used by Rayleigh (1 ) ,
response can be solved independently. If the fluid who considered a spring-loaded piston in ~ baffle .
is a liquid , the acoustic-structure interaction is strong, He was able to show that the presence of the fluid
and the system m ust be solved simultaneously. decreased the resonant frequency of the piston and

incr ~,ice i1 the da~~pi7)g. .Stokes (2) provided the
This review describes liquid-loaded systems. Either explanation for the increase in damping and argued in
the source of excitation is an acoustic wave in the detail that the frequency of oscillation is impor l i~ t
fluid or the acoustic behavior of the fluid is an in determ ining whether or not the fluid can 1w
important part of the problem, treated as incompressib le
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Lamb 131 used the incompressible approximation or discontinuities. These waves travel at the free ,
to study the vibration of an elastic plate in contact fluid-loaded wave speed , not at the forced
with water . He used the Rayleig h-Ritz method to surface wave speed.
determine the frequencies and decay times for the
two lowest modes of a circular plate rigidly fixed An element of structural surface of area ~s , which has
in an infinite baffle , and showed that these frequen- a normal particle velocity u generally does not
cies were lower than those for correspond~ng vibra- radiate sound in the same way that a simple isolated
dons in a vacuum . Lax [4] extended this work to source of strength u6s radiates sound because ~1 the
include all purely radial modes; he assumed a corn- surface . However , a reciprocal relationship does exist
pressible fluid and found three effects: between the acoustic pressure produced by a volume

element with velocity u5s at some point in the radia-
• the plate pushes the fluid and so appears to have tion field of a vibrating body and the pressure pro-

added inertia; this lowers the resonant frequency duced by a simple source at some point on the rigid
e the plate radiates energy into the fluid , so that body at the location of the element . Smith [9]

the amplitude of a freely vibrating plate decays has derived a relationshi p between thc acoustic power
• the fluid provides a coupling medium : notion radiated by a struc ture vibrating in a single resonant

in one mode causes forces that act on another mode and the response of that mode to sound wave s
mode; as a result , energy is transferred from one incident from remote sources . To use this approach
mode to another . This transfer causes the mode for liquid-loaded structures , some estimate of mode
shapes of a freely vibrating plate in contact with shapes and frequencies is necessary.
a fluid to differ from the corresponding modes
in a vacuum . A good summary [10) and a mathe m atica l ly-oriented

text [111 have been published about the develo p-
These authors considered the case of a mechanically ment of analytica l , numerica l , and statistical methods
vibrating system radiating waves into an acoustic for tackling the problems of acoustic liquid-loaded
medium . The case of acoustic waves exciting a structural ‘vibrations .
mechanical system has been studied theoretically
[5] and experimen tally (6] . The forced mnotion
caused by a sound field impinging on submerged RECENT DEVELOPMENTS
plates could give rise to the propagation of free waves
in the plate , either through reflections at its bound- The problem of a mnonopo le source in a liquid in the
aries or imperfections in it vicinity of a flat plate has been analyzed by Krasi l’-

nikov [121 , who showed the presence of two fields:
The relationship between frequency and wavelength one remains close to the plate (associated with the
for free waves in an infinite plate in contact with an free wave in the plate) and one radiates over all
incompressible fluid has been published [7] , as has space . King [13] used the reciprocity relation to
a similar relationship for a flat strip of finite width Jerive the far-field acous tic radiation and did not
submerged in a compressible fluid [8] . consider the complicated Plate near-field . His ex i os i

tion is imprecise , as pointed out by Fahy [ 14]
Infinite homogeneous structures can vibrate only in and King ’s further remarks [15] do not n t i r m t y
waves equal to the incident field components. If a clarify the derivation . However , the results , which
structure is not homogeneous -- e .g., has holes or show that the propagation of real acoustic i ocrq~
stiffen e rs -- or if it is bounded , the acoustically- in the presence of a plate is dependent on the r. ,lat~v ’
induced structura l waves cannot be the same as the stiffness of the plate Ihence , different radial i
blocked field because the waves are also required to patterns can be obtained in air and water l see n va lid .
equal structural boundary conditions. The total
structural wave field can he separated into two At higher frequencies , as the wavelengths J i m  ro n
m:omponents the plate can no longer be thought of as a two -dirrien-

sional surface; three-dimensional elasticity t Im ’ m ry

• the forced wave equal to the excitation field must therefore be used . An attempt has been r~~d
• t h~ free waves scattered from the boundaries [16] to relate reflection and transmission ‘ If i’ ro t s
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of a material to certain physical constants of the The flow of acoustic fluid in a cylindrical pipe
material (including absorption). Some of these involves complex equations for the fluid rather than
constants can be determined independently; others -- for the structural motion . Chen and Rosenberg 122]
absorptions and shear wave speed -- must be adjusted considered velocities much lower than the critical
to give the best fit with the experi m ental results , flow velocity (where shell motion becomes unstable l.

Plots of frequency versus wave-number were cam-
Free waves introduced by boundaries in a liquid- pared for an empty shell , ~ fluid-filled shell , and a
loaded strip have been investigated [17] . The wave- fluid-conveying shell . The results for the last case
length-frequency relationship, including rigidity and depended upon whether the wave propagates up-
tension effects , was derived . For wavelengths less stream or downstream . At the fow-f requency limit
than about twice the width of the strip, the finite the water hammer wave velocity was derived for
width can be ignored . When the exciting acoustic axisymme tric waves. The results were extended to
wave frequency is equal to a resonant frequency for orthotropic pipes by Bert and Chen [23] , who
the liquid-loaded strip (that is . the ‘free ’ wave shape demonstrated t ’ -e adequacy of a Donnell-type shell
equals a normal mode) the free to forced wave ratio theory. The qualitative results for pipes rriade of
increases significantly , either orthotropic or isotropic materials are similar ,

but considerable quantitative difference s exist.
Radiation from freely supported beams has been
investigated and mode shapes in air and water corn- Finite element techniques can be used to analyze
pared by Blake [18] , He concluded that the only the acoustic-structure interaction problerri . The
effect of liquid loading was due to added mass (thus finite element formulation can be restricted to a
reducing the resonant frequencies) and that mode description of the structure , the acoustic medium can
shapes and radiation efficiencies were not affected be represented by an impedance matrix . A num erica l
(unlike Lax ’s circular plate 14] ) . An interesting paper technique using a finite ele m ent computer program
by Yeh [19] contains so m e speculation on how to model the structure and an acoustic radiation
liquid loading reduces the vibration frequencies f rom computer program to calculate acoustic impedance
their air values. m atrices at the structure surface has been published

[241 . Results are within 10% of experimen tal mea-
The analysis of wave propagation in cylindrical surernents of resonant frequencies of piezoelectric
geometries is mathematical ly complex . Berakha [20] transd ucers. Extension of this method to more
considered axisymmetric waves in an isotro pic complex struc tures is limited only by computer costs .
medium containing a liquid-filled duct . He used
three-dimensional elasticity theory to derive the dis- The finite element niethod can lie used to rirodel the
persion relationship and compared the results with acoustic medium to a surface on which the acoustic
the hollow cylinder case . At low frequencies, only wave equation can be separated. Such a m odel has
one wave can propagate; the speed is slightly higher been employed to determine the scattering of normal-
than that for the vacuu m duct . At higher frequencies , ly inc ident acoustic waves fron m an elastic disc [25] -
an extra wave , equivalent to the Rayleigh wave on a The d ifferences between a perfectly hard body, a
surface bounding a liquid half space , is possible . rigid body, amid an elastic , model of the ( u s  were
Berakha also derived the normal erode frequencies. demonstrated. An incident wove could excite reson-

ances of the fluid-loaded disc at several frequencies.
A si m ilar problem , involving a point source excitation Only the irm odel that includes the elastic propert ies
in a fluid column surrounded by either a fluid or an of the structure is adequate for the prediction of
elastic solid of infinite ext e nt , has been considered scattered pressures at these freq uencies.
[21 1 . Conditions for normal rrmode propagation were
defined , phase and group velocity dispersion curves Real structures , even simple cylindrical shells , are not
were presented , and der.ay ra t es for these modes were perfect , and irr iperfections can affect the interaction
considered . Arbitrary ex c itat ion of the source excites problem . Krajcinovic [26] has discussed the influence
a number of normal waves and generates considerable of out-of-roundness and eccentricity on the magni-
modal interference; the problem is thus a complex tude of the added mass for a rod vibrating in an

acoust ic f l um d in a rigid c iv i t y  The ef f e c ts are
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significant for narrow cavities; the formulas given can likely to be developed further .
easily be included in engineering analyses. Departures
from perfect circular symmetry of a cylindrica l shell REFERENCES
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LITERATURE REVIEW~ ~~~~
The monthly Literature Review , a subjective critique and sumrriary of the litera-
ture , consists of two to four review articles each month , 3.000 to 4 ,000 words ;n
length . The purpose of this section is to present a “digest ” of literature over a
pei iod 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 evaluation of the new literature , and
recommendations. Review articles are written by experts in the shock and vibrati on
field.

This issue of the D GEST contains review articles on flui d-structure interact ion
and beam vibrat ion . Dr . Krajcinovic discusses some structural transient interacti on
problems involving either a constant wetted surface or an expanding or receding
wetted surface.

Dr . Wagner and Professor Ramamurti discuss beam vibrations as they apply to
m odeling structures.

J
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SOME TRANSIENT PROBLEMS OF STRUCTURES IN T ER AcT IN (; WIT h FLU II )

1)usan Kraj c inov ic *

Abstract - This paper is a general review of transient
interaction problems involving either a constant
wetted surface or an expanding or receding wetted ~~~~~~~~~~ ~

surface. 
__c

~~~~~~~ 
—

Interest in problems of fluid-solid interaction is not U ‘3
new. In fact , the first systematic study was probably -~——-4
in 1850. After the publication of Rayleig h’s treatise p ( f
Theor-y of Sound in 1896 , the dynamics of struct ures Figure 1. Thin Cylindrical Shell Subjected to an Axi-
in a vacuum and conventional acoes’:cs “oveloped as symmetric Pulse Traveling in the Direction
independ cmmt disciplines. In recent ‘,‘.~ars , . 1 .  ~c.h- of Longitudinal Axis
nolog ies and energy sources , dee cpim lents in ~.
lortat lon , and the arm s race 1 .lted in ~~. . me partial differential eq i,iti mis i vem nin q t i ’
a”alanche of publications on Pr cihi ‘ .

~~~ 
r~ ‘ .  ~~~~~ t ’~j rmnat on of t he shell an be writt e n in the 1 r i

fluid interactions .

Interaction problem ns can be as ’ H mm ‘wo ~r r L1 1 u + 1.1 ~.v = — i n ..
grours as steady state or transier ii . 

2

The steady state proble ‘~~ of c ~ elates , 3 d  sbs ~is .31
11 + L 0o ~~ 

ii 

~r 
= A 

~
in ci tar l with or . srged it: . ‘ b’ ‘ t i’d ’ ( 1)
ied extensively .,i.~l ci~ US~~~ 

‘ m m , . ‘i~ “ L a’ :ferentia l operators , u (x , t I and w (x , t )
Transient roble s are ei .r - “.rm nplex ., . 

re~~r s~ it ax ial and radial co m np o nemmts of t he dis-
-il Inter est . - (.O )Vei l i  ,j ~~:I in 1 

, .
~ ~~~~~~~~ of a mid-surface point of the shell ,

sient ‘itera te 1 . ) IlL iO~~~’ I 1  i ci 

~r i A are the sur ia m r mmass d€ ’ m is i t y and t i
Cl) i: - , 

~
. ‘ 1 ,i ‘~~ - ‘ ,‘fl ~ 

~3 .Ji1 J S of the she~l; p~ is the density of the f lur d~an expan q . ~~~.i f l , S ~ C speed of propagation of sound in l i i ’  fluid ,
problerrrs cm ‘ . - .

~~ ~e ft ~ Y C  
~~m .  p

~ 
= const r i m  in s et s  t ime intensity of lie

response of ~r ~
-‘ e ) ~~~ ’ ‘ (I . 

mc ~~~~e . The fluid velo c ity otenl ,il ~ (r , t I
irxa’ nple is the nape,’ :~ ~j r . ,  I 

.. . ~s the wave equat ion

(2)
TRANSIENT INTEIt \ ‘ 1 lu ~ ~P C~~ ’V L

WITh CONSTANT WETT F’J ) . ‘ ~ “ e three partial differential equations shown in

-. q iat imins ( 1 )  and (2) , together with boundary mci
T I :  iiteraction between a su i i ‘ ~ initial conditions , define the boundary value problem .
long, thin elastic circular cylrndrica in . , i . .  in These two sets of equations are coupled by t i ’
axisyrnrnetriC pressure wave traveling or constant impermneabi l ity condition
speed in the direction of the longitudinal axis x of
the cylinder (Fi g. 1) has been studied. It was assumned 

— R =—that no separation (cavitation) occurs anywhere on ar ~ t (31
the surface of the shell .

• Prof. of Struc. Engr., Dept. of Materials Engr., University
of Illinois at Chicago Circle, Chicago, Illinois
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wh ich states that the velocities of the fluid arid the scattered by the rigid cylinder pS~. armd t he pressure
shell particle with which the f luid is in contact are field radiated by the deforniing wetted contour of
identical, the shell 

~se ~~

The partial differential equations are usually reduced p(r) = p
1
( r )  + psr (r) + Pse l m’l

to differential equations by two successive integral
trans for m s -

~ a Fourier with respect to x and a
Laplace transform with respect to t to an ordinary
dif ferenti a l equation. The rria in problem lies in the
inversion of the Laplace transform . For a si rim ple -:

Dirac-delta pressure , in which a pressure ring travels
along the shell , the inversion process is straig ht.
forward. The solution for radial displacem iment is in
the for m of an infinite sum of infinite integrals [17)

s inwx  d p, . :1
w (x ,tJ=~~ f  f~ (�2~, w , c) s in�’~1t cosw x dw p ..dt 1  ° (4) 

~~~~~~~~~~~~~~~~~~~
where are t he frequencies of natLiral vibrations; M4
i.e., simsm ple poles used for the inversion of the Laplace W
transform , The integrand in equation (4) is compli-
cated and osc illatory, so t hat numerical evaluation
is difficult.

The process is even moore complex for an arbitrary o R
loading fommction p(t) involving a double integra l ‘ h
w ith an oscillatory integrand , The analysis can be
qre:it ly simp lified without si gnificant loss of accuracy,
however , by neglecting both the inertial force mn 0u
in the direction of x axis and the compressibility of
the flu id [17] ,  The second assumr mption is not always
justif ied , especially at long wavelengths and in cases ‘

of symmetry with respect to x = 0. Two other
approx imate models have been proposed [5 , 131 . PRESSURE
Another transient proble m is the interaction of a FRONT
cy lindrical shell with a pressure wave having a front
paralle l to the qenoratrix of the cylinder [2 , 16] -
Mindlin and Bleich [16] ass iimned plane fluid flow
and ignored the axial co m ponent of fluid velocity.
Somewhat later Haywood [8] computed the hydro-
dynamic forces on the basis of cylindrical waves.

Figure 2. Thin Cylindrical Shell Subjected to a Plane
Consider the r’sa c t  formulation of the two-dimen- Transverse Pressure Pulse
sional problem . In the case of an infinite shell and
a wave infinite in the x dire r tine (Fig. 2), the qovern-
ing shell equations are wr i t ten  in ter m s of two on-
known Ii mm t inns , usually If .: nor m al hoop force
N (0 , t )  and the radial niisplaremnent w (0 , II . The
r ‘si m i m i  mim i hydrodym mamnic t f lSS: r i’  consists of the
k nown incident )r ’s’ ; Im ’ field 

~
. the pressure f ield
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The determination of the scattered and radiated pres- Mr and M0 are the radial and circumferentia l bend-
sure fields 

~sr~~ 
and 

~se~~ 
is co m plex , involving in- ing moment in the plate , p0 (t )  is the external ( m ci-

tegra l transforms with respect to t ’ -m e and expansions dent) loading; in0, the surface density of the plate ,
into infinite trigonometric series with respect to angle w(r , t ) .  the normal disp lace m nent of a point on the
0. The hydrodynamic pressures are obtained as infin- middle surface of the plate , Pf = const , the i n s hy
ite sums of infinite integrals. Because the integrands , o f the fluid; and Ø0 lr , tl = 0 I z=0’ the f l i m i  velo’ it~
wh ich include Bessel and Macdonald functions are potential at the fluid-plate interfar e . The men tio n
diff icult to compute [9 , 171 and the series converges of the potential fluid is governed by th~ Laplace
very slowly, approx imate tech.miques are used. The equation
zero-th and first deformation mode are used to derive
approx imate formulas for the hydrodynamic forces; = 0
the ana lysis is somewhat less cumnbersom e but still 61
comp lex . Of course , an inherent problem with ap-

.r u- ~imate methods is the uncertainty in defining the ‘ The boundary conditions at the s I r  l ice z = 0 are
limits of their applicability .

.~~~0 for r~~’a , z 0
The same problem has been solved for the case
spherica l shell [131 - Three-dimensional problems ~-~-- = — for r ~ a , z = 0
involving cylindrical shells of finite length are t ract- ~z ~t
able only in a variatio nal or purely numerical sense . 171

A significant si m plification is possible ii’ t he ultimate where a is the radius of the p late The fluid velocity
load-carrying capacity of a structure is of primary potential and its derivatives becoi mie /em ~ at inf inity.
interest. In certain’ pra m t i  aI problems a submerged Initial conditions are also taken I be lore .
structure soc-h as shell or plate is used for contain-
ment, The structure rliaintains the integrity of a sub- The mixed boundary value piob ie ’ -  defined by the
merged structure dur ing an accident , regar dless of Laplace equation (6 1 and the bo:iu~ ary cooditions
the level of damage . Stress levels in the structure 17) is convenient ly handled w i th sm i li ,rq r ’ ~i r a I  trans-
dur ing an accident would be much greater than the forms as Hankel’ s tr ansform o. The transfor med equa-
y ield stresses of the structure . If the i:inetic m n i mrqy tion 16) is solved, and the boundary conditions 17)
of t he incident load exceeds by many ti mnes the maxi- can be written after some manipulations in form of
mum energy of e lastic deformation of the structu re Titchmarsh-Busb nidge dual integral equation allowing
and if the load is applied for a much shorter time a c losed-for mn solution [23] -
than the period of the natural vibration of the stru m
tore , its structural behavior can be approximated with The effective mass of the system , wh ich consists of
a rigid-ideally plastic model [25) . Such a model can the act U a l  mass of the plate m0 and the added mass
usua lly be used when a slender structure is subjected ma. is derived in the form
to a blast type of loading (explosion).

/ Cp~ \,
A rig id- ideally plastic mnmode l and an incompressible in

0 
+ m~ = m0 ( 1  + 0 489 — ) 18)

fluid have been used to derive a closed-form solution hp0 /
for a blast-loaded simply-supported circular plate in where h is the plate thickness and p~ the plate

ontac t w ith a fluid [10] . If the initial surface of the densi:y (m 0 = hp0 ) .  The added i n p r m , i  depends on

flu id is assumed to have a surface of eero potential both the density ratio lp~/p~ ) and the radius to
(i , e., neg lecting the energy of surface waves ) , t he thickness ratio la/h I of the plate. Thus , even if the
ax isymmetric problem of a circular plate can be ratio p~/p~ is less than 1 (0. 13 f mrm a steel plate on
wr itten as the water l , the lap f /hp0 1 ratio can easi ly be as l i r e’

/ ~~ 
as unity and even larger. In other words , the i r e- nM — M0= f — mn 

~

—

~~~

— ) r dr sence of a fluid such as water si gnificant ly decreases

\ / (5) the final , plastic deformation of the plate .

I L

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



Toe dynamic plastic response of an infinitely long ‘I’RANSIENT IN’I’ER.&CTION PROB LEMS
thin cylindrical shell immersed in an infinitely i x - WITH VARIABLE WETTED SI RFM:E
tended potential fluid and subjected to an internal
axisym mnemric pressure pulse of arbitrary shape and Interest in the second class of transient p r u b le r i s  - .

duration has been considered ( 11 ,24] - The Neurm ian n so-called hydrodynamnic i m p a c t  problems that arise
problem for the Laplace equation for the exterior when structures fall onto the water - -  was in i t ia l ly
of a circular cylinder is in the for um ot an infinite mmiot ivated by landing of seaplanes and ship slamming,
integral , which is subsequently integrated using moore recently the retr ieva l of spaceships has been
asymptot ic expansions near t = 0 and t -~o° and stud ied . Problems encountered in the design of off-
Fillon ’s quadrature in the rest of ml i i -  ra nge The shore drilling platforms and contain er- ut suppression
correlation technique has been used to nu n s- an syst is at nuclear power plants also belong to m i s
arbitrary pulse to a step pulse of intensit y 

~e and class ,
duration t e. the pulse is um u i fo r i m i l ’ ,’ d istributed ~v , r
a portion of shell of length 2Le [29 1. A plot of the The exact formulation of a hydrodynarnic impact
maximum plastic deformation of the shell U0 prohlemn involves a structure responding in an elasto-
(after the deformation is terminated , t ~ t~ ( and the plastic mode with possible influence of strain rates
effective pressure intensity to static yield pressure P0 on the m agnitude of yield stress and a viscous and
ratio is shown in Figure 3. Although the density ratio compressible fluid,

=0.1 is modest , the final plastic deformation in
decreased by a factor ot three . Turbulence a’~d cavitation lespecially with blunt

bodies or in te stages of penetration ) com pli: ate
the prob lem . The mathemnatica model , even i f
turbulence and cavitation are ignored , cons ists of

( .0 i m r two sy stems of partial differential equations lgovern-
I ‘ ing the m otion and defor mniat ion of the structure and

c,9 k— H. ’mtm ‘‘).02~8 / flow of the fluid) that are coupled by a condition on

0 8  — 
L~~~~025  

— a mov ing boundary (expanding wetted surface ) ,
the model is very com plex , and no analytical solution

0.7 — — is yet available .

0,6 — (SHELL IN vAcuuM) — 

Early papers on this topic , predate present-day corn-
pHu0 tt 1) 0,5 — — puters and were concerned with the re i d t and sub-

p n 2 sequent penetration of a rigid body throug h the in-
e 0, 4 -_ — compressible fluid [20 , 27 , 281. Most of the solutions

:: The fl~~~~ is based pn in 

wedge .

0.i — — m0V
~ 

= (m a + m0) V 191
o~~~-~~ 

I I
i S  i. 7 i.9 2.1 where m0 is the total m ass of the rigid body; V0

and V , its velocity at the incipient iim: i ia t and at
an arbitrary time thereafter; and ma lt ) .  the added

Figure 3. Maximum Plastic Deformation as a Func- (apparent , victual ) mass , ref lecting the n, ’sms t , inru: of

tic.n of Pulse Intensity and Density Ratio the f luid particles being displaced by the penetrating
fluid. Fluint resistance depends of coursa on t t ’ e
dimensions and shape of the wetted contour , mi i i ;
contour changes un til penetration is u nim:pl i ’t e .
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Equation (9) can be rewritten in the for m If the energy a t o ’  , ‘-0 ...~ ‘s nemjl u -m nd . tf ie
determn inat om ,~ .mJ’ ‘ i-i u is~ m ~‘i mie reaucect (20 1

-
~~~ (m0 + ina ) V = 0 (9a) to the solution : ‘:l ‘I ,. ‘ - “ ‘ ,w abou t an obsta-
dt dc  boundi’~ ‘ - and its ‘‘ ; f l~ u lion

and the equation of m otion is in plane ~ “ ‘ i t ’ , ~‘ential (Fig. 4 1. The
dmn resulting Neu.- — - .,n can be recast into a

(m + in ) ~ ‘~~~
- + ~~~ V = 0 (10) Dirichlet problerm i by mrmeans of a co nii iul .-x vol e u t yo a dt dt potential .

Equation (10) can be expanded to include the effects
of buoyancy, weight , and lift forces [1] - This exact formulation is easily applied in case of

simple body shapes such as wedges , The solution
m0z — F0 — Fb — W + L = 0 ( i l l  involves confornual mapping in two-dimensional

problems and construction of fundamental potenti bi
The dots denote time derivatives , functions on the mnulti -shee ted Riemann spaoe [21]

for three-dimensional cases. If the effect of piled tip
z = V is the penetration veloci ty water is accounted for , the line of zero Potem:tia l

is defined either as the initial water surface [27]
F0= maz + maz is the unsteady force resulting or , more appropriately, as the maxi m um level of the

from the time rate of change of the moo- piled up free surface of the water [28] ; see f i t ’  mm . 5,
menturn of fluid In case of a wedge , the difference in assumoptions

is reflected by a factor of ir/2 , The iu o t omm r  of the
Fb = Buoyancy force free-water surface is comnpu ted by integrating the

upwash velocity over time; the result is an Abel’ s
W = m0g is the weig ht of the wedge integral equation that , in niany cases , especially when

the wetted contour is given in terms of a finite power
L = lift force series , leads to a closed-form solution . Surpr isingly,

no one n c ’ - .oqnized that the goverr :ing equation
The solution of equation ( 11) requires dntermnination was in fact an Abel’ s integral equation , hut various
of the added mass ma lt) . a classical problemn of authors (15 , 19] approximm iated the actual Contour
fluid mechanics, of the body with an appropria te power series in order

to solve the proble m .

WETTED SURFACE REFLECTED IN PLANE Z = 0

,/

/

q
~~~~~~~~~~~~ 

/~~~~~~~~

~~~~~~~~~~~~~~~WET TED SURFACE

x z
Figure 4 . Body Bounded by the Wetted Contour and Its Reflection about the Surface of Zero Potential
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th ickness varies according to a sine law , In , i r iu l i r im ,mu ,
the so lution carmn ut be considered m . r , ruu i , in m e because
thu author established only the fo rmmiu la for m l:e

-0 — ~~ interaction forces and did not co mm c er mi m u m ’  s ,’ lt with
— — — — — —

~~
— the entire process of motion: ~‘m’cluding sOp , iratmr-o

ind icated my the occurrence of negative pressures
at the interface I

Other atte m pts at analytical solution j f t l as prohlerm i

Figure 5. Impact ot a Rigid Wedge on the Surface of have been mnade [14] - It is safe to say, however , t l m  mm

a Liquid: von Karman ’s Model (left) and a reliable and complete solution m u 1 the problem m m t

Wagner ’ s Model (ri ght) t f t i s  kind is not pcss ible . One of the first atte m pts
at a numerical solution involved the f inite d i f i e r u i m i : .m :

method for solving the two-dime n sional problem uf

The main contradiction of the ri gid body model a rigid circular cylinder falling on the surface of an
is the fact that the pressure at the initial moment is incompressible fluid (3] - Mesh size and time inure-
pred icted as infinite while the structure being sub- mnent proved to be important in the comnp utati on .
jecte d to t his infinite pressure is considered unde- Only results at vemy early times are given, it is thus
forma ble . The contradiction was resolved som ewhat possible that the severe distortion of the u r ie s h has
by cons idering the fluid to be com pressible Instead a detrimental effect on accuracy during the later
of infinite values the initial pressure at the stagnation stages of penetration . A nunuierical solution of the
po int was pcV , where p is the initial density of the hydrodynamn ic imm m pac t on an elastic shell of revolu-
fluid; c , the speed of sound in unperturbed fluid; tion - - the landing of a re-entry vehicle on the sur face
and V , the impact velocity. Com pressibility was of water - .  has been presented . The procedure consists
found to be significant in the case of moderate inn- of numm rerica l integration of th u governing dynarsiic
pact speeds (V 0 < < c); only in case of blunt bodies equat ions of shell motion . The hydrodynamnic pros-
dur ing a period immediately following impact (char- sure is expressed as a double inf inite series of inte-
acter ized by supersonic speed of flow along the body grals . It is of interest that the interaction (i.e.,

contour l w ith duration m easured in fractions of mutual im:fluence of deforniation and pressu re)
milliseco n ds (22] - 

does not appreciably change t I m . ’  i : : i u x u m r u m m m m  value of
deflect ion or the stress resultants ( i c ., bendimu rt

The determination of mutual dependence of contact m o m ents and norm ’ ial forces) To t Ire contrary, the

pressume and defor mna bon was approximated with a Pressures at the apex computed fur two cases (with
m odel consisting of lu m ped mmiasses i n t u: rm ,rmr lnected and without intera. t in1 h ave absol utely nothing
w ith springs [18] . The problem mi was solved by assum- in co m mon .
ing that the deformnation of the structu re is related
to the increment in upwash velocity in the sam e way

penetrat ion is related to the orig inal mm pwash veIn CONCIA SIO\S
cit y, i.e., through an Abel’ s integral equation (19] -
The mmm dcl leads to rather sinip le solutions which This review has presented sortie m i f  the most m m m i  m u m -

were , unfortunately, not tested against moore exact tant trans ient proble m s of solid-fluid u irp, ra m u m i m : .
so lutions. It is ai m ed at readers not thoroughly familiar with

interaction problem s of this type , It m akes no preten-
The f i r s t  attem npt to solve the two-dimensional hydro- smon of presenting dm exhaustive and com sr plu ’t u ’ ri’h’r
dymi , i m o i m . i m pact problemmi of an elastic plate in its once list. However , such lists have been published
o~ m ir .t formul ation was in 1935 ( 12] - Com plex var - (6 , 9 , 17] , as have review papers [4 , 7 , 261 - E r i c
iables and co nfo m mmia l napping were used to reduce this review , it is anticipated that the reader wi l l

the problem of d e t e r m m u in a t i n n of (he fluid velocity h m , ’ u u u m m i e  aware of the magn itude and u u r m r u i r l e x m t y
i ) m j t i ’ m t i dl m um a I n u: u l l r u : l n i m inmu ’ : u i r ~m l ‘ ‘ qum. i t i u u ml  of ~~ 

m u solid.f luid mr :terac: tm on c iroblenmis.
- e m  mmmi i )  I mm m l wi th a com il uu i t em )  I_ i : mmi u ’l , A m l u m ~ , : u )  f u i r m i
so l ut uu un is mj f m t , i in , :u j  only when thu plate (i i’., bea mmm(
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BEAM VIBRATIONS - A REVIEW

Hans Wag ner * and V . Ramamurti*

Abstract - Most structural elements encountered in [24] - A generalized theo~v of nonuniform rm thin: -
practice can be treated as beams sacrificing little walled beam s has been presented [25] . An exact
accuracy. For this reason, this review article sum- so lution has been obtained for sm m ia ll oscillations of a
mari~es work on the vibration of beams since 1973, plane constant curvature prismatic bar (26] . Modi

and Misra [27] have described the dyna m ics of three
identical f lexible cylindrical cantilevers joined symmi-

DETERMINISTIC LINEAR VIBRATIONS m etrically to a central head , ihermnally-i niduced
vibrations of Euler-Bernoulli and Timnoshenko beannis

Finite element m ethods have been used to solve have been studied [28] , as have transverse v ibrations
f lexoral vibration problems of bearrr s with various of nonunifor m bsam ims [29] - Free vibrations of beam s
boundary conditions [1] - Attempts have been m ade wit h various boundary conditions -. eq. ,  elastically
to use quintic polynomials to solve vibration prob- restrained ends , tip masses - -  have been extensively
lems of tapered beams [2] - The polynomials have studied [30 - 45] , w i h  emphasis on the effect on
been applied to pretwisted blade vibrations [3] and natural frequencies and mode shapes of varying
to lar ge amplitude blade vibrations [4] - The optimum system parameters .
first mode frequency of beams of specified volume
resting on an elastic foU ndation has also been comn- Tirnoshenko beams [46 - 56] , the effect of shear on
puted by the finite element method [5] - natural frequem:cies [46 - 48] , rot ary inertia and shear

deformation [49 - 53] , t hermoelastic vibrations of
Optimization studies have been reported (6 , 7] , as Timoshenko beams [54] ,elastica lly-connected Timo-
have upper and lower frequency limits for sing le shenko beams [55] , and mode shapes and frequencies
and multi-span beams [8] - The general nature of of transversely orthotropic Timoshenko beam s have
beam v ibrations associated with shock problems has been studied [56] -
been di scussed [9 - 11] , as have wind- and flow-
induced vibrations [12 - 14] . Beamim s subjected to Orthotropic multilayered beams have been the topic
axial force fields have been studied [15] - Three- of a paper involving determnination of flexural and
dimensional displacements have been expanded in torsional resonant frequencies [57]; the governing
a double power series of transverse coordinates to differential equations for flexura l vibrations of v is-
find one-dimensional equations applicable to low coelastic multilayered beams , as well as natural Ire-
frequency v ibrations [16] - Chatter characteristics quencies and steady-state response [58 - 70] have
of beams have been described [17 1 , and overhung also been detern:ined using various boundary condi-
beams have been discussed [18] - Effects of steady tions , The approa’-hes incluth. Fourier analysis of
longitudinal motion of vibration frequencies have material and kine natic vibratio n s , Laplace trans-
been studied [19] . Simple formulas for calculating forms , and the finite element method . Tinmnoshem :ko
frequencies of continuous beanis with different becms have also been considered (61 , 63] . The
boundary conditions [20] and for multi-span curved influence of the num ber of layers and the t hickm ress
beams [21] have been devised. A rigorous mathe- ratio of viscoe lastic to elastic layers have been studied
m’it ical analysis of continuous linear systems with [60 ] - It has been shown [65] that the e f f e c t  of
spec ific application to the determination of eigen- da m ping increases moonotonically with an increase in
values of cantilevers has been derived 122] . the sectional area of coating of a viscon ’ l,ist ir bar.

The application of an axial c ’omu pr i ’ ss mv i ’ force 1mm a
The effect of support f lexibi l i ty on natural frequency viscoe lastic bean: also increases damm ip ing , The m r n ’v .’ m :
has been discussed [23] . Coupled torsional and f lex- tion of local si;ear at free or hinged ends by mm r eamrs ot
ora l modes have been studied with transfer matrices rigid rivets has been an alyzed [64 ] -

lndian Institute of Technology, Madras, India
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STABILITY OF DETERMINISTIC VIBRATION obtained with the prin me iple of m in im um strain energy
were connpare d wit lm those of finite ele mm ient and per

The stability of various beamnis has been examnined turbation mnethods [921. The behavior of beam s with
[71 - 79] , namne ly a turborotor by a perturbation timm me-depend c ’nt boundary conditions has been dis-
technique [71] , a cantilever subjected to a follower cussed [93] . Lakin [94] considered a fourth order
force at its free end and rotating at unifornm angular boundary value problemn associated with somal I vibra-
velocity [72] , a free beam [75 , 76] , and beamos on tions of a uniform o flexible rod and obtained the
continuous e lastic foundations [771 - The cantilever Iimnitin :g behavior of eigenva lues, Anderson [95]
study was extended to include rotary inertia and tip formulated the nonlinear equations of motion of a
mass [73] and determination of critical flutter load slender bar rotating at constant angular velocity
[74] . The dynamic stability of a beam subjected to about a transverse axis and discussed the mathen ’mami-
moving loads has been investigated [78 . 791 using cal connection between: two physically distinct non-
a set of approx imnate equations of motion (Galerkin conservative stability problemns [96] - Tlme gosi-mrn ing
method). The critical speeds were predicted in ternns differential equations for the torsional vibration of
of system parameters using simple algebraic expres- thin-wall ed beam s of open cross section have been
sions . solved [961 , and the dynanmic behavior of a hinged

beamm m carrying a concentrated mass has been analyzed
[98] using harmonic balance to solve the equations ,

DETERMINISTIC NONLINEAR VIBRATION Approximate equations of motion of a three-layer on-
sy mu imnetr ical heamn with viscoelastic cores have been

More than 20 papers [80] to [102] have dealt with developed [991, and the frequency response for
the nonl inear vibration of beams. Pandalai [80] clamped ends has been compared to experi m ental
derived time equations of motion of a plate in curvi- results.
linear coordinates and showed that the large amnpli-
tude f lexural vibrations of beamns and plates are Parametric vibratiom is of a weight less cantilever beamn
of the hardening type, The modal equations appli- with concentrated m asses have been considered
ca ble to plates , r ings , beam s , and shells using La- [100] . Lateral bending torsion vibrations of a canti-
grange’s mnietho d have been derived [81] ; the large lever un:der para m etric excitat ion have been analyzed
amplitude vibrations of rings and shells are of the [101].  Bec.ause the beamn had nonlinear damping, in-
softening type . Large deflections of beams have been stability regions settled into steady nonlinear limit
studied using matched asymptotic expansions [821 - cycles the amnplitude s amid frequencies of which can
Large amplitudes of whirling m otion of a simply be theoretically predicted . The bending behavior of

F supported bea m constrained to a fixed length have a beam under a mmmoving loam ’) has also been studied
been investigated [831 . Subharmnonic response of [102]
the order 1/3 was revealed in a study involving
transverse v ibrations of a beam with ends a fixed
distance apart [84] . Subharmonic response of the RANDOM LINEAR ~IBR,&TION
order of 1/9 has been described [85] , and the non-
linear vibrations of beamus with geometric properties Randomnly varying form- irs or m ater ial properties were
varying along the length have been analyzed [86] . subjects of 11 articles [103 - 113] , the f irst eig ht
The perturbation method has been combined with of which deal with beams subjected to randmu rri
th~ numer ical technique to solve nonlinear dynamic excitation , The correlation r run ’ th umui was used to
problems of complicated structures [87] . Non- compute the deflection and hendimq mnomn:ent of a
linear inertia effects have been accounted for 189] - bea m subjected to random force with uonst ,mnt mTmean

va lue and mnovinq at constant sl meed [103] - The
A steady-state solution for beamus with nonlinear mnodal approach was used to formnu late probabilit y
auxiliary mass dampers has been published [90] . paramneters of the displacen:ent field of a mwo-span
The nonlinear response and stability of a buckled beam in ter m s of loads [104] , An exa m ple is a beam
beam has been analyzed using a form function excited by white noise , t he displacennent d is t mu :msion
approximation [911 . Nonlinear effects of high formulated as the sum of two series met mmi ’s e nrt ing the
lc ’ rmr pe rat m ire s have beemi discussed (92] - Results corresponding unidaunped mode qromjps.
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BOOK REViEWS
“SHOCK AND VIBRATION COMPUTER PROGR AMS”

Review of Summaries
SVM- 1O

Edited by Walter and Barbara Pilkey
Shock and Vibrat ion Information Center , 1975

t i m  s o’ ’ i m l m  - - - ‘ I  .ini ) :l~ m t - n i l  (,O r - : t m i t , c n m m n ’ i . m r , i ’ ’ ’ ’m m mvi ’  u f y m i d i m m i m . analysis are ir. ’ t i m m ’j ed in f l ow . i mmd u i i  u ’ )  stmuc-
dm mu - ‘ ‘ ‘ - r i m ’ ’ - ) , sor ’ :- o ro , ’s m m m . m ’ i m - i ~ , m m n . - l y  i - I  - to nal vibrat ion .

t i m ,  i ’ - v ’ ’ I . ; ’ - r ’ mi t  f t . ’:: tx ‘ ‘ t i m -u i ’
I I , ,~,‘ I I - ~., NAh R ,”N . SAP I V , MARC . c ut ” )  In sum n i ’ m mny , the sect ion on m u r m l m i m t m ’ r  progr a m’ is

shontc hanmje s ~i ’ ro im lm i s t im  u t y  ‘ , i i m : m p n u c ss m i r  and t u m r l . i m m ’ ’
b lade f lu t ter , panel f lutter of s~ .m i’ r i f t  and ionic ’

The Pilkeys ’ is an :m l iu ,J , i t m t  : 1 . 1  m -xr e nsion of t ime pre- space vehicles. Fracture n m i i m m ,h~ nics , m m i m.i its relation
- ~Iy n’ ’v i’ ’w u .cd Structural Mechanics Computer to fa t ig mu m ’  are riot i n :c )mi Ied , They have an im n u portant

Prog . ’ams. The newer boo k is li mi ted  to due 1. and role in m::etal applications to vehicles amid m mmac h :ir:ery.
v ibration .~- i’ - t i o me n ç r . t ’ ;n ,m m mm r s - m ud exposes the iisimr
to the ,lii rl ’  m ’’ :I ~ i m ~~ and - ‘x ‘ - Ilent composition:s of The section on capabilit ies and routines with in: pro-

p I ’m and not so populam pro rammis.  Due to the grams is more theoretica l than t h e  otl:er and contains
large i ’ i m ’ I l m . c r  ~ f 1i ,m l i . -ns (35) ‘ i tio ns are placed mn much infor m ation and n mmf i ’ n i :n: m ,mes I )  existing - re ’

on the nev i’mv s of l Im i t s ’ Ii~m I m ’ - r s  The mel is : i c v u m ) i ’ d grams. There are lent I ls on u ) d r ’ m ; . i n m ] ,  e m m ; m ’ i i v i l u e
into two main sections , u ,ich m m f  wh:ch is con:sidered extraction , non linear analysis . no tcs ’- r i ’  , mI stab i l i ty
be low . (an exc me llent diii I t ss im mm: m , li ii m i ne arid Ira g m: :c ’n lu,t m mmm :

um:der shoc k loading, and inertial i ’ matr ices for fi r : ite
The section on: .o mmp ~~ t ’ t n pro c l ra mn ms is ex ei ’I!ent . The elenments. Instead of an in t no d uj m -tony m h ,,oti ,’r d u e t

sta t iom:any str ic tu res ~mm i n t l ’ . , in ‘ t m I ) ~ 1. ar:d vibration . some of t I m ’ ’  m ore limn ’ r ’ ,iI purpose programs , the
m m  m m i t , m i m u -  inf orm rma t ion about the following bond reviewer would l’mave preferre d a ‘ lun p tm ’r mli’s. r . t  . i n i

graph theory, trammsfer Ii m m m : ’ t i i t l i s , tors ional sy s te m mi s , moore i:xten:s ive m odal analysis , ‘ie l i u m t m l s  of con-
.ra~h s i n . m i l u t i on m . fn , m um im ’ s , dynamrncs of sren ’ em ra f t  densation , and ‘‘ idss and arnm p l i t : m ’ le norm:ial i i m t m ” m ,

‘ n  - ‘~~ , r~ m ’i. )‘c m vibration . 1  structures ( e x t n m ’m e -

ly short), s iti ’ , m m i im m anal,’s is , , m mi ’ ,l dy u m a n nm ic li i..l,ling of in ci i . ’ c r m cm ry t luu ~ book is well s v r i t t ’ - : , - i l i s c ) ’ ’ ni nu i ;

‘t I n re m the r : um ni hen ol contr ibutors . Th~ ‘ ‘vi ’ ’,’i’:r m t lu ’s that
a numher of outdated or pacri me n~ r 15 Iii. ~iS’h’ml

the ‘ mi . i m  i i n i ’ - ry  dyna mm m ics s~’ : mien i r : m Li m I ts i n:fnnmnia- in Structural Mechanics Computer Programs sv’ :ni
nior ’u abou t I i r i ’ ’ ’ ’ l , u m i ’  m. and dyna m ic l m t s i m ; m i  of m n u o c ) :— rip 1 ,, ‘ml by moore p m  lm md ,m m -  ‘ r i , m l m d t ’ - s  mm tb: m_’ rm’ ’w
h i r : i sm ’ m s r. m m ,m m c n . l  rnai ,h innry , and . ) ; ‘ t i ’ ’ i l m m  , )es i i l f l  of I - i ’  Pm f lu . ’ m md j t i j r s  ,m n u ’ to be m em:m ~r , m t i m I ~m tem 3 f u r  t iss n m mr ’

dy mmam im , ‘ r im ’ .  ciii! ml ‘O’ .t ‘ ‘ - ‘  bl ing IL’ i u i l ’ r i e , m t i o n  amid advis i ng au,hor s about
Ion ations , mnml ) - ,s’ ,mys to o) :tain the n u t : ,  i” : . Imm i t t i  e ’

fbi ,‘‘ , , t i ’ im ’  mm m l noise rim h i .  i ’ S m l i i -  I . 1 1 -  msvin ~ pred ic— ,‘j Iui. Ii an ’  m pvr - n in each c l:aptm ’ n
i i n ’ : m h m ’ u l i \ ’.’ , my ni is” ,m r ’u )  ml r m , i f t  n’ mis,m in ’. Ii men

hi m l i i i  ‘.~~‘ ‘ - ‘ m m .  - ‘ . lip mum s inch, I c m i .’ P t m , ‘ m r  In mmmi i  nt
n osn m um ns e if so lids a rid t i mni e d’ ’ r ’ ’  nu ’ l ’ ’ m m t  ‘i , m n . ’ n i , m l c  rio

m mii i’, is m ’ , i ’ l i ’  of f r i .  t in - - m c i i ’ m  m ini s The o. ’~ iou:

mm . ) . m r - m r u m , - .simni l ‘.‘i. ’- too sh u nt , m~~ p.’ . l i l ly  .i r ’ : t :  I i

I mm ,) r ’ r ,t’ ,m1.m i l i  n y ‘ l i s t  i l - m t  i nns r i- i l ,  - i n ”  I in . m t i m l i  1’ I her t ’  S.ì mniii ’ ’ms
. i r u . m l y ’ m is ‘ ml  “‘ - m t ” n i .m ls  su m . ’. m - ‘ I  to  s t ’ m ’  I m . m s t i ~ in ;m uts. G. ’ , u u ’ m , i I  E l m  m n i u (  “ m m ;  i m n y ,  I S T r u t )
I’ l . m c i strum t e r m ’ m n m t ’  m m -  t , m m n i  . in i . )  I i q :u i ’ l  I c i t  - I I  mum Si t o m . - I i i .  - N’ ’ ’.’. ‘,‘erl  1. ’ ‘ .~~~

. 

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



~ - -

~~~~

-- . 

~~~~~

NONLINEAR VIBRAT IONS A ND TRANSIE NT PRO CESSES IN MACHINES
(Nelineinye kolebaniya I pere khodnye protsessy v mashinakh)

Mosm ow , Itda telstvo “Nauka ” 119721

Book is the collection of the reports on the topic system , v ibrations of t h e  s y s t e m s  with hys m i ’ nm ’-sis ,
concerned w ith the proble mn u m entioned in the t it l e. stiffness of the ball bearings , dynamnic of hydraulic
The reports describe the works of the group of mu rachines , ca lculation: of t I m ,- f r e m : m ,mmt n :( , l i ts of rotors ,
sc ientists from the Inst i tute of Science of Mac)iines dynan:iic of f lexible rotors , am id dy m ma m n ic of v m l , m . ,mte r ~ .
( Institut Mashinovedeniya( of the Soviet Union
Academy of Sciences. The part of the report is The f if th  group (f ive reports ) concerns the i o u - T I m :

cont inuations of the fo rn mne r book Kolebanija i used to analyze vibrations of the con:mp licated u - i ’ m  Ii

ustoytssyvost pryborov , n::ash in I e lemnentov systeni anica l system . The proble m s of m echanical amid
uprav lenya , Nauka , Moskva 1968 r . m m i ,mt lm i ’ mm ia t i ca l  models of hydraulic and pm l m ’ mm ” .ml .

systemmms . and nnm odels of system ’n w i t h ,  • I isO m i m i , ! ’ ,

The collection includes 42 neports of 48 authors. n:asses are in:vestigatc’d , There are also investi ; . it ’- ’ l
Prof . K ,W . Frolov is the editor . the analyt ical metl’mods espec ially small ‘ar , mm ’ .m m t ’ r

met hods , There are i n vestigated the dyna m rmi c e l f ’ - .  Is
T h e reports are divided in the seven groups. The first of the sudden variations of syste m s pan., m r
)seven reports) concerns pro blenns of analysis of the values ,
v ibrations of machines by limited excitat ion . i. e .,
the source of energy has a l imni ited power . It is a con - The sixth group (five reports ) concerns : ‘ m .’ i.s t ,. m ,m m t i m i u s
t inuation of the ideas of NO.  Kononenko . There of self-excited vibratio ns of rrrachi niuss. The r . n r m ) : lm ’ m ’ ls
are investigated theoretically vibrations of the sys- of synchronization of mechanical vib rations ~~i thi

tems of the var iable coefficients . the systems w ith dry fr iction and the v i l i nam i ” mn s  in il, ’ sy s t im ’ ’ ’s w ith:
the two contro l functions , the stat istical dynamic random van able pararoeters are i n iv i ts t i : t , i t u md
of systems v ibrator-machine . theoret ic and experi-
rrmenta l investigations of the hydraulic pu lsator The seventh group ( liv,’ r un t ’ . . ‘‘~ l c tu m : m ,u’ rn:s t he moetb i-
and v ibratory trans porter , ods o f isolation of v i l t n tml i ’  mis m i t  the ‘ t i S m  I:im :’ ’s and

devices. The investigations of dam ns pers of ‘ t  i’ m l i a m i i m  ~l
The second group (two reports( conime mns the inves t i- and pneunnmatic al vibrations are • Ies( r i ) m m ~~l T b,’ i - t . e r t s

“ra t io ns of the vibrations of m achines on the r:ic’n con cern the wide dmc nnain of Iii.’ p re l i ln - r t i s  .d non-
operators , l inear vibratio n s. The hig h scient i f ic leve l of these

works is connem mted wi th the a m ‘p1 Im ’ ,it ions in v ,mr t -
The third ‘t roop (n ine n m t ; i u j r t ’ .l concerns the investi- types of il iOl lmeu ’~
gat ions m l the transient vibrations of the syst ’ ’ ’  • ‘S
,~ ith 0m m , ’ )  ,‘n st i f fness , the tra n s ien t vibrations i”y The rich bibliography is i: e mmn e u - t i: u) . The ,m’n ’.’. are
pass ing the resonance zone , the trans ient prom oSse ’s u,s i’f ul litur su i u ’nll fi iv. m m i n s  in tIm , - f u u ’l , ) of nont m im tin
in r i m , ’  s m h : r . m t t n g  systm , mr ls w ith the dry t r i m  t i m , n , t I m ’ -  r ’ im ’ . ’ h~ n uu.  ml v ihn , m lum: ns ,

miur , mm nm m mn i i  and s i ’ l f ’ im xt .it omi v ibrations. The vi lmm , m m i mu n s
of  l I n t ! : ’; in the vibrating elom rtents of hydraulic
puni’mps , the pro h lemmms of fluid flow through Ihi,
f issu res , the v ibrations of mli i ,  pimn.’ t i  hum w it b m variable
lengt h , and t he ipmlloping of the vehicle an” inv i - s t i - Z Os m nsk u . Poland
.l .mte d . Counlesy of Applied Mmm m l m . m m u i ; s  Rev uu’s ’ j s

The fom j r th  -j n e m ’ i t ~ (n ine ni p. m nts l  i tn’ m mnn s  thu ‘ n m , l m t i ’ m m m

if dynann im al processes in t bu um m m i , m m t h i n e s , T here .ini ’
m m  m ) m l m ’ r m ~s of dyna m ic rr t u l t im na ss ’systermr , v u ) i r m ’ m u n i t  mm I
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Re54’ .mr , ,fm Laboratory, A.r sh in m m n m ,r m - D.C.

B R E A K

‘ -A- -i co mrre M.iior Gem -n i Ci .jr ies I- - Means Cony,.
mandt.-r U S Army Missile R,’immam m • and 5. A Bu i Imii rm : I Bk-- A 1i1u rm ach to Iii. ’ Dyrw,mrmic Behavior oi

D~’~ ’ ’ i m m i m m r i m ’ nt Co mnm rmm ,, m i m l  Ruylstone Ar Modal M - mm l ’ ’ i  m m m i  Techniques . M. LAI A SNE , j  c CR0-
sm ’mu.i I , A lat iurmi , , MER , i. N, S ,A ,. V illemirbanne, France , and D, B O N N E

CASE - L,L. GAUDRIOT , M” mmavib , Ecully , France.

ncm tr’ A ’iiiress Dr. J: ,m in L Ti- Daniel , Dm’~uu,j ny /Tu ’ ci ,u m,, ,,mI
Director , U.S. Arnmy Missul , ’ H a - .in i 6. Advanced Applications of Transfer Functions - J R .
,m m md flevel. ‘p u n  Comr riamm d , Redsto nm’ F OWL ER . Hughes Aircraf t  Company, El Segundo . CA..

j  

Arsm’nal . Alabanma and E. DANCY , Hewle t t-P ac k ,mr ii Los Angek’,. CA ,

Invited Si,i”ak”rs Sf mm ,c i ’, Response Research at the Water ’ 7. L.u.uii Transf o rmation Deve lm ’. m mr r m , ’ mu n Co rm sim- t m, nt w u t fm .M, “ tel
ways Exm ir ,r imen t Station ” Colonel John Synth. -sis Techniques R F . HRODA and P,J. JONE S,

L Cannon , Commander/Director . U,S. Martin Ma r i imm r , ’i Cumin , - Denver , CO.
Arminy Engimmeer Waterways Lxperiment
Sm - i n ! - ,, , V ick:burq. Mississippi 8, Reduced Sy stem Models Using M’mda l Oscilla !’ .r’ miu r

Su i i sys t” mns IRatiunially Norn’ralized Modesl F H

Sm - “Technical Infon rmmat ion Resources for WOLFF a o l  A ,J, MOLN.~R . W . :st mmm - i umoos ” tT b cu’ t r m c  C m i i  -

the Shock anal Vibrat ion Community ” Pittsburgh , PA ,

Mr E .J, KoIb . Princ ipal Technical
Information Officer for the Army, Head- SUPPLEMENTARY
quarters , US. Annoy Materiel Develop-
ment amid Readiness Command , Alex- Laguerre Polynom ials An Approach to M,’,u s u ir , ’ m r m , ’nt

andr ia , V irginia Represen mation - G,R, SPALDING , Wrig ht State U’uis” r-
sity . Dayton . OH.

“Earthquakes: Their Causes and Effects ”
Dr. Robert M, Hamilton , Chief , Office
of Earthquake Studies . U S. Geological Session 18 4 Unclassified) 2:00 P M , Tuesday, October 18
Survey, Reston . Virginia Parlor B

Session 1A (Unclassified ) 2:00 P.M. Tuesday, October 18 TRACKED VEHICLES
Parlor A

Ch airman , Mr Donald W. Runes , Clo d Applied
M O D A L  TEST A ND A N A L Y S IS Physic~ Section , US . Army T.in mk Auto

u m m i t iv u’ Research: and Development Corn-
Chairman: Mr. Brian Kem ’ .m. j rm . NASA Goddard Space mand , Vi ‘roan. Micf ,m m nj n

Flight Center , Groenbelt , Maryland Cochairman, M~ Gorges G,m ni n mhe r . U.S. Army Hum naum
Cochairman. Mr. Garland D. Jobm nston , NA SA Mar- Eng ineering Laboratory . A Eui ’ r ulm ’i’n Prmuv .

shall Space Flig ht C n n . Huntsville , ing Ground , Maryland
Alabama

1 . Noise in Light-Wei ght Track ed Vehicles - An Overview
1. Force Apport ioning for Modal Vibration Testing Using J.T , KALB , U.S Army Hum an Enqi nm ’u ’ num it Laboratory.

Incomnpleto Excj tdt ion G. M OR O SOW , Martin Mar ietta Aburrdeen Prov m nq Ground , MD.
C,mr u mm u r mn m i nn . Denvu’r CO mm m ii A S . AY RE , Univers ity

m l C , m l m m r . m u l m u , Boni tO’ . CO 2 . Anal ysis of Track miu’l Veh icle Dynamics~ A G .  GALAIT SIS ,
Bolt Boranme k ,mnd Newman , Cambridge , MA,

-‘ 2 , On the Distribut ion of Shaker Fm rces in Multip lo-Shak m’r
-i Modal Testing W L HALLAUE R , Jr. and J. F - STAF 3 , Hull Vibratory Power Flow m m m l  Resulting I nm , ’ r im , r  N.u,s, ’

F O R D , V i r ’ u i r m i~m Polyt s’ h m m uum I m u s t u l u t e  and State Univer- 0m m th,,, Mt t3A Armored Pmmrsm,nmm pl Carrier - P A . R I - NTZ ,

s i ty .  Blacksburmj . VA Bolt Boranek ,, rm ui Newuman , Cam mm m ,r .n P,,rk 
, CA.



4 Reduc immg Tracked Veh icle Vibration and Noise - Hard. LOADS AND ENVIRONMENTS
w a rm- Considerations - R B .  H A R E , FMC Corporation , San
Jose , CA and T R . N O R R I S, Consultant , San Francisc o, Chairman Mr . Jerome Pearso n, Air Fnrce Flight
CA . Dynamics Laboratory, ‘Aim ight-Patterson

AFB , Ohio
BREAK Cochairman’ Mr. Rudolph H. Vol in , Shock and V ibra-

tion Information Center , Naval Research ,
5. Tracked Vehicles: Noise and Vibration Study Using a Laboratory, Washington , D.C.

Reduced Scale Model - I C . NORRIS , Consultant , Se mi
Framicisco , CA and D,W . REE S, U.S. Army Tank Auto- 5. An Investigat ion of Internal Acoustic Transmission of
, r m m , t m v u Research and Development Command . ~1arren , Vibration in the A IM-7E Missile - 0 .8. M E E K E R  and

Ml. T , W , ELLIOTT , Pacific Missile Test Center , Point Mugu ,
CA

6. Use of an Earth Berm, to Reduce the Environmnnenta l
Noise Impact of the Test Track at Detroit Arsenal ND. 6. The Vibration Response of the Phoenix Missile in mim e
LEWI S . Bioecoustj Cs Division , Army Environme ntal  F-14 Aircraf t  Captive Flight Erivironme nm m M,E , BURKE .
Hygiene Agency, Aberdeen Proving Ground . MD. Pacific Missile Test Center , Pomnt Mugu . CA,

7 . Noise Limits for Army Material - Presentation and Dis- / .  Some Dynamic Response Environmental Measuremnents of
cussion with Audience Participation - G. GA RINTHER , Various Tactical Weapons - W ,W. PAHMENTER , N ,,va i

U.S . Army Human Enimji nee r ing Laboratory. Aberdeen Weapons Cen mmm r . China Lake . CA
Proving Ground, MD

8. Axial Force Functions for the Water Entry of Ogive
Shapes - J .L. BALDWIN , Naval Surface Weapons Center .
Silver Spring. MD.

Session 2A (Unclassified ) 9:00 A .M. Wednesday. October 19 SUPPLEMENTARY
Parlor A

Calcuiation of Attach Point Loads Due to Cornbustmon
INSTRUMENTATiON Instability in the Space Shuttle Solid Rocket Boosters -

F R ,  JENSEN and D. WANG , Hercules Inc., Magna , UT.
Chairman: Mr. Thomas Kennedy, Defense Nuclear

Agency, Washington . D.C .
Cochairman: Mr . Am) Frydman , U.S. Army Harry Session 2B (Unclassified) 9:00 A M . Wednesday, October 19

Diamond Laboratories , Adeiphi , Mary- Parlor B
land

S T R U C T U R A L  A N A L Y S IS
1. Angular Vibration Measurement Techniques - MW.

OBAL and P.W. WHA LEY , Air Force Flig ht Dynamics Chairman: Dr . Nicholas Bas dekms , Office of Naval
Laboratory, Wrig ht-Patterson AFB , OH . Research . Arlington , V i r mt i ni ia

Cochairman: Dr , ,.P Batsara . U.S. Army Engineer
2. Hi gh Frequency Ground Vibration Measurement - H, Waterways Experiment Station , V im :ks -

NO_ LE . Monash University. Clayton , Australia burg, Mississippi

3, The Reciprocity Calibration of Vibration Standards Over 1, A Source of Large Errors in Calculating System Fne-
an Lxn , ’ mm d mmm i Frequency Range - R.R. BOUCHE . Bouche qi m m ,’ mm c m es - R M , MAINS. Washinmgnon Univors uty. St .
Laboratories , Tujunga , CA . Louis , MO

4 . Hydrodynamic Ramn Induced Pa nmel Dust m l,, m :m- me nts Deter- 2 . Optimum Element Size in Shock Load An.ml y s m s of Buried
rnm inr m ,l by ,m Moire I rirmi t mi Tm.’cbmnique - S.J. BLESS , J.P. Structures - A K , GUPTA and R .R, R O B I N S O N , l I T

BARBER and P.F F R Y , Uumiv ersity of Dayton Research Reci’~ r cbm Institute , Chicago , IL.
Institute , Dayton . OH.

3, F mn i t e  Element A nalysis of a Bolted Strum - ru e in High

SUPPLEMENTARY Speed Impacts - J K. GRAN . L. E . SCHWE R . J.D COL-
TON and H E , L I N D B E R G , SRI l ntermu , m n mona l , Menlo

Data Acquisitions Systems for the Im rnmsb ia te Future ‘ P,irk , CA
J.F . SCHNEIDER , Air Fornu: Weapons Laboratory,
Km rtI . , nm f AEB , NM ‘ 4 Wave Prm m nm ag . m m u o mm mi Cylindrical Sh ell wim b u Joint Dms-

continuity - A . H A R A R I , Naval Underwanm’r Syster’ s
BREAK C m ’ mu n m ’r , Newport , R b
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BREAK 6. Acoustic Radiation fro m a Venturi Type Flowmeter Due
to 1-bydro dyn amic Excitation - G. H. WE IDENHAMER ,

5. Caicu lation of Natural Frequencies and Mode Shapes of Betti s Atomic Power Laboratory, West M mbf l in , PA and
Mass Loaded Aircraft Structures - P . W W H A L E Y , Air  R , L INDNER . Garrett Air Reserach , Los Angeles . CA .
Fo rc m ’ Fii q b mm Dyn .imics Laboratory, Wn ig h’: n - Patterso n
AF B , OH 7, A Non-Contacm unig Beta Backscatter Gage for Exp losmve

Quantity Measurement - PB.  HIGGINS , R ,A ,  BENHAM
6. Rocket Mi nor Response to Transverse Blast Loading - and F. H M A T H E W S, Sandia Laboratories . Albuquerque ,

N J  HUFF INGTON , Jr and H, L , W I SNIEW SK I . U. S NM ,
Army ‘C , .: lu st i c Research Laboratory, Aberdeen Proving
Ground . MD 8. Testing Piping Constraint Energy Absorber s ‘or Reactor

Containment Applications - R .G. YAEGER and ft C.
7 . Ev p ermmn ’ rm mal  and Thm ’ u m m ’ m i ca l Dynamic Analysis of CHOU , Franklin Institute Research Laboratories , Plmu la-

Carbon - G ra t um m ”e Composite Shells - B E ,  SANDMAN ari d de lphia . PA.
A HARARI , N,mv a l Underwat er Systems Center . New
port . RI ,  SUPPLEMENTARY

8 Use of S bi m , ck Spectra to Evaluate Ji t ter of a Flexible Parameter Identif ication Applied to Large Fle em bie
Ma neuv emm ng Spacecraft - W,J , KACENA , Martin Marie nta Structures - W. R . WELL S. Wrig ht State University.
Corp., Denver , CO. Dayton , OH.

SU P P L E M E N T A R Y

SPAR - L, K I EFL I NG , Marshall Space Flig ht Center ,
AL Session 20 (Unc lassif iedl 2:00 P.M. Wednesday, October 19

Parlor B

Session 2C (Unclassified ) 2:00 P.M. Wednesday . October 19 PANEL SESSION: SOFTWARE EVALUATION
Parlor A

Moderator: Dr. Nicholas Perrone , Office of Naval
SPECIAL TOPICS Research , Arl ington , Virginia

Com ode reto r Dr . J , Gordan Showalter , Shock and
Chair m an: Dr. Robert Sier akowski , University of Vibration Information Center , Naval

Florida , Gamnesvi ll e , Florida Research Lab oratory, Washington . D.C.
Cochairman Mr. Paul Hahn , Martin Marietta Corpora - Panel ists. Mr . Wil l iam Walker , Air Force Office of

tion , Orlando . Florida Scientific Research , Washington , DC.
Dr . Michael Gaus , National Science

1. Environmental Vibrat ion Data Base Management Syst em . Foundation . Washington . D.C.
D,J . MAL SB A R Y , G . E. WADLE I GH , and W, E , JENKIN S, Dr . Walter D. Pilkey, University of Vir-
General Dynamics/Convair Division , San Diego , CA , g inia , Charlottesville , Virginia

Mr. E , J . KoIb , Headquarters , U. S. Army
2. System Hardnes s Evaluation by Analysis - W .H . RO WAN , Development and Readiness Command ,

TRW Systems Group, Redondo Beach . CA. and CAPT. Alexandr ia . Virg i n i a
D. A . SHUPE , Ogden Air Log istics Center , H i l l  A F B , UT,

3. Bird Impact Loading - CAPT . J . S. WILBECK , Air Force
Materials Laboratory, Wright-Pat merson AFB , OH . and Inter Agency Software Evaluation Group
J, P. BARBER , University of Dayton Research Inst i tute ,
Dayton , OH . The Inter-A gency Software Evaluation Group IISEG I was sen

up for the purpose of forma h izmn g the computer m u rmm ; m r ,im
4 . Preductuon of Constrained Fragment Velocit ies - P. S. evaluation process . Criteria f , mr com’ np ut er m m r , i , m n , mm rm assessment

W E S T I N E , Southwest Research l nst m tut , n . San Antonio . are being carefully considered as well as pmosp ec tmve contrac-
TX . and J. H . K INEKE , Jr , - Ba l lustic Research Labora- tort who may carry mu ir such ,,sse ss nmme nms ri d,’t ,m,i and
tories , Aberdeen Proving Ground , MD. commm m ’ mmr - - mn m-  results ml the same mu th e pumi m i ic ,  F’ m muc m patung

,m ; ue ncies wuthin ISEG include Army,  Air For c u ’ . Navy. NSF
B R E A K  and ERDA

5. Fracture Mechanics Applied to Step-Stress Fatigu e Under In i t m ~m ll y a t tent ion it being Tmjcus ed in s tructural mm ’c han ums
Sine/Random Vibration - R , G L A M B E R T . General Elec - rm5ated so ft w , ,ni ’ The p,inel w i .u ld he rec m ’ n ) tm v e to aum l m m ’ nce
tr m c Company, Ut mca , N Y . re,,ctmon to tf i.’ notion of o b iective s o fmwar e ass essment
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Session 2E (Unclassified ) 3:30 P.M. Wednesday . October 19 Chairman: Mr. David M, Hurt , Naval Ship Engineer
Pau’lor B ing Center , Was bming non, D.C

Cochairman: Dr. A a n  Ross , Univ e rsity of Florida
PANEL SESSION. DATA MANAGEMENT Graduate Engineering Center , 1.1lmmi

AFB , Florida
Moderator ’ Major David R, Spangler , Defense

Nuclear Agency, Washington , D,C . 1 ,  Three-Dimensional Soil Island Calculation of an Em-
Comoderator . Mn , Edwin J. Martin , General Electr ic / bedded Rem nfcr c ed Concrete Structure Subjected to a

Tempo , Santa Barbara . California Simulated Nuclear Explosion - H. S. LEVINE , J. P.
Panelists: Mr , James A. Mal n han , Agbab ian Asso - WRIGHT , J. I SENBERG , arid J. BA ( LOR , Weidlung e r

ciates , El Segundo , California Associates , Menlo Park . CA .
Mr. Wilbur Rinehart , N OAA . Boulder ,
Colorado 2, Shock Loading of Submerged Subm ari n es b m ’ , m n Near
Mn . Donald J Mc ;sbary. General Dynam . Surface Air Bursts of Large Co nventiona l Ex pl osuv i ’
cs/ Convair Div ., San Diego , California Charge s - MW , OLESON . Naval Research Laboratory,
Mr . Clarence A . Davidson , Sandia Washington . D.C., V . PA R K , Naval Ship C mv i m rmm c’ninq
Laboratories , Albuquerque , New Mexico Center , Washington , D.C., and C O. BELSHE IM , NKI ’

Eng ineering Associates , I nc . , S ly er Spr i msi ,  MD.
The purpo se of this session is to provide information on
existing data files of interest to the shock and vibration 3. Analysis of Aco s ,st ic Coatings by rhu ’ Finutmu Element
com ’nu r ’ ity and to present tmi v era l approaches to the manage- Method - A,J KALINOWS K I , Naval Underwat er Sy ste nus
ment of data so that users may derive maximum benefit. The Center . New London , CT.
panel is expected to answo . questions on current methods of
handlin g data and to solicit requirements from users that are BREAK
not addressed in their present data managem ent systems.
Approximately thirty minutes will be provide d for questions 4 . Develop m ent and Validation of Pre Launch Shock C.ipa .
amid comments from the audience . i l i ty for the Navy ’s Tomahawk Cruise Missile - W t. l

D R E Y E R , R E . M A R T I N , and 4 G .  HUNTINGTON ,
General Dynamics/Convair Divisi on , San Diego , CA .

Session 3A lUnc lassif led) 9:00 AM.  Thursday, October 20 5 . Structural Res ponse of Earth Penetra tor s fl Angle-of .
Parlor A Attack Imp acts - J O .  COLTON , SRI International .

Menlo Park . CA.
SHORT DISCUSSION TOPICS

6. Characterization of Torpedo Structura l Modes and
Chairman Dr . Grant Gerhart , U.S . Army Tank Resonan t Frequencies - CM.  CURTIS ar .d B E . SAND-

Automotive Researc,’n and Development MAN , Nava l Underwater Systems Center , Nimw t mmim t , R b .
Command . Warren , Michigan

Cochairman , Mr. Tommie Dobson , 6585 Test Group.
Ho ll oman AFB , New Mexico

Thus session wi ll program pap o rs cove r ing progress reports on Session 3C (Unclas sified ) 2:00 P. M. Thursday . October 20
current research ef for ts  and unique ideas . hints and kinks Parlor A
on instrumentation , f ixtures . testing. analytical short cuts
and so forth . It is intended to provide a means fo r up-to-the- VIB RATION TESTING
minute coverage of res uarch program s and a forum for the
discussion of useful ideas and techniques considered too Chairman: Mr . Richard D. Bai ly, Material Test
short for a ful l-blown paper. Directorate , Aberde en Proving Ground ,

Maryland
I f  you ave a contribution no of fer , t Ime c m ’,cb osed “ Short Cochairman: Mr . Fred Anderson . U.S . Army Missil e
Topic ” form may st i l l  reach SVIC by the 12 September 1977 Research and Development Comr mman d .
deadline , A list of speakumra wil l  be included inn the final Redstone Arsenal , Alabama
progra m .

1 . On the “ Irm te q rated ” Testing of Complex Sy s tu ’ mn u s -
R ,L. WOODF IN , Naval Weapons Cu ’ nm m’ r , China b . m k ” , CA

Session 3B (Classified ) 9:00 A.M Thursday , October 20 2, A Mat h mem ,i ni ca l Metho d for Dm’tu ’ rm m ni ng a Lab m u m , mt i mr y
Rocket Auditorium Simulation of the Captive Flig ht V m t m r .m rm, , mm , m I Envum , m m u -

ment - S. OGDEN . Pacufic Missil e li st Center , P int
CLASSIFIED SESSION Mugu , CA
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3. Acoustics or Shakers for Simulation of Captive F l m m m . m t  5 Vibrations of a Compressor Blade with Slip am m m , , ’ Root -

Vibration - AM.  SPANDRIO and ME.  BURKE . Pacific D I G . JONES , Air Force Materials L , i l iumra m ’ ry,  W n ’ m 1 lmm
Mus sml e Test Center , Pount Mugu , CA . Patterson AF B, OH, and A MUSZYNSKA , Inst i tute of

Fundamental Technological Research . Pm lush ,  Acadum r riy of
4. Autormnatuc Environmental Control System for Mission Sciences . Wan~ jw , Polarum i

Profile Testing - A SCHILKEN . Pacific Missile Test
Center , Poirmt Mugu . CA 6. Response of a Helical Spring Considr’ring hl y sn ” r m ’ m mm and

Vuscous Dampung - P.F . MLAKAR and R L WALKER .
BREAK U.S. A .my Engineer W anerways Exper imnent Station .

Vi c ks bumi t .  MS.
5. A Free Flught Simulation ‘1 Cruise Type Missile Environ-

mnentt - JO,  JONES , Pacil .,, Missile Test Center , Point 7 Multi-Variable Optumizati on fur the Vibratior , b s , m t . i n mm ,n m
Mumiu , CA. of Road Vehicle Suspensions . F ESHAILZADEH ,

Massachusetts Institute of Technoloqy, Cambrid ge , MA ,
6, Broad-Band Mechanical Vubratiumu Am plifier - R T .

FANDRICI-f , Harris Corp . Meibmourmm e , FL, 8. Non.A mrmplifying Seusmic Restraint for Vibration l s i ’ l ,mm m ’ i l
Equipment ‘ P. BARATOFF and B MUI , Korfund Dy.

7 Snabi l i sy and  Frequen cy Response of Hydromechanical namics Corporammon , Wesnbury, NY ,
Shakers in Vubratuon Rugs ‘ 5, SANKAR . Concordia
University, Quebec, Canada . S U P P L E M E N T A R Y

8 MIL-STD 78 1C Ra mdonm R ’ l i . m m i m l m m y  Testing Performed by Isolation Mounts to m the MEAO-B X-ray Telescope -

Using Acoustic Cm ui im m l i nm j  - S, M, LANDRE . Harris Corpora- H. H A I N , Lord Kinematics , Erie, PA, and R. MILLER ,
tuo r m , Melbourn,, , F L American Science and Enginrering, Cambridge , MA.

Session 3D (Unclassifi ed) 2:00 P.M . Thursday, October 20
Parlor B

I SO LATI ON A N D  D A M P I N G

Chairman: Professor F C N”ls- ‘ m m , Department of
Mechanical Engineering, T , i tr ~ Unison
smty ,  Medford , Miss.,, hm use tts

Cochairman. Mr Irvin P. Vat z , T m - l m ~ i y m u - Bro wn
Enm t ine e rinm t , Huntsville , Alab.ima

1. A Proposed Specification for Damping Material P i- r l mur
mance . D I G .  JONES and J, P H E N D E R S O N , Air F m m m c m
Materials Laboratory, W nug hr t - P ~intc ’ r so mm AFB , OH

2. A Reduced-Temperature Nommmmj rani for Characteri .u ,,tui’n
of Damping Material Behavior D I G. JONES , Air Fort , ’
Materials Laboratory, Wri gh t-Patterson AFB , OH .

3 Computerized Processing and Emnpi ruca l Heprc’sentatuo u of
Vus coelastu c Mater al Property Data and Prel unn imm ary
Constrained Layer Damping T ruimi n ,u ’ n m fl m’s mm 1n L,
R O G E R S, Air Force Flmçj hl Dynamics Laboratory, Wright-
l’, mn r ” r ~ m m A F B , OH , and A . NASHIF . Anatrol Corpora-
tion . Cincinnati , OH ,

4 New Strmic mmir a l  Damnpinmj Technique for Vibration Con-
trol ‘ B.M PATEL and C F WARNAKA , Lord Kune-
mm m .m tm m ,s , F m , ’ PA ., mm m ii  DJ.  M E A D , University of Sout rr .
ampton , Southampton . U K

B R E A K
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SHOR T COURSES

SEPTEMB ER 1977 AsQ(;fsRF;
ItIt LIAIIII.I1 ’ \ “.\1) QI.’ .-~L~T1 Co N TROL

SE~1 I N AR
FINITE ELE~IE~ T MODELING WORKS h OP Dates M’ I ’ I i - ’  22 , 1d77

Dates , H i ’ t i t u m m m m l i m : ’  29 and 30 , 1977 Pl u m p  Ni. u s a  l I l t ’ , , N i . i m i . i r , I i l l s , NY
Pl,ii ,e o h m ’ ’  Hilton , Cli i ,,,; ’. I l l inois () I i . ’ l ive The ~977 A HI)LHll l  I O u ’ l m , i l m u l i t y  m m md
( ) h i j uu m . tu vm m fhuu l m n ujuj r .j i m for this V i b ra t ion ,  I n s t i t u t e -  l ) m in l mty  I, ’ m u t n u m i  s e m ’ u m i ,im will be con ‘ ‘ m m i ’ s )  -.‘,m th i

sponsored w , u rk s l mm i l u  nm l u m m l ’ ’~ i’ m nu n ’s l ’ ’ m .iumn u sl r . i b u r n ’  in ovens , in i n ’  - , u l  l’ ”,t . ’ m ’  t ’ - - .t n u n  ‘ m m ,  I C l m m,ir 1- ,

t ions , m i i i n ‘r ublm ’ mmu sul v imiij cm ‘c sim mm ‘u on t b usi’ if in .i’ - t i m  n’ , m i i i  ; ‘i, i I ut- i . m u m .  - P n , .  I , , ,  io u -c , ‘ ‘ t  I

l i i i  I. ’ urlems ien t mum ‘ ‘rn h u H - m um , m m-n I mmd ’ s 1,, Sm mlvi- r u - I Ii ’ m “ rent m r - i  c - u t  ‘ i., m m 1 0 m m  i~ u- ’5 m m m l  r’ ‘ l,,iuil i ’ m

‘ ‘m i nim ), - . ‘m m mm m i n i l  I ’ m ’  is I m 1 1d m ,, ’:, - -v i  II Ii” on m mm i i i  I. ‘ I inq i bm. ’ I’ - ,~m u t m ’  ~n ., ml ‘n ‘,‘~j II I ’  - H’ ‘ m r A l : - in  ml  F’S ’ m l , ’ nt

, mr ’ i,’, ,m n e to obtain t l mi’m nt ial , sHuts , m mml v i l m m . m t u m m m u  ‘1/ ‘i l l  mni ~ ,
data. I s m - , t m n u m l  m : n m n ç m u i l i ’ r  m odes ‘ - NASTRAN , ANSYS ,

m d  SAP - will Ii. - ‘ i ’ u m ’ u l The m n n m m ’ .m ’ - I this won ’ Cont .um I I ’  m , mn m l  m . i ’ ’ l /  (A SOC), Bell i’m.

‘u h mi m ni is Iii t i’ , i m H iun ’r ,mI i m m i m l m m m s i  i m u m m ~ p u u u t m ’ r  u u m i m m s  i i  T . ’ ’ u t m  - m m , P (3 ::~ ‘.  1 , Bum f f a l n , N’y’ 1- t M’ ’ ( 7 l u u l

‘ ,,u lve .‘ m u ; u n 1 ~- . . m u n u u ’t n, ml,P.  m ’ s . I amh m~m rl i ~’. l pant ic li  —‘lI ’! 1000 , F x t ,  7032
have Ii’ ’ m u l o  m r i m,  m m ‘~ to ruin .m ti robl iS im - on ,i ru n ’ ‘ mm I ’m
t._ ’ r ’ m: u m i al Sil mi , ul ’ mm l 1mm t I m ’  m l , u ’ u1nu m m m umu

C,mni t, u m Vibr ation I mist , t , i t m ’ - 101 ‘1’, Cd t ) ’  St -
C lo i nm m nu i l mn i Hills , IL ‘,l’li nl4.L12)6h4.22114/Iji j4 2db

GIFTS L SERS WORKS h OP
l i i - ’’ , 0’ t , u l , m ’ m  31 Nm ’iv r ’° m l m i ’ r  4 , 1’ ) ! 2

OC1OBE R PI . m .‘ I l u ’ 1Jn iv ” rsi i , ‘ Ari ,’ ’ i i i . m  iii ‘ . ini
I l lm~’ t r y ’  To m u i r  ‘ i i  i ’ m  t Ime - - u - n -  1 ’ -  the ’ G I F T S
C s - s l i m  , i u u u l  ‘ r u iv i du ’  t h ic ’ m mu w i t h  adeq cml ’ - u ’ s i u m n u i - r m ,

w ith in i , m m , l . ’ m s t , u m i m i i n m m n  of t h u ’  ‘ n m u u i n . i ’ ’ ’ . T h u . - c : I FTS

NOISF :0N’rRoI, ir (m l m m ’nt is a ‘ mi l l u ’ ’ h u m  ~l l,in m ’ i m 4 n m m  mnod m , l ,’ s ‘ j i ’ c i ’ i . ’ u ’ i f

Dates ’ Octnber 13. 15 , 1977 Ii, I m , imi , l t ’ ’ f i ou t  ‘ ‘ ‘ ‘ I i ’ ’ ’ - ’ ’  ill c n mmi ;uu i t i t io r lS  in an auto-

Place: Hannupton , V i rm ~ i m m m . i  ‘ r i , i t . m ’ l ~r ,m ~’ l ’ j m  o i l y , n i m - m m t . - ’ l t , i shu i m m mi  T l u u ’  P n ’ u ’ i , ,i”

Objective ~ mm intensive sI m int  i iii irs,’ on m u mmis e - or it m i l  n o ’  in , ,u s’ u i I or.’ sp ‘iii m’ m m m l  m any ‘u i-cm .),, i~ ’ ml ’ ” ’ .

will he prese ntm’m i inmm -nm ed i a t mn (y  m u  m : m - d m n u q  NOISI - .ini ) m mi i :  shanm nrj ‘u~ ct , ’ mm i s  1 m m: ‘ m m c l m , m ’ m :  I at , m l u u i t i ” s

CON 77 . 11 m m ’  1977 Nj atj ona l (~ m m r m h m ’ n m ’ u i m  u ’  on r ’ Jmn ism ’ ni luiii’ , i i i l u m m n m , it u’  ‘ m i m I ’ ’1 and m ’i ,’im i l m ’ , m - , . m nmn n . ‘ ‘ ‘ e m i t

l.m u n r t n m u l  Engineerinmj . The presentations wil l  ‘ m m v u ’ m  d isplay, st a t ic mmi i dynao uim. , i n i . m lys is  in cb udi m im t S i m i  -

h m , m m m i , u m . m ’ m u l , u I s  ml ,i m , u m ii s tucs and noise i .i)ntro l; d i ’s u m t n s t r u m  t u i m i r u q  It is ‘ s i m m ’  1’ ’,) 51,45 .m’ l ’ i ,t i ’  nr , m u ‘mi M I ’s

of f t  l i l ies for noise ‘ i u i u l r ’ i P  noise rr m , ’ , i su i r onn ’ mnr r t t  arid wil l l i m ’ , iv , ui l , i lul m’ I m u  sm ml i d  ,mm m , ml ~ si c mmi i disi’ I,i~ - as

- I - i l , ,  r’ - i i ,  I, ’ mi , m imi t m m m m i s t i i  .11 s t , i n i m ) , i r m l s  , ms u ’ m i  in m uin is i ’ 
wu t l l  as , i v m ’ u y m n i m m m ’ l n u (  sudid , m mi . i l y ’ u m s ondi.rr i i  m i n u S ’

n m m m m a ’ ; u  in - - m i t ’ .

Cuintact NOISL CON 77 Cumnf , ’ n enr  ‘ r  ~~‘m i m t ,mn i .u t . 
C m l i ’  I J f m m m  0 m u u v ’ ’ m s m l V  ml  A n, ,  m u , Sc” i i i  Pr

P. 0. H’ m ~4I u’) Ar lu ;l m inn I In m u  h , i’ i - ii ‘“ ‘ ‘m 
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N OVEM BER Contact : Tustin Institute mi f l’c-m .hnolm ‘ m c ’ , lo u .,
22 E , Los Olivos St., Santa Barbar3 , CA 93105
(805)963-1124

MACHINERY VIBRATION
Dates. Novemnber 8 - 10 . 1977
Place Cherry Hill , New Jersey
Objective: Lectures and demonstrations on rotor dy-
nam ics and torsional vibration have been scheduled
for th is seminar . General sessions on the opening day THE 15TH AN N(’ A L RELIABILITY
are intended to serve as a review of the technology; ENGINEERING AND MANA(; EMENT INSTIT UTE
included are the concepts of cr itica l speeds , reso- Dates- November 14 - 18, 1977
nances , and stab ility of niachines; the finite ele m ent Place : Tucson , A r i zona
method; and rotor dyna m ic r -nnea sur e nr ients . Double Objective This se mmi im l. mr , nnm , - S i ,m,n ”~ by tIne Univ. - ,h
sessions on rotor dyna mnn ics and torsional vibrations Arizona , Col lequ’ of Engineering and Hm,ney,’.l’Il Infmmr-
w ill be held on the second and third days . The rmnati on Syste m s , Arizona Cor rmcu ut i , r  Qperations ,
fo llowing topics are included in the rotor dyna mm mics Phoenix , is designed to ouven the (o l l umwing Su . ll lCm .IS
sess ions - bear ing (ant i f r ict ion and fluid fi l nni ) dy- Reliabi l i ty E mm gir ec’ring Theory and Practi ’ - Comnpo.
namics , rotor dynam ic calculations , dyn a mmu ics rif nent , Equipm ent and S’,- s t u - i ~’ Reliabi l i ty Pred i . hion;
foundat ions , app lication of large co nr u l m u i t e r  programs Reliability Testing and Dem onist ration; M,uirmn ’ um ,n-
for structura l vibration analysis , modern balancing ability Engineering Theory and Pracll,:r , Saf . ’ t \ -  Li’
techn iques and applications , and solutions to indus- abi l i ty; and Reliability M,mint a ina bi l i ty t.i,m m m ,um l . ’ m -  “01 0

tr ial balancing proble m s, The sessio n s on torsional
v ibration feature fundanm lenta ls , nmodeling rm meum sure- Contact - Dr . Dimitri K’ - u ‘:10gb . Aero. & Mm.’ I - ,
mni r’nt and data analysis , self i’xu. i h i ’c i  vibnat iofls , Enqrg. Dept., Univ . of Ari~- ’..nna , Bldg. t I m , T , ’ u  corn , ,AZ
isolation and damping, trans ient ana lysis . and mi”siq n 85721 (602) 884-2495/884-3901/ 884-3054
of r m: au ,hine systems . Participants will he able to
attend lectures in the area r:ooi’’ i ’ nms in o mt i ’  Wi t f i
their interests ,

Contact Vibration Institute , 101 s’v . 55th St.,
CI,mn’unidon Hills , IL 60514 1312)654 2254/654-2053 ACOI S’I’IC.-%L ~IODELI\(; WO RKSIIOP JY

Dates - Nim vm ’n’ mIm e r  14 18 , 1H77
Place ~,1 IT , Ca m nul  ‘ n - u I - t i ’  M,uss,u’’hust’tnc

M in i .- tivm’ Pm urti ci t- m m u t s  - c - r i u  build 1 . ’ , r  c i sc - ’ ’ ’’

AN INTROI)( CTION TO ~IllR -~TION hal’ ’ ours ) ‘ m l .  i n_ I  m i d  hi , ~olvi’ J m m pli ’m , aco u’’ ‘ mm ’

A ND SHOCK SL R~ 1% ,%I( II.ITY . MEASL’RESlENT , u n  , n r ,u ,n ,m tiOn I - F ’  dm1 - os . Su’ssmm ’m ms ,‘.i II c ons u l- n ,u cm nll c a .

AN AL~ 515 , CAL I BRATION . \NI) TESTING t ions of data iii , ‘ n mvur o nu ’  ,il ,j I n , mm sr ’ ;‘ n ” mj i  lion ,
Dates : No v e m mm l, ’n 7 11 , 1977 .‘ v , u lu i , uhum m r i  - ~I nois.’ m m u t t -  I m nu , ’ ,]si, n, ’s and sit. ’ ~m - Ii’ m -

Plaue , Washington , DC.  tion i - ’ e  l u u i i l c i r m r m s , n i m ,-i,,isc,iy s ,unid ‘ n ,, i mi ’ ’o,’,’u~’S . 5,n’ ’ - , ’
1Th 1 , -u l i vu :  T h u s  m u , i m n c i ’  is , n u l m ’ m u m ) ’ - u l  to pmov imii ’  a basic snmi ju ’ct ’ . u ’ovi ’ n u rm i ml m i - l i ’  sound SLm n ’u rm ) ln i - m~ui m m ul m ’y ar m,)

‘ ‘ ului u ,,mt ion in r m ” , u m r u , m i m m  m’ m m md f r o m - j u l i t y  (vo ln .rn .mb i l it y ) m t i m m u n m u i ’ l r i u  sc~~l i mi, t . .,mi r  , m ) i s m m n l t u u m n , S , , m ’,jm ‘ -  i t O, ’, t i vul s - ,
1ihenon ,m :ni a . in v u h u r , u t u m m m u  amid shock ‘ ‘ ni vuro nnn m. ’nl ,iI im pulsive and ‘ I  n i hm n un us Siilnals , ‘in it ia l  m,) m s tm i l ’ s m t i , m r i

mn a ’ , i surm mm n i ’ ’ mu t .ini) ~m ’ i ,ml ysi s , a lso in vibrati on’ arid ml suIin( ’u ms , ln i l u .’ n ’ m u n  and u’~ n’ -m ior m u , m u ’ ,i’ si r . ut n o ns and
shock testin g to u’ rov mn m ’ - l u , m l - m l i t y .  This su ’m m i in ii r will th ur m ’ iua n,u I ’ m  m -mt ucs , , II’ - ‘ of l:,m rm i m ’n s m m )  ,m i - si ’n l ‘.‘r~
L’ ’ niu .r f i t  ‘d ua l i ty  mmm i) r ’ ’ I i ,mi .uil ity r m ’ ’ n sui nn iu’ l , I’d b Iab nm r- in m i n I m u m m m h  noise , ‘ i - r u i n - I of , i ’ , i - n l m , -c m ’ , mrm m d

, mn u mr y ‘ mu .un m. m m j. ’ rs , , ‘ rim u I , i i ’ .mrs m ii i ,m mm i. r s , ‘bert .‘nm jiri ’’ .’rs the is’ - of i , m b . m  in i i , ’ s i u i n i

arid m m u d i n l . r m i - m r u i , m ’ su l mm. rvis ui ms , pack agu mi m m m i i tr , mmu s
p- m n l - m h u O n  engi n um l- rs , ‘ m e n in Gtuvu’r num r - m ’,u t arid nr il itary Ce ni t au ’t Ms, \t Tnsm ammo , Rim , . 3- O.~~~i .\ n’ , c t i ( ’,ui

mi t i v i l r m ’ ’ :  m m m l  t b m . ’ u r  u r u n u t n , m m  I m u n S . T l,.mnu ’ m m ’ ’  no l ’ - f u m m i tmm ‘,t ’ j ml m ’lunq ~‘,‘,,ml  0 m m ’ ; -  IV . “-. ,iSS4m lm , usu-n t s  I’’ c l m l ’ i t ’  ‘ ‘ I
u r u ’ r i ” ;uiSiteS l u m n  this cours’’ , T ’ -  unn lom ny . ( , i m m t m n i d , l m ’  ‘ , ‘A 02139
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N EWS BR I E FS Vthra~on actwifles events

TRACK/TR .-~LN DYN. -~MILS CON F’ERENCE merit in each of the aforeme n tioned areas on stn ,ic-
IN CIIICA(,O tural analysis and synthesis. Authors should submit

three copies of an extended abstrau . I of about 1 ,000
A conference on Advanced Techniques in Track! words prior to Septemnher 30, 1977 , One page ab-
Train Dynamics and Design will be held on Septem- stracts are also solicited on current research in pro-
ber 27 & 28 , 1977 , at the O’Hare Hilton in Chicago , gress for short tJ resen tat uo mms at special sessions.
under the ausp ices of the Track/Train Dynarimics
program . Leading authorities will present papers For further inlormation ‘ - ,

~nt o m ’ ,t the C .unli : remm ’ , i’
and will participate irn panel discussions on the C’~- Chaimm nen:
top ics of the current state-o f~the-art in structural
m echan ics , dynam ics and mechanics of m aterials Prof . Ahnued K , Noor
as applied in the rail indusur/ . Structural mechanics MS-246
and train dynamics computer programs will be George Washington Univ . Cen ter
demonstrated , and ter nm ina ls wil l  be available for at NASA-Lam ig ley Research Center
“hands-on ” demonstrat ions and trials of existing Hampton , VA 23665
programs , Somni e interact ive graphics preprocessors
and postproces sors will be exhibited . Prof . Harry Schaeffer

Dept. of Aerospace Engrg
For m ore ;nforma lion , please contact: Univ . of Maryland

College Park , MD 20742
Gerald J. Moyer

Manager , Task IX , Advanced Analytical Techniques
Track/Train Dynam ics II
AAR Technical Center C.\LL FOR PAPERS

3140 South Federal Street 24th International Instrumentation Symposium
Chi cago , IL 60616

This Sy rmu posium im , i u ru’sonteml by Ac, usc ,)- um lniduus ries
,und Test Meas Lmnenim enmt Divisions of tIme lnstru mn rent

S Society of Ar mmerica , at t h e  Hilton Hotel in A I l u u— -c , , e ’ r ’
que , New Mexico - May 1 - 4 , 1978 , has been unstab ’

C-U~L FOR PAPERS lished as the outstanding forum for munu ’~ m ’ n Ib . ’bion of
Sym posium on Fut ure Trends in Computerized original ‘.vm’uri, in aeros c racu ; and test m m ’  , msum ’e n m m em m t

Structural An aly sis and Synthesis u n l s l n  . , m ’ lenltatiorr . In additio n to II,” ‘ i c ’ ’ ,  sessions ,
tutorIals and ,‘.‘ mmn l .shopt , ; m m -  ms of Los A l a m m u m m s  and

The purpose of this syn nposi unmu , to be held at the Sandia Laboratories will I,i imic luuml i’ u l
Mariott Hotel at Twin Bridges , Washington , DC. , on
Om .t u dumnr 30—Novem nljer 1 , 1978 , is to provide mu , I I I  Fun further u n i f ’ un r rm a t i on , , mm nd,I m I

discipl inary r r m e m l m i , r m u  f~ r communicating recent and
pro jected advanu ,mrs in : m, , n m c u ’ iuh i r r  hardware , so f t w ,mn i ’ - A l le mu n u n  Ls
n mu ’ ’ rm ’ n im ml ,m r i ,ml y s u s , .mpt u l ’ i : m i m n m ur ’ h~ n im s and their ap- Endevco ‘

~ 

m

ni l  m o tion t’ fum ,ore cli i i’  ‘m m m l analysis mm , ’  I synthesms Rancho Vielo Road
cyst ” ’ n s, Pd pmn rs a n ’  invilm’d on b l u m -  i n _ em , u ’  t of develop - Sari Jm uan Capistrano , CA 92675 -‘

36 

—

~~ 

—

~ 

____



-
~

- ‘ -
~

‘
~ 

—- -- ..~~ 
--

~~~~~~~~
, ..- ,, ‘ - . .‘,—

~~~~~~~~
..-- - .-.

AB STRACTS FROM
THE CURRENT LITERATURE

Copies of articles abstracted in the DIGEST are not available fron m the SV IC or the V ibration Institute (except
t hose generated by ei’..her organization). Inquiries should be directed to library resources . Government reports can
be obtained from the National Technical Information Service , Springfield , VA 22151 , by citing the AD- , PB- , or
N- number , Doctoral dissertations are available from University Microfilms IUM(, 313 N. Fir St., Ann Ar bor , Ml;
U, S. Patents from the Commission er of Patents , Washington , D.C. 20231. Addresses following the authors ’
name s in the citation refer only to the first author , The list of periodicals scanned by this journal is printed in
issL mes 1 , 6. and 12. Vibration and Noise Control Erugineering Proceed ings . published by the Institution of Engi-
neers , Australia , 157 GloLmcester Street , Sydney, 2000 , Australia

ABSTRACT CONTENTS

ANALYSIS AND DESIGN . . . .38 Fatigue 47 SYSTEMS 63
Fluid, - , 47

Analogs and Analog Soil 47 Absorber 63
Conmipotation 38 Viscoe last lc 47 Noise Reduction 64

Opt in rmization Techniq umes  .38 Aircraf t 65
Perturba mion Methods 38 EXPE RIMENTATION 48 Bridges 67
Stability Anal ysis 38 Building 67
Statistica l Methods 38 Diagnostics 48 Construction 68
Finite Element Modeling,  39 Facilit ies 49 Foundations m im I Forth u38
Mode ling 39 Instrumenta t ion . . . . . . .  50 Helicopters 69
Digital Sinmo lation 39 Tuschnuque c 51 H mum ’ m a n 69
Design Infor m ation 39 Isolation 70
Design Techniques 39 CO MPONEN TS 5! Material Handling 70
Criteria , Standards , and Mc ’cham miu al 70

Specifications , , , . , . .  39 Shafts 51 Metal A’u um k i m ig and Forn mn im ig. 70
Surveys and Bibliographies 40 Beanis , Strings , Rods , Bars .51 Off Road Vi ’ h i m ,  l i - r u . 71

Bearings 54 P m ’  k5mi t i m , . . , , . . , . , , . , .  71
COMP UTER PROGRAMS . . . .4 1 Cylinders , . . . . , 55 Pumnps , T u i n I r ,n u i ’s . l in us

Ducts 56 Comn ut mr c ’ ssu j ns 72
General . . . . . . . . . . .  41 Frames , Arches . . . . . . 56 IS,:, uu uro -co t ing M,mu - hine , . , . 73

Gears 56 R u m,mul  73
F~\VI RON\IENTS 41 lso lators 57 Rotors 74

LI~ik,mu l i ’ s  58 Ship 75
Aco umstic - - , ‘ - 44 idi’,.b~, mmm iu’ ,m l 58 S i m m ,  .‘ ‘ : ,m bl  76
Pi’ rionli i  - . ,,,,,,, 44 M u ’ mmm h n on i i ’ s  F i lm rm s , am i d S t r u - . l r u m , ) l  76
Random . , . . .  - . . 44 Webs 59 Tmansm nni ssions 77
Seismic . . . . . , , , . . 45 Pamiels 59 T n t  Iiu ‘ r ’ l I tm  h u m i u ’ n  y 77
Shock . , . , , . . . . . . .  45 Pu~m .’s and Tubes 59 1 Is~’ f um l A l - i ’ I i m  ml I, in) , , , , ,  77
Transportation - - , 45 Plat m - ns and Shells 60

Rings 62
P I I EN OM E N OL O G Y  46 Springs 62

Structural . , , , . , , ,  I))

Da mimlmlnuj , , , ,  - ~46 Ti n ’ ,
, ,  . - -

37



ANALYSIS AND DESIGN 77 . 1557
\Iulti ple ‘I’iine Scaling tom An a ly si s ~f i’Iurd Order
Non-Linear I)iuferenlial Equations
R N, T m .’, - i m i  and H . So bm ,m ’ ’ , , i m m i , , iu

LJ ’ m i ’ t  of L I , : ,  lnc_ .m O E m ’  O r - i  - I n i m l i a m i  In st.  ; - - ‘ Tei,hs , .
Kanpur - 208016 , Ind ia , J, S ui onm u i \‘ i h., P2 P u , ‘ ; ‘

ANALOGS AND ANALOG 165-1 69 M m ,. 22 , 1977) 2 l m m ; s , 6 re m’s

COMPUT AT ION
(Also see No . t540 l Key Words ; Perturbation theory. Transient response , Steady m1state response

The two time perturbation procedure has been employed for
77-1 535 investi gating the transment ~nd the steady state analysms C f
Vibrational ( ont ro l Theory third order non-linear non-autonomous differ ential equa-
S M . Meerkov horns,
Inst of Control Sciences , Moscow . USSR , J, F nani kl in
Inst., 303 (2).  pp 117 - 128 (Feb 1977)27 refs

“IKey Word s ; Vibration control STA B I L I T Y  ANALYSIS

The theory of vubratmonal control is develo ped. The necessary
and suffic ient conditions for vibrational stab ili ty of linear

Idynamic systems are found. Basic relations of the vibrational
control method and the optimal shape of vib rations are 77-1538
determined. Unlike conventional methods , based on feedback On the Stability of Systems of Coupled Partial
or feedforward principles , the method of the paper does not J )jffere ntial Equa ti ons with Random E~ (’i Ia ti on
require measurement of the deviations or distur bances.

G , Ahinadi
Dept. of Mo  lu , Enqrq. , Pahlavi Univ ., Shura, , m a n ,

J . Sound Vib , , 52 ( 1 ) ,  pp 27~35 (May 8, 1977 1
OPTIMIZATION TECHNI QUES l 6n e f s

Key Words: Stability analysis , Flutter , Plates , Shells , Rods
77 .1536
‘ I’ lIc m~pp IiCati Ofl of the Optiniii. at ion Method to The stabil i ty of the nu ll solution of a class of a system of

t )y nani ie Probkms of ( om put er-Ai ded I)esigii coupled partial d i f ferent ia l  equations w ith stationary random
coefficients is studied, Criteria for near asymptotic stability

((‘ ber die ,‘~nwendung ton Op t ’iiui erungss reri ah ren bei of the equilibrium State are established Some examples of
d yna misehe n Problemen in der recIitie ruriIe rst ut ~ ten the application of th e results to engineering problems are
Ko,is tr ti kti o n) presented. A variational scheme for improvement of the
A I. m’ m , m’ .,’ I i ,  ,~ 

stability criteria is also discussed.

Lm: hrst unh l f M.iv h m , m uu ’ n i - l imnn i en te  o. Y.’ u rus i r ’  j k  In , mm :

sl i r fir e - I’’r Rimhr I )nu iv ’ ’ msm t .ib - Bochunn , Konstru kt ion ,
28 (2) . t ’ n n 53-50 (Feb 197131 10 f r ’ i s 13 refs STATISTICAL ME THODS
(In ( ‘ - n - -

.
, m m m l  lA ls ,m sm ’ u m Nm-  16071

Key Words ; Computer ’aided design . Optimization , Dynam ic
structural analysis 77.1539

Some Elements in Statistical Energ~ Ait a l y v is
The method of optimizati o n is firmly establis hed in several

G - mM, ,, haul k.
areas of technology leg., control theory, space flight etc. ) .
Recent ly, th is th eory has been gaining in importance in the l’) , m v m - l  W , Jay li m m Naval Shim - Ru ’s amid Dcv , C - i n n ,

construction field. A discussion of all avail able optimization Lt u’t l i ’  ‘,,- i , m - ~‘,l 1 )  ‘ l ) l )t l’t - .1, Si um u m u m i  V m b ,, 52 121 . Pt ’  17 1 -

methods of inmeres n to desi g ners is presented . 191 (May 72 , 1’ .) ,’ / I 5 f i g s . 11 m ‘nfs

P E R T U R B A T I ON MET HODS Key Words S ma tus m ucal  energy analysis , Noise control
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1-meson ant respo m mses of Lm aS~C dynamic systems wit hin a spec- 11 figs , 2 tables , 9 refs
if led frequency band ar t defi ned and an elementary Stat is t i -  ( In Gerr ’ ma n I
cat Eumergy Analysis (SEA ) is detailed. The application of the
e mi ’ mm mrmt a r s SEA to noise control engineering is exe mol ified
by a situati o mn mnvo lving a com plex system that can be model- Key Words. Vibratio n reduction , Bearings , Engines , Design

ed by two coupled basic dy namic systems. The s ign i f icance  techniques

of upgrading the elementar y SEA m 5 discussed and demo n-
strated by an example. 

An accurate stress predictio n is obtained when the reciprocal
action of the tor que . which excites the vibrat o rs in the drive
direction , and the mechanica l vibration is taken into con-

F I N I T E  E L E M E N T  M O D E L I N G  sideration , Machine equations and equations of motion are

lSee No 1558) treated at the same time in the computer. Forces or moments
introduced into the driven sid e by the operation must be
known exactly. In the article three examples from t he area
of general machine des ign , relating to s he above problem

M O D E L I N G  arediscussed.

ISee No, 1696)

D E S I G N  T E C H N I QU E S
DIGITAL SIMULATION (See No. 16631

77-1 5-40

Seminar on I. isdt-rstan diiig I)igita l Control and CRITERIA , STANDARDS , AND
Anal ysis in % ibratio n Test Sy st et lis SPECI F ICATIONS
NASA . Goddard Space Fli ght Center , Greenbelt ,
MD , Conl , Proc held at Gncu:m:belt MD , 17~18 Jumm o
1975 . anl’:l Pasadena , CA , 22-23 July 1975 , R u t  No , 77 -154 2
NAS4-JM-X-7463 7 , 93 pp (May 1975) nuru fs Sonic Recent Developments iii Noise Legislation
N 77-20514 C E . Mather

Public ‘.lVorks Dell. ,  W ,c’sn .um n n A Lustra lia , Vibration and
Key Words ; Digital techniques , Analog simulation . Random Noise Control Engm m: e i ’r ing, Proceedings , Syc ins ey,
vibration , Shock setting Australia , pp 30-35 (Oct 11-12 , 1976)

Methods of computer-control led random vibration and
reverbera lion acoustic testing, methods of compu ter ’c o rm- Key Words: Noise reduction , Regulations

tro ll ed s inew ave vibration testing, and methods of com puter-
controlled shock testing are cove red , General algorith ms are This paper details some of she more recent develo pments un

described in the form of block di ,mgrams and flow diagra ms. environmental and occupationa l noise legislation in England

The advantages of dig it a l methods over analog vibration and America . compares themr similarit ies and d , ’ ferences .

methods are demonstrated and makes some obse rvat io ns regarding their effect iveness ,

DESIGN IN FORMA TION
lAlso see Nm , 1627) 77-1543

No ise Levels and Their Measurements and Interpreta’
lion in the ~‘icin it ~ of Mil itary Airfields

77 -IS-I l S. Kanaqisabay

~ ihralion Reduction in Machine S’. stems b~
- ~lemur Directorate of Civil ia n ml u ’sli, .ruml Services , ‘- .1 m ’ . .~~ m y of

ol Computer- -\ided Paranu’ ter I)iscussi on in the Dm2 ‘mice , London . UK , In AGAR 0 Si,ecmal A~. in Is

I)rsi gn Stage (Schwin gungsminderung in Masc hi nen- of Aviat ion Occupatio nal amid Environmn iem ita ( Mmi ii

s~st etn en dureh rech nergest i itztc Parameterdis kuss ion c m . ’ , ut pp ( Feb 19771 nefs “377-20735)

in der Kons tr uktion sp hase ) N 77 2074 ..’

D. ‘A m u nm ’ ; m :h m u  A . Seelig°r
l ou t  t i  ml f F ~‘, r- h. ’ r ti-chn u l  mm , Getn u , ‘li t’” hn u i - i ’m T U, Key Wo rds Am rcra f t  noise , Tr a l fuc no mse , Industrm al fac i l i t ies .

Rm: r l i ’ - - 
) m s str i , i ,t ion , 28 Ill , up 247-352 (Sept 1976) Noise measureme nt . Regulations
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Indexes for nuisance noise from road traff ic , aircraft , and 77-1546
industrial premises were formula sed and related to the ,.~ ir ’ rait  Sonic Boom: Studies on ,\i rc ra lt F’Iight ,
civilian environment , The noise source from aircraft and in Aircraft Design, and Measur em en t (..t BibIiograph~particular , the noise in the vicinity of airfields was studied , In

with Abstracts)view of already existing legislation providing recompense for
the population affected by noise levels in excess of cri ter i a Gil. Adann s
laid down for civil airfields , The Royal Air Force was re- National T im, . ), , ln lornm nadon Servi , e , S I m r ,mu I b m u - l : i , V A . ,
quired so develop criteria for noise in the vicinity of military Supersedes NT I S/PS-76/0 175 , 148 pp (Apr 1977)
airfields. NT(S/PS-77/02 18/6GA

Key Words ; Bibliographies , Sonic boom , Aircraft noise ,
77-154- I Aircraft , Design techniques

Wa terfront Occu pationa l Noises
Aerodynamic design of aircraft and wings , flig ht characterms-H.J . Parry and J . K . Pa r r y  t ics and maneuvers , supersonic transport characterist ics ,

Parry Noise Consu l t m nug . 444 NE Ravenna Blvd ., acoustic f i e l d s  and noise measurement , Govei -nment policies
Seattle , WA 98115 , Noise Control Engr., 8 (2( .  ‘ n m  and regulations , meteorological parameters , shock waves , and

61-68 )Mar/Apr 1977) 6 figs , 5 tab les , 6 refs supersonic and hypersonic wind tunnel tests are discussed,
Structural and biological effects are documented in separate
publ ished searches, This updated bibliography conta nsKey Words ; Industrial f sc m l nt ies , Noise reduction , Regul a- 143 abstracts , 24 of which are new entr ies to the previoustion s edit i n ,

A recent study of the noise exp osure of various -zaorkers at

the Port of Seattle , Washington . is described , An earluer
study identified work areas ‘ mm d equipment that mught :7.1517
constitute violatmons of federal and state regu la :mons. For

A ircraft Sonic Boom: I;t fects on Buildings ( -‘ Biblio.these possible problems , work-shi f t  exposures were measured ,
and eng m neer m n. l and administrative contr ou s were recom- grap hs is itt1 ..%hstracts)
mended and implemente d in some situations, G. H. A dr ’s

Nat ional 1’: hr nil’ n m  mat ion Servim:e , Si - i  , m : - i f , ’  - Id , VA .,

Si - ‘ , - nsi di:s NTIS/PS-76/0 1 76 , 75 1 u~r lAp-n 1977)

77- 1.515 NTIS/PS-7 7/ 02 19/4GA

Review of Construction \oIm-s- Legislations
T ,mA C u, r ’  m m  m I n i m ’  on N’ ,ise amid Vihratuumn of t l~ne Key Words: Bibliographies , Sonic boom . Aircraft  noise ,

Buildings
Cr ,r m , ,  r u m  Itetu on Social , m m ii i Envi mn nm rmenta I C mj nm ,m,-n n i s
in C ” u m m s t n r u m ,t u u .ut: of t h u Const nuur .tuon Div ., ASCE J . Research findings are cited on the effects of sonic booms
Str c u c ,  Div., 103 (COi l ,  PP 123-137 A1,,un 1977( on buildings , structural compdnents , forms , windows , and

7 t , m i .m I ’ - ’ , 7 nets walls. Test-house investigations are included , along with
damage anal ysis and vibration response. Documentation is
made on residential buildings. Other topics contained in theKey Words. Constructuon equipment , Construction industry, volume range from theory to fai lure analysis. Sonic boomNoise generation , Noise reduction , Regulations -propagation and effects on biological forms . including numan
responses , are cited in separate bibliographies. This updatedNoise prediction schemes currently used by various coin- bibliograph y contains 70 abstracts , 10 of which are newmunitj es are discussed , Three malor cities un the United entries no the previous editon ,

States , Los Angeles , Chicago , and New York , have enacted
legislation dealing specifically with construction noise. These
ordinances are reviewed with respect to their influence on
the con t rac lor - m d  the construction equipment manufac- 77 .1518
turer , Noise emission standards fnr portable aur compressors

Non linear \ -o uis t i t-s I . -\ llihliogm-aphv is ith ,~ hst rae t s)are analyzed as mn example of newly proposed standards.
Nomse control guud ’ l ines for the construction contractor are D. -~’/ . Or,. ” m m - ;’,

recommended, N. m l iomi ,i I Tec h: , l u m P  r i m  m ,m I ion Sm - rv , c m ,’ , Sn m i m i -  f ield , V A -

Si , ,’ - i ’ n ’ .” hi’ : ; NTIS,’PS - 7hn/02 5, NTIS/PS-75/35 1 amid
- ‘ ‘ ‘  ‘ -1 l ; l (’,imh 122 r~ u m . ~’uu 1 1.177)

SU RV EYS AND B I B L I O G R A P H I E S  NTI’  ‘F”, 77/u ‘21J3,’l/ ( A

( A, s mu -a” No. 16/ 31 Key Words ; Biblingraphiet , Sound transmi ssion
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Stud ies include non i inear acoust ic theory and applications non an exact agreement . The computer program described in
to sound transnnissiun in the atmosphere. underwater , solids , the article is based on diagram serie s - calculation m ethod .
liquids, and gases. Nonlinear relalionships are also presented which connects ti me ad vantages of both graphic and calcula-
tor shock tubmis, sonar equipment , son c boom~, acoustic tion methods.
defectors , sound generators , acoustic delay lines , porous
materials , pipes , ducts , and let eng ine noise. Thus updated
bibliography contains 118 abst racts , 31 of which are new
entries to the previous edition. 77 .1531

Reliabilih Stu d s ,f SINGER. %‘ ohu,iu- I. % al idj l ioj i
of Model
SM.  Ho I/mn r , A ,E . h m m ’ ’ m . n - ,:. and .J .C, K i m  ;,‘ m ; m , ’. , I I I

COMPUTER PROGRAMS ~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~ V ,n~~j n md P u l y l i - f m i u m I~~ t.~~ i u : b

76~1 92-Vol- i  . 92 Pt ) ( l i i i  1977)
AD- A037 819/OGA

G E N E R A L  Key Words: Computer programs , Dynamic structural analy-

(Also Sm” : N - s  1617 . 1 71 : , 1723 1 xi S , Reinforced concrete , Hardened instal latmons

The f irst  volume of the report is coumnected with the refine-

— 
ment and the demonstration of the current capability of the

~-I.,49 computer code SINGER. The function of SINGER is no
Calcid al itini and Opti sm aizat io n of Coni pression S1irings predict the complene response lincluding element failures

b~ ~Iea,ss of a I)esk Calc u lator (Dru ckfede i’beu eclu ’ and structural collapsel of skeleta l reinforced concrete

nung und -opt us iie ru ui g h u t  dciii Tisvhreclinei’) structures to static arid dynamnc loads.

P . 1 r - , l ) c h
. 1 : ni R , u m , c ’ 1 , m h m i  m u n ich u.I’:r N m u r , .i - Mm ’ .nu u G i n u bH ,

Berqen-E nm l h m :m m m u , , u r m ~n n - u i )  1 , - m m ; , 28 (6), p~.i 227-228
)Ju une 19/ l u )  77.1352
( In Germnm a n ( .t pp lica(ioui of N ,tST RA\ to Large l)efleetion

Supersonic Flutt er of Panels

Key Words ; Computer programs , Springs , Optimization C, Mi ‘u  rind J - L. R u l e r s , Jr .
Lrsnqlmny Fuus C’ ’ mu t i ’r , NASA , Lang ley S t a t , m m n u , VA . ,

Computer operation for the calcu lation of compru mSsion In NASA , Langley Ri’s, C i -mr t u n NASTRAN User ’ s
springs on a desx calculator is described . The program cal- E x ’ m u ’ n , u ’ n u  m ’ s pin 67-98 (Oct 1976 1 refs (N77 - 7049’ - -
culates all types of springs and optimizes the spr m mmgs (cylun-
drical coil sprungs from mound wire) for a complete material ~~
uti l izat ion.

Key Words’ NASTRAN Icomp uter program) , Computer
programs . ‘~lu t ter , Panels

77 - I  33(1 Flat pancl f lutter at high supersonic Mach number is analyzed
( ohulliuter IPu” rauuu for the Curvatures amid ,~ c(’elera’ using NASTRAN Level 16,0 by means of mod ,fmcatmons to

11(1115 of ’ Ret’Iangular 1,i,mk.Connevlio.’ Points :h,: code, Two~dimensm ona l plate theory and quasi-stead y

y -1 min i  
aerodynammc theory are employed. T he finite element formu-
lation and solution procedure are presented. Modifications

c ’ 1 ,  , n r  . ml lion , 28 ( i i ) ,  liP 417 - 422 IN’ my 1 9 /u I 0 the NASTRAN code are discuss ed, Convergence charac-
In Cu ,:’  .ini I te rism cs of the iteration processes are also briefly discussed.

Ef f e c t s  of aerod ynamic dampunçn , boundary support condm-

Key W u m s  Computer programs , Graphic met hods , Power muon and a~s uiie d mn-plane loadun g are unclud ed ,

tran s missi -Dn syst e ms

In nh ” application of con necting curves , of t i m n  it is not — —  — -
suffucuent no know Ihe curve shapes. The ieloc mny and he
acceleration of the connecting points describing the curve are ( iu rr e lat i iuiu of XI I -  I (. .~ ur trauuie l i s t  Ifui ta is it lu a
also ‘ ml equal interest , A simple computer program indicates N %~S’I’R \ \  ~l mmIIuemi i aIii’aI \ IioIeI
5 , 1m m ,  relationship i u u ’ tw , ’ , ’ mm curvature and accelerammon , but I) u ‘ ‘ - ‘ m l  i m m I , m u m - h  V I i~~. m~~
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nell Fi l m ’ ‘ol in , ‘ n Co ., Em i t A’,in ~hi , IX - 
I-C ‘ p1 No NASTRA N was evaluated for vibr ation analysis of the

NASA-CR 1 4L 119 , Rept (uI/P Cr99 -016 , 160 pp ( Feb helicopter airframe. The first eff ort involved development of
a NASTRAN model of the AH -1G helicopter airframe andI ’ b/ ~;)
comprehensive documentation of the model . The next effortN 77 . 1  IC-C l -C was to assess the validity of the NA STRAN model by com-
parisons with static and vibrati on tests ,

Key Words , NASTRAN (computer pr ogram ) , Computer
programs , Experimental data , Airframes

Test data were provided for evaluating a mathematical 77.1356
vibration model of the Bell AH-1 G helicopter airframe. Therm al and Structural -~iuaI~s i. ot ’ h elicopter
The math model was developed and analyzed using the Tra n.smissi on Housings I sisu g NASTRA \NASTRAN structural analysis computer program, Data from A W. H- m .’vm’I Is ii . Scia rra , and OS.  N- ;statmc and dynamuc tests were used f or comparison with the

Bom - in:, ; Verto l Co.. Phii l ,ju i m :l i - huia . PA., In. NA hA A m”,mat n model. Stat ic tests of the fuselage and tailboom were
conducted to verify the st i f fn ess representation of the Ru” , . C’ .’ i:t m:n NAST HAN I ‘ ‘ n  N I u-n i ’  ‘ ‘ s , I’ ;
NASTRAN model . Dynamic test data were obtained fr om 353-380 (Oc .t 1976) re fs 1N77 - 20489I
shake nests of th e airframe and were used to evaluate the N77-20503
NASTRAN mod el for represen ting the low frequency (below
30 Hz) vibration response of the airframe ,

Key Words: Housings , Power transmission systems , Helicop-
ters , NASTRAN (computer program l , Computer programs

The app l ica nion of NASTRAN to improv e she design of
helicopter transmission housings is described , A finite ele-Sonic A pplication s of f lue N tS’IR ,~\ Level 16
ment model of the complete forward rotor transmissionSu i bsoiiie Flutter .~ nah sis Capability housing for the Boeing Ver s ol Cl-b47C helicopter was used

H V . I). --
~ ; ‘ I ’  - In ,jrnd I-li. Cn innmn g hann n to study thermal distortion and stress , stress and deflection

L , mn im -, i ’ y  R u - ’ , C, ’ m m n u - m  NASA , I , mnu;I i ,y Station , v’A., due so static and dynamic loads , load paths , and design
In NASA L , m n u m ( l m m ’ , Rums Ccnt’’ r NAS IRAN: User ’s optimization by s he control of structural ener gy distribution .

The analytical results are correlated wi th test data and usedE u- r e m u s , ~~~ 4 . 1 1 1312 U’ l  197~~l n m r b s ( N77-20485)
to reduce weig ht and to improve strength , service life , fail ’N 7 7 2 0 508 safety, and reliabil i ty. The techni ques presented , althoug h
applied herein to helicopter transmissions , are suff iciently

Key Words ; NASTRA N (computer programs) , Computer general to be applica ble to any power transmission system.
programs , Flutter , Aircraft wings

The Level 16 flutter an alysis capabil i ty was applied to an
aspect- ratio-6, 8 subsonic transport type wing, an aspect-ratio- 771557
1.7 arrow wing, and an aspect-ra tio- I .3 all movable horizon- .\ N .~S’FR ..~N Inip henientat ion of t he I)oubl~ A~s~~ip.
tal tail with a geared elev ator , The transport wing and arr ow to lk m% IJ ItroXiulia f iOfI for I ‘ mi dens aler Sh.uck Responsewing results are compared with experimental resul ts obtained

U C l’ vm ‘1511 ,”in the Lang ley transonic dynamic tunnel and with other
N,mv,4 Ship Res. m mm i i i  lIes . I ’ ’ r un - n m ’,’ ,i;, ’ ’ i m u :,, -m u  LI C ,,ca lcula led results obtained using subsonic lifting surface

(kernel function) unsteady aerodynamic theory , In .  NASA A ’ -  ‘s P. s C ,  - i m p - n  NASTH . N U~
, ’r N

Es; i um m u u n m i m :e s , pp 207-228 l O t  1 9 / m m )  m e ts  - ‘ .77 -
, h pp
N77 “441( 777.1333

I)u’ v el o pmmien t . Ooc umuuie ,ut atio us and Correlations of a
\A STR ~N Vibration Model of the .\Il.IG h el ico pte r Key Words. NASTRA N Ic o mpm iter program) , Submerged

structures , Underwater explosions,‘t.irfra uuu r
iD.  C m . m i i i  h m u t m n  A detailed description is giv en of how the decoupling ap-
Bell 1- 1:1~ ‘ ‘ u ; ’ t ’ ”  C m  , Fot t ‘7/, n I l : , TX , In NASA A r m  - u ’s proximatuom i known as the doubly sy mm , i , tm , t , c  approxuma t m o n
R~s. Cm’ni t i ’r N.J u ” ’ , IRAN I ‘in ’s E ~u ” - n ; ’  ‘ m u m  ms - ;‘~

u 273- 5 umplemented with NASTRAN to soivi’ sho d , prob lems
submerged structures, The general approac h involves loca n un g“ Pt )Om; t l i/ hI  n , : f s  (N77 2h4 (Ch ui
the nonsymme t rmc terms lwhich couple stru ctural and fluidN77-20500 variables) on the right hand smde of thp emluatuons , rm. , ç
approach results in co ef f mc mno t nmanr ices of acceptable band-

Key Wor as; NASTRAN (computer pr oqram ) , Com ’nputer wn d th but degrades numerical s m a bmim my ,  rm ’ mn mm ~r m n q a smaiier
programs , Hm’ i uc o t st e rs , Vmhr a tmon response time step size than woul ml ,m t hu m ’m ,s sm ’ be uSed. ft  is .iko sh own
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how the structure ’s added )vi r s ua l ( mass matrix , is calculated NASA Ann m es Res, C en i l ’ mn NAST RAN I /s i r” , I’ s
w ith NASTRAN. periences , pp i- lb 1330 IOu - t 1976) rots )N77-20485)

N 77-20509

77-1558 Key Words ; NASTRAN Icompuser program) , Computer
A Finite Eleinent.Analytical Method for Modeling programs , Nuclear power plants , Seismic response , Beams .

Membranesa Str uctur e un an liufun ute Fluid
P .R.  Lan ui , m The application of NASTRAN to seismic analysis by con ~Nava l Ship Res , and Dcv . Center . \\ m , m s n m m c u , : n , , m m  - D.C .. sidering the example of a nuclear power plar ,t control panel
In. NASA Am es Res, Cm i un i ’ n  NAST RAN Usi’ n ”, was considered. A modal analysis of a three-dimensional

I xp m ’n iu ’ n i -  u ”,, ‘ ; m 251 -272 l O t  1976) rcfs (N77 - 20485) model of the panel consisting of beam and quadri-lateral

N77~20499 
membrane e l emm ’ nts , is performed , Using the results of this
analysis and a ryi ~ca l response spectrum of an earthquake ,
the seismic response of the structure is obtained.

Key Words: NASTRAN (computer program ( , Computer
programs , Interaction; structure-fluid , Finite element tech-
nique

77.1561
A method is described from which the interaction of an Real Figenvalue Analysis j ul \ ,-~S’l’RA\ b~ t Ine T n ’
elastic structure with a” nfinite acoustic fluid is determined. diaoo uua l I{edtuc tj on (FEER) ~1etlsod 

-

The displacements of the stru p ure and the pressure field of -

ml~ immediate surrounding fluid are modeled by finite ele- M, Ni ~~r m , , mmi , P. ) F)anagen , ar’J i L .  Rog ers ,

‘n’ ent s , and the remaining pressure field of she infinite fluid P. m , l ’ y  Ros. C ’ n nu tm ,’r , NASA . Lang ley Stat ic-u , ‘.‘A -

ri-g ion is given by an anal ytical expression. Th is method In.  NASA L a i m m ;I u- y Aes , Cc ’nnte r NASTRAN Us -n ’ ’
yi e ld s a frequency dependent bour mdary condition for the E x : ’ u ’ n u ’ - n u -  m ’ s , pp 127- 148 Oi l  1976) (N77-20485 )
oute r fluid boundary when applied to the frequency response N77 ‘20444
of an elastic bearri in contact wu th an acoustic fluid ,

Key Words ; NASTRAN (computer program ) , Compuner
programs , Emg envaiues

77 . 1  334)
- - Implementation of the tridiagonal reduction method for real% ~m~~i~ .~ar s ~ N ‘is I U t\  h ’hunuuI , ’ isf r u u u ’ tuurt ’ Inter . - -  -

- . eigenva lue extract ion in structural vibratmon and buckling
.uc-t mo n ( .ap a bslu i ie. problems is described, The basic concepts under ly mng the

~\ ‘ , - ‘ . ,‘. i m ,~ m , m j  I ,S (‘ ml ’  ‘I method are summarized and special features . such as the
N., - m m  ‘ 4uui ’ ” ’ , ’~ mt - i .J ’~ s n - m s m ‘ - ‘ m m -  i 1 ’,. . , - , . i - -, HI , computation of error bounds and defau lm modes of operation

‘N A’ A A ‘ m m , -
~ 

- ), ‘~ u - . n. - N “SI I’. ’ sN Us’ m ‘ ,, are discussed , In addition , the new user information and

‘ i ’ m it ” ,,  m’ s , i - p  .“ 250 1 , 1  19 /cu i r .  ‘ ‘,i N77 2 . 14) 1 error messages and optional dmag nosti m~ output re iatmng to
the trmdiagona l reduction method are presented . Some

.1 - ‘ - ,  ,C numerical results and initial experiences relating to usage in
she NAST RAtJ environment are provided, including com~

K.’y ~‘~,‘ mi’ , N A S T R A N  i u ; , u m , , i m , ., m , ’ r  program) , Computer par msons with other existung NA STRAN eigenva iue methods.
programs. Interaction st ructure- f lu id

A i ’ m ’ ’ , of h io , , m ’ s t r u c ture  , , , t m ’ r . m c m m m m m m  c a pabu l itmes for the
NAST HAN com puuer i ur , m , t r . mmm m is prese rumed. Indi rect appluca- 77.1 ~62
miens of mi . ,  program towards soi- - mn q this class of problem ‘t ( onipari~~ui of t lue ‘l’w o N,t ST R ‘%\ t )if fe reu ut ia l
were emphasized, For completeness and comparative pur- 

~ lif ’l’ iu,’~~ ‘feelunis1,ues
poses direct us .m mju ’ of NASTRAN us t urm e f ly  discussed. .1 A . ‘7’ I ) uun ’ , , i mm~ l m

C , - ‘ ‘  : -  , n . ’: Rm a i i m  m ’ ~ Corp., [mr s Ar m m t m - I . ’s . CA . , In
NASA A ’ -  IC ’s C r 1 -n NAST RAN ( sor t Es

7 ’ -136 f ‘ ‘ ‘ H u es - PI’ ~~~ ‘ ‘  l u -- C) u i ) m  I 19/i’ ’ nm ’ f t ( N 77 .204F’ -
Modal Seimmu ic . ‘u. u maI~ sms i i i  a Nu n-lear l’oisi’r Plant N / 7 ~‘ 

p u t
I until m l  l’ auu v l a nil .t tutu Par i~~~u is -il h S ‘u. P 1
131 II P . s m m m m i m  m m i i P H - (‘ m m i ii Key Words NASTRAN Icompume n programl , Computer
‘ ,.~ 1 , - i l  m m m i I m , r m - t y ,  I ‘ m m i i i  m u m - , C I -  . i - ;- IL m u programs , Stmf f n ess  methods
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NASTRAN contains two techniques to solve the di fferential experience of engineers o ’ the State L uectr ic i ty  Co mmiss o’ ’
st i f fness problems. One is incorporated in a new static analy- of Vmctorma (A ustra lma ) working mn thus area
sis rigid format and the other is contained in a new normal
modes analysis rigid format. The two mec tm ni ques relative to
computamioral accuracy and time ,‘t execution are compared.

77-156 5
Fung iuneeri mu g No u~ ’ Count ~;l Ion a N eis I’ u’o(’ess ha nut

iC .  S i m i , , m m m ’ m

A . R n - , ’ , ’  K m ’ i - (  ,‘. ,, m m m l ’ s ~ Ltd ., /‘s , i’ ’l , ,

E 1s~VIRO I s1ME 1s11S C’s s _ r u , ,  13-’ m i u i .m n i , m m m  i n , , N’~ im, ’ , m m u l n m , m  I m m 1 ,  i , . ’ m m ’ ’
- u m ” ’ - i i n i ’  I: , Sy m u m ’ - ,’ , 7 - m  ,‘,nr m l m  m , I I ’  ‘ 39 1-1’ ,- h r

1 1 1 2 , 1971 . 1

Key Words l ndustrma l faci l i t ies , Noise control

ACOUSTIC
lAb ’ see Nm s 154 ’ 1544, 1546, 1 547 . 1548 . 1572 , The problems and methods of engineering noise control mr

rmu i ation to the design of a new process plant are descrih ” ui
1573 , t593 , 1 594 . 1595 , 162L 11, 14 , 1675 , 1687

and discussed , using the new Clinker Production Plant of
1688 . 1689 , 1 700 . 17 03 , 17051 Adelaide Cement Company Ltd. as a s ps cmf ic example. P

is concluded that consideration should be g iven to noise
control engineering r t  the earliest stage of plan ning for a new

77.1563 process plant.

Euuergy Oh~ervat ions in Structure-Borne Noise Center -

atiou s and Radiation (Erse rg iebet rael utuu ngen ,.sur
körpensehallentstehuisg und -aus breituuu g)
M . H’ . .U  1- E R I O D I C
Inst. I L i - b r, A~ -usImi iii ‘ .1 1’.U. Berlin , Konstrul.

t m m u n u . 28 (9),  pp 353-358 (SepI 19761 5 l ie ’ . 7 ets

In Ger nuan l 77-1566
Liuueanii at iouu ‘I’ eehnui ques Ion Non- Lin ear his us auu um ca l

Key Words ; Noise generation , Sound transmission Ssmsteusus
P T ,  Spanos

In numerous structure-borne noise problems mu sermes mt
PhD . Tl um ~sis , C , nLm ‘ mc m ,m InsI of I “m . h m r , i ! m  se” - I m’l

useful and far reaching conclusions may he drawn “ or , ,
( l m j / 7 )

energy observations , This is tru e in the generation of smr mic-
ture-borne noise as well as in its propagation and damping, LIM 7 7 1 0 ,473
From the knowledge of certain degrees of sransmms sio r-
Icoupling factors) the structure-borne noise transfer from Key Words: Mu lti-de g mee-of-fr eedonm systems , Dynamic
one part to another may be calculated , For low damp m n’s systems , Pe.’iodic exci ta nmon . Random exc i tatmon
a simple equation for the energy distrib ution was obtained ,

This dissertation is concerned with the applicat ion of l inear ,-
za ton  techniques so the study of the response of non-Imnear
dynamical systems subje m ted to periodic and random exc uta-

77 1 56.1 tions, A general method for generating an appr~,eimate solu-

~leth od mn of Continuous Auu ibient Noise l,es’el \loui- tion of a multi-degree-of-fre edoni non~linear dynamical

itoning system is presented , This method relies on solving an opt i’

J C ‘A” uuu ’ i ’ n g  m m i i i  I A Chari lv mum equivalent linear substitute of the original system. The
new method for tiansient response is applied to the random

Sn ,~ ’’ E lec t rm ’  u ty  C m i m m i r ’ m i s -  mo rn  of V u . t m i n , , m , ,\ m i s t r a l i a , response of a Duffing Oscillator and a Hysteretic System . The
Vubrat ion and Nm m u - s m :  Control I ni m . l m n u u ’ i : r  nu ll - Procured’ solution for the Duffing Oscil lator is compared with d~ 5a
u n u m e ’ .  Ny’ ni i ’y , A uj s l r ,mh i a , (i)) 141 142 u. CJm 1 1 1 1 2 , obtained by a Monte Carlo study.

1976) 3 fi gs

Key W ,mrd s’ lndust ,’mal faci l i t ies , Nomse reduction

RANDOMThis us a discussion of the measurement and analysis of noise
over periods longer than a few hours , It is based on the I Sm , ’  N, ’ t4661
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SE ISMIC Ground shock resoonse is calculated for a layered site under

ISee Nos , 1560 . 1677 , 1678 , 1679 . 1680) the airb last loading from a nuclear burst . u ing two advanced
mathematical models , m , e . the variable modu li and CAP
(CAP model is an elastic nonideally plastic co nst it ut uve
relation employing a yield surface that comb ines both ideal

SHOC K plasticity and strain hardening ) models. The computer

lAlso see Not 1557 , 1597 , 1698. 1 7 1 6 )  time histories of the motion from she two calculat ions are
counpared at several ranges , extending from the superseism ic
reg ion into the outrunning region .

77-1567
Cons ideration of Ground auud Air % ‘ ib ratious Problems
Assoc iated with Sur iace I(last iusg Operations 77~~570
B J. Kennedy and T N. Haqam u -‘ Siuu ip lif ied Model of Shoc k-on-Shoc k Intera ction
Mu ,unt Isa Mines , Ltd., A,,’ , l r , m l u ,m , V u i , r ,m tm or n ~mnd G. E - Am ell o

Noise C,ur ’ml r u I E m i - j , i m m ,’ i ’ r u u m . l. P i uu i .u m m ’nij r tg s , Syd : iu ”,’ . Mart in Ni,,, , I n i  A ” mm ’ ; ,~- , m , “ , Orlando , FL ,, R’ ; u t .  ~~
Am ,sr r ,m li. i , 41’ 71 -75 (Oct 1 1 - 12 , 19761 4 lim ~~, 9 r ns 0 H 1  4242 , D N A 4 19 0 F , Pb PP lA~~m~ 14/UI

AD-A0. 37 247/4GA

Key Words: Blast effects , Ground vibration , Shock response
Key Words: Explosion ef fects . Shock waves , Reentry ye-

This paper considers established damage and response criteria hmc i e s . Mathematical mo dels
and the blasting techniques by which vibrations can be re-
duced to levels that cause neither damage nor complaints. A simplified model is presen’ed of the shock-on-shock
Acceptable levels for structures and person nel are 9iven . problem as m m pertains to the encounter between a supersonic

cone and a planar blast wave , The model provides an accurate
and inexpensive means of predicting the circumferential
distribution of peak pressures and pulse duration for all

77-1568 encounter ang les between nose-on and broadside with the

Control of Vibrations I)ue to ltl astiuug cone at zero or small angles of attack .

E, i. Polak and D.C. Bennetl
Bij reao of \ i , m i ’ ..’r , l f C u s u u u m n  . 1 5 , (/ , m m ibi . ’ r r ,j 

- Aust r ,7ma ,
Vibration and Nomse Control l’ n , m ~i n m : im nu i uq  , Procured - 77-1571
rugs , Sydney, A ustralia , pp 76-80 (Oct 11- 12 , 1976) Predicting Impact Wear

6 lu 1’ ,, 13 rots P A .  Ennqmn l
IBM Corp., I r u , ) u  i n n  . NY Ni , ’ I’ . Du’s ., 49 112 1 .

Key Words ’ Blast e f fec ts . Ground vibration , Vibration I - I ’  100 - 105 u \i,.~’, 26 . 1977) 10 -4 ,  1 n , ml I i -
control

Key Words ; Impact response . Wear . Desi gn techniques
During blasting o perations the energy released from an
exp iosive charge travels in the form of body waves and air Until now , no analytical method has been available for
waves. The effect on ob iects depends on the amount of predicting mmpact wear , With the new method given here ,
explosive and its distribution . the distance from explosion , not nn ly can you predict how f ast umpacting parts will wear .
the geological nature of t he ground , and the properties of
the object. Safe charge size , maximum particle velocity, and 

you can also adj ust design paran eters to minimize wear

controlled delay blasting are discussed.

T A ANSPOR AT ION
77-1569 ~~~~ .~‘, ‘ N’ s  1 602 , 1658)

Outrunning Ground Shock Models
I Nels, me , m mi ~’ l G .Y . Baladi
I” i r i u j ) m n u i ~m ’ r ,Nss ,i m u , m l , m .S . No v Y- - i i . , NY , ASCE ~ 

77-1572
luu~est igation u nt Vehi c ular Noise 1,es.-Is j u l h i g h

[ ruin. Ni’’ , ’ Div ., i03 (EM3( , up 377-393 C lone
Stre e t , Mailland . \u~~s Sou t h V’ ales

111 17’
A. .) (T i m ’ ’ ,, I’ , 1’ - ! , i r -  i t

Key Words ; Ground shock , Air blast , Nuclear explosion H m u r i n m  - r I ) u s l m  u m I ‘,N ,mn ’ ‘ n IC ’ - i n ’ )  V I ’ ,  ml , ,  m m,  m m m l Nous’’

F e f fec ts  C u r b  i r m l  mu , , - i m b i m i  I’ m ’ u u , ’ ’ ’ ’ m f um i u e ’ .  ~;s ’ m i i , ’ C  . .‘\ - s I b  i ’ m : ,
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mp 124 120 C Oo t I 1~12 , 1976( 2 ( m Ob ’ s , 2 rots PHENOMENOLOGY

Key Words Traf fmc noise

A ncmi s e study undertaken for a busy commercial main
rt reet revealed the need for suc h studies for urban planning.
The study also resealed that uncontrolled vehicular use in
such areas could create a commu nity health hazard.

7 7-I 575
I ~.I .,7.3 

, , ‘f ’ rans j eust Respo nse of Ciu ntiusuosus Flas t ic S u’ i u . -t u u i
Noise Characteristics of Ouse T yp e ot I)uesel-F.uigu ned

- . , W . Pill muy a n ’ )  J S n rm ’ n l . m v v sl
\l w ing F ront-F n d Loader Dept. of V ’ m l L o i n ’ , . Univ . of V i n ; n u . m  C r m , u m l  ‘ ‘ ‘ ‘ 5 ’
V. Masm :mi and R ,J. Houl,m:n yu le , VA., Rept , N:, , UVA/524 3 Im 3/ME ’ / 1 - 1 4 1 ,
4 - m I e n  Research Inst. ,  Mackay, A Listra l ia , V ihra tmonn 72 :1) (Feb 1977)

m m i i N m us u ’  Co nntro l E n r - I , m s ’ m e  m m i i ,  Procemudings , Sydnuey , AD-A037 001/5GA
A ustra l m , l , pp 133-134 11) ’ . 1 11 12 , 1976) 2 fi gs , 1
I,~Im l” Key Words: Transient res ponse , Structural members , Modal

analysis , Elastic properties . Viscoelastic properties , Pampm r g
Key Words: Transportation vehicles . Noise generatmo u m . effects
Erct ine noise , Gear boxes

A general theory for the dynamic response of linear danuped
Noise sources on the ..mw profile front-end loaders used continuous structured members is formulated with a modal
extensively in the mining industry were investi gated . Tests analysis. The theory ap pl mes to elastic or vm s coe iastic s ’ u i ,m t s
on seven veh icles covering a range of sizes and engines s how- Proportional and non-proportional dampinç , are included
ed that in all cases the gearbox was the major noise source
Other maior sources were the eng ine , the exhaust and the
hydraulic s ytt ecr i. Engine and gearbox noise radiated by t he
bodywork was signi f icant.  Measures required to reduce IL,,-

noise level ~i’ the driver ’s position no 90 dBIA I (rom a max,- 77-1576
mum of about 106 dB fA )  are discussed. Fffect ~ of Ses ’eral Types (St I)ann p ing nm t Ime I)s miami-

eat Belsavior nt hl ar uuui ,uui .’ allv Forced Siuugle.I)egr.-i’.
of .F’ reedo uui Sv s te u uu s
i f -  Ayers

77 —15 7 1 Deh uous ,  ‘ 0 c m  ‘ m n ’  C m  I ml ;  l ’ ’ s  ,s I u m ‘ u ~ - - ml  ,- ‘, ; ‘ ,‘ me , 1 ‘K

t N  I .‘ N’s (Proposed Contai.uer I’or CIII .75/Il) . R. ’~ut . N- . I)A L-A-272 153 (Jan 2 , 1967~
Reesgls hl a u i dhuui g . \ ibr mu i j n~, an d ~1ee huaus ica1 Ilauud l ing “s.D Al) 4C l3Ub/ Nr A
Tests
B . 1’. C i u ~ ~l m r  m c  Key Words: Single . deg ree-of ~fre ed om systems , Damping
Amr u ,ui’ ‘ ‘ i~~i, C i - h u m - i  i ‘.‘ m l r , . m l i m m m i  A ,j ’ ’ nu .  

~
‘ , \Nrli l lr l  ef fects . Harmonic exci tat ion

1’. m n l m ’ r s m ’ m m  /‘m m ’ B . OH , IC, - 1 u 1  N m u . PTPD - 77 4 , 22 i1n

m m ’ 1 1 7 7 )  This thesis presents arm accurate solution of several types of
‘ 

. 
damping on the dynamical behavior of harmonically forced

Al) A l l  11 , 86/ Ill mA sin gl e-d egree .of -freedom s y stems. The study is based on the
fundamental parameters of the system. The fundamental

Key Words ; Shmppmn g containers . Packag ing, Ammunition . response is described with reference to the equivalent damp-

Trans i mm u rmat i on ef fects , Vm l , ratmon tests ing energy. she Ritz method , and dimensional analysis.
Dmmensiona l analysis is used so dev elop a method f o r pre-

Devei op mee ms in the area o f muni tim) i’us transpc ’ m ’t a t ion and d icting the general response diagram charact e r istmcs. The hig h

smora , u mm have eliminated the need f e sealed metal containers accuracy of the solut ions permitted th e col lect ion of so me
for ‘ mmmi , ’  weapons sy sm em~. This was thur case w hen ADT C/ ver y important desi gn data , The results are presented in bot h

SDM . Emjlin A l ’B , Flnm ’m dsu , pr000sed an open metal crate to graphical and tabular form and may be useful to t hose en

ri ’t m iace the CNU 218 containe r for the CBU -75 /B dispe nser gaged in calibration , design , and data anal ysms of work re
bomb The development of open meta l Crates 5 reviewed , qumrmng art accurate solution .
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77- 1577 iA .  Hoff m n , att
~u ibration I)arnp ing by Fr iction ifs Structural Joints Paragon Pacif ic , Inc - -  Lu Ni-u(undo , CA ., Rept. ~~-

R.S.H, Richa rulsurn NASA-CA-i  351 52 , 86 pP Feb 1977) ref s
Dept - of Mmm cli . E nJrg . - Morc mcf m Univ .. A ustr .ml a , N77-20558
Vibration and N-usc Control Engineering, Proceed-
in m(s . Sydney, Australia , P1) 11 7-1 18 fOct 11-12 , Key Words: Wind ’ induced excitation , Rotors , Coupled
197b u 2 figs , 2 rels response , Computer programs

A qualitative description of all key elements of a completeKey Words. Coulomb friction . Vibration damping. Slip wind energy sy s ’em computer analysis code is presented. The
~~~~ analysis system addre sses the coupled dynamic s characteris-

tics ol wind energy systems , including the interactions of theThere is a need for methods of predicting energy dissipation rotor , tower , nacelle , po wer train , control sys t em , andin common j oint configurations. In this paper a simple over- electrical network , The coupled dynamics are analyzed inlapping loins between two f lat metal surfaces is considered. both the frequency and time domain to provide the basic
motions and loads data required for design , performance
verification and operations analysis activities, Elements of

FATIGUE t he coupled analysis code were used to design and analyze
lA lso sir ’ Nos , 1657 , 1 704 ) candidate rotor articulation concepts. Fundamental results

and conclusions derived from these studies are presented ,

77- 1578
Stre ngt h Calculations of t h e ‘tu lt iaxi al Phase-Shifted 77-1580
Vibration Loading w ith Princi pal Stress l) irect j ouus F’ iu u ite State Modeling oh’ Aeroe lastic S~ niteiiis
Fixed ’w ith- Resp ect -to-th e-Body (Fest igkeifs bercch . R. Vep ,m
nu.ug bei nueh rachsi ger phasenverschobe ner Schwi ng- St a nfot mi  1.bnni v ,, CA.. RE’ :- l. N’ . NASA-CH27 79 ,
beans pruc hu iug unit kör pert ’esten Ilas upts pausnu ngs- 189 pp (F ir b 1977)
richtun gen) N77-19489
H, Diet ina nt and I, lss ler
University of Stutl j art , Konstr m 1 tuon , 28 (1 ) ,  PP 24 - Key Words: Mathematical models , Aerodynamic loads ,
30 (Jam : 1970) 18 fi gs Airfoils

.A general theory of finite state modeling of aerodynamicKey Words. Fatigue life loads on thin airfoils and lift ing surfaces performing com-
pletel y arbitrary, sma ll , lime-dependent motions in an air.F in the article the theor y for material failure under multiaxial stream is developed and presented, The nature of the be-

phase shifted vibrational loading, with fixed principal axis hav ior of the unsteady air loads in the fr equency domain is
with respec t -to-the .body is developed. The theory sta rts with explained , using as raw materials any of the unsteady linear-
the fact that the octahedral torsional shear i ng stress is mainly ized theories that have been mechanized for simple harmonic
responsible for the damage of deformable materials under oscillations.
vibrating loads. Then the time and direction dependent
octahedral stresses caused by external loads are determined
and comb ined into a “ stress characteristic ” . Finally a stress
capacity combination mu st be determined experimen tally, soi~which may be represented as “ material characteristic ” , )See Nos 1569 , 159 7)
From a comparison of she stress characteristic and material
characteristic a limit stress ms obtained , which leads so dam-
age. Experimental results confirm the theory presented.

VISCOE LAST IC

F L U I D
)A lso su’ i’ Nos. 1558. 1613 , 1621 , 1642 , 1653 , 77-15 81

1669 . 167 6 . 1 709) I)ynausuic Stability o f ()ne-h)iu nensio uial \uui-I.i near h
\ isco -Elastic Bodies

77.1579 R ,C. Brownie
Coupled I)ynaniics Anal y s is of Wind Fuserg y S’,slrms. Ph .D. Thesis , Univ . of M,mr~’I~nd , 95 1)1 _ n 11 9161
Final Report I Ni 77949 1
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Key Words: Dynam ic stability, Viscoelastic med,a 77-1584
Avoiding Unscheduled Plant Shutdowns . Vibration

This disser tation treats the dynamic behav br of orie-dimen- Monito ring
sio na l non-linearly visc o -elastic bodies, The constitutive

- - R.S. Hequue
functions are of rate type , i.e., the stress depends on the
strain and rat e of strain but not on their past histor y . The j,~nT’K~ A. Madden f~ssociates Pty, [ 1 .1 . Syd mum u’ ,
dissertation begins w ith a description of the theory of three’ Austra l ia , Vibrat ion snd Noms ~ Control F r i q im ‘ - ‘ n unu l .
dimensional non~linea r vi s r,o-e last ic bodies. Special attention Prc .eumdings , Sydne’~, Au s tr al u ,m , PP 109-110 )Oct
is given to the const itutive requirements of frame ’indif fer - 11-12 . 1976) 4 l,~0Iu ’s , 4 refs
ence, orientation-preservation , and order-preservation.

Key Words: Diagnostic techniques , Vibration si gnatures ,
Machiner y vibration

EXPERIM ENTA11ON A technique for machinery vibration monitoring is described .
The effectiveness and practical value of the technique are
exam ned in the lig ht of extensive application ,n several
continuous process plants over the past four years.

DIAGN OSTICS
77. 1585
The A pp lications of Cepstruns Ausalysis to the Via-
nosis of Machine Sound and Vibrat ion Signals
R B . Randall

77-1582 Bruel & Kjaer , Naerunmi , Di-ru ’’  en - Vmi .- r , m t m u n n :  and
Noise Control Eng ineering, Proceedings , Syd mu ny,Some Fxamples of i~oto r Instabilities us Flexuble . -Australia , pp 97-98 (Oct 11-12 . 1976) 3 figs , 4 ru ’ f sShaft Maclsi.nes

J.J . Spullman Key Words: Cepstrum analysis , Diagnostic techniques ,
Consulting Etigineer , Perth , Austral ia . Vibrat ion and Turbine blades , Gear boxes , Machine ry noise , Machine ry
Noi se Control F mn mp nuu  “ ‘r in u , (  . Pru i m .L r m’mi  ungs , Sydney. vibration

Australia , pp 119 - 120 (Oct 11-12 , 1976) 2 fi gs . - . .The cepstrum is defined and its advantage in reducing the
influence of signal transmission path exp lained. Examples

Key Words: Vibration monitoring. Diagnostic techniques , are g iven of the application of the “ power cepstrum ” to the
Rotors , Shafts detection of periodic effects in a spectrum , viz ,  harmonics

and sidebands, The f i rs t  can be used to diagnose missing
Three examples of rotor instability in flexible shaft blades in a turbine , and the second for diagnosing various
machines are described . They are situations in which aults in gearboxes. The “ complex cepstrum ” , where all
a ma)ur failur e could have occu rred , Instrumentation phase information is retained so that the procedure is revers-
for continuous vibration monitoring with provision ibl e , is also defined and explained , and an example g iven of
for an automatic shut-down when vibration levels its app lication to deconvolution .
exceed a pre-se t level us discussed .

77.1583 77.1586

Puttin g Vibration and Other O perating Variables to A Brief Review of the Monitoring of V ibration in

Work in a Monitoring Syst em Rotatun g Macl imes

J S Mit ’  h~ l I A. L. K u i q iut

I mu , ievu m , . San Juan Cap s! m ini m . CA - F’nwi:r, 1.~i 
15). Bell & H’ u~’.’ i ’ l C  Ltd ., Noise Cm un tru o . Vub , and h i s m u l -

8J C1~5 Ni iv 1 / / 1 1 4  ‘ - i ’  
8 15 1,i r ; ’  168 170 -\1,iy 1 9 7 7 ) 4  f i n s

Key Words ; Diagnostic instrumentation , Diagnostic tech-
Key Words. Dm~t g nos” ic techniques , Pumps . Compressors , nmques , Rotat ing structures. Rotors
Fans

In the art ic le the author reviews the range and application of
Monitoring concepts developed in Part I lMarch 1977 1 of such vibration sensors as puezoelectric accelerometers , veloc-
this seri es are applied here to specific type s of machinery - ‘ my transducer ’ and contactiess dis p lacement transducers , as
including pumps , compressors , and fans , well as vibration monmt o r t .
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77- 1587 F A C I L I T I E S
A Sigusal Processing S~ sti ’ iui t’or % ibrations, Shock
and Noise
S R .  W e)ara ,na 77-1590
1) u m l m t , m u  Signal Analysis Group, Hewlett - Packard Ltd., Calibratious of a Reverberant Roo iui for the Measure-
Noise Control , Vib. and Insul - 8 (SI . PP 156-158 uuuent ot Sound Power ui To iues
IMay 19771 7 f i g s D.A. Bies and C.H. Hansen

Un iv. of Adelaide , Austral ia , Vi h n , s t uon m ,j rid Nuuis ’ :
Key Words ; Signal processing techniqu.~s, Diagnostic tech ’ Contrul 1_ nu l l in ur u , ring , Pro m m:m: u ii ngs , Sydnm ’y. A , ;~ Ine I u,i -

niques pp 121- 122  (Oct 1 1 - 12 , 19761 1 f i u j .  7 m I s

Signal processing through t h e use of dig ita l signal analysis is
Key Words ; Reverberation chambers , Calibrating

discussed. Waveform and spectral analyses are cover od .

The assumption that t he radiation impedanc e presented to
the test apparatus under investigation in a reverbe ration
room is the same as would be in an echo free field is tested
experimentally.

~7-1588
l)yusansk Predictive ~lsuintenausce for Refinery Equip-
ment -7~ - l5 9 1E Balaamn Se.ni-Aneclsoic Testi ng Rooms: Sortie Sou nd Advice
Scientific Energy Systems-Beta Corp., Houston , TX ,

R.A. Dykst ra i ’ : )  D.F. Baxa
1-lydrocarbon Processing, 56 (51. pp 131-136 (May

Kohler Cu., K u , l r l ’ ’ r  - WI , S/V . Si:’ in-J jni:i V i i , r , t u , u m u .
1977) 17 lois , 7 rots

~~~ 
( S m.  n ’ i  35-38 I Mm ’ , 19771 4 f ig s , 20 i i f s

Key Words ; Vibration analyzers , Diagnostic irnst rumer ntati on
Key Words ; Test faci l i t ies , Anechoic chambers

3Effective onstrearn time of refinery equ ipment can be
achieved by applying the latest performance and vibratic - rn In 1973 , Koh ler Co. completed the construction of a semi-

analysis instruments. Preventive maintenance procedures anechoic room to be used for the acoustical analyses of its
are discussed. Some typical maintenance costs are reviewed , small-engine f4 -24 HP) line. This article discussed the acous-

tical response characteristics of Kohler Co. ’s semi-an~choic

room . The room is first evaluated as a system. Then , an
analysis of the room ’s sound absorptive wedges is discussed .

77.1589 77-1592
Acotu sti e Signature Analysis for ‘souse Soturce ld eus hi ’ 

~
‘ ib ratio n and .-~~-os us t k’ Testi ng -- The Rot e of ~ ,~‘I’

fica lio n A U .  Ru s s ’ h  I
A C .  Keller Na ti onal  Ass- ’ of 1. st in m ~ A d u n  di’s . A uj stra l i . i  -
Spectral Dyrna inmi cs Corp., San Diego , CA , N mus e Vibration and Noise C u m i t r c u h F n mj i i uu ” ’ r  ing, P n ’ u m  ‘ u ’ ,)

Control , Vib . and lnsul - . 8 (5 ),  i 178-182 lM ,mv is is . Ss’ - m y ,  Aus trali ,u . n p  36 4u I ) O m t 1 1 1 2 , 1976)
1977) 11 fuqc . 6 r I m  1 cml i i ’ ’ . 3 m I s

Key Words ; Noise source identification , Acoustic signatures , Key Words ; Vibration tests . Acoustic tests , Testing facilities
Diagnostic techniques

An outline of the development and operation of t he labo ra~
A spectrum analyser is used to relate the frequenc y compo- tory accreditation s ystem of National Association of Testin g
nents of the noise spectrum of some specific mechanical Auth o rit ies , Aus l ra i us is presented in this paper. Details of
event or pattern in the machine as mm operates. Sin g le.channe l the acoustic and vibration measure ment services which
real-time spectrum analysers are used to obtai n this amp l i- NA TA registered laboratories provide for engineers and
tude vs. frequency, or amplitude vs. orde r , information , architects arm’ given.
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INSTRUMENT AT ION 77-1596
h o w  Accurate is Your Accelerouneter?
N.H. C l ,m r~

77-1593 National Mom s ,  n u n  u rn i n Lab ., CSI RO , Austra l  cm ,
Measurement of Sound Intensity V i b r a t i o n  m u m )  Noise Cott t ro l  [nq ineermng , Pron.eed-
G. Pav ic . ings . Sydney, Amis t ra l ia , PP 105-106 (Oct 11-12 ,1976)
Ft ’ .nc ’t rote c hm uisal Inst . ‘‘ Rude Koi nm ’ , m r ” , Ba~tijanova 1 f ig ,  1 table , 7 i rIs
dli , 41000 Zagreb , Yuqus lavia . J , Snumid Vib ,, 51 14 ),
cc 533-545 )Apr 22 , 19771 5 figs , 1 t , ululuu 7 muds Key Words: Accelerometers , Calibrating

Key Words’ Sound level meters There is no general agreement on the accuracy required in
vibration measurements mad e Wit h accelerometers. Some-

A method is formulated for sound i ntensity measurement times only the value of a fundamental frequency may be

in a non -dispersive medium. Errors associated with meas ure- sought. Another occasion may call for measurement of small

ments are discussed. Comments on the applicabilit y and change s in the amplitude of a particular frequency comp o-

limitations of the method are given and some experimental nent , requiring substantial accuracy. This paper is concerned

results are produced . mainly with the accuracy attainable with piezoelectric accel-
erometers.

77. 159 1
Siiuu p le Tech niques to I~s tim ate Noise Lm’vu’Is Based 

77.1597

on Manufa cturer Equi pment Data 
(;rout/So il Interaction and Veloc ity (;age l~mplaee-
meust for Ground-Shock Measure m ent

R.5 Nor r u u,mr i
N-i B. Balac.handra and J .A Malthani

lIT Res. Inst ., Chicago , IL , ASME i’ ,m[”r No. 76 -WA!
PID -21 

Ag hah ia n Assoc ., El Segundo , CA , Rept No , u’mA P

~ d34 7 4265 DNA 4089F , 201 pp A n n  197C u
AD - A037 098/1 GA

Key Words - Sound level meters . Sound measurement . Mea-
surement techniques

Key Words: Ground shock , Shock measurement , Measuring
In this paper , the standard sound power measurement tech- instruments
niques are briefly reviewed along with the methods normall y
used to estimate sound pressure levels , Simp le techniques An alytical work aimed at establishing velocity gage emplace-
are discussed whereby manufacturers can obtain noise mea- ment procedures for ground-shock measurement is reported .
surements on products in their own plants and estimate the Finite element calculations were performed using nonlinear ,
noise levels produced by these products when in use . Pro- inelastic material models , in support of experiments at WES
blerns associated with line and area sou rces are discussed. using art i f ic ial  soil specimens mn t he Small Blast Load Gen-
Methods for obtaining the acoustic characterist ics of menu- era tor. The investigations covered a wide range of borehole,
f oc l urmng areas are discussed. f ree-f ie ld impedances under a variety of interface co nditions.

77.1595 77.1598
Cou ssi derat ions Relating to lnst r u,uuent s for h ue Mea- I),nauuuii’ -Str ess-I )at a Maisageus sent for \erounet’haisi-
surem ent of Equi valent Co is t i us uo us ‘soiw’ Levels ca l Tt ’st iui g ot ‘I’ ur homach iuser
(LEQ) - Part 2 ‘,-‘ .J, P 3. u u5 ’j sk u

R F . Norgan .1 Pru ieu ts ‘ n  .ini h - Engine Test F m ,  h i t ’ ,  - 
API )  - nc ,,

pm nm ’ m F i m q r - ~. L t d . uJ
~~ 

N , u m ~ m -  Coon - i l , Vii) , in,) A n m u m - I . I  “m .r [ u r n - i’ S !, it iom n , IN 3 /  ~~~ E s i - t i

lnsul ., 8 (51 , pp 1dFL187 Ii ,1, m ’~ 1977 12 figs 17 (6) , i’ i 2 0 7 2 1 2  h , I u , n n , ’  1977) ,-‘ Im. : ’ , , 1 m u u

Key Words. Sound level meters Key Words ; Test instrumentation , Tu rb omach m nery

The concept of Crest Factors and Time Concepts is ex plained This paper reviews the evolution of on-line data-monitoring
and their unsuitability as parameters in Leq and Dose mete rs and pos t test data .processmn g /ana lys is techniques that have
is described , The author concludes the art icle with a br ief been ut i l i z ed at theArno ld Engineering Development Center
history of the Leq meter development. to support dynamic strain -g age test programs. The mr msn smt ion
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from hardwire sing le’channe l analog analysis equipment to
the incorporation of digital compute rs for aiding on~line data
monitoring, bulk processing of test data , and rapid editing /
analysis of test results is discussed. The present on-line moni-
toring and posttest processing /analysis systems are present-
ed, and refinements for improving t he on-line data monitor-
ing and posttest data-processing capabilities are d iscussed.

SHAFTS

TECHNI QUES
Ahsu see Nos. 1593 , 1594 , 1 704) 77-160 1

The Effective Flexural Stiffness of Shouldered Rods
and Shafts (Zur effektiven Biegesteifigkeit von

77- 1 599 abgesetzten Stäben und Vuellen)
..~~ New Procedure for the Measurement of Sound H. Bauerhop
Traussmission Loss Knaf twerk - Union , Erlannqen , Ps-’ Gemnnany , f . n r , s t n

D.A . Bies and J.M. Pickles tion , 28 12 1 , pn~ 45 -51 l Ee ) ,  1976) 17 figs . 1 no .1’.’ .
Univ. of Adelaide , Austral ia , Vibration and Noise 6 mefs
Cont rol Engineering, Proceedings , Sydney , Australia , (In German)
pp 123-124 (Oct 11 - 12 , 1976) 1 fi g, 6 refs

Key Words: Rods, Shafts , Stiffness Coefficie nts
Key Words: Sound transmission loss , Measurement tech-
niques For a dynamic investigation of structures it is often sufficient

to regard the continuum as one-dimensional , However , even

A new procedure f or measuring transmissio n loss is pre~ 
thoug h many calculation methods are baw d on thus smmp i m-

tented that can be applied to any test item , including aper- f icati o n , the assumption is not valid for variable cross section

tures The use of an ape rture is suggested as a convenient designs. Since for many cross sectional variat i o ns , the usual

standard test item of known transmission loss for checking computation by means of the 45 degree rule produces on l y

the accuracy of any particular test procedure and test facil- insi gnificant st i f fness values , a new im proved method is

my.  Criteria are presented that define measurement limits proposed .

within which accurate est imation of transmission loss can be
- - expected from existing or proposed test chambers.

BEAMS , STR INGS , RODS , BARS
lA iso see Nmus . 1538 , 15 60 , 1601 , 1664 , 1647 )

77- 1600
Aging of .-~dhesive Metal Joints. Part I: Torsional
Vibration Tests of ,-~dhesive Substances after Clitnate 77-1602
Exposure (utlteru ng von Metalt klenve rbindung e n. l)y ruam ics Anal ysi s of a Flexib le %‘ ehicle .. Flex ible
Teil I: Tor s ion ssc hwi ng ungsv erssuche an Klebstoff- Guideway Sys tem with Randouss Guide w ay Rough-

substatizen nach klimaeinwirk ungen) usess Input
W ,A lthof m m , , )  H n u b -  m tf ~ :)n ,, .i D.B Cherc’has and J .D, Jackso n

1 ) - O s ’ fm ~ ’ ‘ i r s ’  l in i u i . is mind V ’ ’ r ’ , i i u  m- ~~n i . t . i h t  f u e r n  Pu ’~
ut of Mo, Iu Enc~rg - Univ . of T m ’ r m .mn t o . C m i n i - I t ,

Luf t -  - m n, )  P, i m ; n ’ , f . m l n n t  B rom n ’ ,wn ’  . V/ C, m ’ r i ’ ’ .i ny Hiqh - S pm nm’ m l Ground Tr a irs i ’ . J ., ii 1 1 ) .  ‘lu i i  Fu~

Point N- DLR- lB - 1 1 ,7 75/02-Pt I . 36 ‘ i n 7-i [‘5 )Spr ing 1977 )  13 figs . 13 refs
1- - u / ‘ ,,

( In u ‘ ‘ n o u n )  Key Words: Interaction: veh icle ’guidewa y , Beams . Bernoulli-

N/ i  205 1 mu Euler method , Surface roughness

Km’ y Words T m u ’s mmng techniques , Torsional vibration . Ad- A technique is developed for analyzing the coupled dynamics

hesiv es , J o i nts of a tw o -d imensional hig h spee d gui ded ground ve hicle tys-
tem consisting of a f lexible ve hicle propelled along a sing le-

Severa l adhesives were expo se d to climatic conditions for a span , f lexible guideway , Both vehicle and gumde w av are

long period . The change s in the substances were deter mined treated as Bernou ll i-Euler beams , ie former in free-free

by means ut  t orsional vibration tests. This information configuratio n and the latter with smmp ie , rigid end suppo rts.

w ui i  I i,’ ’,o” I as a reference in test s wit h adhesive b u nts.
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A modal analysis techniqu e is implemented to calculate their Key Wor d s ;  Beams . Com posite materials , Naturai lre, mu un rn .

respective transverse f lex ur al motions. TIne analysis provi d es cues , Mode shapes
for the incorporation of any number Os transverse . lbe x ij r , m i

modes for the vehicle and gu mdewa y. Vehicle aerodynamic This paper presents a mheoretmcab analysis of the vm b r ati o n~ of

drag force is also included in the systerr ’ model. t mb r ~ reinforced , compo s ite beams , In s he anal ysis . a contin-
uous mode l is used and both shear and rotatory u m ’e ’ r t ia are

included. An illustrative example is worked out to show the
ef fec t  of shear deformation and fibre orientation,

77-1603
ut pp roxil usati ofl Solution for tise Deflection of a Beauss
under a Series of Moving Load s (Naherungs lös uus g fü r 77.
die Durchsenk ungen eluses Balkens wider einer Fol ge Pre-Tss isted Beau s Ele ,umen ts Based on A ppr oxi uu s atior s
son wand ernde-n Lasteu s ) of Disp laceu uie nts iii Fix ed l) irectio ns

‘1 1 E. Do)unniaci
L r , ,nn- .I -~ - B N i ’ - -  lr ,m~n u l  - T U .  ML~nchen , Ar ’  us - Dept . ‘0 Mech . E u u g rg . ,  Eqe Univ . Bor um uva , Izmur -

‘ ,tr ,m S ’C 21 . U 8000, ‘‘ ‘ In  n m - i ,  2 , BAD , Ing. Arch ., Turkey, J , Sound Vib., ‘32 i2l lu 277-2 82 uN1, m ’~ 22 ,
4mm ,~~7 i ~~

, -~1, m u I, 1 1 1 7 7 1  m . f n ’ ; ~ , 1 table , 6 n u : I s  1977) 1 f ig, 1 tab )e , 4 n Is
In ‘ - -n ’  i i

Key Words: Beams , Cantilever beams
Key ~~‘, ‘i~ Bm-~ ’ Mm a,’ i,j ioad s , Approximation methods

A pre-tw isted beam element based on approximation of di s -
An ,m mu,i i y n” i’ ip1,roaumam’un is presented for the deflections p lacements in ‘ ixed directions is presented . This element
‘ ml  a beam under a sequence of equal and equally spaced mov - can represent the ri gid body modes correctly and gives a
mng ioads. The compariso n with numerical simulation results considerab ly faster sp~’ed of convergence than the element
shows .iu’ excellent agreement. The eff iciency of the method based on approximation of disp lacements in the principal
is demonstrated by an esp lm c r te ly  solved special case . directions for the same order of complete polynomial dis-

placement field.

77.1604 77- 1607
Design Curves for Structural Response fl ue to Impac t Probabilistic Response ot Iteauius atsd F’ riuuies
Loading F , Elly i n amid P . Cl u. u n ’ I’
P.C. Chou and W ,J , Flis S t r u is- h u i r u s and Solid NI ’ - ’ f i ,~~i u u ’ ,  ‘-~, no n , Dept. of
Drexel Univ ., Philadelphia , PA , Rept. No. NAUC- Civ. [nq n i ] . ,  L hn u i ’ , de S f :e mt , rou u~,e , .d) i r ’ r t ’ r ’ .’n~m l u ’ .

76380-30, 74 n~ (Oct 19761 Canada , ASCE J. Po m p M. - I’ Div ., 10. 1 u LNI3I . or
AD A037 011!4GA 411-421 (June 1977)

Key Words: Beam s, Impac t response , Composite matermals Key Words: Beams , Frames , Reinforced concrete . Probability
theory, Monte Carlo method

A method is developed to produce a design cu rv e for pre-
dictm iu g the response of a give -i type of structure to impact This paper presents a method for evaluating the probabi listic
loading. This curve gmves the maximum strain in the structure , dynamic response )dist ’ibution of natural frequencies and
which may have va , m ous size and material properties , due 50 ampiitudesl of reinforced concrete beams and frames . It
impacts involving different masses and velocities. An example consioers the statist ical var iat ion of materia l properties ,
of a simpl y supported beam unrier central impact is presented geometric parameters , and excit ing force. The basic depen-
in detail . Both experimental results and numerical ca lc ula- dent variables that are considered probabilistic are individual
tm ons were used in establishing the design curve, geometric parameters , the area of reinf3 rcement and

strengths of materials , The depend ent variables that are of
statistical nature are dynamic modulus of elasticity of co n-

77. 1605 crete , moments of inertia , and areas. The Monte Carlo simu-

The Vibratio n of lleanis of Fibre Rein fo rced Material 
lation is used to generate the distribution of the dependent
variables from that of the independent parameters. Examples

L.S Teoh and C.C H- i . m n u[ covering a wide range of geometric and load parameters are
O ’t u n - f n,1, u F ru ’ pn i  - Urn,, m l S’ti i ’ , n u  ‘~ in A , u s m r . m n , ,i considered for both beams and frames , Distribution of

Ni”] ha rnu Is . 7,” -s 1 ’ ’ r ’ m  A ‘it r ,~ h a  ‘i ll (1 An u- -n i  mb u, s - .1 natural frequencies and response amplitudes are calculated

SOur’] V u], ., 1 ,1 14) ,  [ ‘P O i /  4 /  ‘ )Apr 22 . 1977) by a speciall y developed computer program . The results are
then reviewed from the practical point of view ,

3 f u u ~~. , 10 i’ ’f’,



77-1608 behavior pattern is sensib ly unchanged. For toe behavior

Dy usamic Response of Bars Subj ected to l.o lsg itu dLl al pattern shown a simplified analytic model may be used based

Impact -- tuu Flxperiiue ntal ~pproach 
upon the side force history after TDC only.

Y E .  Hassun and I~. E . M,iu l mifl

Dept. on N-I’”. In . Lnu l rm l . Univ . of New 13’’ ni ’ ,v~iu l , -
Frederi’ .t oi u . N B., C~ n i ,mml u Intl . J , Mech . Sd .,  19 )1 1 ,  77- 161 1
pp 23-28 (Jan 19771 7 f igs , 1 n a l u l m u , 13 n u ’ f s  The Dynamic Behasio ui r ~f Stiffened ~ tru ui gs

fvl ,G. F . m m , 4 _ n ’ru ’ n , A . ‘,‘ - -  ‘ 1 m ’ f i u 5’~sl n , and .. S. K r r i u n m e i l y

K y Words - Bars , Axial excitation Dept. of  n2, . , hr  Engrg , I f m ’  h ,, ‘ ) mV , of A b E , , ’! n -i , [‘ ‘ E on

t , , n u , A ) ben i , m , T6G 2E 1 - 
(‘ ,m n m , u ’ I . ,  h r m u i  Ar- I 4 f .  2) ,

The response of structure to shortdurat ion impact is studied 
‘~

u 97- 1u ’3 ( i’.f 7  7 1 10 I - -~ 8 r ru f s 
-

~~~

experimentally by emplo ying explosively induced stress
pulses in long aluminum bars co ntaining central circular
holes. The amplitude of the strain is m ’neasured in all cases. Key Word s . Strings , Natural frequencies

The effect of the direction of boad ng on the exi st :ng nt r . im n
is also studied. 

The small oscil lation of a st i f fened str ing about its static
eq uilibrium conf igurat uon is studied , The solution requires
both the sta s ic and dyna.”ruic shape of the rod to be deter-
mined and since the governing equations do not lend them-

~7.16O9 selves to an analytical solution a Runge-Ku nta integration

Elastic Waves in h eterogeneous Bars of \ ai’s lug 
technique was used. Experimental results fo~ the natural
frequencies are compared to the numerical solution for a

Cross -Section particular sti f fened string.
P. Gordon and S.C. Sanday
Mater ials [ngrg. Div .. Frankford Arsenal , Plriladel-

phia . PA , J, Frankl in Inst., 303 (2 ) .  pp 129-145 F’ S
77- l 6 l~1977) 10 fi m]s , 11 refs I lariuuon ieal~ I” orced , I” ’us itt— ,‘snu pl it ude ‘~. ubral ious ii

a Striusg
Key Words: Bars , Variable cross-section . Elastic waves .
Wave propagation , Method of characterist ics , Laplace trans G. Tagata

for i’n ation N m u n b u m n ri ( - ,u i  - Co.. LI-I . 10. 1 , N.m’ .i - ,, .’.- i  Chu , H e r a

r ’ - , m n- l u , . h .mp , m u , J Sound Vi In , 5 .1) , pi 40 -; :1-li

The propagation of elast ic waves in a heterogeneous bar of rA i n 22 , 1,~ m’ / C I m,nS , 5
variable cr ,ss-sectiona l area is investigated via use of the
method of characteristics and the Laplace transform tech-
nique. The Young ’s modulus and density are assumed to be Key Words.  Strings , Harmonic exci tat ion

representable as either power law or exponential di s trmbu ’
l ions in the axial coordinate , Th” transform method is used For the so calbed parametric oscil latio n of a str ing f ixed at

to ‘s malul u s h an infinite numbe r of multi ’pa rameter solutions one end and driven harmonically in its axial ‘f m ecm u orm from

in closed form for either a stress , velocity or displacement the other end , analysis and numerical calcu lations are carried

type boundary condition out to determine how the amplitude characterist ic changes
in the first , second and third unstable regions when the
applied frequency is success ively lowered . w ith account
being taken of the non-linear term arisin g from the correction

77-16 10 of the local elongation due to the tension of the string. The

Simulating Piston Slap li~ aus tulnuiiuiuc Comput er 
results are in good qualitative agreement , with expe i mental
values.

S.D. I la m ] : ] ,u , i  mo O P V’s’ f u r

Inst. - u f Sm, u in iu j  m i  mi’ I n f- f ir s - Uriium - it  1—,’ m m ,  I Iu ,u i ‘ n j  m l ’

Southampton Ni b ’ )  SNH , UK , J. Sour imi V i m . 52 I i ) .

m n’ /~l 0 3  May P . 1077 ) 14 f i g s , C m I s  77 .1613
Expc riu neuu ta l and Sitt iula l ion St unt ies of lrauisiuiission

Key Words: Pistons , Impact response , Mathematical model s Li ne ‘4 ib rati o n
.1 lvi Simn , n n uuum i s , H. J , l -I m u u u L’ ’m , mi n i R H  F r i t h

Piston slap at TDC has been simu lated on an analog compu- 1 )r ’ 1u1 m~ Mou f u F nign ‘n - , Univ . of  I )u i ’ m ‘ r l s ) ;mn lC  - A - - .1’

tor . The mathematical model is based uporm elast ic impact be- ma , V - I - ’ un i ,un amid N- ’ i ’ ,u - Cuintr mil F m i m ~ u m i ’ ’, - u imn u -

tween point masses. Sliding contact is accommodated. u r , ’, l m n i .  : - ,~ b u n , -~ A , ,s ln , i lm , i , i n n ’  1 1  i t,  i O n  11 - 12 ,
Extrapolat ion by com puter to other conditions shows the
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Key Words: To sm ission lines , Fluid-induced excitation , Starting with a set up of a practic ali~ o u f l  shaft the ef f , , c m of
Wind-induced excitation , Vortex shedding bearings on the damping of the system , independently of

system excitat ion , is investigated ,
Overhead electrical transmission lines experience serious
vibration due to vortex-shedding excitat ion , An assessment is
made of the overall dynamic situation . Experiments have —~been performed on an actual line and a hybrid computer .1616
study has been made, The results and implica tions of these Vi bration Isolat ious I sing Pressu riiA ’d ‘~q iui ’ i ’ ii ’ I’
studies , which represent initial stage s in a long term study, Bearings
are presented and discussed . S ‘- 0’ r uin mu ] ir i a n ]  E 3 Hahn

Si_ hool of Mu- - 13 N m u m  s n mi a l  En’ 1r . .i. . Uni v . m l  “i’ -- ,’,
Simuth Wales , .‘..,‘ ,p , m ij , u V ibration mii i N u , u s ’  I minml rü l

77.161 I Efl m b mn ’ ’ i ’ I m nu ’ i . I’S , , ’  ‘ u - j u n i - ~s os’t ‘‘‘‘v Austra lia , op 5 1 —
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Lead Cables
C V .  Ch ela m mumt i , J M  Plecn u k - and J C u m mn n i n q luam mi Key ~V u. m ’ b - .  Squeeze l i l i .i hearings , Vibration isolation ,
Df ’[it . of Civil Engrg., hi’3 m I i f u u n n i u ~ ‘, na t u n Un i v  - Long Noise reduction, Rotors

Buuj m ,l u , CA , Rept . N’m n . C F L - C R 7 .310 , 34 pp ( Dec
i’ /l 

Hydrodynam mc vium’ ,’,- f ilm bearing mounts , suff iciently
pressurized to ensure full f i lm lubrication , are a practical

AD-A037 1 ~~ 1 GA means of obtaining V mi mrat ion isolation and noise reduction in
high speed rotating machinery, running in rolling element

Key Words - Cables , Dynamic tests , Fatigu e l i fe bearings. Thus paper investig ates the beneficial effect of
using such mounts,

Eig ht hard drawn copper cables were tested to failure under
static lateral axial hoad and either dynamic lateral load or
torsional couple. Di. to the large number of test parameters
involved and the limited number of specimens tested , firm —— —conclusions cannot be drawn about the fatigue life of copper , - 1 6 1
cables under d~namit lateral ot torsional loading combined (as h’ulatioui u I  the Dynautuk’ Behavior ot a Ilydro-
wish axial tension . s t a lk Spindle_Rearing S~ slu ’ uui h~- ‘4leauIs of a l)ig ital

Couuupsi ter ( Bt- ru’ch H nag des d ~ - 11am 1st-Itt-n ‘4 erli alt ens
h y d rost at is cher Sp indel-l. age r-S~ st u’ ,u u e at u l I) i gital -
reds nerau ulagen)
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RVsl i’)— ) ,“, , mm liu’ n , K om ns t mu ’  u i ’ ! ,  71-h l b  7 / 5.28 1

77 -1 6 15 (Jo ly 107 1 :1 8 t i ,~s
Flit-c t of Itear iuugs on I t~ ’ Runu u iusg St ah i lit% of ( I in 0 , - i  n m l an I
Rotors w i th Croo sue Fxe ut a t ioui  (Eiii t luss der 1.ag e—
rung at it ’ die l,au l ’s ta bul i Iät ei us t ’as ’ Iuen Rotor eus mit Key Words: Computer pro g ram s , Bearings , H1 m l , m , s m , m m , m
Spal I.’rreguuug) bearings , Machine tools
A

- ‘ ‘ u ’ ,I’ ’ ml  ‘un , 21) ( 12 )  41 - . 110 11 - - , 1 ’ ! ,  14 The static and dynamic behavior of a metal cut m m r u m machine

-I ’  
— ‘ us decisively influenced by the propert u m’ s of the spindle-

bearing system. Besides the ball bearings and fr ict ion I’ m . .’
liii ,ir r ’ ’ . 1 7 m b mngs , the importance of hydrostatic bearings for metal cu m m u ’ - ,

machines has been growing. Sinc e the characteristics of a
Key Words Bearings , Slafi i l i ty, Sel l -exci ted vibrations spm n rli e~hea rmng system may t,e contr ol led in the design and

construction staqe s , a calculation method had to be devel-
From t ime mm, m ‘ m m ’ - , in t i ,  ,,,i.i i tur i>omach m nery hearings , oped. The method described takes bearine damping unto
power ,Im ’ i , m ’ , m i l m ‘ m m - i - I  I , ‘ s u  u m m i i  vibrati ons , caused by grooves , consideration and us applicable , in principle , mu any desired
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hearing. However , since the dig ital computer pmogram is
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based on expermmer ,t , it was wr i t ten for a spmn dle system with
By solving m 1 u , l iP ,’ ,’ ,  ~~ u~lua ti nns mi t  v ibrati on system hydr cm stat mc hearings,
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F:igeisshaiten vo u i ts. ippsegmes ut .Radia llage rul) u sgs ( 1t.’ it ra~ ,tuu ’ Berechnuasg in~taluo n~r li i ’ la-tu ’te r

‘1 K h n m , m r l n  t~ ia l— ( , li ’ ull a ii i ’

‘ ‘o l it Ot n Masi:fli nm’ni ,-, n i s t r u u ~~1 m u i i m ’ ,l i ’ I ’ n e  1 . Univ I Pro km ’

~ am ru lus ’:. (TA ) .  Komu snm o ~ t i m m n r , 28 (8), ‘ I ’  021) l ust .  I b / p - i t  i n ;  I ’ ’  i l i m i  u. N’ ’ “mn - ’ . ’ ” -n

‘-i , “ u’ .jq 19/0) 10 m i m j s  i) refs 1 ‘j Ch a u st ,u b , ‘ . - ,“ . m n c - r i , 28 3( , lmr 1’~ 10 2 ‘ ‘ u’

I fo 0,..r , , n.a nu i 1976) (I f u u ~
s I ri o:
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Key Words : Friction bearings , Stabm lity, Lubrica’

‘ii’  Damping .-‘i’ I l uc i e nm s . Springs lela stic ) Key Wo ols F , mc t i o m i  bearings

theoretical and experimental results of tilt seg rne mlt ’ lrmction ‘ o m  the ca lculation m u f  load capacity and r,,,,v,- wi dth of

Cearin gs are investiqate ’.l. Besides the stat , ’  mu., , y bearing ‘ , ‘‘“.stm , ,imI~ ‘,ailed t uc .  ‘,q, ‘he pres su r ”  ‘ l i -v i m ‘ii , ,’ ’  in the

,,roperties such as load capacity. temperature and the iiiliiu’ l ubricant groove as a resu lt ‘i t rotation , pressure generatio n

- a r m  groove , n uar m icu ii emphasis is placed on vibration and .‘,,~ ,‘i1 by lubricant n - ~ u ..,, ’ ,,mr , i- ’ m should be taken into

damping coef f iciem uts by means of spring and damping coef- , , ,m su , l u nn dt,O m ’ In this m , m n cue  load capacit ies of various

Iii’ ients A clear measure li-u n ‘h is is the system damping of u ,c mve shapes -ander pure i lmsp l a c ’ n u , m m t  are discussed. A

ii symmetr ic or,e mass rotor. Thur author shows that a change . i l c u ia m ,m , r !  procedure for the “,-ter ’r’ m m , , ,  nuo ’ u  of groove ,5~c Imb

in the given lubricant groove shape caused by temperature time slope for nonsteady lo aded axial bearings is i l lustrated

fluctuations during the operation may lead to considerable through two examples.

changes in bearing properties. The stability ~ f tilt segment

bearings decrease s with increasing relative inertia lorces of

the vibrating segments.

C Y L I N DERS
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Fk m l i t m ; c n u i co  di Niulano , Ital ’,- . Ni’’ .. ,u nuu ,I 11 13)

n o 140 1 56 ) Sm ’i ’ I  11)7 (3 ) 35 inns . 12 i , ’ ls

Key v’~m m ~ ’ i s  Crit ical speeds , f - , m c m m or m bearings . Lubricatio n
Key W Ords ’ Cy i nders , Fluid-induced exci tat ion , Vortex

Crit ical speeds mi various hearing clear ances , oil temperat ures . she il ‘‘“ a

and l, m,i,ls ui— n ’ measured on a special test stand for radial
f n , c t i m , n  li i’a rmnmjs From the elastomeric lubricant groove This paper reports on research cne’ -w n in g ml,,’ v , i , , a tm O n s

, m m , ’ um .u tio is , the theoret ical ‘nirmimum lubricant groove induced on cy linders h’5 the v ,’ r les  -,heddmng. The main

width was ohta ined . They wore associated with the measured umur pos e of the present paper is to descr ibe she exper imental

critical speeds. The elastic deformations of the contact results obta ined on two cylinders . one in t he wake of an-

surface s are of the tame order of magnitude as the minimum other , both vibrating. Many case s are considered r’ ,thu ’r w ,th

lubricant groove width From the experimental results a equal or dif ferent f requencies . An analytical model simulat

sir pIe iterat ive method for the prediction of critical speeds mng mlii- , pheno m enon is developed , the analytical resultt

us derived uvh’m h t.a k ’c m mm i ’ ,  ‘ , . m ,s , , im ’ r at i m) ” the geometry of obtained are reported and compared with the . 5 ~,i.,,,,,Pntab

m li i -  bearing, its operating data , and the elastic deformations ones.

,,l is contact surfaces
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DUCTS Key Words: Air conditioning equipment , Ducts , Noise
reduction , Acoustic linings

—— This paper presents the results of a sponsored research pro-
~.l 6..,2 lect aimed at determining the insertion loss achievable by

Ous the Singular Behav ior of I.inear .-~cou st ic l’heory various lengths of duct liner with a rang e of thicknesses , duct
ius \ear.Sonit’ l)uet Flows sizes , and erosion resistant surfaces conventionally used by
\ I K Ni’~. ‘‘- m m i i  A .J , Cal hi.’u lam i the air conditioning industry.

J o mi t Inst . h - m r  ,\dva nm ;ern ,, - u ’ F l m . n f u t  Si n,,,’ m;’s , The
Geor- j ’ - Washing ton Univ ., NA ,A L,jruu ~li? ’ ,’ Res, Ctr .,
Hampton , VA 23665 , .) Suu . u n u , I  V i l ,  51 ,4 i , ;)~ n 517 FRAMES . ARCHES
531 ( A m - n  22 , 1977) 5 lu m p ,  11 mm ,’ n s lAlso see 0, 1 6071

Key Words ’ Ducts , Sound propagation

The propagation of sound in a convsrging-diverqing duct Structural Sti f f uses s , Streu igth and J)~ naus u ic Charac-
containing a quasi-one-dimensional st ead y flow with a high t eristies of Large Tetrahedral Space Truss Sl n ic tur es
subsonic throat Mach number is studied. The behavior of NI N-! Mikulas , Ii , H G .  Bush , and ‘ I.E . Cii
linearized acoustic theory at the throat of the duct ,is shown NASA , Lu mp ’ y Res. Ctr , Langley Station , VA .to be singular , and the exp licit form of the singularity is de-
termined for two special types of area variation. Numerically Rel t . No . NASA-TM X-74 00 1 . 50 or ( Man 1977)
computed results showing the development of the sing imi arity N77 19487
are presented.

Key Words: Trusses , Siiffness , Spacecraft , Dynamic proper-
ties

Physical characteristics of large skeletal frameworks for
~.l623 

, - . space applications are inventigated by analyzing one con-
\oiuie .‘~tt enuat uon in Duets with Flow cept: the tetrahedral truss which is idealized as a satsdwich
D.A, Bios and NI. Locke) plate with isotropic facet. Appropriate analyt ical relations
Univ . - i f A m EiP ,i ide, Austra ) ia , Vi l , r , m t ion and N -m i s ’  are presented in terms of the truss column element properties

Control Enqin .”ning , Proceedi r.gs , S v ’ lmn ’~y,  .A ‘ I ra lia , which for calculations were taken as slender graphite ie poxy
tubes. Column load s , resulting from gravity gradient controlpp 113 - 10 no ’ n 11-12 , 1976) 5 figs , 5 refs and orbital transfer , are found to be small for the class smruc-
sure investi gated . Fundamental frequencies of large truss

Key Words: Ducts , Fluid-induced excitation , Noise reduction structures are shown to be an order of magnitude lower than
large earth based structures, Permissible load s are shown to

Evidence is reviewed here to show that quite large attenua- result in small lateral deflections of the tr uss due to low-
don rates are possible in a dissipative muffler provided that strain at Euler buckling of the slender graphum ’ ‘ m’~~m ,x 5  truss
all parameters including duct width, liner impedaimce , and column elements, Lateral thermal det lections .iui I,, nd to
flow Mach number are properly chosen . In general , the re- be a f ract ion o’i the truss depth using grap hum u ’  epoxy ccl-
quired dintensions are not difficult to meet thoug h it must Umns,
again be admitted that the required backin g cavity depth
at low freqeuncies will be of the order of a quarter wave-
length at the frequen cy of maximum attenuation .

G E A R S
lAlso vi’ .- N t585 )

77-1624 77-1626
The RraI Attenuation Performance of -‘n ir Condi ’ \uilsu .ou utro l u iu Plant -tar , i ransit iussio ns
t ionin g Duet I,iners W E . Pa )- ~ ‘ ‘i inn] H - h ( I ‘ ‘ l i o n

L.A . Challis and I . Lj ’,’ j n m - n u m i’ “ ‘ I n  m m !  ) b , ”~i ’ I  A Pi - - r u  Div ‘ ( “ i n - n il ‘. ‘ - 
‘~

L - i u m u s  A . Challis and Assom ;. F’ty .  Lu’) - Consulting ‘ ,AF 0, m m - ’ ’ r  N- 77056 1
A- o ’ ’ j n -  - i i  F mu m 1 u m u , ’ - r ’ . Syn lnu m ’y , Aim ’Ir, ilia , V J u r , m m m o i ,

m m m l N”ui”,u’ C’ m t  m i - m b  I r , u b u  nunmu r ii lq , 1 r ’  ,‘ i n , , I m o p, Ny I, ‘ny - Key Words: Power Transmission cy - .m ’ ’ m ’ u s  Noise reduction ,
A , o i r .mhn , i  ‘n m () i) 100 iLl- n 11  12 . 1976 ) 4 f j , , ~ 5 ~, - t ’ u Gears
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Noise generated by vm ’ lm m ules has ue- ,,oi me ml increasing con- - I ‘ u  - ‘ I I n ,  -,~ Ii ,o i a m ,, required I or this r , , m mli-i In an e sam-

ci i i , in recent years , in irs ef iec s ‘ ,, m l ,  inside arid u,, u s , mtu ,  ‘he ele . m m , ’ ,,,i,,,,- r,c m b m, .,U i t s  if four ,1 maaii t ,m ti v ,’ iv - i , f f m ’ m , - m m m  mo

vehicle Although the noise cm , , m m,  , l , u ,~ ,oI by ‘ m ’ ’ .ivv .Iiity auto- l i- is uI cam,, u 1i ’ mur s w ith slide drive clernenis Irams) ,mni ’ ‘iv,’’,

matic transmissions in on- and ‘ lu - m n u q fm - ’~.m’, v e hicl es us mns i g~ 
i , b m i t ’il an,) imy nmesns ‘ u f  a calculation udqment c u t , ’ , ,  - are

nificant in relation to that u ,.omr. it m I 1 my other vehicle coin ~ 
I , ’v ,- i  ,i i im ,i for ‘I, ’ ¶ , ,m rum , the so-called nrinmm ai m , ,m i,li,IS

- 
- pom’uent~, a prograni was m ,, , r m u m  .m to imiv” ,n , i ,u tm ’ sources and

causes of tra r,sit , issior m “ m ’ s  and to develop methods of
reducing u eliminating mu,, , noise

I ~~~b~~t-d l a s s  ‘. ho Slul io usa r , a~d B es u’rse Pos it ions

If 
(kouuiluiisal iuiisgeseti.e für ltcwf’girngt’iu null Rust ’

I 
- , nod I ui ikeli u-I agen)

caus ing .uusd I )cte rui iuuat .011 if l) 1ii i- _ u lii iti ll 1-actors . 
- - , ‘ ~. I

t ’or t h e  I lesig uu i i i  Iii etu I u pin’ it I IrISeS ( Itt-den lii ug L u ’ I , i s n  f i b  ii ) m m - i  I t ’  ,n I M miii’ b u m ,  u u - n b n , i  ‘ ‘ ( ‘ - n - - ’ ’ n i t , ,  H ni
suid l’.r usu t t limo on Bet riebst aK Ii .reu i I t ur d ii ’ ~su s— , -ii, U , , - b , , - i ’ , m  ) u r ~~k .1, ] .U ) I , , , m , u , - v u ’ n , ,~~ . I

leguusg sun I.i’i~liiuu~’.~s’fi ’ui li ii) 
1 i u r m i l i  u k  n , ’ ’ ,  28 h O )  - ‘n ’ ‘ i i  - ‘i i  - ‘ t .!an 1971ub 8 l n m ~~ .

‘I (un’ ,uS , - .
I ~u ’ ~ ~ii- ‘ ‘ r im

i , 1 , ’ - 0m nk  !-ju. ’ n , u h ‘ l u - i  r a  U’ ’ m b u ss ,u . F m , ln n ~ n , u i t
- 1 mu Gu r’nan

.5 1 ‘- r” r ;i’ lv I ” . ’ ~‘O, - m t i ’  ‘0 28 (3) . ~ 
hi , 303 ( 37/ mn

1 9 / u - ,  a f ) ;- . , 16 n - h Key Wo rds: Cams
I In 1,.-, ‘11 ,111 )

There is a large body of l i terature describing the motions of
Key Words Gearn , nui p lio ms Design techniques cam drives with two or more statmo nary positions. The laws

of motion treate d in the article are useful when stationary
Hioh ly loaded drive ‘n lements such as gears and couplings and reverse positions have to be tied together arid small
very often are designed with the help of operational factors, accelerations and /or good running properties are required .
However , there are nurnercus interpretat ions of their mean- The three combi ned laws -. presented as normalized motion
ing. The VDI Standard 2151 proposes to view the operational and characteristic value equation - -  contain a parameter
factor as a value, which lies mogether nominal torque , the which determines the reversinm’ point position , through which
loading and the dynamic 1,- ad capacity of the drive , For this , the required reverts acce le mations or other secondary condm-
bearing life calculations are needed. The article explains this tions may be maintained, The laws are compared , evaluated
concept and provides with in for m atio n on questions , which and their application is described in an example .
were left open in the standard , Finally, by means of an
example , it is demonstrated that the determination of oper-
.itional factors on the basis of bearing life calculations is ISOLATORS
worthwhile.

7 7-1630
77-1628 The Mechanisisi for Bending \lousie us t ‘rrauusfer it s
(:a lc iula t io n iii Natural F’ i’equctu’ies of Several % ibra- Sil ls Joints
t iolu ~lodels ot ’ Caiss (; i ’ars wil ls a Sliding l)rive N, I IN,

Fieuuu ,’uul ( Itere cli nsuusg der Euget ik reist ’ rc qt ueuui .eui ei,~. k , u i uc l nn , l ,  c m m u  - 28 (3 ) ,  ‘n - 11) 1 108 uM ,ur 1 175) l u ’  I i ut t ,

igu’r St - lu w ings i ngs niodcll e für k urvt’uiget riebt - uiiit 1 I I )
gera d gef ulur t ciii th riebs l ied ( in i 3’ ‘n in  a rm I

H o - - ’ u .
k , .- ’ ’  t r u m )  t i m n u , 28 (1 1  ( ,  ;m 423~428 (Nov 1’ l/ l , (  Key Words: Slip loints

I u ’ b ’ , , 3 t ,u f ib i ,s , 23 urI s
( i n I , u ’ r - ’ - in) 

A method mm l  calculation based on the finite element tech-
nique is developed , which enables shim calculation of the load-
dependent relative ditp lacements and contact stresses be-

Key Words - Natural In, ’, mu , ’ , r c ie c , Mathematical models , tween the shaft and the huh in a press f i t of a slip Ioint under
Cam gears a f lexural load. From the derived stresses and def lec rions the

author explains the mechanism of bending transfer and gives
fl, ’ cal,,ulatiors of miat ura l fr ,’ ,iuenc”s of cam gears leads to recommendations for the design of alternating and rot ,  tm ”-

the tr.-mnc fu,rrrn.’s?ion of rm’ .ii cy ’ ; t i - m nrc  into the modeling sphere. ally loaded slip joints. Measurements on slip joints confirm
l l ’u s y ” v”r nI -u , nn m ’ is no s y s tm . n ia t i r  way to determine how many calculated relat iv e displacements.

I4IrlI ~h~ - ,L.., _..~~~ 
_ 

~~~~~~~ - - .
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L I N K A G E S  a specialized application , with specif icatio ns that are outside

bAl m - ’ ‘a” N,s ~~~~ 1621 1 the range of any existing designs. A kinematic model as well
as a subscale prototype have been constructed , and the lat te r
was successfully tested- The principles of the cou pling are
discussed in some detail , with emphas is on their kinematic

77- 163 1 aspects. The formal proof for the co nstancy of the velocit y

.%n Ilar s us ou s ic ~uia l~ six of the ~lotion and Kiusetii’ ratio of this coupling is prese nted.

F iser~, of ils’, iuume tric Elli p ti c Slider \lee luanu suuus
‘7/’ M’ :yu I imm r ( : , i t - ’ n h u - u
F ins, b n u m l , - i u u r u r m ’. . ‘12 1) , PP 8-22 11976) 11 f i n s , 77- 1 634
7 I ‘ ‘  h i Diap ltrag uus ( o tu p liui ~ x (:ha ii etu ge I)i~k and 6ear T~ pt-s

tor High ‘Iorquc
Key Words - Slider crank mecha nisms , Harmonic .ar m m i y sm s Pr ’  u- ’I ,~ n En g r. (N .5’ . ) , ‘10 ( I . ,  ‘ b 13 10 IT i,,, 19771

When studying the dyna mics of a ( s i x - l i nk )  slider crank
driven by the coupler-point of a double’slirler Ithus an ellip- Key Words . Flexible couplings

ticai ly driven slider linkage l for which the e llm ps ’~ was tail and
I’, this art ic le , the design and mechanical properties of the

narrow , the Fourier series of the kinetic energy was used.
The expressions derived for the Fourier coef f ic ie nts  can be diaphragm cou plings are described , Themr application is

illustrated by a practical exa mple ,
clearly arranged and are simple and complete.

~7-I632 
77- 1633

~ l)eter nii natious of Couitaet .Loss at a Beariusg ot ’ ~ ~‘ ne ou tee tut ional Thread Fo ru su h old s \ sit to Itolt

L.inkage ~lei’ Isanism I)ur ing ~e’,ere ‘s ihs ra l iou ss
Pr - u ) m i m ~I r u ; r , r N  5’.) , .10 if J ( 

~ 11 - 12 )J u mte 1077 )
C.L.S, ‘0/u . m: “ I S W . [ . I ides - -

Ford !ml -m t , m r  Co .. J ( s in  10,1’ ”,. , T rans . A 0t H -
3 2 ) , pp 370-380 iM- , - ~ 1’i n h  H Iu ’ qc I n u b ” . 

- k Key W ords . Bolts . Thread cu t mu v i l

A new thread that resists vibr an m’j ns more ef fect ively than
Key Words ’ Linkages , Bearings , Dynamic response , Ku ne- others , known as Spiralock , ii ‘now available. The thread is
matics beinmi used mn a free-spinnin g , flange d nut , to eliminate in-

tem nal self-loosening, the cause of wa lk ’of f .  The thread form
A method is described for analyzing the kinematic and dy~ incorporates a e dge ramp at the roo t of the thread created
namic response of a linkage mecha nism in which one hea rmng by widening a portion of the normal thread angle at its
has a known clearance. Assuming the clearance to be rep rc’- root. This produce s a meta i-to n’,etai contact over mat ing
sented be a massless link , the analysis predicts the occurrence thread length . The r,’c,iit is a firmer grip.
of contact-loss. Part of an extensive experimental mnvestiga .
t ion is presented in which the impact accelerations resulting
from contact-loss are measured. A good co rrelation is shown
to exist between the predicted and measured time of cont ac t~
loss. Althoug h the analysis may predict 10 contact- loss , mt  M E C H A N I C A L
does not readily indicate , from a design poing of view , I-sow ~~~~~~~~ N ‘ l i i i  I
this condition could lie produced.

77-1636

~~~~ 

i 6:13 1 alt’t ilatioui of I nti’rmit leuil St ~‘~s~’s s t i  Nonlinear
‘1~ \ s’ ss ( osustau st ‘

~ c lo t - it y ( m u 1 il ui nn at s d l’la~ - 1< est ru ’  ted \l j ell iou’ I nit’ ( Iteredi ntuuig der

V Mi Pro 1. n m vii liss t a! ii us iir i ’ui Itu’auisprsurhi ii isgm ~~r~ 5 Sxi’ fl 51515 isü’ ht l in.

GA I ‘ ‘ - ‘ R N , ti, . - Nn l i u s , IL , .J F i u m ~m - ln’] us .. I r e - . ,areuI t s u s d sp i i ’ Ihe luaitc te ii
7/ i-Nil , 1’) 20 m t u Pu! .371 (Mi’,’ 1- 0/ 8 f l u , P o ’ fS Lf n r  1’  ‘ . - I’ - r at td ‘ 3

i r ~~t , I  , ‘ 1 3  ‘,‘ ,~
, f m . , , , ’ , n t .  I . . - h ’ , ’ ’ - ’ ’ n u I , -  ‘ m n - I  ‘ i- t .o ‘

Key Words’ Couplings -, n ( ‘ - m n m - ~ 1 m m  INS TI l , 7/a’ u I n  i ‘ ‘ n ’ ’ - . Ii’’, - I - - I m u t l  - . 1 1

n3 - .1 - ~i;i i ’ m  113 7 m i - N i ’ ’  1 1 / , , ’ 18 ign, , 1 t , i bm le . .3 o f - .

A constant velocity coupling has hm’,’r, ‘ lm ’ vm ’ I ’ ’ u”I l i m i t  does 
-

mu 13, m r ’ ’
not resemble any coupi mnu ~ I-edit hi— fore In was ‘ ‘‘~~‘ f ” I  for
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Key Words: Machine elements , Damping PANELS
lAlso s,’,,. No , 1 5521

A method of calculation is descr ibed, which enables stress
determination in machine units mounted arbitrarily on
structural components. The case of intermittent run-up.
as well as in the stationary operations are treated . By thit
method the effects of clearance , as well as the nor ti near 77 1 639
elasticity and damping are determined , The num erous ex- Nonli near Anal ysi s of Rein forced Concrete Panels .
amples give an idea of th e capability of the method . Theo- Slabs and Shells for Tim e 1)ependent Effects
retical results agree well with the experimental results , A F . Kahir

Div . - n I Stru ctural Engrg , and ‘3 tm u’:nural NI. - ’ ‘ pm~,-

Cal i fornia Univ ., Berke ley , CA , 8. -pt . No. UCSESM-
MEM BR ANES , FILMS . AND WE BS 76-6 , 250 Pp (Dc-c 1976)

(Also see N i  1560) PB-264 116/5GA

Key Words: Panels , Slabs , Shells , Reinforced concrete ,
77.1637 Dynamic response
Low ~ aveu iuinber Wall Pressure Measurements Using
a Rectang ular Membrane as a Spatial Filter A numerical method of analysis is developed to trace the

N C \i,,i 1,0 and P Leehu.uy 
quasistatic responses of various types of reinforced concrete
structures , of practical interest , under sustained load coodi-

Am. ,m ist i i i s  and Vibration Lab., Massai ’hij setts Inst . of tions , Time-dependent environmental phenomena, such as
‘ Fe, 3 ’ . Can’nhridqe , MA 02 1 39 , J . Sournd Vu b , 52 ( 1 ) , creep and shrinkage effects , are considered to obtain the
cnn 95-120 (May 8. 1977 ) 17 f igs , 0 ta h)es , 19 m I s  evolution of the field variables of such structures in elastic

Sponsored by nbc Sonar Tech , Div , Naval Sea Syst and inelastic regimes. Ultimate collapses of shear panels .
slabs of arbitrary geometry and free-form shell-type struc-

Con -nm . and Sensor Technol . Pr i i r,m ” r ’u ‘ I I  b u n  of tures are then predicted considering local failures in steel and
N,-~v,m , u Research concrete along w ith the deterioration of structure st i f fness

due to progressive cracking.
Key Words: Rectangular membranes , Random excitation

The response of a rectangular membrane to a convecting
random pressure field is interpreted to reveal the inherent
wavenumber filtering characteristics of the device, After
experimental determination of mts resonant response char-
acteristics , one such membrane it used to measure the low PIPES AND T UBES
wavenumber components of the wail pressure fluctuations
beneath a plane turbulent boundary layer.

77-1640
77- 1 638 Effe cts i -i f lu it erus al Flow I)istur hance on .\t -ous t ic

Relationship Between the Fundame ntal Freqiuent’~ 
Radiati ~)n fosiui Pipes

and t hst - Static Response of Elastic S~ ste iii s 5-1 K . Bulb m u d  M E . N,un~ ’ r n n

C . Ss m m mda rar a(a n Univ . n O A,- Iu ” I , min l , ’ , Au s ’  mba , V i l nn .m n j o n  m n m - I  N’m n i s e

Foster Wheeler Energy Corp , Livi nqstnii . NJ LI/u b3’ f - 
Co n ih i  ml I- inn 1, u i ’ ’  d u n . Li c m “-“ lungs , Sy,Iin,’~ , - ‘,

J. Sound Vi b., 51 (4) , ‘p 4’h i3 -190 (Apr 22 , 1977) 61 libu )h ’h~ t 11 1 2 , 1076 ) 4  ¶ u q s , 5
I’m tables , .1 r’..’f~

Key Words: Pipes , Vibratmon response , Noise generation ,

Key Words: Natural frequencies , Boundary value problems , Fluid-induced excitat ion

Plates , Membranes
Spectral measurements of the acceleration respo nse of and
acoustic power radiated from a steel pipe with fully-deve l-An approximate relationship betwee n the fundamental

frequency and the static response of undamped , linearly oped internal turbulent air-f low , at a distance i’f about 50
diameters downstream of various bends , are presented,elastic systems is derived , The relationship is used to cal-
t he data are for flow Mach numbers from about 0.2 to aboutculate the fundamental frequencies of membranes and plates
05.of different geometries and boundary Conditions.
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77-164 1 77-1644

Tur bo-Gen erator Loop Pipe Vibration Prob let ut Vibrations of Sti ffeus ed Cy linders wit h Cuto uts

R W. McLeod and l.A . ‘~haritv Mafnabaliral~i. D.E. Boyd , ansi  R .L 13r p m

State Electricity Cornt’niss~on of Viclu ;r ia . Australia , School of Mur , ’ h and A , ’ m m u s i n u m ,  m ’ I r - m r ’ n  . Ok laf

Vibration -and Noise Control I’ nlij I ’ l u ’ m ln  ung, Promle ”ui - State Ut ’n iv ., Stul lwater , OK 74074 , J, ,, mnu .  Vm l , ,,

ings , Sydney Australma , ‘p 113- 114 b) n . I  11-12 , 19761 5.2 (1 ( , pp 65-78 (May 8 , 1977) 0 f i g s , I, ,, t i-cul,:’,

4 figs 1 1 refs
Sponsored by the Ball ist ics Ret . L , m b- ’ - U S. LI I’ 11

Key Words: Pipelines , Steam generators . Vibration d~mPmng Army,  A bm’rul m’ , ln , MD

This case study describes the investi gations into the cause ,

- . , Key Words: Beams , Cylindrical shells , Hole-containin g media .
of a severe v ibration problem of t he pipes connecting t he Natural frequencies , Mode shapes
steam chest s and nozzle box of a 120 MW turbo-generator
and the solution . An approximate method of determining the free vibration

characteristics of ring and /or stringer-stif fened cylindrical
shells with cutouts is presented in this paper . The method

—— l6P 
is based on the Rayleig h-Rmt z technique in which beam char-

— acteristics functions (ax ia l ly )  and trigonometric functions
Transients in Tubes Containing Liquids lcircurnfere ntia lty l are used in the displacement series for the

N. Krause . W. Golds m ith , and J ,L. Sacktnan shel: reference surface.

F ,M.C. Associates , San Francisco , CA , Intl . J , Mech .

— Sd ., 19 (1) ,  PP 53-68 (Jan 1977) 14 figs , 2 tables ,
10 rgfs 77-1645

Dynamic Behaviour of a Cyhiuudrical Slidl with a
Key Words: Tubes , Fluid-filled co nt e iners , Hopk m nson bar Cutout
technique V . Ra r , a u r  ,.m r tm m m m l  J. Pu mtta h u n , i ’ ’ ’ , m n n

An experimental investigation of the elastic and fluid pres- b)”n’t . of A ; -m ’ D I 1 m m  n m ,, Imidian Inst. of I ‘ .1, . ‘I i, i n s,

sure waves produced by the longitudinal impact ‘I steel m~ , ’ i O0uCu. India , J. Soumid V ub ., 52 (2) . ‘p 103-200

strikers on tubes f i .  md with water was performed by means ‘ 5’1 , i  22 , 1977) 5 t i ’~s , 2 tables , 17
of a modified Hopkinson pressure bar tec hnique. The tubes
employed consisted of aluminum and acr y l c plastic with
three different wall t hicknesses. 

Key Words. Cylind rical shells , Hole-containing media . Natur-
al frequencies . Mole shapes. I teration

This paper presents the results of analytical and experimental
investigations connec~ed with the dynam c behavior of a

PLATES AND SHELL S cylindrical shell wit h a rectangular cutout. The f in i te element

(Also see N us 1538 . 1638 , 1639 . 1716) method is used to predict the vibration freq. .,ncmes and mode
shapes. The resulting eigenvalue problems are solved by using
a sin ,ultaneo us iteratio n technique.

77-16 .1:3
l)~ usaisuic Response of ..\xisyt n rn etric Elastic-Mastic 

— —
Structures 
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W H Ca)dwel I l u ulunso m - 
Et ’ fects nt Internal and Exterusal I”loss ous lIst ’ % it u ra ’

Ph .D Mim i- i’ ,  ‘7,’ ,,yr ri ’ bI ,m lu ’ I niv , 86 m c  I 1 ’ ’ 7 6 (  lion (,har au -t eri st ic s of ..~uuisotro pic (~~h; ,sdrical Shells

. 5 ’  77 9377 
A .A .  L m m

- b - I ’ -  I r un ‘.1” an g ie , I i  ole l’ - . , c - ’ ’  i,1 urn .
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This thesis us concerned wit h the determination of the N7’7 - 205 1’ ,
strains and displacements in axusymmetric thin cy lmndrica
shells (or any structura l element generated therefrom I sub- . . . -

Key Words: Cylindrical shells , Fluid-induced exc i t a t i on
“ c m - i l  to transient as isymmetric loads.
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A general theory for she dynamic analysis of anitotro pic 77-1649
thin cylindrical shells containing turbulent flowi ng fluid is Vibrations and Dvnan uic Respon se of V iss-oelastic
presented. The ,hell may be unif orm or non-uniform , pro- Plates on Nonp eriod ic E lastic Support s
vided it is geometricall y axially symmetric. This is a finite-

K . . Nagayaelement theory, usin m cylindrical finite elements , but the
displacement functions are determined by using classica l Dept. o~ Mec h. Engrg., Yat ’ - a nn , mt n I Jn ’ -  . Jyonu - m n u .
shell theory. Yo miezawa . Japan , J . Engr. Indus ., Trans. ASMI’ ,

99 (2 i. PP 404-409 (May 1977) 6 figs , 15 refs

Key Words: Plates , Viscoelastic properties . Elastic founda-
tions . Mathematical models

77- 1647
This paper discusses the vibration and transient response

Forced Res ponse of ~eut rall y Buoyant Infl ated problems of nonper odically elastic supported viscoelastic
Vj sco elas tic Cantilevers to Ocean Vl aves co ntinu o us plate. The three-element viscoelastic model is
V .J. Modi and D.T . Poon adopted in the analysis. The solution for the plate is obtained
Dept. of Mec~ . Engrg., The Univ . of Bri tish Column- from the correspondence principle by applying the Laplace

bia , Vancouver , British Colunibia V6T 1W5 , Canada , transform to the constitutive equation and the equation of
motion for the elastic p late Expressions of displacements

J, Sound Vib ., 52 (1 ) ,  np 51 -63 (May 8 , 1977 ) ari d bending moments for an impact load are obtained , and
6 figs , 13 refs the results for the viscoelastic plate are compared with those

for the elastic plate.
Key Words: Shells , Cantilevers , Floating structures , Inflat-
able structures

The dynamics of the reutrally buoyant inflated viscoelastic
cantilevers constituting a submarine detection tystein is
investigated. Thin shell theory is used to account for the
stresses arising dus to the internal pressure. A significant
feature of the analysis is the use of the reduced shell equa- , 7 -1 630
tion which is similar in form to that for a v ibrating beam \ ibration auud ,~(‘oust ic Rad iat ion of F:L’~t iu -alt ~
with rotary effects. The forcing function in the form of Stupporled Rectauugular Plates
surface wave excitation consists of a fundamental frequency N S. Lomas and S I Hayri
and its second harmonic.

COMSAT Lulmu ’nalu ries , Cl ,u nl , sbu jrq M8 207:34,
J , Sound VIb ., 52 ( 1 ) , )P 1-25 (N- S m ’ , I, 18 / 7 ) 1 1  f igs ,
2 tables , 7 nu nf3 

—

Key Words: Rectangular plates , Elastic foundations , Co up i ed
77-16-18 response
l)yna nnc Behavio j r of Thiu s . Rirug -Reiuufor ’ed .
(:y lind ricah Shells Subje cted to Impulsi ve Inner Loads A Green functiotm solution is developed f o r th e st ead y -s ’ :ite
S, I h n m Luk i  v i’..srati o n of an elastically supported rectangi ’i ar plate cou-

D”n t of Aeronautics , N m n ~oy~ Univ , Ch i kusa ’ ku u , pled so a semi-infinite acoustic mediur m . Rotational motion
at the pla me boundaries is controlled by continuous d ,strmbu ’

Nagnya , Japan , J . Sound Vib. ,  5 1  (4( , pp 459 4(8’ -tions of rotary springs. The solution takes time form of that
( A t - n  22. 1077), 6 fi gs , 7 mm: Is for a simply supported rectangular plate. The oeffu c i e ” t s

are determined from systems “f simuilaneojx algebraic
K~y Words: Cylindrical shells , Interns ’ pressure , Dynamic equations that include the coupling due to no m-homogeneoi.ms
response boundary conditions and the acoustic surface impedance.

The solution is also eslencled to cover the case of an arhi’
Stress analysis is carried out for the case where a thin cyl in- mrary load m iis l rmbutmon and arm expression us derived for the
drical shell reinforced with a ring am its mid-point is subiecte’i power balance m u m the coupled plate fluid system. Results of
to impulsive inler pressures , The relationships between the a nun”ericai ,‘v ,iiuat,on of the “odal coupling l,mcti ’ ,s due
maximum dynamic stresses , the dimensions of the cym ’nder to f luid loading are com p.m ,m’ ,l with low frm ’ mmum ’ ncy a ppmos .
and the ring are obtained, The fundamen ua l equatmon of mo- mat ions. E f f ec t s  of the smi u mm ’ or t conditions on th~ lo~~ Ire-
tion of the cylinder is solved by the Laplace transformation quency sound radiation from a p ate m m, ’  , l lustr ,mtet l by an
method , e., mmp le.
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77-1651 Key Words. Rings , F uui ,, i i ,r i ’ .mcoul i , a m i ma t i m. im. , Period ic excita ’

Static and l) ynaun ic Behavior of Circular Plates nt tiO ri

Variable ‘l’hu iu’ kness Elasticall y Itt -strained Ab usE t h e
Fd 

‘ A dynamic stress .u i ,a iys u ’  is ,,,m,r,, ’ , i  c m , i t  for a ring ful le d with
ges 

, a fluid sub1ecued t i i i -  n ’ .u m us , ’ ’ ” m rune’ pressure , es u i m , m i - ’
P.A .A. m m  .m , C. F m ) t ps  h , , uui l u i Jj  Saiitos from an explosion in thi- c i r m n i t ’ . m m its u come , “F ,m .’ i e  ia t, u ,i-

Inst. of A pt m l u r n ’ ,i V . .  f , , mm u ,  p N.i ’ ,,m l Base Puerto Bel- ships between hydraulic pressu res and stresses in a ring and

- 
,“,r ‘ n u t , ’  u, u , J , Sound Vi b ,, 82 (21, - 24. -P2’.u l time are investigated due to an ‘mci -u i sm vi orr- ’ ’ .vhich is as-

i M-1’, 22 , 1977 )  8 fi gs , 4 1,1,1,” , , 7 sumed to be a step function in m u ’ m m c

Key Words: Circular plates , Variable cross section , Forced
vibration SPRINGS

- ‘A S  i - u , ’ Nm ’ 1 fm4P:
Simple polynomial approximatio ns and a variational ap-
proach are used to solve a rather complex e lasto-mecha nics
problem . It is assumed that the plate is elastically restrai ned 77.165-1
against rotation and translation along the edge. The approach Sy nthesis of Sprisug h’ar aii uete rs to Sat isf y Spec ified
developed in the present paper allow s for a unified solution Euuergv Levels in Planar ~ts’s-hau.is,ns
~f both free and forced vibration problems , the static situa-

- - - . , . ~ . K . Matt l m i ’w and D. l ,s,,m:
ti on being a special situation of the dynamic state , . -l),’ :’ l of Mn’’ I n E ’ i - m r ’ i . l b  r - u ’ u ’  - ‘m l M,mr ~~I . m , u - n  Col l i t . -

Park , MI) ., J. Engr lndun~, Trans ASM E , 99 12 :

77—165 2 ci 341 ‘:41, 51,,’, 1 9 7 7 ( 4  f i - s ,  24 n - f ’ ,

Shear and Rotator y lt uertia Effects out Large ..~uiu pli-
tude Vibration of Skew Plates Key Words: Springs , Structural synthesis

M. Sathyamoorthy The potential energy sro rause capabilities of linear sprinqs
I)u’l,t Of A,nrcn En m m jr n 1 , ,  Indian In si . of Tn’ h , Madras , are intemj rated with the nonlinear motion of mechanisms m,-
600036 , India , J . SoLmnd Vib. , 52 (2 ),  PP iSO - i 63 provide approx imation ‘ 1  desired counter-loading functions.

(May 22 , 1977 ) 3 fIu j ’ ,, 6 n I’, Th€ approxumatmrm g lurt r,t ion is required to be identical to the
desired function at a number of precision points. The work is

Key Words: Skew plates , Transverse shear deformation ef- directly analogous to the algebraic form of kinematic syn-

fect s , Rotatory ine rtia ..f’ects thesis , thus enabling an immediate conceptual grasp of those
already familiar with kinematics.

The large amplitude free flexural vibration of elastic iso-
tropic skew plates is investigated , the effects of transverse
shear and rotatory inertia being included . By use of Galer- —— — —
kin ’ s method and the extended Berger approximatio n , solo- I 1.16.),)
tions are obtained on the basis of an assumed vi bration mode, S’ un t l uesis of Spring Para iui eter s to llalau~’e (;ent- ral
The non-linear period vs. amplitude behavior is of the harden I’o rciu ug F’uuu’t ions iuu Pla.uar ~lt- ( ’ Iuau u isnus
ing type and the non-linear period is found to increase when C K M, - m b l l u m - w  and D T,’s~m n
the effects of transverse shear and rotatory ine rtia are con- -1m b- n  - - u f  M n  I: I- n ’ i m ’ n .  - I n u u v  uf  1.1.u rvl , m n m . l . Cnl li ’m t’ - ’sidered in the analysis, The unf luence of these ef fects mm ,
aspect ratios and skew angles of thin atM moderately thick ~~ - ~1l I, J F nulr - I n un) ,’ I i  ins. ASME , ‘11’ (21 .
skew plates is investigated both at small and large ampli- i i’  1347 .382 IS1~uv 19771 8 f igs , 4 t , u l n l es , 7 r’  Ic
tudes.

Key Words. Springs , Structural synthesis

RIMG S The analytical formulation from a companion paper is ex-
tended to allow the concept of multiply separated positions
to be applied to the spring-energy problem. A maior change

77-163 3 in perspective for mechanisms is accomplished by the ability

l)vna mic Behavi our of a Ri,u~ Subjected to Tiu su e- so presume that the mechanism pre-exmsts. Heretofore ut has

I)epc ndrnt Fluid Presysure s always been necessa ry to deal with mechanisms on a posi-

- . s io nal basis where higher-order motion could not be cormsid-
~. l . Suit. ’ ered without also including the location of the mechanism.

I 8’; 1 i~ t Ann m u m ’  , N,,m l u ,’i- ~ lJniv ., Cln, k u n - ~i ku N. m m ; u m u .- . m , The set of analyt ics applied to springs is not affected by
l n n m b  .1 ‘.““  n Si ., , 18 I i) , pp 29 - 36 ( l an b ’ l /  / 1  ignoring positional , m , f , , , um i , mmi i , , ,

f n ’ ; s , S ‘ - f ’-
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77-1656 TIRES
Stability Boundaries of a Swin ging Spring with
Oscillating Support
G . Ryland , II and L. Meirovitch 77-1658
Dept. of Engrg. Science and Mechanics , Vmr g inia Traffic Noise - A Stud y of a Tyre/Road Noise Mech-
Polytechnic Inst . and State Univ ., Blacksburg, VA aniem
24061 , J, Sound Vib., 51 (4) , pp 547 -560 (Apr 22 , S.E . Sa unm uels
1977 ) 7 figs , 10 refs Australian Road Res Km m n ’ , ‘I’S’ ii u : ’ m ’  m mmi i N- ‘ - ‘,‘‘

Control Engineering, Pr’ u ’ ” m - l i  nujs , Is’, u ” ,  A- sn~ii a ,
Key Words: Springs , Pendulums , Vibrating foundations np 66-70 (Oct 11- i2 , 1976) 8 ‘ “m s 3 ‘ m ImI” S

This paper is concerned with the motion of a flex ible pendu-
Key Words: Traffic noise , Tireslum whose support oscillates harmonicall y along a vertical

line. A simple computational procedure is developed which
This paper deals with a basic study of w~mat us believed to bepermits the calculation of large symmetric tridiagonal deter-
the major mechanism of tire/ road noise, namely the displace-minants. This procedure is used to compute combinations merit and replacement of air trapped in the cavities betwee n

of system parameters for wh ich periodic solutio ns are p05-
the tire tread and the road surface.sible , Then periodic solutions are used to produce st ability

diagrams in a three-dimensional parameter space , where the
sta bility diagrams can be regarded as three-dime nsional
Struts diagrams.

SYSTEMS

ABSORBERSTRUCTU RAL
(Also see No. 15751

77-1659
\ ariety of Cushioning Ma terials Absorb Impact .
Energy and Shock

77-1657 Prod s’ t Engr . (N .Y 1 , 48 (5(,  u t ’  25-2 7 151,,’, i977 I

Life Prediction of Notched, \ ibrating Structural 3 figs

Components by Means of Interpolation Method
(Eine bnter po latio nsm ethode für die Lebensdauer- Key Words: Energy absorption, Packaging materials , Poly’

urethane resins , Foams , Bumpersvorhersage gckerb t t- r. schwingend beanspruchter
Bauteile) An elastomeric bumper system produced by the reaction
K . Hecke ) and U. Kurth injection process , named Davisorb , is described . The system
Ko nstruktion . 28 I i i) ,  ‘ c m 443-446 (Nov 1976) is made up of a thin separately molded skin covering a system

3 figs , 5 refs of foam energy .absorbing blocks mounted on a rigidly
attached reinf orcement or load transfer bar.(In Ger m an)

Key Words: Fatigue life , Structural components
77-1660

A method for the estimation of life of vibrating, slightly Attenuat ion of h y draulic Noise in Bui hdiu sgs b~ a
notched structural members , based on Neuber ’ s “macro-
scopic support effect ” theory, is described. From s Ite ex- Simple Energy Absorption Techni que
perimental stress cycle diagrams (Wöhler linesl of two differ T B .  Guy

ensly notched specimen , a nonlinear deformation law is Dept. of 5-1’ ’ m I n , F m i u t ru l  , I ,um n u l l ’ , -  m u  I Mu l u  t ir’, Si niu f ‘“u -
derived. It describes the cyclic deformation behavio r of the Univ of N”~\ South W ales , A m , ’.i’ ,u ’ i , u 57/ lion
entire range of life to l ractur e . and Noise’ Cotiin m u  I E ‘i;,nu’er inq, P, u , m ’ , ’ - I flm~’, 5-~ II’’ y

A m , c i n , l l n , m , u l u 1 711130 (Oct 1 1 13, 19 7’4 4 I n S  

J
.3 ru ts

63



Key Wo ds. Hydraulic equipment , Buildings , Energy absorp - brands of air exhaust silencers were tested under uniform
s ion conditions of steady and transient flow, Information useful

for the sel ection of ejector and exhaust silencers , on the basis
A new method of hydraulic noise at senuat ’,n using an energy of sound reduction , is provided.
absorption technique is described and illustrated by its app l i-
cation to the problem of domestic water supply noise. The
method is shown to be extremely effective in the suppression
of pressure pulses and hydraulic noi se over a wide pressu re 774663
range. Rules for Noiseless Design (Regeln für I’irunarme

Konstruktionen)
H.W. MOPer and D, FOll er

NOISE REDUCTION Fach geb iet Maschinenelemnente it . Getricbe an d , T .U.

lAlso see Nos, 1542, t 545 . 1623, 1624 Darrnstadt , Konstruktion , 2~ 
(9) pp 333-339 ) Sept

1660 , 169 1 . 1699 , 17011 i976( S figs , 19 refs
( In G’srman(

77-1661 Key Words: Machinery noise , Noise recuction , Desi gn tech-
The Noise of Three Types of Pneumatic Motor nuques
V. Mason and R ,J, Hooksn
Sugar Research Inst., Mackay, Australia , Vibration In the first part of this article , the causes o ’ machine noise

are discussed. In the second part . 28 rules for noiseless design
and Noise Control Engineering, Proceedings , Sydney, are presented .
Austra l ia , pp 135 1 36 (Oct 11-12 , 1976 ) 1 fig,
2 tables

77-1664Key Words: Pneumatic equipment , Noise reduction
The Devebop ius eust of a Noise-Reduced Dumper

The noise output and mechanica ! performance characteristics P .~’ Hal lmnan
of three types of p.ueumatic motor lpiston motor , vane Noise Control , Vib . and Insul ., 8 (5) , pp 164-1 013
motor , and gear motor ) have been investigated with a view to (May 1977) 1 table , 4 figs
finding methods of reducing their noise output. The air ex-
haust produced the loudest noise source. A redesigned ex-
haust port arrangement reduced noise considerably. A pro- Key Words: Machine ry noise , Nouse reduction

totype exhaust silencer was also tested.
Modifications tc a dumper (Diesel driven , four wheel drive
vehic le l so eliminate noise are described ,

77- 1662
Pneumatic Silencers for Exhaust Valve s and Parts 77-1665
F.j ecto rs Noise Control iii hluui ldiu ig Des eloput sent
H.V~. Lord , H A .  Evensen , and R i . Stein K ,J , Mott
Min higan Technnlogica l U n i v ., Houghton , Ml , S/V . Addic’ ‘ ,ul Hmsgarth ‘A’ ,lson Pty td ., Co nsult ing
Sound and Vibration , 11 (5), pp 26-34 (May 1977( Enq inu-ers , Sydn”y, Austral ia . ‘/ihration and Noise

Iigs , 2 tables , 4 refs Control Engit ieeninq, Pro’ . i .m f i m’ugs S’ ,- incy - Austra lia ,
pp 101-102 (Oct 1 1 1 2 , 1976)

Key Words: Silencers , Pneumatic equipment

A common source of noise found in many industries is that Key Words. Noise reduction , Construction equip’ lent ,

of air jet noise associated with air blo w -off from pneumatic Industrial f acm l mtmes

valves , and jets used for parts ejectors or scale and grit
blowers. In the first example , t Ie  air exhaust serves rio useful Thus paper points up the “wed to antmcmpate commonly en~
purpose so th e main function of a silencer is to reduce the jet countered nois ’ problems in building. Noise control proce-

noise without unduly increasing time for exhaust of dit - dures available at the design stage are discuesed in terms of

charge . However , in the second example , the jet provides a the effects of impact on the ei.vironment by noise of building

necessary thrus t. Consequently, silencers for these jets must con s ” ruc tm on and operation , ,rnpact on tIme occupants by the

reduce the noise level but maintain ad equate force produced noise of t i e  external environment . and impact on the occu ~
by the jet Nine brands of air ejector si ls nce ,s and twelve pants b\’ t he noise generated by mr’ .hanica l plant v.- i t h ,n the

building.

6-f 



77-1666 The predicted dynamic stabi l i ty  of t he X V - 15  t i l t ing prop -

Case Ilis tories of Practical Noise Attenuatiou s of rotor aircraft in cruise flight is updated. The malor influence

Construction Plant and Equi pment of the pitch-lag coupling of the XV -15 gimballed, stiff ’ inplane
rotor on the aircraft stability is shown.

J . F , Nichols
Metropolitan Wate r Sewerage and Drainage Board ,
Austra lia , Vibration and Noise C~ ntroI Engineering, 77-1669
Proceed ings , Sydney. Australia , pp 137 - 138 (Oct 11 -

.-t Practical A pp roach to tlue Prediction of Oscillatory
12 , 1976) Pressure Distributions on Win gs ii i Supereri t ica l Flow

H.C. Garner
Key Words: Constructio n equipment , Noise reduction Aerodynamics Dept., Rc mya l A im ’  i mt Estab i s b:-  .

Case histor t es are presented of construction plant noise at- Farnborouq h , UK , R”i t . N’’ . A f / C - CP - i 9/ , RAE-TR-
tenuation carried out by the Sydney Metropolitan Water 7418 1 . A RC-36 100 , 61 pp (19761 I S n i m ’ m . m ~~,’ n t i ’ s

Sewerage and Drainage Board over the last 15 years. RA E-T R~74 181 A R C~36100( 18 figs , 7 n , i I , F - ’-
Included is a brief outline of reasons for the program , priormt- N7 7-190 17
ies , methods emplo yed , the case histories and co nclusions.

Key Words: Aircraft wings , Fluid-induced excitat ion , Flutter

Brief consideration of current approaches to the prediction
77- 1667 of unsteady wing loading in mixed subsonic and supersonic
Noise Reduction of Juusibo Mounte d Perciussive flow shows a wide variety of method and a clear need for
l)ri lls : Phase I. Noise and ( sage Survey economy in transonic aerodynamic ca lculations for f iutt~r

E F/ m ’ nm , i in r i n n ’ )  N M. Rub in clearance in subsonic flig ht. In suppon of measurem ents

Bolt 17 ’r , m n ” ’ l  i-m m ) Nm cw nm ian In’ ’ , Can ’ub ridge . MA . of steady and oscillatory pressure distr ,butuons on a part i-

Ru /n t N- u BuMinsu’s OF A 45 77 , 82 pp (Sept 76) cular wing, an approximate theoretical t reatment was devised
in terms of nonlinear steady surface pressures and linear

PB.2u:u 1)0 ~- t ~C~A oscillatory loading. The steady data were taken either from
transonic sma ll .perturbstmon theory or from t in,’ stat ic x~im’iu-

Key Words’ Drills , Tools , Noise measurement , Vib m’ation ments, The resulting theoretica l or semi-empirical calcu la-

measurement , Noise reduction dons can take account of stream Mach number . mean nd-
dence , mode of oscillation , frequency, and amplitude.

Noise from four drills -- Gardner-Denver D93LAR and
DH123 and Ingersoll Rands D475 and VL 12O models -.

were measured at the two manufacturers ’ test sites. Data are —
~7-l 670

given in terms of characteristic noise and vibration levels.
A survey of percussive rock drill users is reported. The ~~ A pp licatiou s ot Fast F reqs ueusc ~ -Sss eep F~ i’ itat io n

rationale for the choice of a demo nstration drill , the Gardner- to t h e  Meast urenue us t of Sub-Critical Response ot a
Denver DH 123 , is given and a desired noise reduction goal is Low Speed Vi intl Tuusnel Model
established. C.W . Sking ln i- u ,, ) D R . u i ,  k i n

Structui s D c i  -. 
( -/ nu y ,u I  A i rc ra f t  [si i b l i s h ’ n - , - m u l .

F , m r n l u n u r m n o g f i , UK , Rapt. N’’ ARC C( - ’ - l. - - IuR , R.5E~
A IRCRAFT 1’R - 74129 ; A RC-36 184 . 28 m ’ n ’  ( 1 5 / R I  IS-j :n, -, s m ’~tcs

(A lso see Nos, 546 , 1 553 , 1554 , 1 704) R AE .TH - 74 129 . A I S C , / E’ 1 84 l 7 I n / S  2 t m I - I ’ s , r i - Ic

N77- 1901 C

77-1668 Key Words: Ai rcraf t  wings . Flutter , Wind tunnel tests , Four-

‘b bs’ luuiluieumce of Pitch-Lag Coup ling on th ur Predi cted er analysis

~.-ro ,-last ie Stability of the NV- I  3 Tilting Proprotor An analysis method was developed to enable modal frequen-

~ir ’ r a f t  cies and damping ratios ui a system to be obtained irom

s’s JohnsOn excitation and response records in conditions where the

‘i- ‘ i- 9,’, A n n  i i -, (l, ’cm ,,r Ii Ct r - Mo I t~~~t F ui - lu ) , CA , I S - ; - n  system is also excited by unknown random forces. The tran-

~m u Nm ’’ i- ” TM -‘. / ‘713; t,1’,im41 , 22 I’ I ’  (Fm ) ,  l ’ l ’  7 1 
tient input was a last n, ’ mcu i i ’ n i cy -s ~~ ’i ’t m . and the r ins u lt nn q
response and force input r, ’c m ’ r nls were processed using d igital

N77 1’(5R’~ Fourier analysis techniques. The results are compared ,~ , mh
m i n us ’ obtained from s u ms m ,i, n u ’ ,i sinusoidal exc i ta t ion . Compar-

Key Wnrds ’ Ai rcraf t , Dynamic stability isons are g iven for the frequency and damping character ist ics
mu the t u r d  tour modes of the model.



77 1671 experiments . Particular emphasis is given to practical mesh-
Wind Tunnel Flutter ‘fest s at Subgonic Speeds on a ods for the prediction , measurement and reduction of exter-
Ilahf-W ing with a Fan-Engine Nacelle nal noise from jet/ fan aircraft. Following a brief overview
D A Dranms and 0 B Hutton of relevant aircraft design and operational considerations ,

- the main articles include detailed presentations on the funda-‘/1m m - lures Dept ., Royal A ii m- i t t  I s im tu l i sh t nen t , mental theory of aerodynamic noise generation and propa-
Fusrnborough , U K , Rept . No. ARC -CP-1 934 , HAL - gation , basic aero-acoustic of jet eff lux noise , eng ine exhaust
TR-74 130 , ARC-35955 . 38 pp (1976( (5u~nsu rsedes noise characteristics , fan noise, airframe self-noise, airframe /
RAE-TR - 74130; ARC - 35955( 14 figs . refs engine interaction effects , aero-acoustic measurement and
N 77-19014 analysis techniques , aircraft identification and location

methods , and ground-based facil i t ies with forward-sp eed
representation . A bibliography of 171 items is included in

Key Words: Flutter , Nacelles , Wind tunnel tests , Aircraft the publication
wings

Flutter tests were made on a half’wi ng model with a fan- 
— —engine nacelle attached by a pylon at an inb oard section. 7~~16i4

The model was nominally rigid , and flexibi lit ies in pitch and Respon se of a Su bso nic \o7.-,.le to ,-%couis t i e and En-
roll were introduced at the root. Measuremen ss were made tropy l)is tu rbances
of the flutter charactersi sics of the model at Mach numbers M s Bohnof 0.6 and 0.8 over a range of dyn amic pressures using three ‘ 

- -Daniel and Florence ( n iqm icn uh - u n Tn (ci Pror :.mlsion Cr r.different methods of analysis.
California Inst . of Tech ,, Pasadena , CA 91109 , J
Sound Vib., 52 (2), pp 283-297 IMumy 22, 19771
10 figs , 7 refs77-1672

‘fhe Flutter of a Two -l)itnensio nal %% ing with Sis uip he Key Words: Aircraft  noise . Jet noise , Noise generation
Aero d ynamics
T Nihlett The one-dimensional response of a subsonic nozzle flow to

- small pressure and entropy disturbances is calculated. TheStructures Dept ., Royal Aircraft  Es td b l is h n -nE ’ n l t , response is expressed in terms of transmitted acoustic wavesF’drrlborough , UK , Rept . No . A RC-CP-135 5 , RAE- Ivehich propagate from the nozzl e in t Ime direction opposite
fR-75008; ARC -36 1 64 , 35 pp (1976 ) l1~u ui I s ’ m sn ’ , i , ’ : m to that of the disturb ance wave ) for !inni’ ,’ u n u d , ’ i m m ’ mu i te n i  dix ’
RAE-TR-75008 , A RC-36164) 14 figs , ru -ft turbances : a downstream-prop agating acoustic wave imping-
N / 7-19015 mng upon the nozzle exit , and an ( ‘ i -mn ,1,’, w,iv, ’ convecting

through the nozzle , The s u u l u t u u ’ n  for high n m ’ - i ’ . i , ’ n m i ~ dis-
turbances is discussed and n i s i ’ , u  ~~m r ’ m the compact Ilong

Key Words. Aircraft wings , Flutter , Damping, Stiffness wavelength disturbance) solution to normalize smn5,o ,mu numer-
ical calculations .

The f lutter stability of a ri gid wing with two degrees-of-
freedom and subjected to the simplest aerodynamic forces
including damping was considered. The l imits of combina- —— —-tions of nodal axis positions which can lead to flutter were
found , and a fairly simple expression from which the f lutter I uuis i ’ m - i t s  \ i ,u-a ’ h(~”.a -~u m i Ii - l i i i  i . ’i’ i hl u s~s m i t  (his ’ I’ !’ \ -
speed can be found is given. The results are compared with I u uis i - r ~i ts  N i m i . -.’ ‘o ’ u u u i t i , i m Ibid at Purdue I t i n ‘ - m ‘- i ls  -those from simple frequ ency-coalescence theory. %% u- Si t I ,uia~ i’i Ii ’ - I u t l i - i i.i iou I)  i -I iii. ,- r II)- _!l I Ii) 7fi

J9’, % - i l l u v , m n u  i n n ’ )  A ‘ - “ - I - m t
Ray R7 F l i ’ m ’ i c ’  L ii ’s . , ‘ ‘  I n . ’ ‘us ‘

77- 1673 Rm u i ’ t , N” F P A / S , / A  77/300 1’ - C - u  76
terod y-naussic Noise PB-26’ u 1 1 1  u’ : -

A G A R D , P,ou s , t r i m , , ’ H’ nt - N’’ A GARD - LS-80 ,
307 pn (Jan 1’ / / 1 Key Wor d s: Noise ri -dor m,, , , ,  A i i m - m i t  ni ’ ,ç i ’  I’ r ,u ( , .~.,
A l )  A1)97 3 / 4 5(3 A

Material presented and discussed at the seminar included ri’
search . development and demonstr ation pro1ects fl all areasKey Words. Aircraf t  noise , Jet engines , ,‘u r ,  m u m , Bi b l io - of noise control excep t noise ii m’ , u,’ r ,, tm - m j ii’, ai rcraf t .  Emphasisgraphy 
was placed on non-Feder al l y funded pro g rams and hardware
n’uri ,’ mntm ’d prolects . An appendix to the rep ort provides arm ‘i-The aim is to provide an up mm , ‘1,0’ account and n i - m i- un t i -
lenstve compendium of university noise ri’sm’ .s m c’ h Pro nects relive appraisal of aerodynamic noise e,mon e t mi .- , nhi ’ u n m ,, and qa r rf iess of the nature of the sounm- on sponsor mnq unSt ,t ut i on .
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B R I D G E S  77- 1678
F ilet-Is id Torsiona l Coup ling on Earth quak e I- mi n er
in Bu ildin gs
C L Kan m u - i  A C I ’ -  ‘;‘r,i

77-1676 Univ of C,, Ii, ’ ,  n, ,i A m - r k m - l u ’ ~ , C/s , ASCE J Str o.

~Iot ion of Suspension Brid ge Subject to Wind Loads Div ., ~~~~ )ST4 ) , nc- 805-8 19 ‘ A n - ’ 1977) 7 “is .
J Beliveau , R , V ,m u uj , i u s , ‘jr

_
n i l  51 , Sh , mum .” ml a 31

n J i m u v ~ : t - ’ - ’ - n : ’  ‘ ‘ , n  ‘ - S n u ’ r ) m i n - u - C ‘ -  Mu, -), , , I :ui u ,u u )o .

ASCE J. ‘S rn i i  - Mis 103 IST6(. n I 1 189.121 II, Key Words: Buildings , Seismic response

(June i’ l/ / ) 8 Iu m ~s, 1 c it /u ’ , 1 1 m u - I s
The elastic response of torsionally coupled one-story build’
ings to earthquake ground motion , characterized by idealized

Key Words: Suspension bridges , W u nd -mnu ”~ ced exc i ta t ion shapes for the response spectrum , is studied. Influence of the
basic system parameters on the response is investigated .

Vertical and torsional motions of a suspension bridge due to The relationship between the forces - base shears and torque -

wind loading are studied. Both , self-exci ted , due to bridge in a torsionall y coupled system and the base shear in a cor-
motion , and buffeting, independent of bridge motion , wind responding torsionally uncoupled system is established .
loads are included. The self-excited aerodynamic forces are and the effects of torsional coupling on earth quake forces
modeled using aerodynamic coeff icient or Duhamel integral are identified , Useful upper and lower bounds are presented
formulations. For this purpose , experimental information for the base shears and torque due to simuntaneo us act ion of
on section models from wind tunnel testing us util ized. The two horizontal components of ground motion of equal
buffeting random loads are determined from specified spec- intensity.
tral densities or horizontal and vertical t ur bulent wind

‘ 
velocity fluctuations. Numerical results are obtained using
frequency and sime domain formulations. Dynamic bridge
stabil i ty us also investigated. 

77-1679
Seismic Structural l).’ r ig n - ~u u a h ~ur ( uui del ,n .- ’ - for
Buildings

B1, J I LD I NG J .D , P ru - r r n t . ’ n n i , , si n . j  s’. E Fishni

Also see Nos. 1547 . 1551 , 1660) (‘ uu ns i r ’.n t i m _ in Eni nr ’ r  l- ’ ’s ,’ ,ur ’  n ’  Lii- i / i- ’  - .  
, 

- , Ctr ,,’ - --
pamgn , IL R - - : r N- Cf  RL ‘9- - ‘.1 2 / C  ~nm: FeC

1977)
AD-A037 7- 17/3 GA

77- 1677 Key Words : Seismic design . Earth quake resistant structures ,
Elastic Earth quak e Anal ysis of a Class of Torsionall y Buildings , Modal anal y s is
(~ )Iu pIed Buildings
C L .  Kan and A K . Cholura This report presents interim guidelines for the seism ic struc-

Univ . ‘ u t  Cal i fornia , l/ m’ rk u’ ley , CA . ASCE J Struc tural design /analysis of the lateral-force-resist ing systems of

1
; Div ., 103 lST4 (, pp 82 1 -838 (Apr 1977) 4 f igs , 

permanent military bui ldings. These guidelines are inte nded
to enable critical , high-lots- and low-loss-potential buildings

3 tables , 13 r u t ’ : to withstand their respective desi gn earthquakes w ithout
unacceptable loss of function or structural damage . Modal

Key Words: Buildings , Multisto ry buildings . Seismic response analysis procedures are advocated for critical buildings and
high-lots-potential buildings with irregular shapes , large

A simple procedure is developed for analysis of elastic differences in lateral resistance , or other unu s ual struc turalr response of a particular class of torsionally coupled multi- features. The equivalent statmc lateral load method is ad~
story buildings to earthquake ground motio n , characterized vocated for hig h-loss- and low-lots-potentia l buildings w hmch
by smooth response spectra In thi s procedure the response are regular in shape and have uniform mass and st ,ffne s s
of a N-story torsionally coupled building - a system with distributions. Both procedures employ a desmgn spectrum for
3N degrees-of-freedom IDOF) - is determined by analyzing the seismic ground motion which us construc i-ed based on
two syste m s: An N story torsionally uncoupled counterpart the effective peak ground acceleration at the sm se
of the actual building -, a system with N DOF , and an asso-
ciated one -story torsionally coupled syste m -- a system with
3 DOF. The simpler analysis procedure leads to ‘‘ exact ’ ’

77-1680
results i t  thi’ variation of earthquake spectral acceleration
with o mi nr , mt or, period is idealized as h a t  or hyperbo lic Eart hs qs u ake-l ndueed I uu- ltuuuid ing Motion I Ir it ena
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S-C.  Liu , L.\N. Fagel , ,mnd M R . Dougherty Key Words: Vibration isolation , Buildings
National Science Foundation , ~‘7~sh ington , D.C..
ASCE J. Struc . Div., 103 )ST 1( ,  pp 133-152 (Jan The new Theatre Royal in Sydney us directly over both

tracks of the Eastern Suburbs Railway. This paper discusses
1977) 13 f i gs , 2 tables , 14 refs the vibration isolation and attenuation incorporated - n the

design to reduce the level of objectionable noise intrusion
Key Words: Earthquake-resistant structures . Seismic re- to the Theatre from the future rai lway.
sponse, Buildings . Multistory buildings , Mathematical models

Two 10-member ensembles of digitally generated waveforms
that simulate real earthquake accelerograms are used to 77 1683
excite mathematical models of two-story to 20-stor y bi i il d t us ak ic Tosser ‘~i ihration Quicker
ings of widths ranging from 100 ft to 300 ft and founded K K. Mahaiam l
on soils characterized by shear-wave velocities of up to The Litwin Cor p . . Wic h ita , e 5 , Hydrocarbon Fr i-
4,000 fps. Realistic equivalent structural damping is deter-
mined and used in this analysis based on the actual building cessing, 56 (5 ( , pp 217-219 u- May 1977( 1 fig, 3
response data recorded during the San Fernando earthquake tables . 9 ref s
of 1971. Calculated upper bound motion responses on floors
throughout the buildings are presented in terms of peak Key Words: Towet s , Chimneys . Wind-induc ed exci tat ion
values of acceleration , velocity, and displacement. Envelopes
of dampe d r”sm,i)nse spectra derived from the in-building The article extends Zorri la ’ s method for calculating vibra-
accelerograms ire also presented , and the use of these spectra tions in towers due to wind b’, establishing simplified rela-
us d emonstr ated w ut h  an i l lustrat ive example. tionships from his data. It also presen .s some of his graphical

data in tabular form for quick vibration investigations of sell-
supporting vertical cy lindrical , cantilevered structures such as
towers and stacks. Criteria , as recommended by Zornila,

77- 168 1 is used to establish a need for such analysis.
F.a r thu- ,1uuak e Related ~r t is ut ie,, of the Ceuster for
hlUildin ! Technology
C Culver
Y ’ ’ n t e r  t - r  Building Tec)unology , Nat iomia ) 9’ireau ~ f CONSTRUCTION

lA tso see Nos. 1545 . 1666)
Standards , A , i s l n u n u . j t u s ni , D .C ., Rept. No. NBS ( R76
1 1 9.~ ‘ .1 up u M u m 1977)
P B- 2 tmF .u 103’2C ,A 77-1684

Vibration of Pavement Concrete
Key Words: Earthquake resistant design , Buildings

J ,E. Br ydm ’ n u a iim ) R .W . Rider

The report describes activities related to earthquake engi- Eripi nn ’ :s r lng Rn ’s. and Dcv , Bureau , Nm’ s\ Y,’rL ‘/l,,n’-

neering being carried out by the Center for Building Tech- Dept. of Transportation , Alba ny, NY ., H u r t .  No.
r’ology as part of the Center ’ s overall Disaster Mitigation NYSDOT-ERD-77-RR-40 , 53 pp ‘ 1am 1977)
Frogram. Laboratory and field research, post disaster inves- PB-265 358/2GA
tigations and efforts to develop comprehensive eart hquake
resistant design provisions are included . The professional
discip l i- les within the Center and the lab o ratory facilit ies Key Words: Vibrators Imachineryl , Vibratory techniques ,

are discussed . Recent accomplishments and mechanisms Concrete construction , Pavements

employed for facilitating implementation of the Center ’s
research results are also discussed. The effects of spud vibrators mounted on slip-form payers

were examined on three paving projects. Slump and en-
trained air of the plastic concrete were measured and paver
spee d was deliberately varied. A total of 364 pavement

77-1682 cores were taken at various distances from the vibrators for

% ibration Isolation of the Theatre Royal determ mnun m ion of density , entrapped air content , aggregate
distribution , and mesh embedment. Riding quality of the

0. [ den f inished pavement moat also measured.
P u t  “r A , I

’ nowland and Assoc ., s-~ In’ ‘v . Au 1st r’ ,, i i ,

Vu l - r it ion and N- use Control Eng ineu’rinu l . ~ r i , ,  , ‘ m ’ m I

ungs , ‘,,- Imi i ’y, Australia , pp 107- 108 lOct 1 1 1 7 , FOUNDATIONS AND EAR TH
15 76) 2 tables , 2 niuf t )A lso see Nun . 1569)
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77.1685 Key Words: Noise tolerance , Human response

I” ou us ulat iou i l)esi gis for Reci procating Co uus pru ’ss or s
S C. Arya , RH .  Drewyor , and G. f- in u The general effects of rin se , and in particular , low frequency

- and infrasonic noise or’ human performance , are reviewed.
I In ’ ’ CE L ,un rurnu s Co., Houston , TX  Hydrocarbon- Hug h leve ,s of low ~~~~~ .s y noise in some transportat ion

Pm. - . es s unq , /6 (5) ,  pp 223-234 (May 1977) 7 figs , environments are reported and tn experimental design ard
7 cu r/u 10 mu,)’, task battery for testing of human performance ef fects due to

noise is outlined . The design takes into account possible

Key “.‘ords’ Foundations, Machine foundations , Compres- transfer effects and allow s for time sharing among tas ks.

sort . Natural frequencies , Resonance , Design techniques

Compressor operating frequencies are close to foundation ~-1688
natural fre q u encies which create resonant conditions. A Sources of Industrial lunpact /Impulsive \i iuru’
design method to avoid operating problems is described. C L .  Dymin

Bolt Bu :u ma m im ’ l. and Nuwn ’ ua n , I ui ., 50 5-1’ un/ton St .,
Cannbridge , MA 02 138 , N -ise Control Engr . , 8 (21.

HELICOPTER S Im p 81~87 lMam/A pr 1977) 2 ~~~~~~ 
2 tab les , 9 u- Is

Aba see Not, 1555 , 1556)
Key vniords: Machinery noise, Human response

Many machines generate , as an unwanted by-product , noise

77-1686 that can be classified as impact /impulsive. Such noise . if of

- - . - sufficient intensity or it repeated often enough over a suf’
Research Reauureutue nts for f ise Reduct ion ol Ilelu- - . -fmcient period of time , can produce temporary and even
co pter ~ ibrat io us permanent hearing threshold shifts in exposed workers.
G.S. Donna: : . Although widely accepted snalysis and measurement tech-
Boeing V . um t — /  Co., Philadelphia , PA , Rep) . N:u . niques and damage risk cr iteria have been developed for

NASA - CR 145116-  D210-1 1154- 1 37 Pp (Dec 1976) continuous noise , impac ’/impu lsive noise has not received

N7 7 - 151’ S 
‘ , 

extensive treatment. A study directed towards establishing
a data base for the evaluation of research priorities in the
field of impact /impulsive noise is summarized.

Key Words: Helicopters , Vibration control

A search b r  all prospective approaches to the reduction of 77- 1689
helicopter vibratiomm ~vas , onducted to establish insight for l)o We Measure Damaging \i isu’ Correctly ?
the planning of a corrective research program . The state ~ ~ V Br i ’the art as revealed in the u iterature is summed up and follow- - 

‘ 
- -

ed by a discussion of state-of-the-art solutions and of identi- s m n i l  & K i- i u ’ n  . 23 Lit ,’)” a l l ’ - , I - I . H-  N a n
fied technological gaps. It is applicable to all ‘t eh icopters l.ii- n in u a m I., N- mu. , - Cu m In n/ 1- nqr , ,  (21, m n ’  13? k
without regard to site. Extending the historic trend toward - 51 n / A r - n  19 77) 11 f igs , 1 taI m le , 14 refs
lower vibration leve ’ s will require the s,.iccessfu l application
of principues which isolate the fuselage from the rotor sys- Key Words: it ,dustria l f , m c m u , t i m ~s , Noise measurement , Mea-
t ams Simplicity of the necessary isolation systems should surement techniques , Human response
be facilitated by providing other refinements of the dynamic
design of the system. For stead y industrial noise without excessive impulses , the

risk for hmaring loss is reasonably well related to the total
noise u l m u s , ’  cn i tm ’ r ion.  However , the inadequac’ of the e r , m m n m-

HUMAN ion ’s assessment of the hearing loss risk for f luctuating

lAlso si’ ’ N’’ 1544) ini’fus t r ia l  nousi’ with mi ’ i .m muv , ’ i y  high peak values has led to
the m n n vm ’ s t , , n , i t i , , n of impulses encountered in industrial
environments . The majom ity of industrial noise has a higher
intensity urn the 750 Hz to 500 Hz frequency range thai. at

77-1687 6kHz , while thrum duration peaks contain a significant
lA) w l’ requleui( ‘, \ i i i ’ ..’ rind ‘l’ es t iusg for Its Effects amount i f  energy in mmmc 4 k H z  to 6 kHz inn ’ m n , i m’ nc y region .

N Sn ‘ m n .  m I’ J Al In” l - m  - atm ’ ) T .J {riqgs Because the f rec~uencies no the 4 kHz to 6 kHz range are also
amplified in the outer and middl e ear , the shomt duration

I u i .’ n - m  m i t  9’’ h, [ ‘ m m m l  - ‘A ’ un m , u s h i  (,Jniv ., A ui — , t r , u l i , u peaks seem to play a dom inant role in contributing preferen-
V ,C r . m t m o r i  - ‘ n - I  N i - .’’ Co m i u r uS  ) n l m ~ u nnm n m:m i r l g ,  I~i,, ‘ ‘ : 1  h a l  damag e in th i t range. A simple method for setting i ,rnn u m ~
ungs , ‘~y I m n ’ ’y , Ani ’.tr m l i i . i ’ n ’  ‘ iC-60 - ( )u I 11 12 , 1976) for hearing loss risk - considering the crest fa ,rtor oh noise
l i i  f u n , ’ , - . I r h - , when weighting the noise dose criteria , is mimohmosed .

69



ISOL s4 T ION MATERI AL HANDLING
(A l’, n 5k” ’ ~~ ~‘. 1m ~ m

77-1692
‘I’heo ret i ’al su it E~ periu ii ent al R u-se ar u’ lu on ~ub m m ,

77-1690 tuiai - I uu u ui ’ ~ but  the Transport and lIandluuu ~ ‘ m l  \ lati-m ’ ial
Des igus Criteria for V ibrat io i i Isolating \ Iouuu ut u u u ic - for N B.u- I,’. n u n ’  ‘ 1 , m mu-  I A A ~i
\lat ’h iuse ry on Suspended Fb .i ,rs s l i t ’  i tO ~i Mn. - a n umc a lellu 1,- I., - u m n u r - ~‘, m u - a n -

J.A. M~ n n u n - n ’ ’  anus )  H, S , nnn u r u nu s ‘ -j u l,jn mu I t u u J y .  51’- , j m ul u a 11  3) .  cr 1 / / i
National ~~~~~~~~ 

r, - . ‘ n n t  La), . C/I f / U A n i s tna l i uu , 19761 9 i l l S  - 1 1  m t s
V i)  - r a n m on and Nunsmu Conn m, .nI Ençj in- -~- r n : ’ - r  Prom . i v” . )

inys , -, ‘ , -  ney, Austral ia , pp 45 ‘ m i~.- I In ‘ 11 -12 . 1 ( 1 17, , )  Key Words. Materials handling ecuuipo’iv nm V I  ‘ .iti,r’, cons
6 f igs , 9 m n - Is veyors

Key Words’ Mac immnery vibration , Mountings , Vibration This paper deals with the various phases in to which ‘ ‘-s” .m n mn

isolation on vibromachines (conveyors l have been :un m ,cm ,lated - se -n
last years in many Countri es. A s~ nthesis is mh r ’ n given oh the

A suspended floor is represented as a mass-spring-d amper theoretical research carried on at the Institute o ’ Mechanics

system , suppo rting a similar system that represe nts vibrating of Machines oh Polytechnic of Milan , setti ng forth the results

machinery on a spring mounting. The machinery is assumed obtained and analyzing the approaches to the problems of

to generate a ve rtical sinusoidal force , An expression i ~ 
different technical and s ci r ’ n mm f mc ‘ ,t u , ineS . A comparison - us

,lerived by conventional methods for the amplitude of the made between a vast series of “u” nmmen ta l and th i’c.nr ’t uca i

vertical vibratory force transmitted into the structure sup- results obtained by the same authors

porting the f loor , and hence for the transmissibility ratio.
The analysis considers the fundamental f le ucu ral mode of
vibration of the floor , assuming vertical uncoupled vibration
of the machinery on its mounting. Linear eiastic ity arid 77-1693
viscous damping of both floo r and mounting are assumed . \i)ise froun T wo . l i nt  and Fig ht ‘I niui  Puuue li I tm ressu”.
From eompturer’drawo rranso)issibility ratio contours cover- L L K’  usc
ing ranges of floor and mounting parameters of interest in [ ) m ’ l ’t of 5’ - - ‘ m , E i ‘,.I~ i.~, I/ru’ u~~ I n Un, A ,m s t r  a l id ,
practice , key Iworst i cases are identified on which conser- \j ih’ ,mtuum i ~n uj Noise C u r ru t ru r l  I n u n n n i ’ ’ r ’ n h )  Pm n ,.-,’/ .
vative design of the mounting can be besed . - .

umn~s Sy’tney , “aus tra l ia n t -  131 - 1 / 2 )f tn  11 - 12 ,
176 1 2 h i s , 3 m ar s

Key Words: Materials handu”, equipment . Presses , Noise
77- 1 69 1 reduction
Vibration and \oisu ’ Couu t rol out a Rotatin g % ane
l)it ’iuser l)ri~4- I nit The peak sound pressure levels radiated liv two, hour and

[4 A . Bies in n )  V Zockel eight ton John Heine punch presses were measured as a func-
tion of load for sudden fractures .1, . Engrg. I/ p t . .  U mnu ’ .- - ‘I ,tm,cle lai u ) i : . Aus li ,ulna .

Vibration and Noise Contn,’ l  F umninee rin rl Pr, ru - i ’ m ) -

rig s , Sydney, A ,, s im .ui i ,t , pp t i  ci? 10’ ’ 11 - 12 , 1976)
‘3 f i gs , 2 r ’:fs M E C H A N I C A L

IS,’,’ N,is 1541 , 166 1

Key Words . Noise reduction , Vibration isolation , Reverbera-
tion chambers

METAL W O R K I N G  AND F O R M I N G
This paper describes a vibration and noise control prohiemn
with mm ii’ and eff ic ient ly radiating surfaces and the complex
u’ch r iques which must be employed to achieve relatively

“ l u s t  sound pressure levels of 60 dB in a reverberation 77- 1694
..hamber. The techniques of vibration isolation , described I’.~ pu’rünental Int ex ti gat ion id the ( .har au ’ Ier ist ics it

in th i s  pape r , are applied to a specific problem vu , , to mini- U,’nauuuie (:uitu in g I’ru~ ’u’ss
mute noise in a ri ’vn :n l, i ’ r . i t i ( ,nn chamber due to the installa- -

ti on of a n - m t , i t  nog vane d i f fuser ,  \1 M n”J , , n n i  inn ’ )  1’? 51 Sau) n ’l.

70

_ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  .-..



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

~
- in -uli,iili/ i jt ’iI\m ‘ airc’ E- , vpn . 4 u n , n ~r . i ’u . ius ., Key Words: Agricultural machinery. Mathematical moOd s

~~~ \ n M F  , 5.) ‘- . 21 , pp 4Is i  4 18  (May 1977) 9 f i gs ,
A mathematical model of the air-suspension , stem-vibration

10 rem’, strawberry harvester was developed for the dual purpose oh
obtaining a better understanding of the operational mechan-

Kn5 Words: Metal ~sm,id’,n ,,, - ,. tt i r,g, Experimental data ics of the harvesting concept and to aid mm , increasing thi, f ield
performance of the harvester . The combioatiorm of a probabml-

The . Iynu3n i i i  response of the shear plane and the variations istic strawberry stem failure model and a mathematical
of the dynamic cuttin g coefficients are experimentally analysis of the forc ed vibratio n of the strawberry-stem
investigated at various values uS teed , Cutting speed , rake system enabled fruit removal to be predicted in a digital
ingim, , clearance angle , frequency, and amp litude of chip simulation model ,
thickness m odulation, Wa y ’ .,i ine ra tim iç - rid wave removing
cutting m u st s in which Irmy ln .r,e ’nd phc’toyraphy is used to
investigate the geometry uf ci’),, normation , sri, carried Out.
The theo netical rn,xli ,) r.’ 5n,sinic cutting developed earlier 77-1697
us assessed with reference to these experimental results. A ‘I’}ue V ibrat ion Isola tion of Equi pment Installed in
comparisorm between this model and previous models in Off-Road Vehicl es
relation to the exp erimental r e S u l t s  is also pri,s,nnted .

. P By r n e  .~~, , - ) N D 0)ver
School of /i ’ hi & I r u ’ I n , s tm ,~ I Enqrg., Ut nu v , of ~~~~

)m - il5 ‘A-a l, ’- Austra l ia , Vibrati o n and Nousu .’ Contrul
n m r n i u : u ” .’ m i n u p ,  0 - n ~., mm ’ n) i n ’ anS u - ) n u ’ - ’i -\ . 5 1 m m ) , , ,  pp. 41-

77- 1 695 45 ( Oct 11 - 12 , 1976) 7 fi gs , 1 i m P ) ’ ’ , 2 refs
I)eter mi nat iou u of l) yus .iu n ic Cutting Coe ffi eieus t s front
Stead y State Cuttiu~~ Dat a Key Words: Off-hi ghway vehicles , Military vehicles , Trucks ,
M M. Nigrn , MM , un m i ’ - ’ - ,j tud S.A , I .ui n, ui s Vibration isolation . Equipment response
[in-Sha m s Univ ., Cai mm u . 1.) ly l’t Ii,5 J Mach . Tool

Des. Res., 17 ( 11 , p 19-38 (1977) 13 tim , ’,, 2 tables , This paper presents the results of a survey of the shock and

31 rals vibration environment produced in a number oh types of
military trucks when operating on surfaces t ypical of those
encountered in operational roles, The shock and vibration

Key Words: Cutting, Ma mfnematmca l models envirot sment is described in terms of statistical measures
and the influence of parameters such as vehicle load , surface ,

A mathematical model mm presented for the determination position and orientation of the point of interest within the
oh the dynamic Cutting coe fficients from steady state data. vehicle are examined. The application of the results to other
This theory is based on a non-dimensional analysis of the off-road vehicles is discussed and the implication of the
steady state orthogonal cutti ng process, It takes into con- results w ith regard to the design of shock and vibration
sideration the oscillations of the shear plane in response to isolating systems is examined .
dynamic variations of the cutti ng parameters. The model is
verifie d , directly with dynamic cutt ing tests for wave cutting
and wave removal , in which the variations of the shear plane
angle and those of the cutting force coefficients were mea-
sured. Indirect verif ication was achieved by reference to the PACKAGE
work of previous investigators concerned with dynamic 1AIso ..~~. Nan nu3 ’~- ’ i
cutting and the stability of the cutting process.

77-1698
Pressure and % ib rat ion Test of t lu e .~( n ~/\3 il5

OFF-ROAD VEHICLES Contai ner for flue IW-735 Seek Clust er Itomb I nit
H T , Gibbons , i m , n) F . 1’ Mm ’rav, ’u ’

A ir I ‘ ‘ r i - u ’ Di’ , uur uni i  Evali ,ut inn Ami - n m ,  y 9v’ r i ( r f i t
77-1696 I’ ,u t t n r sn,,r AEB , OH ., Rept. N-~ . ‘1 l ’D - 77- i  3, 11 ‘ r n

~s Ma lheuuuatical \lodel of the Air-Suspension Stein- 
IV - , 1977 )

Vibration ~t rats herr% I1ar~este r AD - A037 81 1. ’ iDA
I- ) Ruff

Ph.D. Thesis , N’ u r i S  Carolina St , utr ’  Univ . a t  Raleig h ,

143 pp (19/5 1 Key Words: Containers . Weapons systertms , Explosives ,

15 1 1 7 - 1 1  , l u , 4  Shock tests

71 

—- .-- -.



- ,

The Air Force Packaging Evaluation Agency has been in- of systems and the operating conditions under which hy ’
volved in several ‘compare and contrast ’ type situations drau lic backlash can develop are discussed , For a particular
where a seru ’ ss of tests are perform ed on multiple containers system , t ha magnitude and the decay rate of hydraulic back-
designed to protect the same item. This was the case in lash are studied via experimenta and simulation , The origins
testing of containers for the BL- 755 seek clutter bomb unit, of , and remedies for , hydraulic backlash are discussed.

PUMPS , TURBINES , FANS ,
COMPRESSORS

lAlso see Nos, 1583 , 1585 , 1598 , 1685) 77.1701
Reducing Gear Pump Noise Poteu sti a l b~ l)es ign

77.1699 K , Duke and P . Dransfi eld
, - , . ,. , Footscray Inst. of fe hi .. A-  s t r . , ’  se , V i ) , ran m u mi ’ and

Noise Expos uie and Control on hxed Marine Struc- . - .

tures 
Noise Control Engineering, Pm’ m um” )ungs , Sydney,

S H Judd Australia. pp 20~24 (Oct 11- 12 , 1976) 6 figs , 2 m i s

Standard Oil Company of California . San Francisco ,
CA ,, S/V . Sound and Vibration , 11 (5), pp 20-24 

Key Words: Pi.nmps , Gears , Noise reduction, Design tech-
— r iques

15- idy 1977 ) 14 fi gs
Noise emission is a problem with hydraulic control systems.

Key Words: 0th-shore structures , Noise reduction . Machine- Modern trends to higher pressures and hig her pump speeds

ry noise increase the problem , The pump, with its pulse-like discrete
pumping action is a primary source of noise generation . Any

Machinery noise sources on drilling and producing plat forms red uction in the magnitude and abruptness of pump dix-
include engines , turbines , gears , generators , pumps and com- charge ripple , and consequently of pump pressure ripple .
pressors, Noise transmission is both ttructureborne and air- can be expected to reduce the noise generating potential of
borne , Exposure evaluation requires consideration of work the pump. With gear pumps , pressure relief grooves are
shifts rangin g up to 12 hours oer day, seven days in a row , machined in the side plates to control pressure ripple and
as contrasted to the typica l on-shore 40-hour work week. other pressure effects. The present paper describes develop-
Exposure time is not limited to the work shift for those who ment of a new groove system w hich minim izes pressure
must live on th e structure. The design problem is to avoid pulsation via use of a leakage groove plus a set of pressure
or eliminate excessive roise levels , If this is not feasible , relief grooves.
noise levels are minimized both as to intensity and the
physical area affected by use of quiet machinery. Enclosure
and/or other acoustical treatment is then used to bring
exposure within acceptable limits. 0ff-duty areas and crew
quarters are placed in the quietest available location , and 7 1702
isolated from structureborne and airborne noise. Examples The Development of a Low Noise Ceustrifugal Fan
of no ise sources and control measures are ill us’ csted by case L A Challis
histories , Louis A. Chall is and Associates Pty. Ltd., Consu ltu n ’ n

Acousticd l Engineers , Sydney , Austral ia , V d m m , i t u m u , r

and Noise Control Engineering. Proceedinuis . S~ ’ ) n u ” v .
77.1700 Austra lia , lip 93-94 10’ t 11- 12 , ‘.11 7 ’ , )  2 figs , 5 ‘Is
Backlash in 1-f ydraulic Control S yst em s
K,J , Rogers and P. Dransf ield Key ‘Nords : Fans , Noise reduction
Footscray Inst. of Tech ,, Australia , Vibrat ion and
Noise Control Engineering , Proceedings , Sydney , Since the first fans were developed, the proble ms of ban

Austral ia , pp 25-29 ( Oct 1 1-12 , 1976) 4 f igs , 1 ref noise have presented engineers with a whole range of noise
problems. The solution of these ptoblems can be approached
ii many ways . the solutions invariably result in some new

Key Words: Hydr eu l ic systems , Noise generation problemt which are often nearly as unpalatable as the original
noise problems. This paper presents the results of a research

Hydraulic backlash is a phenomena which degrades the and developm~mruta l program , which is aimed at developing an
performance of some hydr cal ic control systems under some acoustical fan , intended to overcome some of th~ most
operating conditions, It is associated with cavitation , and disturbing pmblems associated with con v entional silencin g
with load oscillation and possible noise emission. The types techniques.



77. 1 703 Duimt . uf r-,ie- tu , [ i , m ~r m ~ - Univ . of Adelaide . A i , s r ! . m i iu ,

Constru ct iou s of Radial Fans will s Special Regard to V ib mat iou i  and Noise Control Engineeri ng, F’ rmj ’ .u ‘- ‘ .1

Noise Generation (Auslegung eines Radialveuutila- n u n s , Sydney , Austra lia , pp 95-96 (Oct 11-12 , 19/ C )

((irs in bexug auf die (;eratusc tiesutwieklung) 2 figs , 1 tah1e 2 refs

H, i”Ji.’,i t~
’i m ‘ m r

ln i ’ ,t i lut  I, M i n i - b  ii , Gesturbinen der T .U. Wi -n , , Key Words: Lawnmowers , Noise generation , Engine noise ,

V ,m nn m ’na . A , . s i m i ,i , K m , i n ’ , t r i ’ ) , t i o n , ~~ (4) ~ 1 n 145 - Pistons

150 (A pr I ’ m  7e )  13 figs , ‘.1 m M The problem of lawnmower noise is considered in terms cf
(In G~’ r naa n( the four component parts: inlet , exhaust , mechanical and

blade, Detailed investi gations into she nature of mechanical

K.’y Words: Fans , Noise generation noise and exhaust noise are described , from both theoretical
and experimental considerations. For mem.hanical noise .

The article describes measures for primary noise reduction piston slap is considere d in detr’il . and the expected results

in rac1,ai fans. The maior part deals with the broad band of certain design modifieations are shown, The exhaust

noise , which is predominant in fans , and is composed of whirl noise ix described as consisting of two components: blow

and turbulence noise, The author derives the broad band noise and pulse noise. Recomm - mndatmont for th~ reductmon
noise level lat high speecH from theory, and demonstrates of both these exhaust nui te components are given.
the effect of the impeller seal on the suction side , as well

as the effect  of a vane regulator on the turbulence noise level.

ROAD

77- 1 704
The Measureuu sent of .\erod ynamie Forces on an 77-1706
Osci llating Model of a Fan-Eng ine Nacel le 

.-~ Nonlinear Verti cal-Plane \ Iat he ,u iat it ’a l ~Iodel for
R Cansdale and D R . fln,ik n , ’ m ~m ’ n Air Cushion-Supported \ chides
r~o y i )  Ain. - m,i f t  st~~t,li’ ,b ’ n ’  i -nt . F arnl . omouqh . UI. . 0.0. [ l ine n

Rept. No , RAE-TM Struc-889; BR53602 , 29 pp Ship Pu nr io mi n aim , m’ Dept ., I ,is’ i. l W . I ,m- ,’ ) u .in N~ vaI
(June 30, 1976) Shim Res. anmi f l - v  (P - nt ’ ’ ,  . R n  t n , ’sda , MD. , Rm ’t ’t - NC) .
N77 -19018 SPD-6 15-05 , 56 np I. l u ru ’ n  1976)

AD-A037 062/7GA
Key Words: Fans , Engines , Nacelles , Measurement tech-
niquet. Aerodynamic excitatio n , Stiffness coefficients ,
Damping coefficients Key Words: Ground effect machines , Mathematical models ,

Oscillation , Dynamic response

A technique developed to measure the aerodynamic forces An analytical model for predicting the pitch and heave
generated when a model fan-engine nacelle is oscillated in a
uniform airflow enables the model to be oscillated in pitch 

response of air-cushion-supported vehicles during overland

or in yaw about one of two axis positi o ns , A series of mea- operation is developed . The effects of air compressibility
and skirt contact with the supporting surface are included

surements for the four combinations of axis position and in tIme model, Th- ’ resulting analytical model is used to pre-
direction are analyzed to yield the aerodynamic stiffness and dict the response of an experimenta l model for periodically
damping derivatives for motions of pitch, yaw , and vertical
and lateral tra nslation , A preliminary series of te s ts was varying terrain .

made using a simple model of a fan-eng ine in a low sneed
wind tunnel, The rig and test techni que are described and the
outcome of the tests discussed. 77- 1 707

Response to Prof i le-lns pose d Exetia t ion with Ran-
do s u.lv V ary ing Traversa l ~

‘ eloc i ly
RECIPROCATING M A C H I N E  K Sobu.:.-’yk , D.B , Ma, ve,nu and J .D, R, nt ’ s m nnu

F 

( n t t i t i i t m n  of F j nct ~ ’::i’ i u1~m l T m’ , tn n ~~u l , u qum ui R i - s -

F Am ’, i ’ l , .: u n ’ y  of Sciences , D’,ums ,uv , - , J. P - i i u , l  V i i’ .. 52 i i ) ,

77-1705 -p 37-49 (Mi’ ,  8, 1977) 9 b i t ’ , , ‘.1 n m ’ bs
(:hara cte,-ist ics of (he Noise Sources itu a Rota ry
2-Stroke l.awn niower Key Words: Ground vehicles , Random excitation , Surface
A D . Inun u’s and C L .  F 1 1 r m n wn ’ roughness
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Stationary response of a travelling system to profile-imposed 77-1710
excitation is investigated . The system is treated as linear and ‘l’he Effect ut Spin ou u flue \on .l .iuuu ’ar Rewus ant
both the profile and traversal velocity of the system are

- . . , Motions ot a Dynatuncal Svstenu
considered to be stationary and Gaussian random functions
of horizontal distance. The problem is formulated by means lvi R [1 C. Da [ l vi

of a differential equation with random coefficients , and Dept. of [n n mn~. Science , Univ. m - t  Cinc- ’ m n u . u i , , Ci i i

detailed analysis of ve rtical vibrations of the system travelling c innati , OH 45221 , J , S and Vib ,, 52 12) , pm~ 201-209
with small random velocity fluctuations is performed. An May 22 , 1977 ) 6 figs , 10 refs
anal ytical expression for response spectral density is obtained
in a relatively simple form for a general case , and this is
used in calculation of the effect of randomly-varying velocity Key Words. Perturbation theory, Resonant response , Rotors

on a system ’s response in particular cases relevant to vehicle
dynamics The motions of a two degree of freedom mechanical osci l-

lator in a state of internal resonance due to the non~linear
coupling between its modes are anal yzed by the method of
multiple scales. The system is connected by a motor ~o a

ROTORS vertical shaft driven at a Constant spin rate relative to inertial

(Also see No. 1582) space.

77-1708 77-17 11
L’ ruderstanding Flexible Rotor Critical Speeds Dyna uni e Belsa s -io ur of Thin Cvl iu idr ic al ~lu i ’ ll Rotat-
P . irlan ing w ith ll igiu .S peed
St’ ’am T n ,rl,ine Div ., Ti,r boilynu-: C - u n ~~. ,‘Je l lsvi l le , S.l Suiuki

NY , Hydrocamhon Processing, 56 (5) , ‘I’ 209 212 i’npn . of Aemo nai tm i .s , N , in t m uy a Ll nuv ,, C h i  -

l [ luy 19771 8 fi gs , 9 mcI’, Nagoya , Japan , lni~ Ar u h . , - -IC (21, ‘p 75 f ’ - t  1 1 7 7 )
10 figs , 6 m i s

Key ~‘4~ ’ds: Critical speeds , Flexible rotors
Key Words: Rotors , Rotating structures , Cylindrical shells ,

An unbalance Isynchronous response) calculation provides Rotation , Velocity
a direct indication of the speeds at which peak amplitudes
and bearing forces occur , These are called unbalance critical The dynamic behavior due to abrupt changes in the angular
speeds. Design considerations involving critica l speeds are velocity of rotating simply supported thin cylindrical shells
discussed , is investigated. Donnel’s equation is used and the solution is

obtained by Laplace transformation , The effects of simearing
forces and rotatory inertia are assumed to be negligible.

77-1709

~
e Study of Feedback , Blade and flub Parameters

on Flap Beusding I)ue to Non -t ’ niforn s Rotor l)i~~ 77- 17 12

Tur bulence i’heoretica l l)iseiuss ions on ~s iI)rati Ofl s of a Rotating

O H Gaonkar and A.K Suhrarnanian Shaft w ith Nonl inear Spring Characteristics

Dept. of Math mn: m ,itical Studies , School of Science and T . Yat ’ :ann ,ntn and Y . Ishid a

Tech ., Southern Illinois Univ.. I iiwardsvi Ue , IL Dept. of M ush , [ out ru n . , Nagoya Univ ., Chil. usa - k u ,

62026 , J , Sound V ut  . .~L (4) . ‘ i -  ‘ 5 1  ‘515 (Apr 22 , Nagoya , Japan , Ing. Arch ,, 46 (2) , pt 125- 135 (1977)

19771 15 lint ’, . 22 reis 4 figs , 1 table . 14 o’nfs

Key Wordx: Rotors, Blades , Disks , Turbulence . Fluid. Key Words: Rotors , Shafts , Springs )elastic l , Forced vibra-
induced excitation lions

The ef fects  of non-uniform tvertica l) turbulence in the rotor Va rious kinds of nonlinear forced oscillations may appear ,
disk are further studied with reference to comprehensive when the restoring force of a rotating shaft has nonlinear
hingeless rotorcraft during “ low’ litt high adva.’ce ratio ” spring character istics. A rotating shaft system with gyro-
operations. The analysis is based on linear quasi-stead y aero- scopic moments acting doe s not experience rectilinear
dynamics including reverse flow , and on the assum ptuu mn that lateral vibrations of the shaft but a whirling type of motion ,
the f k mw in the rotor plane is runt appreciab ly influenced by T um’ nonlinear spring characteristics of she shaft are assumed
random vo rt ices then from i ii’ blan c to he rfm strihuted two-dimensionally and polar coordinates
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I,-

are used for their representation . Nonlinear spring charac- of human comfort for the crew , rational studies , related to
teristics ex l resse d in polar coordinates may be characterized the integral treatment of static and vibratory )f ree and
by a component with a constant value and other components forc ed) phenomena of the ship and her propulsive plant.
-- ‘ i ü,.’ magnitudes vary 1, 2. 3, 4, ... times , during a single have been undertaken for t Ie  concerned series of ships. The
whirl of the shaft around its equilibrium position This type main items studied and results obtained are reported.
of representation gives a clear description of the phenomena
of nonlinear forced oscillations and aids in tfrs prediction of
their occurrences , The present discussion centers on the sub- 77-171 5harmonic oscillation of order 1/ 3 of forward precession as
a representative case. Other kinds of nonlinear oscillations ~ ibra(ienu Excitation Forces from a Cas’ita li ng Pro -
are discussed briefly. Experimental results of previous reports peller. Model anti Full Scale Tests on a High Speed
may clearly be exp lained in the iiqht of the results of this (A)uu(ain er Ship
paper. C A . Johnsson . 0. R u t u i m ’ n sson, S. O lsson , ir uul t i

Bjor f, c nu lm ii
Swedish St ni t u ’  Sh ipbo i lul i r u ’ i  a .  O r u c o m - r u ~~ ( Tank

SHIP Golm’[sorq, Se,-” u l ’ i i , Rept . NO . Puh-78 , 53 pp ( l ’ u / i u i

u nm ’ s i ’i,t,’ul at thu Syrn’p, or) Nav.h I I s - f r ’  ‘ ‘I’ m I ic i ’ ’ S ’ ’  -

( 11th) Londorn - U (Man 28-Apr 2, 19 ‘6 ))

77-1 7 13 P8-264 (u ,l,i4C,A

Shipboard Noise and Vibration
A .A. f .1- Oueen Key Words: Cargo ships , Vibration mea~urement
Shipbi.,ulu l in iuj Div ., Dept . if Industry and C on n nu nn e m i  u ’

In connection with the technical trials with the triple screwAu- .I n .u l i ,u , Vihm ,it ion and Noise Control I nqinu’c ’ming, -container ship MIS Nihon measurements of pressure fluctua-
Pro’ m ’ m ’ u lungs , P’a n .ln i m v .  Austra ll, . r~ 115 -116  (Oct tions and observations of propeller cavitation were carried
11-12 . 1 976 ) out, In the present report the results are compared with the

corresponding results from tests in cavitation tunnel. The
Key Words: Ships , Eng ine vibration , Engine mounts , Ship- comparison also includaa some results of theoretical calcu la-
hoard equipment response , Vibration control lions , The measurements of full scale vibration are analyzed

and compared with criteria of comfort . The results of the
The importance of noise and vibration in ship desi gn and investigation are summarized as the end of the report. In an
operation is described. The main sources of noise and vibra - Appendix the differen ’ methods used fo r analyzing the
tion are presented together with methods of treatment. measurements of pressure fluctuations are described and

compared .

77.1714
Studies Leading to Vibration ant! Noise Free Ships

~ CC. Volcy and M. Nakayarna 77-17 16
Research and TecO mn ,ca l Advisory Services Div. of Spheri -al ,t c rs-l ic Plastic Uul1~ t 1 nder Exfernal F~-f lm j mun , uu Ve r it ,us Maritime Depts ., Paris , France , plosive Loadiusg
Vibt .it ion and Noise Corntro l Enqin mnm’minu ;, Pro i’m’S - J D. Stachiw
inqs , Sydney, Au s tn . i ha , p~

u (/0-90 (Oct 1 1 - 1 2 , 19 /0 ) Ocean T ’ , l n , Dept , Nav .u ’ I Indm ’ nS i ’a Center , San
7 figs . 7 refs [li m it ,’ , CA , J . Eng r . Indus,. T t :e ns ASM E - 59 (2 ) .

.159 -179 (M i’,’ 1977) ii’ f i ns , 4 tablm ’s , 18 ru ts
Key Words: Ships , Vibration control , Noise reduction

Key Words . Spherical shells , Submerged structures . Exp lo ’
The building of sophisticat ed types of ships having various sion ef fects
operational tasks to fulfill . often imposes rational solution
of phenomena of sometimes contradictory character , So it NEMO-type acrylic spherica l hulls have been sub(ected to
was the case with a sertes of speedy hybrid roll-on /roll-off underwater explosions in order to determine their resistance
(ro-ro ) container ships. On such vessels the relativel y corn- to hydrodynamic impulse loading, Six 15-in . OD and one
plicated internal steel-work of the hull girder is exposed to 66’in 00 spheres have been subjected to explosions of
the excitations of the powerful propulsive installation hence suff icient magnitude to initiate fracture in the hu l l . The
the possibility of appearance of vibrations and noise To tests were conducted as simulate d depths of 10 , 100, 1000.
assure normal operatinnal conditions of th e vessel by struc - and 2000 ft utilizing explosive charge s of 1 1, 8 2 , 14 .6,
tural and machinery reliability and to meet thin requirements 169 9, 387 .8 , and 688 6 grams. Test results are given .
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SPACECRAFT 77-17 19
(Also ,,‘m ’ Nos. 1570 , t 625( Space Shuttle Respouisc to \eu ,u u~lui ’ Cunu. bus t ion

I,sstability in the Solid Rocket Boosters
F R . Jensen
B-i l , ’, A - m I s , Her iii’s , Ii , - . ‘ l u  i i : ,, UI . -

~‘ - : I N
77-171 7 AFRP L- I [I Jo ,~

) 5 ;  : ‘~ 
I I n’- 107 . -

Near Resonant ~ ibt’ atiouu Tests of an Orbi tiu sg Flex- AD-A037 l’ u / ” ,SA
ibte Spacecra f t: Theory , Design and Simulation
S.C. Garg Key Words: Space stations . Sound pressure . Combust ion
Inst. for Aerospace Studies , T v mu ai utu u (J rniv , Ontario , excitation , Booster rockets , Computer prog nams

Canada , Rept , No . UT IA [i-2u .’4 , CN ISSN-0082-
[ u2 56 , 183 ~ip lNov 19761 refs Response of the Space Shutt le vehicle to unst . i u i im ’  acoustic

- 
pressure oscil lations in the solid rocket boosters was caicu-

N77-20 oR lated , The NA STRAN computer program was used to analyze
the various finite element shuttle m odels, A ;l’-’ .i,I,ii f inite

Key Words: Spacecraft , Vibration tests ele ment model of the solid rocket motor was c i ,,,snr u, . t e u l
fo r use with the cyclic symmetry option in NASTRAN.  The

A proposed dynamics experiment is presented on the joint models were analyzed separately and results wer e combined
U.S /Canada Communications Technology Satellite , The to represent the total structure by using a mec hanical im-
experiment is to excite the spacecraft in f l i g ht by means pedance- sype approach. Some hand calculations were per-
of thrusters and measure dyna mic response characteristics formed to estimate t he axial  co nnection point forc e and dis-
using accelerometers , and to compare the results wit h an placement. The good agreement between hand calculation
analytical model of the flexible s pacecraft dynamics. A and computer solution provided some confidence in the
pulse-train input is designed which is intended to be as c lose computer solution.
as possible to the spacecraft natural frequency. rhe response
to it of the spacecra ft , which is actively controlled , is explor-
ed by means of simple t heory as well as a detailed digital
attitude control simulation , to which flexible dynamics 77-1720
blocks were added. Inputs slightl y off resonance are also Fl’ig lut Experin icus t l )t- ’ usuo usst rati is g l’,~~u-Iu ’ uicu- ol’
considered . Re -Eustrv \‘elsi ele Noseti p Tra t usie t ut Shock ~ as’es

J M . Cassanto , A . ~,l. ‘ n u t  m t .  i i u - (  C. [c m l

Genemal E l m ’ , t m i’  Co., Phi I , ui lm ’lpnia , PA., J Bi’ ,ii ’m ’’ ~,i It

and Rockets , 14 61 , nip 561’,. 762 ( June 1 9 7 7 ( 1 1  f igs ,
77 -17 18 17m ”fs
Finite-Element Analysis of CTS-Lik e Flexible Space-
cra ft Key Words: Re-entry vehicles , Shoc k response
PS’ . Nguyen and P.C. Hughes
Inst 1 ,r Aerospace Studies , 3 ‘ i m i u n i t u .- Univ , Ontario , A flight experiment to demonstrate the existence of nose-

Canada , Rept, No , UT I AS-205, CN- ISSN-0082- sip transient shock waves (oscillating shoc ks l hr. s been con-
ducted successfully on a re-entry vehicle that contai ned a

5255, 108 pp (June 1976) refs high-frequency-response pressure sensor. The pressure sensor
Sponsored by the Dept . of Cornt i iunim .ations , Ottawa was a solid-state device located 18% of the re~entry vehicle
N77-20 1Em7 length from the nosetip. The nosetip ablated shape was

mapped utilizing recession sensors , A wind’tunnel test
- . . program was conducted.Key Words: Spacecraft , Dynamic structural analysis , Finite

element technique

The dynamics of a class of non~spi nning f lexible spacecraft
were studi ed, The spacecraft consists of a relatively rigid
center body to which a number of flexible appendag es are lAls i n~~ i’ No 1 h t I

rigidly attached. The center body has pitch , roll , and yaw
attitude motion. Deformations of the appendages are as-
sumed elastic , small in amplitude , and are studied via a finite 77. 1 721
element analysis. Using a transformatio n from distribut ed Natural Frequencies of St iff euu ed Box Str iuct ures
displacements to finite element dis placements , the angular (N.J T . flannel , u iuu l R .J , Hc u , im , ,’r
momenta and moments of ine rtia of the flexible appendages
are expressed in terms of elemental inertia matrices. Dept. of isle, Ii Enqrq., Un iv u -S (),,i’ u ’ns l , u nnn ‘ . A uon r
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Vibm ,- t u , n i  and N o u s ,  (.1 . , n u t n -  ,i I n i n i n , mnminq Proceed- Key Words: Hydrostatic drives , Computer programs, Dynam’

i n m ~ s , Sydney, Au st m l id , up 1-5 (Oct 11 - 12 , 197 b( ic response

3 figs , 3 tables , 19 m u m fs The problems occur ring in the calculation of dynamic behav-
ior of hydrostatic drives are descr ibed. The dig ital computer

Key Words: Box type structures , Stiffened structures , is recommended as the suitable aid in construction and
Natural frequenciet , Finite element technique design. The requirements for the digital computer program

are listed and the most important parts of the proqra,-n are
Natural frequencies of stiffened box st ructures are calculated discussed .
by the finite eI~ment meth od and compared with measure-
ments on experimental models. The finite element solution
strategy is discussed ,

TU A BOMAC H IN E R V
lAlso s,’ N, 1 5001

77-1722
Measurement ot’ the Vibration of Large Siru ic tu i res
B . U- - i /un Brown and B. H, Mu ’ I u l m m u m i ,  77-1 724

National Musi - ,,. m’ - n r , u u n n t  Lab - CSI R O , A n us ’ ’ (ia , Inv esti gati ou s of the Stability of Operating Po ints ni

V ibration and Noise Control r n u , 1 i i  i ’ - ’ ’ r i f l u~ . Pr o’ - u i  Self sir led Ruumiusg Tur bonsacli ’unes ( t’ niersue lu-

ings , Sydney, Australia . pp 6-10 (Cct 11 -12 , IS / l I  ung iur Sta h i lität von Arheitspuuuikleuu selbstregeluid

2 f igs , 10 refs betr iebeuser Kru’i ss ’ larbe itsmase lu inen)
E . Pilt i
[a’ l i l jm ’ mu - I ’  0 Vm ’ m so m ’ n , , ‘ , , is l - - - ( ‘ i nS - I- ,~

- inS, ”  l’s , h u h ’
Key Words: Dynamic structural analysis , Measurement
techniques . Measuring instruments Bma unsc lmw em g’ \ Nol leuibB t tc ’ i S,u ’ — . I, u l n i n  - ‘ - u ’ , ’ r Str 46-

48 , D-3340 . VV(.) lfenh6ttel . F’ - , t en .u (  (/.‘m n r: ,~~, Ru-p u n - - l i , ,

The paper discusses the measurement and analysis of the np. Arm -h . 46 (2 ) , pp 106-113 ( 12 77 1 5 t u B  6 ..-t~
vibration of larg e structures , It sets out the instrumentation (In Go rmu ian (
requirements and describes signal conditioning equipment
designed to satisfy these requiremnents. Measurement tech ’
niques are discussed including natural and artif icial exci tat ion Key Words: Stabil i ty, Turbomach m nery

of structures , the use of multi-channel measurements to
determine mod e sha pes , and on- and off-site calibrat ion . Simple conditions are g iven for stabi l i ty of stat ionar y oper-

Methods of analysis of records , including visual and corn- ating points of se lf-controlled running turbomach m ne s . By

puter -aided techniques are mentioned , Reference is made restri c tion to suff icient criteria it is possible to decide on

to measureme nt methods and techniques used by the aut hors stability only from graphs of the usua l charact e r ist ics of the

and colleagues on four large stru ctures; a radio-telesco pe , tu u-bomachin e and the plant.

a solar observatory , a t  Oil refinery structure and a bulk
cargo unloader ,

USEFUL APPLICATION
S i N ’  1 6001

TRANSMISSIONS
lAlso see Nos . 1550 . 1 556(

77- 1723
(‘alculati on of the 1)ynaunic Behavior of Ili gh Capae-
it y Hy drostatic Drives (Piech ner ges lü tzfe Berech t utu ng
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