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SVIC NOTES
‘,.,5/;~

.-
With this issue we complete another year and come to the end of a decade. This ~‘

is the Annual Index issue. It is, in effect , a measure of our accomplishments in the
DIGEST during the past year. Look at it critically with a view to guiding us in
our future effo rts. Our goal is to provide a usefu l current awareness journal in
the shock and vibration field. Any suggestions on how this can become a better
publication would be most welcome. Furthermore, if you see an item or an article
in the DIGEST which you consider wrong, or your viewpoint differs from that of
the author, let us know about it. Letters to the Editor are often the beginning of
fruitful interchange.

It seems appropriate to look at some highlights of SVIC activities during 1979. Our
“International Survey of Shock and Vibration Technology” was published and
seems to have been well received. This survey is being extended to countries not
covered in the original effort. The 49th Shock and Vibration Bulletin has been
printed and distributed. The 50th Symposium in Colorado Springs was a definite
success, with about 325 in attendance. Our thanks to the hosts — the Air Force
Flight Dynamics Laboratory and the U.S. Air Force Academy — for providing the
support to make this possible. As you read this column, SVM-1 1 — a monograph
on calibration of shock and vibration transducers — will be available. A monograph
on the balancing of rotating machinery is expected to be available before the end
of the fiscal year. All of these publications may be purchased from SVIC.

In September, I had the privilege of serving as Acting Chairman of Committee
IC 108 of the International Standards Organization in Moscow. This committee is
concerned with international standards on vibration and shock. At the Moscow
meeting, I was able to establish dialo~.je with several Soviet experts on shock and
vibration with a view to opening direct channels for interchange on technical
matters of mutual interest . The prospects are promising and I will keep DIGEST
readers informed on any significant progress.

4
Plans are afoot to establish a stronger link between SVIC and other DoD informa-
tion analysis centers. Details are not yet worked out, but direct discussions within
the IAC community on goals, methods of operation, and mutual problems should 4
result in better information service from all sources. This becomes increasingly
important with the realization that timely availability of technical information
plays an important role in the new thrusts to spur innovation arid increase produc-
tivItity .

I am pleased to announce that Mrs. Carol Healey is assuming a principal role in
customer relations at SVIC. Many of you know Carol from the symposia. She is
pleasant and efficient , and now becomes your first contact relative to SVIC ser-
vices and publications. I know that she will see that your needs are met.

As we close out the year , I extend my personal best wishes to all DIGEST readers
for a happy holiday season and a prosperous new decade.

H.C.P.
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EDITORS RATTL E SPACE

TIl E PLENARY SESSION

The 50th Shock and Vibration Symposium was successful because it was well
planned by the staff and technical advisory group of the SVIC. Although a full
report on the meeting will appear next month, it is worthwhile to assess the value
of the plenary session at this technical meeting.

A number of plenary sessions were held during the Symposium. These sessions,
scheduled before the regular technical sessions, featured lectures by established
shock and vibration engineers. The Elias Klein Memorial Lecture — newly instituted
by the SVIC to commemorate its founder — was given in one plenary session.
The plenary lectures -- each about one hour in length — were used by the speakers
for different purposes: technology review, prediction of future events, discussion
of advanced technical concepts, and historical perspectives. Each of the four
speakers selected a topic within the scope of his technical interest.

The plenary lectures provided continuity and added an atmosphere of formality
to the Symposium usually evident only in the opening session — which has always
been more formal than that of any other technical meeting. Not only were the

• plenary sessions interesting but they also contained valuable new technical informa-
• - tion and insights not typical of technical papers.

In my opinion, the plenary sessions at the 50th Shock and Vibration Symposium
provided a new and effective way for technology transfer . I hope that more engi-
neers will have the opportunity to participate in such lectures in the near future.

R.L.E.
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VEHICLE-GUIDE WAY INTERACTION PROBLEMS

J . Gen~~ and E.C. Ting ’

H
Abstract - This article diseusses three general methods When these effects are ignored, the boundary value
for studying vehicle-guideway interaction problems: problem is commonly called the moving force ap-
moving force approximation, mastiess guideway proximation. Some techniques neglect the inertia
approximation, and moving mass approximation, effects of the guideway. This assumption is frequent-
The trolley problem at the Sandia Laboratories ly made in studies of the response of a vehicle travel-
is also wmmarized. ing on a lightweight structure , such as a cable. The

foregoing are extreme approximations in modeling
the vehicle-guideway interaction problem.

This article is an update and extension of a previous
literature review on the dynamic interaction of bridge Although modem computational techniques have
structures and vehicles [11. The first review focused eliminated the need for many of the limitations and
on the effect s of the kinematical coupling that occurs simplifications previously imposed — especially in
as a vehicle traverses a flexible guideway. The mathe- modeling the physical system — the work of many
matical difficulties of the problem were discussed, researchers seem to be traditional. The majority of
and suitable methods for analyzing the resulting studies are attempted either to extend the sophisti-
boundary value problem were reviewed. A summary cation of the field equations or to include more
of the traditional modal expansion technique and an complex forcing functions and boundary conditions.
algorithm capable of handling a variety of vehicle- A moving force approximation is usually assumed,
guideway interaction problems were also given, and a modal expansion technique is used as a solution

method. Although modal analysis can be incorpor-
• Before the advent of high-speed digital compute rs ated with iterative processes to accommodate the —

the prime concern in studies of the vehicle uideway inertia effects of a vehicle, serious drawbacks in
interact ion problem was proper treatment of the numerical calculations and limitations in practical
kinematical coupling term that arises in the mathe- applications exist . Detailed discussions of these
mat ical formulation of the problem. Physically, the points are available [1]. It has become increasingly
coupled or mixed derivative term arises when the doubtful that future developments based on the
effect of the transverse inertia of the vehicle on the classical approach can be incorporated into engineer-
dynamical properties of the system is accounted for. ing design and synthesis procedures, particularly
When this effect is considered, the resulting boundary as computational facilities become more readily
value problem is commonly referred to as the moving available and more precise modeling is required for
mass problem. the simulation of a physical system.

S
Much- of the earlier research on vehicleguideway
problems involved attempts to obtain closed-form GENERAL METHODOLOGY
solutions to serve as design aids. The methods of
solution were generally within the mathematical Moving force approximation. There is sufficient
framework of modal expansion and linear trans- justification for using the moving force approxi-
formation techniques. Because these basic tech- mation, provided its limitations are understood.
niques are not readily amenable for handling the The moving force approximation provides an ade-
coupling terms, however, the effects of the vehicle quate model for the moving mass problem if the
inertia term were often gnored in the analysis. order of magnitude of the transverse acceleration

Prof .uor of M.chenic.l Enginiering, Puniec University, VAst L,fay stt , IndIan. 47907
~~Aso#c.t. Pmfes.or of Clvii Engineering, P u,dus University, West Laf .yetti, lnd& n. 47907 
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term is insignificant compared to the static inertia sophisticated beam theories or foundations without
term of the traversing vehicle. Such cases arise when tensile resistance have also been studied (16, 17]
the vehicle is traveling at a low speed and the vehicle but are usually complex and appear to have limited

— 
• mass is a much smaller value than that of the guide- application.

way. The moving force approximation has been ap-
• plied to design charts (e.g., Cooper loadings) and A series of interesting problems recently considered

dynamic impact factor tables (as found in various [18-201 involves horizontally curved guideways with
bridge design codes) that have been developed to tandem vehicle loads. Dynamic amplifications of the
analyze the dynamic characteristics of highway and critical moment and the rotation angle of the curved

- - railway bridges. guideway can be as much as five times that of the cor-
- 

- 
responding static values. Further, above a critical

• A summary of early pre-computer work on the traversing speed, multiple curved span responses can
-- - moving force approximation is available [21 . An be several times higher than those occurring for

excellent account of the evolution of the concept single spans. Data were substantiated with scaled
of dynamic impact factors has been published (31 . model tests. The dynamic effects for angular motion

of the guideway are apparently considerably higher
In the majority of early moving force studies, the than those for heave motion; it would seem, there-
guideway was modeled as a Bernoulli-Euler beam fore, that further studies in this area of angular
with simply-supported end conditions. Concentrated motion for two-dimensional guideway structures are
and uniformly distributed forces were used to model warranted.
the vehicle loads.

Masdess guideway approximation. The massless
Most recent developments are extensions of these guideway approximation is the limiting case for a
analyses and simulate the dynamic heave response large vehicle mass/guideway mass ratio. Mathemati-
of new vehicle concepts for high-speed ground cally, such approximations do not lead to compute-
transportation and personal rapid transit systems. tional advantages when such techniques as modal
Vehicle suspension systems in particular are being expansion, finite differences, finite elements, and
considered to obtain more precise models. A typical Fourier series expansions are used [11, 21-241,

• model usually contains a set of sprung masses (pas- especially when high vehicle traversing speeds are
senger compartment), a set of unsprung masses considered. Thus, in those cases in which the moving
(chassis), linear elastic springs, and linear viscous force approximation is not valid, the massless struc-
dampers. This discrete model is flexible and can ture approximation is a poor choice for a mathe-
represent a wide range of suspension designs — wheels, matical model.

• magnetic suspensions, and air-cushioned suspensions
[4-7) . Although the inclusion of the suspension A physical system that naturally fits the category of
system complicates the analysis, the basic formula- a massless guideway is a cable car traversing a taut
tions remain linear and uncoupled. Hence, modal cable. Although the formulation of the problem is
analysis yields excellent results, simplified by eliminating the cable inertia effect,

the resulting analysis can become more difficult if
As indicated above, another area in which consider- a modal expansion technique is attempted. This is
able attention has recently been focused is improve- so because the lack of bending rigidity in the cable
ment of the mathematical descriptions for the forcing results in discontinuities similar to those found in
functions — effects of surface roughness and irregular- transverse wave propagation problems. Wave solu-
ities occurring in the guideway (8-101 — on the tions for a mass traversing with constant veloc
vehicle guideway system. Numerical results have have been obtained [25, 26) - Kanning [27) recently
also been obtained for vehicles traversing multi- studied the problem using both a polynomial expan-
span, simply-supported, and continuously supported sion and an integral formulation previously intro-
guideways [10-151 . duced [1, 281. Because the integral formulation

employs an influence function that can incorporate
Analyses that include more novel guideway models the discontinuities in the deflection shape, it has
have also been considered. Guideways modeled by distinct advantages in the computational process.

4
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Moving mass approximation. With the moving mass system is considered, the lightest guideway design
approximation two distinct categories of mathemati- is feasible. Note also that the moving force approxi-
cal models must be differentiated. One model (the mation yields an undesirable (and incorrect) condi-
classic moving mass problem) disregards the effects of tion: that the maximum deflection occurs at ap-
the vehicle suspension system when the transverse in- proximately mid-span,
ertia terms caused by the vehicle guideway interac-

- 
- tion are considered. The other model accounts for the These results were obtained using an algorithm

effects of the vehicle suspension system in the deriva- developed by the authors (28, 29) . Other relatively
tion of the transverse inertia terms. The difference recent efforts dealing with problems associated with
in the two models is demonstrated in the figure; the vehicle guideway problem are available [30-34) .
the two problems are solved for a consistent set of
vehicle and guideway parameters, and the guideway
deflection is plotted as the traveling vehicle passes SANDIA’S TROLLEY PROBLEM
the three-quarter span point. For comparative pur-
poses the moving force solution is also presented An interesting physical problem, known as Sandia’s
in the figure. trolley problem, has recently attracted much atten-

tion; it falls in the category of a moving mass prob-
lem. The Shock Simulation Department of Sandia
Laboratories, Albuquerque, New Mexico, has utilized
a cable trolley system to perform aerial experiments

• [35) . Trolleys carrying various payloads are launched
- 

-. • — from fixed positions at selected times and travelJ 
~ 

predetermined paths along a steel cable.

~ 

The steel cable, which has a diameter of 35 mm and
0.1 a fracture strength of 750 kN, is stretched across

L a 1.5 km wide canyon. One end of the cable is
anchored to a rock outcrop; the other end continues
over a supporting sheave and down to a hoisting
winch. The winch is used to control the tension in
the cable and to position the cable to desired sag
dimensions. For example, a tension of 490 kN yields
a sag of 30 m and results in a cable transverse wave

2.0 speed of 307 mIs.

0.0 04 0~ 0~6 0.~$ 1.0 The trolley-cable interaction problem is an interesting

~~~ STAT1~ ~omt analytical study because, in contrast to the usual
low, constant velocity assumption, the vehicle moves

Transverse Displacement of a Simply at a high velocity that varies as a function of time.
Supported Beam as the Traversing Vehicle Further , the sag is such that the static cable shape

Passes the Three-Quarter Span Point. plays an important role in the dynamic response of
Vehicle Speed 90 rn/s. Mass of the vehicle. In Sandia’s initial studies [36, 37) . the

Vehicle /Mass of Guideway = 0.67 dynamics of a cable with an accelerating force were
• adopted to obtain an approximate solution. In the

The trends shown in the figure are consistent for first study [36] , the inertia of the moving mass was
all cases [28, 291. They become more pronounced neglected, and the mass was modeled as a constant
when higher mass ratios and/or vehicle traversing force. The second study (371 accounted for part of
speeds are considered. Note that the traditional the inertial effects; the mass was modeled as a con-
design procedure, the moving force approximation, stant force plus a force proportional to the ~~uare
leads to the largest deformations — hence the largest of the vehicle velocity (an inertia term). The inertia
stresses -- in the guidewey. When the true suspension was thus approximated as the centrifugal force due

5 
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— to a mass traversing a constant curvature represented oped for each free body diagram; the interaction
by the static cable shape. -The moving mass consider- forces, or Lagrangian multipliers, are represented as
ed in the study was small compared to the cable external forces on the system. With the appropriate
mass, so that this approximation gave reasonable constraint equations a numerical procedure can be
results up to a fairly high velocity , developed to determine the interactive forces at

each point in time. An interesting feature is that
In a recent field test, a sudden and dramatic cable the constraint equation can be written in terms of
failure occurred as a trolley was accelerated through an error function that can be minimized numeri-
the transverse wave speed of a cable. A movie of the cally.
incident showed a sharp kink in the cable between
the two supports of the trolley. Analysis of the
system, accounting for the inertia of the moving RELATED DYNAMIC INTERACTIO N
mass [38] , revealed that, when a mass is accelerated PROBLE MS

- • or decelerated through the transverse wave speed of
an ideal string, two oppositely-traveling discontin- A class of fluid problems lends itself to the same
uities are propagated in the string. These discon- mathematical framework as the vehicle-guideway
tinuities are not predicted by the moving force system. Included are problems of pipe structures
analysis; thus, it is necessary to include all the kine- submerged in a parallel flow field and pipes convey-
matical terms representing the trolley-cable inter- ing laminar fluid flow, A recent review of the state
actions. of the art by Chen [48] contains a large collection

of references on these problems. Conceptually, the
-~ I The foregoing problem has also been considered by pipe-flow interactions are similar to those for a guide-

Ting and Kenning [391 . They used an integra l formu- way subjected to a continuous vehicle mass. The
lation [271 that proved to be efficient and accurate. kinematical coupling term also appears in the mathe-

matical formulation of the problem. Modal expansion
• is again the predominant method of analysis used in

OTHER MATHEMATICAL TECHNLQ LJ ES the litereture [491- Recently, Ting and Kanning
(50) have applied the integral formulation discussed

The basic methods of analysis previously reviewed previously [1) to study the transient and steady-
• (1] were the modal analysis, finite difference, finite state response of a pipe-flow system. The critical

element, and series expansion methods. Two other velocities associated with the dynamic instability
mathematical techniques are worthy of comment: phenomenon were obtained.
the modeling technique known as bond graphs [401
and use of the computational tools known as La-
grangian multipliers (41) . REFERENCES

Bond graphs in essence represent a subtle alternative 1. Ting, E.G., Genin, J., and Gin~ erg, J.H., “Dy-
to the conventional technique of free body diagrams namic Interaction of Bridge Structures and
for developing the equations of motion of a system. Vehicles,” Shock Vib. Dig.,7 (11), p 61 (1975).
Originally the technique found great favor among
researchers in automatic controls because of its 2. Inglis, C.E., A Mathematical Treatise on Vibra-
similarity to the conventional block diagram pro- tions in Railway Bridges. Cambridge Univ . Press
cedure. The method itself is related to a concept (1934).
known as a mathematical tree [42, 43) . A variety of
applications for bond graphs have been given [441; 3. Goodman, LE., “How We Get Our Present
papers on current applications to mechanical systems Impact Specifications,” Proc. Second Illinois
are available 145,461. Struc. Engr. Conf., p96(1952).

The Lagrangian multiplier technique is, in a sense, 4. Nathoo, N.S. and Healey, A.J., “Coupled Verti-
another bond graph form [47) . The equations of cal-Lateral Dynamics of a Pneumatic Tired
motion for each component of the system are devel- Vehicle: Part I - A Mathematical Model,” J. 

Dyn.6



- - -  - - -

Syst. Meas. and Contro l, Trans. ASME, 100 (4), 14. Chung, V .1.. “A Parametric Study of the Inter-
p 311 (1978). action of a Vehicle Traversing an Elastic Guide-

way Structure,” Ph.D. Dissertation, Purdue Univ.
~. 1 5. Katz, R.M., Neve, V.D., Ravera, R.J., and Skal- (Aug 1977).

ski , C.A., “Performance of Magnetic Suspensions
for High Speed Vehicles Operating Over Flex- 15. Alexandridis, A.A. and Dowell , E.H., “The
ible Guideways,” J. Dyn. Syst. Meas. and Con- Coupled Response of a Dynamic Element Riding
trol, Trans. ASME,96 (2), p 204 (1974). on a Continuously Supported Beam,” J. AppI.

Mech,, Trans. ASME, 45 (4), p 864 (1978).
6. Genin, J., Ginsberg, J.H., and Ting, E.G., “Fluid

Suspension Model for Air Cushioned Vehicles,” 16. Chonan, S., “The Elastically Supported Timo-
J. Sound Vib., 25, p83 (1972). shenko Beam Subjected to an Axial Force and a

— Moving Load,” Intl. J. Mech. Sd., 17 (9), p 573
(1975).7. Genin, J., Ginsberg, J.H., and Ting, E.C., A

Complete Formulation of Inertial Effects in
. . . ,, 17. Choros, J. and Adams, G.G., A Steadily Movingthe Guideway-Vehicle Interaction Problem, J. Load on an Elastic Beam Resting on a Tension-Sound Vib., 38 (1), p 15 (1975).

— less Winkler Foundation, J. AppI. Mech., Trans.
ASME,46(1), p 175(1979).• 8. Hedreck, J.K., Ravera, R.J., and Andres, J.R., —

“The Effect of Elevated Guideway Construction 18. Wilson, J.F., “Transient Dynamics of Curvedr I Tolerances on Vehicle Ride Quality,” J. Dyn. Guideway Structures for Urban Vehicles,”
Syst. Meas. and Control, Trans. ASME, 2Z (4), Modeling and Simulation, 8, p 159 (1977).
p 408(1975). —

19. Joseph, T.P., “Experimental Studies of Curved
9, Hullender, D.A., “Analytical Models for Certain Guideway Responses to Moving Urban Transit

Guideway Irregularities,” J. Dyn. Syst. Meas. Vehicles,” M.S. Thesis, Duke Univ. (1977).
and Control, Trans. ASME, 94 (4), p417 (1975).

20. Wilson , J.F., “Dynamic Theories and Experi-
10. Snyder, J.E. and Worm ley , D.N., “Dynamic ments of Alternative Guideway-Vehicle Systems,

Interactions Between Vehicles and Elevated Part II,” Rept. DOT/RSPA/DPB-50f79/4, Dept.
Flexible Randomly Irregular Guideways,” J. Transport. (Mar 1979).
Dyn. Syst. Meas. and Control, 99 (1), p 23
(1977). 21. Chiu, W., Smith, R., and Worm ley, W.N., “In-

fluence of Veh icle and Distributed Guideway
11. Smith, C.C. and Worm ley, D.N., “Repsonse of Parameters on High-Speed, Vehicle-Guideway

Continuous Periodically Supported Guideway Dynamic Interactions,” J. Dyn. Syst. Meas.
Beams to Traveling Vehicle Loads,” J. Dyn. Syst. and Control, Trans. ASME, 93 (1), p 25(1971).
Meas. and Control, Trans. ASME, 97 (1), p 21
(1975). 22. Stanisic, M.M., Euler, J.A., and Montgomery,

ST., “On a Theory Concerning the Dynamic
12. Smith, C.C,, Gilchrist, A,J., and Worm ley, D.N,, Behavior of Structures Carrying Moving Masses,”

“Multiple and Continuous Span Elevated Guide - Ing. Arch., 43 (5), p 295 (1974).
way-Vehicle Dynamic Performance,” J. Dyn.
Syst. Meas. and Control, Trans. ASME, 97 (1), 23. Yoshjda, D,M. and Weaver , W., “Finite-Element
p31 (1975). Analysis of Beams and Plates with Moving

Loads,” Pub. Intl. Assoc. Bridge Struc. Engr.,
13. Chung, V .1. and Genin, J., “Stability of a Vehicle 31 (1), p 179 (1971).

on a Multispan Simply Supported Guideway,”
J, Dyn. Syst. Meas, and Control, Trans. ASME, 24. Dailey, G., Caywood, W.C,, and O’Connor, J.S.,
100 (4), p 326 (1978). “A General Purpose Computer Program for

7

_ _  --~~~~~~-~~~~~. -,-.~ •-- ~~ -• - - -~~~~~-•- ~~~~~ .- - - • - •- - - -   - -



—~~~ -~~ -~~ — -~~~~ ~~~~—

the Dynamic Simulation of Vehicle-Guideway 35, Bickel, D.C. and Forrestal, J.H., “Rocket-Power- -:
Interact ions,” AIAA J., 11 (3), p 278 (1973). ed Aerial Trolleys,” Sandia Tech., Sandia Labs.,

SAND 76-0059, p4 (Winter 1975-76).
25. Smith. C.E., “Motions of a Stretched String

Carrying a Moving Mass Particle,” J. AppI. Mech., 36. Sagartz, M.H. and Forrestal, M.J., “Motion of
Trans. ASME,31 (1), p29 (1964). a Stretched String Loaded by an Accelerating

Force,” J. AppI. Mech,, Trans. ASME, 42 (6),
- 

- 
26. Fox , E.N., “On Wave Solutions in Overhead Wire p 505 (1975). 

—

Dynamics,” Intl. J. Mech. Sci., 18 (7 , 8), p 417
(1976). 37. Forrestal , M.J., Bickel , D.C., and Sagartz , M.H.,

“Motion of a Stretched Cable with Small Curva-
27. Kanning, J.L., Inertial Effects of Masses Moving .ture Carrying an Accelerating Mass, AIAA J.,

on Cables, Ph.D. Dissertation , Purdue Univ.-f 13(11) ,p1533(1975).
(Dec 1978). —

28. T ng, E.C., Genin, J., and Ginsberg, J.H., “A 38. Rodeman, R., Longcope, D.B., and Shampine,

General Algorithm for the Moving Mass Prob- L.F., “Response of a String to an Accelerating
-

- 
- 

lem,” J. Sound Vib., 33(1), p49 (1974). Mass,” J. AppI. Mech., Trans. ASME, 43 (12),
-
‘ 

- — p 675 (1976).

29. Ginsberg, J.H., Ting, E.C, and Genin , J., “Pa-
rametr ic Study of the Interaction of Bridges and 39. Ting, E.C. and Kenning, J.L., “Cable Interaction
Moving Vehicles,” J. AppI. Sci. Res., 32, p 355 with a High Speed Mass,” Proc. Eighth U.S. NatI,
(1976). Congr. AppI. Mech. (June 1978).

-‘ 30. Richardson, H.H. and Wormley, D.N., “Trans- 40, Toma , J.V., Introduction to Bond Graphs and
portat ion Vehicle/Beam - Elevated Guideway : Their Applications, Pergamon Press (1975).
Dynamic Interactions -

• 
A State of the Art Re-

view,” J. Dyn. Syst. Meas. and Control , Trans. . . .
ASME, 96 (2), p 169 (1974). 41. Wh ittaker , E.T., Analytical Dynamics of Par-

— tid es and Rigid Bodies, Cambridge Univ. Press
- (1959).

31. Margolis, D.L., Tylee, J. L., and Hrovat , D.,
“Heave Mode Dynamics of a Tracked Air Cush-
ion Vehicle with Semiactive Airbag Secondary 42. Parter, S., “On the Eigenvalues and Eigenvectors
Suspension,” J. Dyn. Syst. Meas. and Contro l, of a Class of Matrices,” SIAM J. AppI. Math., 8,

Trans. ASME,97 (4), p 399 (1975). p 376 (1960).

32. Doran, A.L. and Mingori, D.L., “Periodic Motion 43. Genin, J. and Maybee, J.S., “Mechanical Vi-
of Vehicles on Flexible Guideways,” J. Dyn. brating Trees,” J. Math. Anal. AppI., 45 (3),
Syst. Meas. and Contro l, Trans. ASME, 99 (4), p 746 (1974).
p 268 (1977).

44. Worm ley, D.N., Garg, D.P., and Richardson,
33. Hoberoch, L.L., “A Survey of Longitudinal H.H., “A Comparative Study of the Nonlinear

Acceleration Comfort Studies in Ground Trans- and Linear Performance of Vehicle Air Cushion
portation Vehicles,” J. Dyn. Syst. Meas. and Suspensions Using Bond Graph Models,” J. Dyn.
Control, Trans. ASME, 99 (2), p 76 (1977). Syst. Meas. and Control, Trans. ASME, 94 (3),

p 189(1972).
34. Sinha, P.K., Worm ley, D.N., and Hedrick, J.K.,

“Rail Passenger Vehicle Lateral Dynamic Per- 45. Sweet, L.M. and Keane, M.J., “Optimal Control
formance Improvement Through Active Con- of On-Board and Station Flywheel Storage for
trol,” .1. Dyn. Syst . Meas. and Control, Trans. Rail Transit Systems,” J. Dyn. Syst. Meas. and
ASME, 100 (4), p 270 (1978). Control, Trans. ASME, 100 (4), p 284 (1978).

8 

- -  



- 

~~~~‘, ~~~ ‘ ‘ “ ‘ ‘~ ‘j ’ ’” ..— - .—-—— --—,-. - —‘•-— -_,—.——
~
,•,, ‘—v——,’ -.-——?-.. 

~~~~~~~~~~ ~~~~~~~~~~~~~~ 
-—— .—-

~
-.. _.-,.,,. •--——-.—- - — _.__•_‘__•‘.—w ~~~~~~~~

—• •—. _____________

46. Margolis, D,L. and Karncpp, D.C., “Bond Graphs Fluids and Parallel Flow,” Shock Vib. Dig.,
for Flexible Multibody Systems,” J. Dyn. Syst. !(10), p25(1977).
Meas. and Control, Trans. ASME, 101 (1), p 50
(1979).

49. Blevins, R.D., Flow-Induced Vibration, Van
47. Blejwas, T.E., “The Simulation of Vehicle and Nostrand (1977).

Structure Interaction with Nonlinear Constraint
Conditions,” Ph.D. Dissertation, University of
Colorado (1978). 50. Ting, E,C. and Kanning, J.L., “Dynamics of

Flow Conveying Pipe Structures,” Flow-Induced
48. Chen, 5.5., “Flow-Induced Vibrations of Cir- Vibrations, 3rd Natl. Congr. Press. Vessel Piping

euler Cylindrical Structures, Part I: Stationary Tech., ASME, p 57 (June 1979).

I

9



IT___ 
_ _ _

LITERATURE REVIEW

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

- • recommendations. Review articles are written by experts in the shock and vibration
fie ld.

This issue of the DIGEST contains review articles on flow-induced vibration of
nuclear reactor fuel; and a survey of structu ral optimization under dynamic con-
straints.

Dr. M.W. Wambsganss and Dr . T.M. Mulcahy of Argonne National Laboratory have
concluded their two-part article on flow-induced vibration of nuclear reactor fuel.

- 
. Part II covers design considerations.

Dr. M.A.V. Rangacharyulu of the Birla Institute of Technology & Science, Pilani ,
India, and Professor G.T.S. Done of The City University , London, have co-authored
an article which reviews the literature since 1970 on structural optimization under

- 
• dynamic constraints. Methods used with continuous and discrete modes are de-

scribed for free v ibration problems. Methods for forced vibration problems and
nonconservative problems are also discussed.

10
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FLOW-INDUCED VIBRATION OF NUCLEAR REACTO R FUEL
Part H: Design Considerations

M .W. Wamb~~anss and T.M . Mulcahy

Abstract - This two-part article focuses on the role (sodium-cooled) reactor fuel assemblies; air-water
-‘ of reactor fuel in flow-induced vibrations in nuclear mixtures are often used to simulate the two-phase

- 
- reactors Part / is on mathematical modeling of the (steam-water) flow that occurs in BWRs (boiling

fuel assemblies Part II describes design conaidera- water reactors) and reactors of the CANDU-BW R
dons. (Canadian deuterium uranium-boiling water reactor)

type. Instrumentation includes accelerometers, strain
gages, and velocity sensors for measurement of pin

DESIGN EVALUATIO N VIBRATION motion. Tests are carried out to evaluate specific
TESTING designs; parameter studies are used to evaluate the

effects of part icular design features. Because of the
It is generally necessary to resort to test ing for final complexities involved and the differences in fuel
evaluation of each new component design from the assembly designs , results from one test are usually

• standpoint of flow-induced vibration. Although re- not directly applicable in the design evaluation of
duced geometry scale models are often employed another assembly. Nevertheless, results from differ-
to investigate the potential for flow-induced vibra- ent tests do provide insights and trends that are
tion, fuel assemblies, because of their more manage- useful in test design and in the analysis and interpre-
able size and readily achievable flow-rate require- tation of results.
ments, lend themselves to full-scale testing. Despite
the fact that fuel assembly tests are full-scale, out-of- The design evaluation of fast reactor fuel assemblies
pile design evaluation tests, in general, must be con- has been reported [59, 64-66] . Both grid spacers
sidered as model tests, for , even in those cases in [59, 64, 65] and wire wrapped spacers [66] are
which the fuel assembly is prototypic, the environ- included. Hess et al [65] have reported the results
mental conditions are generally not simulated, of endurance tests ir, sodium at temperatures to
Water , for examp le, is typically used to simulate 650°C (1200°F). Kinse l [66] has reported on full-
sodium; air-water mixtures are used to simulate the sized, 217-pin fuel assembly tests in water at tempera-
two-phase flow condition associated with~ boiling; tures of 38°C, 76°C, and 93°C (100°F, 169°F, and
and air is often used to simulate CO2 or helium. In 200°F); 93°C (200°F) water closely simulates the
addition, the model tests are often performed at viscosity of sodium at reactor operating temperatures.
ambient temperatures and, of course, radiation and Kinse l found that pin vibration response is essentially
relative thermal expansion effect s are not present. unaffected by fluid temperature. Irradiation tests
Consequently, test results must be extrapolated to of wire-wrapped fuel bundles in EBR-l I have shown
reactor operating conditions, or, if possib le, the that wear occurs between fuel pin and wire wrap;
tests must be shown to be conservat ive, the wear has been correlated with fuel-pin-bundle

porosity [67) , which is computed as the difference
Design evaluation test s are generally carried out between the inside dimension of the fuel duct and the
using prototypic fuel rods with simulated fuel pellets; theoretical dimension of the fuel pin bundle, divided
depleted uranium and lead pellets have been used. by the number of rings of fuel pins making up the
Water is typically used as the test fluid in the evalua- bundle; porosity is given in distance/ring. The greater
tion of PWR (pressurized water reactor) and fast the bundle porosity the greater the wear.
• Components Technology Division. Argonne Nation.! Laboratory, Argonne, Illinois 6O4~~
~~For a complete list of References, see the November, 7979, Issue of th. Digest
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The proprietary nature of the light water reactors effect of reactor noise as simulated by loudspeakers
has limited the information available on designs [76) , v ibrations during on-power loading [77) , and
and test results. As new fuel assemblies evolve, full-scale testing [78, 79] . The gas coolant in the
design evaluation testing is performed but usually AGA is C02; Whitton and Hammill [80] have dis-
only the fact that tests have been done is published cussed the differences in vibration response resulting
in the open literature (68) . In an early study, Pavilca from the use of CO2. helium, and air as test fluids.
and Marshall (691 performed tests on a PWR 4 x 4
assembly of fuel rods with spacer grids of the spring The measurements involved in design evaluation test-
type. They investigated the effect of the number of ing are often difficult and require state-of-the-art
spacers and temperature (70°F and 150°F) on rod instrumentation, particularly small and relatively
response; results showed that the temperature effect sensitive equipment; for in-reactor testing, survival
was not great. Carmignani et al (70] also performed at high temperatures and in a radiation environment

• test s on a 4 x 4 rod bundle of a BWR design. Six are also required. Miniature accelerometers, strain
different assembly configurations were tested to gages, and variable reluctance transducers have been
evaluate the effect of spacer position, number, and used; many of the references given above include
design on rod response. Vibration amplitude de- discussions of instrumentation and measurement
creased as the number of spacers increased. Results techniques; in some cases the descriptions are de-
were compared with predictions using available tailed . More exotic methods of detection involve the
empir ical correlations [11, 62, 63) ; for one test use of neutron flux measurements as an indicator
configuration reasonable agreement was achieved, of fuel rod motion [81 , 821.
Walton et al [38] have reported the results of in-core
monitoring; fuel assembly lateral frequency decreased
due to irradiation effects. VIBRATION DAMAGE

A large amount of work has been reported on the A significant amount of work has been devoted to the
CANDU reactor fuel [33, 71-741 . The CANDU fuel mathematical modeling of parallel flow-induced
assembly design is unique in the sense that the fuel vibrations, the measurement and characterization of
rods are assembled in fuel bundles that are loaded the pressure field, the development of empirical
end-to-end on a central support to form what is prediction methods, and the performance of labora-
cal led a fuel string. Forrest and Hancox [71] in- tory and in-reactor tests to measure fuel rod response
vestigated the effect of support structure motion as in particular fuel assemblies. After the response has
a source of excitation for the fuel string. Their been characterized, the next very difficult step is
test results indicated an apparent reduction in the to relate the vibration response to damage and to
effect of mechanical excitation as the flow was in- develop a set of acceptance criteria. Because of the
creased; at flow velocities above 13 rn/s the mea- small amplitudes of parallel flow-induced vibration,
sured motion was determined to be due to fluid fatigue is generally not a failure mechanism of con-
exc itation; the mechanical excitation effect was cern. Rather , fretting/wear is the failure mechanism
negligible. Card [72] studied the effect of upstream of most importance [3, 41 because of inherent
noise generators and determined that they have an clearances between reactor fuel rods and support
important effect . Forrest and Monti [33] used steam- grids, or between fuel pin and wire wrap. Several
water flow introduced at the inlet to simulate two- papers [67, 76, 78, 83-85) refer to fatigue and wear
phase f low , which occurs at the outlet of the fuel assessments but, for the most part , do not contain
str ing; rms-displacement increased with quality, peak- details. An exception is Schmugar [84, 851 who
ing at 13%; reducing axial tension resulted in a con- discusses wear theory and models and describes a
siderable increase in lateral response. procedure for determining wear from fluid forces

and rod response. Although the procedure was im-
At the 1973 Conference on Vibration Problems in plemented and checked with test results, no details
Industry a group of papers [75-79) had to do with are given.
the design evaluation of the AGR (advanced gas
reactor) fuel. The papers discuss the effect of rough- Fretting or wear failure due to parallel flow excite-
ness on flow-induced vibration response [75) , the tion has not occurred, to the authors’ knowledge,
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except where defective parts allowed vibration above consequently are useful only in providing early design
design levels (4]. Some cross flow is an integral part guidance. Therefore, designers have found it neces-
of fuel assembly heat-transfer design (70] . Only sary to resort to full-scale testing for design verif ice-
unforeseen components of cross flow have been tion. However, there is uncertainty even in full-scale
responsible for fuel element failure by fretting. testing because prototypic conditions of high tern-
However, the occurrence of fretting is minimal , and perature, radiation environments, and, perhaps most
in PWR practice the damaged fuel rods are often important , system features as they effect structural-
operated over their full reactivity lifetime (4] . borne vibration and farfield noise, are not easily

• achieved; it is necessary to extrapolate results toc Prediction of wear from basic pressure field and vi- operating conditions. Nevertheless, design evaluation
bration response data is apparently in the develop- tests have proved beneficial in identifying potential
mental stage. The fuel rods employed in design problems and in contributing to design modifications
evaluation tests are usually inspected to determine and fixes. An area in which relatively little work has
if a particular design produces abnormal amounts been reported is that of predicting fretting/wear
of wear; endurance testing is performed for critical based on knowledge of fluid pressures and rod re-

• conditions to determine wear rates (3, 701. However , sponse. Most wear data for new fuel assembly designs
wear testing is still performed [70] in operating are obtained in full-scale flow tests and operating
reactors to provide confidence in design. The best reactors.
assessment of the reliability of a new fuel assembly
design is perhaps the performance of a currently
operating design. In summary , awareness, on the part of the designer,

of the potential for flow-induced vibration, coupled
with the use of empirical correlations and tests, have

SUMMARY AND CONCLUDING resulted in fuel assembly designs that have proved to

REMARKS 
be reliable and free from flow-induced vibration
damage; the authors know of no fuel rod failure
caused by parallel flow-induced vibration. In this

Nuclear reactor fuel rods are subjected to excitation regard, it is interesting to note that a conclusion of
forces consisting of both fluid-borne pressure fluctua- an international working group on fast reactors was
tions and structurally transmitted motion imparted (at the time of the meeting) that “it appears that
to the supports. The structurally-transmitted fo rces there are not serious vibrations problems existing in
are associated w ith rotating machinery, such as LMFBR fuel assemblies” (86]. However, as basic
pumps, and their transmission is highly dependent designs change (fo r example, spacer designs or flow
on the overall system design. The fluid-borne pressure paths) and as r’nolant flow velocities increase, it
fluctuations include both nearfield and farfield becomes necessary to reexamine the potential for
contributions. The farfield contributions are system flow-induced vibrations using the design tools and
dependent — they are functions of the pumps and background experience available at the time.
piping arrangement, including valves, elbows, and

• headers and of the location of these components
relative to the inlet to the fuel assemblies. The near- There continues to be an active interest in fuel rod/
field contribution is locally generated within the assembly vibration; in particular an International
boundary layer and is modified by wake flows from Conference on Vibration in Nuclear Plants held at
such inherent disturbances as are provided by support Keswick , England, in 1978. Unfortunately, the
grids, spacers, and wire wrap. “Proceedings” were not available to the authors in

time to include the papers in this review article. Two
Mathematical modeling to predict response via the international conferences have been held this year
equations of motion is syymied because the forcing that included papers on fuel vibration: 5th Inter-
function, which consists of wall pressure fluctuations, national Conference on Structural Mechanics in
must be characterized. Semi-empirical correlations Reactor Technology in August in Berlin, and Sym-
for response are available; however, they are generally posium on Practical Experiences with Flow Induced
accurate only within an order-of-magnitude and Vibrations in September in Karlsruhe , Germany.
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A SURVEY OF STRUCTURAL OPTIMIZATION
UNDER DYNAMIC CONSTRAINTS

M.A.V . Rangacharyulu’ and G.T.S. Done~~

— Abstract - This article reviews the literature since design for various static loading conditions. However,
-: ‘ 1970 on structural optimization under dynamic papers dealing with the more complicated dynamic

• constraints. Methods used with continuous and dis- constraints have also been appearing in the literature
crete models are deacribed for free vibration prob- in increasing numbers, and th is survey is specifically
lem& Methods for forced vibration problems and concerned w ith this aspect.
nonconservative problems are a/so discussed.

Comprehensive reviews covering the whole field of
- • 

structura l optimization are available (1-6] . Reviews
Methods of structura l analysis have developed tre- on the more specialized aspects, in which dynamic
mendously over the past two decades, due mainly constraints are involved, have also been published
to the advent of digital computers capable of speedily [7-9) .
handling large arrays of numbers. As confidence has
grown in the ability to predict the detailed perfor- The bibliography covered in this review extends

• mance of a structu re, so has the desire to improve mainly from 1970 onward; the greatest volume of
the design in a systematic way toward the optimum, work appeared in 1975 and 1976. References are
The need to reduce structure weight without corn- classified according to problem free vibration, forced
promising structural integrity is all important in vibration, and nonconservative systems -- but a range
aerospace applications, and much of the motivation of different methods of optimization applies to each
behind the development of structural optimization problem. Before the particular problems are con-
methods has been due to th is factor. Furthermore , sidered, the var ious methods available will be briefly
development has been assisted by making use of surveyed.
mathemat ical methods drawn from such fields as
operat ions research and optimal control theory.

GENERAL METHODS OF STRUCTURAL
A well-posed problem of optimal structural design OPTIM IZATION
involves specifying:

The general methods fall into three broad categories:
(i) the purpose of the structure
(ii) the geometric design constraints (a) optimality criterion methods
(iii) the behavioral constraints (b) mathematical programming methods
(iv) the design objective, which acts as a basis for (c) optimal control methods

choice between acceptable alternative designs
In (a) an optimality condition relating to the be-

When the problem is expressed mathematically, the hav ior of the structure is derived; the premise is
constraints become simple bounds on variables in that when the structure is sized to satisfy this con-
(ii) above, or on functions (iii); the design objective dition, the objective function automatically attains
(iv) is expressed mathematical ly as an objective func- an optimum value. The fully stressed or uniform
tion to be minimized. Much of the earlier literature strength design is an example of the early use of
was concerned with problems having relatively optimality criteria. The methods, which often yield
s mple behavioral constraints; e.g., minimum weight computationally efficient solutions, have been
• 9frla lngfi~j , .  of Technolo~~ & Scianc., PilanI (R~ asthan), India
~~Th. City Un/ varsity, No,rhangeton Squa,e, London ECIV 0118, England
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extended to dynamic situations. There are some through adjoint relationships. Haug and Arora [15]
problem areas, however, such as those caused by presented a survey of optimal design problems in
multiple minima, multiple constraints, and active the area of mechanical systems that can be address-

• and passive grouping by members (4] . Methods using ed by this technique. The textbook by Bryson and
- - iterative schemes derived from the necessary con- Ho [141 is an excellent reference for optimal control

ditions of optimality (Kuhn-Tucker conditions) are techniques and the methods used in solving the re-
sometimes classed as optimality criterion methods suIting boundary value problems.

- 

- even though they are purely numerical in nature.

The mathematical programming methods are appli- SPECIFIC PROBLEMS
cable to a wide range of problems, of which structural
optimization represents only one particular applica- The various problem areas arid the methods used
tion. The general matrix methods of structural analy- in structural optimization under dynamic conditions
sis form a mathematical basis on which numerical are described in this section.
search procedures are used to progress to the opti-
mum. The capability to deal with all types of ob- Free Vibration Problems
jective and constraint functions makes these pro- Among the first problems of optimization under
gramming methods very versatile. Textbooks (10-12) dynamic conditions were those involving the free
provide lucid expositions of various algorithms used vibrations of simple structural elements and framed
in programming techniques. Moe (131 presented structures; minimum weight designs having con-
a survey of mathematical programming methods with straints on the natural frequencies and sectional
special emphasis on penalty function methods. A areas are typically sought. Pierson (7] has given an
recent review (51 examined two important tech- account of work done during the 1960s; much of
niques (optimality criteria arid programming meth- it was concerned with the minimization of weight
ods) and related them via a Lagrangian function. for a specified fundamental frequency. The approach

adopted generally depends on whether the system
in methods based on the optimal control approach being investigated is continuous or discretely model-
extensive use is made of calculus of variations, ed.
but the structure is represented by a continuous
model, and the behavior is described by diffe rential Continuous mode/s~ A steepest descent method for
equations. The nondiscrete nature of the approach solving continuous minimum weight problems with
imposes limitations. An advantage is that various a specified fundamental frequency has been applied
questions can be discussed using the continuous to a portal-frame design (16] . Weisshaar 117) made
approach and optimal control theory : the existence interesting observations on the optimum design of
and uniqueness of optimal solutions, the creation of simple one-dimensional continuous systems with
an exact solution as a check for discrete methods, and constraints on higher mode natural frequencies using
the development and interpretation of optimality variational methods. If the reference structure has
criteria, periodic eigerifurictions, the optimum structure has

periodic eigenfunctions. If this is the case and if the
Only very recently have optimal control techniques eigenvalues are integral multiples of each other, the
been applied to large framed structures having many optimum solutions for higher natural frequency
members. The basic algorithm for optimization is constraints can be generated from the fundamental
based on the steepest descent optimal control tech- solution; the weight saving is not a function of
niques of Brysor, and Ho [14) . A distinction is made which natural frequency is fixed .
between state and design variables associated with
the problem, and the variables are related only Some authors have employed a piecewise uniform
through the equilibrium equations. The variables are approximation to continuous problems [18-211.
treated independently in the optimization process. Haug, Pan, and Streeter (18) , using such an approxi- j
This distinction allows the designer to take advantage mation coupled with a steepest descent method,
of efficient structural analysis methods and to elim- studied frequency constrained minimum weight
m ate explicit dependence on the state variables beams and plates. Cardou [19, 201 treated axial and
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torsional vibration of beams, and Sippel and Warner criterion to simple axially vibrating bars and portal
(21) solved flexural vibration problems with fre- frames under frequency and section constraints
quency constraints using a Lagrangian multipliers (the use of the term sandwich structures in the title
approach. of this reference is misleading).

Armand [22) presented an interesting application of Discrete models. Mathematical programming methods
• a classical distributed parameter optimal control and optimality criterion methods are extensively

method to plates for fixed fundamental frequency, used for the structures represented by discrete
Minimum weight designs of stiffened cylindrical models. Attempts have been made to extend optimal
shells for maximum separation of the two lowest control methods to cover these problems. Rubin
natural frequencies were presented using a sequential [32] developed a procedure in which the fonda-
constrained minimization technique (23) . De Silva mental frequencies can be subjected to an inequalityç - and Grant (24) tackled an interesting problem of constraint. The process follows two alternating

• maximizing a linear combination of natural fre- cycles; initially a steepest descent gradient iteration
quencies of a turbine disc for a given weight. An is used to change frequency until it lies within a
optimal control approach was used; computation was prescribed margin. Then the weight is minimized
via a penalty function approach coupled with a hill using a steepest descent algorithm. Occasional correc-
climbing technique. tiorl steps using frequency modification cycles are

needed to maintain the desired frequency change.
Pappas [25] used a direct search procedure coupled
with a gradient-based direction-finding algorithm to Fox and Kapoor (33] used Zoutendijk’s method of
study the optimal frequency separation problem for feasible directions to solve frequency constrained
cylindrical shells. Patnaik and Maiti (261 used pro- problems. Setlur and Kapoor (34) presented a

- 
. gramming techniques to study the problem of the parametric differentiation method in conjunction

interaction of different constraints, especially the with the penalty function approach. The design is
static instability and natural frequencies of stiffened treated as a function of the penalty parameter to
structures. Weisshaar 127] presented two approxi- determine the appropriate parameter. A sequential
mate solutions to f requency-constrained problems method is used that requires both first and second
for simple structural elements: a shooting technique derivatives of the objective function.

• used in optimal control theory and a perturbation
technique. They are suitable for small-scale problems Pappas and Amba Rao (25] also proposed a penalty
having few design variables, function approach to treat both static and dynamic

optimization problems with inequality constraints.
Haug, Arora, and Matsui (28] used a steepest descent The objective function is formulated with an appro-
optimal control method to design a minimum weight priate penalty function; the function is appended so
continuous problem. The method, coupled with that a reasonably symmetric ridge is created at the
constraint error compensation, converges quite acceptable/unacceptable region. A direct search
rapidly. Pierson (29] used a similar approach of method coupled with a local search technique is
state space formulation and a gradient projection used to move along the ridge to the optimum. The
algorithm to design minimum weight beams for method performed very well , but large-scale problems
fixed natural frequencies. More than one frequency were not tested.

• can be constrained.
A sequential unconstrained minimization technique

Elwany and Barr (30) studied some optimization invo lving a variable metric algorithm was used to
problems in torsional vibration using a variational design large framed structures for a fixed fonda-
method with a view to maximize a given natural mental frequency [35) . The concept of design
f requency for a fixed weight, or equivalently to variable linking was used to reduce the number of
minimize weight for a fixed frequency. Constraints variables, thus increasing the efficiency of the opti-
are implemented through Lagrangian multipliers; mization process. An extended interior penalty func-
the resulting nonlinear equations are solved numeri- tion method was implemented for determining the
cally. Cardou and Warner (311 applied an optimality transition between the interior and extended por-
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tions this method was a powerful algorithm for Tucker and a procedure to delete the inactive con-
general inequality constrained problems (36] and can straints. The method has excellent covergence proper-
easily be applied to implement frequency constraints, ties. Flewry and Geradin [47) showed how the op-
Minimization can be carried out in both feasible and timality criterion method can be interpreted from a
infeasible regions. mathematical programming point of view and have

• proposed a generalized form of optimality criterion
Reddy and Rao [37] studied some optimization based on the Kuhn-Tucker conditions of the exact
problems related to machine tool structures repre- problem. The solution obtained is thus identical to
sented by finite elements. Minimum weight designs that obtained by mathematical programming for a
with constraints on natural frequencies and chatter problem using inverse design variables and linearized
stability were obtained through a penalty function constraints.
method, thus increasing the scope of application of
programming techniques. Schmit and Miura (38) Arora and Haug [48] developed a hybrid method
incorporated an efficient combination of finite that combines the best featu res of both optimality
element techniques and mathematical programming criterion methods and state space gradient projec-
techniques. Several approximation concepts — design tion methods used in optimal control theory. The

- 
• variable linking, constraint approximations, and potential of the method is demonstrated; such

constraint deletion — were used, hybrid methods may lead to more efficient design
procedures.

An energy density criterion has been derived; a re-
cursive relation for the design variables was derived Recent contributions have appeared in a special
so that the design can be continuously improved journal issue on structural optimization [49-51].
[39] . Taig and Kerr [40] also derived an optimality Two general purpose optimization algorithms were

- criter ion and a related recursive relation. They con- applied to a beam axial vibration problem (49] .
sidered constraints on dynamic st iffness, strength, The Kuhn-Tucker optimality criteria were used in
and sect ional areas of members. These methods were conjunction with the finite element method, with
very efficient for large structu res, the usual constraints on natural frequencies and

design variables [50) . The application is to a thin-
Recently an eff icient algorithm [41] has been pro- walled shaft and a turbine shaft. The use of second
posed that is similar to one for mechanical design order frequency sensitivities in conjunction with
problems with natural frequency constraints [37] . SUMT was described (51].
A similar technique has been used to study the effect
of shear formation and rotary inertia on optimum Forced Vibration Problems
beam designs with frequency constraints [42] . The optimum design of shock and vibration isolators
Yoshimura [43) used an energy density optimality is an early example of structural optimization under
cr iterion to study the design of machine tool struc- forced vibration conditions; methods of mathematical
tures for minimum chatter conditions and frequency programming have been applied [521 . In general,
constraints, the total structural weight must be minimized subject

to constraints on the displacements and stresses,
An optimal control method using a steepest descent when both are functions of time and the design
algorithm has been applied to the design of plane variabies. The displacements satisfy the usual equa-
frames w ith constraints on deflection, strength, and t ions of motion that now include forcing terms. The
natural frequencies [44, 45] . A similar algorithm problem is simplified if sinusoidal excitation is con-
was used to design mechanical systems [28] . These sidered. Frequency const raints can be included in the
applications of optimal control techniques to large- formulation.
scale problems are noteworthy.

Mr6z [53) and Plaut [54] employed energy methods
Rizzi [46) presented a general procedure for st ruc- connected with Rayleigh’s inequality to design mini-
tural optimization with several constraints, including mum weight structures under simple harmonic
f requency constraints. He used a recursion relation excitations for a specified deflection. A common
derived from the necessary conditions of Kuhn- feature of their approaches is that the forcing fre-
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quency is limited from above by the fundamental Approximation concepts applied elsewhere [36, 38)
frequency of the optimal configuration. Similar have been extended to the dynamic response regime.
problems have been examined using optimal control The realization of the disjoint nature of the design
techniques with the frequency restriction removed space leads to the choice of an exterior penalty func-
[55, 56] . Maximum allowable stress amplitude and tion method incorporating the Davidon, Fletcher,
minimum cross-sectional area constraints were rn- and Powell minimization algorithm. Successfu l im-
posed. The analyses revealed that the design space plementation is facilitated by using dummy con-

- 
• in the absence of damping can contain many dis- straint boundaries and a new approach to the move

jo int feasible regions and that multiple optima exist . limit problem. The need for move limitation arises
Seireg and Hamad [57) noticed similar features; from the use of approximate analysis techniques
they used a combination of gradient based search based on l’aylor ’s series expansions for dynamic
and a univariate search to arrive at the optimum response quantities. It has been shown how an
design. State space gradient projection methods interior penalty funct ion can be applied to problems
[28, 29) do not seem to have been applied to this of optimum design for dynamic loads [36] .
class of problem, but they can easily be extended.

An algorithm has been presented for studying piece-
Some steps have recently been taken to design w ise uniform structures [64] . Constraints were
structures under stochastic loading [58-61]. Rao imposed on displacements, stresses, frequency, and
[58] used standard mathematical programming design parameters. The time-dependent constraints
techniques to design beam and platelike structures were transformed to equivalent functional con-
under blast and acoustic loading with constraints on straints; a state space steepest descent algorithm
the probability of failure. Narayanan and Nigam [59] (optimal control theory) was used. The same authors

[65] have also developed the state space approachapplied a SUMT method using the gradient method
of Fletcher and Powell to design sheet stringer to sensitivity analysis and optimization of structures

under transient dynamic excitations. The gradientpanels subjected to jet noise excitation. They con-
sidered constraints on stresses, fat igue life, and projection algor ithm used by Pie~on [29] can also
natural frequencies. Design in a seismic environment be employed on these problems.
has also been studied [60,61) .

An energy density based optimality criterion was
used to devise a recursive relation to design large

Fox and Kapoor [331 examined some discrete prob- structures subjected to dynamic loading with con-
lems described earlier and obtained numerical results straints on displacements and stresses [66, 67] .
for several truss problems. A single sine wave-forcing The aperiodic forcing function was represented by a
function was assumed. The objective was to obtain Fourier integral in determining the dynamic response.
partial derivative information so that efficient mini- The optimality criterion derived for normal modes
mization techniques could be used. A shock spectral was used as an approximation to design in the dy-
method was used to remove t ime dependency in the namic mode, which is replaced by a combination of
dynamic response constraints. The actual disp lace- normal modes, Sciarra [681 used a recursive relation
ments and stresses were replaced by conservative based on the strain energy distribution to reduce
upper bounds. vibratory response for harmonically excited struc-

tures w ith minimum weight penalty.
• Cheng and Botkin [62) used a similar approach to

design minimum weight damped frames subjected Nonconservative Problems
to general dynamic loads. The method of analysis is A class of problems closely related to problems with
based on modal superposition; the dynamic amplif i- natural frequency constraints is that of optimal
cation factors were obtained from the shock spec- design with such specific aeroelastic eigenvalues as
trum, The peak dynamic response was constrained, divergence speed or flutter speed. In general, the
Cassis and Schmit Jr. [63) also studied frame prob- earlier attempts to design minimum weight structures
lems they included the dynamic response quantities for flutter constraints adopted a mathematical pro-
treated parametrically in time in the formulation gramming point of view or applied a Lagrangian
of optimization design problem. multiplier approach.
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Several interesting one-dimensional panel and axi- reduces flutter velocity; when the desired velocity
symmetric circular cylindrical shell optimization is reached, a gradient projection algorithm maximizes
problems, for which the flutter speed is held con- the flutter speed at constant mass. This is similar to
stant, have been formulated and solved. The design the process of Rubin (32) for frequency constraints.
of cantilever columns under follower forces [69-72) Simodynes [84] used a similar approach. In these
falls into the same category. In some early papers procedures the step size in the search is arbitrary.
various one-dimensional problems were treated using Rao [85] has an interior penalty function method 

- 
-

optimal control techniques. The resulting two-point to design large structures to a flutter constraint.
boundary value problem was solved with shooting
techniques. Armand and Vitte (73] and Weisshaa r Haftka [86,87) used the same method in the context
[741 used a similar approach to treat minimum of continuous flutter constraints, which are treated
weight panel design problems with flutter constraints, as parametric constraints. The idea of an equivalent

minimum constraint was used to simplify the prob-
Plaut (75] applied a two-term Ritz procedure to the lem. Gwin and Taylor [88] used a feasible direction
related problem of maximizing the critical flutter method, and Craig and Erbug [891 proposed a
parameter for a given mass of piecewise uniform gradient projection algorithm to study minimum
thick panels. Pierson [76] and Pierson and Russell weight flutter constrained problems. Special features
[77) proposed a discrete approximation to contin- were the use of analytical expressions for gradients
uous panel problems; finite difference equations and (calculated only for active constraints), constraint
a gradient proje ction algorithm were used in con- tolerances, and a return vector for whenever con-
junct ion with a penalty function technique. straints are violated. These speed up convergence. - 

- -

Weisshaar [90] also used a gradient projection
Pierson (78, 79) also used a gradient projection method based on a Fletcher-Reeves conjugate direc-
optimal control algorithm incorporating conjugate tion search with a refined finite element formulation.
gradient directions of search to t reat the same kind Phea and Chi [91) employed approximations in the
of problem, and Pierson and Genalo (80] extended general nonlinear programming problem and then
the method to treat two-dimensional panel problems applied linear programming techniques.
that fall into the category of distributed parameter
optimal control problems. Inplane loads and mini- A search technique with a defined step size has been
mum section constraints were allowed. The algorithm presented for the minimization of mass for fixed
differs from the usual projection operator in optimal flutter speed [92) . The flutter speed was exactly
control theory in three ways: the requirement for satisfied at each resizing step; step size was deter-
terminal state constraint sat isfaction at each iteration, mined by a direct minimization of mass for each set
the method of step size selection along projected of flutter derivatives calculated. Niblett [93) in-
directions of search, and the treatment of control vestigated three different mathematical programming
parameters. It is more efficient than earlier approach- approaches based on gradient projection; he applied
es, in which two-point boundary problems that arise the most economical to a ~~ept wing example. A
from necessary conditions of optimality must be number of philosophical questions relating to flutter
solved; the terminal state values are sensitive to optimization were also addressed.
initial guesses of thickness distribution and control
parameters. Several researchers have employed optimality cri-

terion techniques to solve flutter optimization
Several types of mathematical programming meth- problems. The important steps are the derivation
ods have been successfully applied to flutter opti- of necessary conditions to be satisfied by a locally
mization in conjunction with finite element formu- optimum design and a recursive procedure to realize
lation. Craig [81) used a gradient projection algor- these conditions, Pines and Newman [94) derived
ithm to design a supersonic panel with a flutter a rigorous optimality condition for flutter-constrain-
constraint. Rudisill and Bhatia (82, 831 used a ed minimum-weight design problems. The energy
gradient search technique incorporating an approxi- density criterion thus derived can be viewed as the
mate sequence of gradient searches that increase nonconservative equivalent of the Lagrange energy
flutter velocity and a gradient mass search that density optimality criterion [39) . An iterative
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scheme was used to arrive at the optimum design. 4. Structural Optimization Symposium, Winter
• Newman’s work is significant in that he used an Ann. Mtg., ASME, New York , L.A. Schmit, Jr.,

integral formulation; the iterative procedure for Ed. (Nov 17-21, 1974).
satisfying the optimality criterion is integrated with
the flutter solution, thereby improving the efficiency. 5. Kelly, D.W., Morris, A.J., Bartholomew, P., and
Taig and Ker [40) developed a resizing algorithm Stafford, R.O., “A Review of Techniques for
based on a general optimality theorem to design Automated Structural Design,” Computer Mesh-
flutter constrained structures. ods AppI. Mech. Engr., 12, pp 21 9-242 (1977).
Wilkinson et al (951 also used an optimality criterion

- 
I method. They examined several ad hoc optimality en- 6. Venkayya, V.B., “Structural Optimization; A

teria. They obtained a uniform flutter velocity deriva- Review and Some Recommendations,” Intl. J.
tive criterion for flutter critical elements and a fully Numer. Methods Engr., 13, pp 203-228 (1978).

- 
- stressed design criterion for strength critical elements.

Their approach provides a design for both flutter and 7 Pierson, B.L., “A Survey of Optimal Structural
strength constraints. Design under Dynamic Constraints,” Intl. J.
Segenerich and Mcintosh [96] used a hybrid method Numer. Methods Engr., 4, pp 491-499 (1972).
that is essentially a direct numerical search technique

-
- 

- having the direction of move related to the optimality 8. Rao , S.S., “Optimum Design of Structures under
• criterion. Haftka et al [97] presented a compara- Shock and Vibration Environment,” Shock Vib.

tive study of optimality criterion-based methods and Dig., 7, pp 61-70 (1975).
programming methods for flutter optimization;

[ I the former methods were rated better. McIntosh 9. Olhoff , N., “A Survey of the Optimal Design
and Ashley (98) developed an heuristic design of the Vibrating Structural Elements,” part
algorithm based on an optimality criterion and corn- Theory; part II, Applications, Shock Vib. Dig.,
pared the results to those obtained by a search 8 (8), pp 3-10 (9), pp 3-10 (1976).
scheme based on the method of feasible directions.
They too considered that the former technique was 10. Fox , R.L., Optimization Methods for Engineer-
a better candidate for large structures with multiple ing Design , Addison-Wesley (t97T l.
constraints. They also showed how the optimaiity
criterion might be constructed when the aeroelastic 11. Himmelblau , Applied Non-linear Programming,
constraint is written in the time domain. Their work McGraw I-fill (1971).
suggests that complete mathematical rigor is not
always necessary in a procedure for design opti- 12. Rao, S.S., Optimization Methods in Engineering,
mization. Wiley Eastern, New Delhi (1978).
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BOOK REVIEWS

STABILITY THEORY AND ITS AN INTRODUCTION TO OPTIMAL

F - APPLICATIONS TO STRUCTURAL ESTIMATION OF DYNAMICAL
MECHANICS SYSTEMS

C.L. Dym J.L. Junkins
Noordhoff , 1974 Sijthoff & Noordhoff International Publishers

B.V. Alphen an den Rijn, The Netherlands, 1978

F This short, interesting text is a good introduction to
some of the modern stability methods for continuous The text presents a carefully developed theory and
structures. Applications are sprinkled throughout. numerous applications of estimation of dynamic
The material is suitable for self study or for a grad- systems. Examples are used throughout to describe
uate engineering course, the class of problems being discussed and to illus-

trate use of the computational algorithms that are
In the author’s words, “...the book has three prin- developed. The examples range from simple, but
ciple parts: 1) The development of the Lyapunov applicable, idealizations to realistic problems. Statis-
direct method and of the minimum energy principle tics of measurement eri’x are accounted for in each
for discrete systems; 2) Analogous development of class of problems treated.
the Lyapunov functional method and of the mini-
mum energy approach for continuous systems; 3) An introductory chapter on least square approxima-
Applications.” In particular , the analysis of imper- tion develops the least squares method for both batch
fection sensitivity as pioneered by Koiter and elabor- and sequential data. Linear systems are introduced
ated by Bud iansky and Hutchinson is carried out for with examples; necessary and sufficient conditions
a number of simple examples including columns, for optimal estimation are derived, Batch problems
arches, and circular and rectangular plates. are treated, including constraints that zero error shall

occur in selected observations. Sequential data are
Again, in the author’s words, “ .. we intend to be then treated and several forms of state update equa-
informal rather than rigorous in our presentation.” tions derived. Finally, nonlinear estimation is intro.
This is an attractive feature of the book but has, duced and least square differential correction algor-
perhaps, led to sloppiness in some of the mathema- ithms are derived.
tics. For example , in the analyses of three different
problems on pages 37, 38, and 41, the author states The seccnd chapter is devoted to a brief and some-
that the time derivatives of certain Lyapunov func- what more rigorous treatment of minimum variance
tions are negative definite whereas, in fact , they are estimation. Optimum state estimation matrices are
only negative semi-definite as functions of all the derived, both with and without a priori estimates
state variables. To include asymptotic stability in this of the state and its co-variance matrix. Selection of
case one must invoke the notion of invariant sets. the weighting matrix in the least square method to

provide minimum variance estimation is discussed.
In summary, Professor Dym has given us a concise ,
up-to-date introduction to some of the newer prac- Applications of parameter estimation methods are
tical methods for the stability analysis of structures. presented in the third chapter. Planar triangulation

and spacecraft trajectory and orientation determina-
J.G. Simmonds tion are treated as elementary to moderately complex

Professor of Applied Mathematics examples. Modeling the earth’s topography and
University of Virginia modeling gravitational potentials are presented as

Charlottesville, Virginia 22901 more challenging examples.
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An introduction to the theory of ordinary differen- THE DYNAMICAL BEHAVIOR OF
tial equations is provided in Chapter 4 in preparation STRUCTURES - 2ND EDITION
for dynamic systems. Reduction of arbitrary ordinary
differential equations to first-order form is discussed. G.B. Warburton
Differentiability of the solution with respect to Pergamon Press, Maxwell House, Elmsford, NY , 1976
initial state and model parameters is derived for both
linear and nonlinear systems. A brief introduction
to numerical integration theory is presented.

This delightful little book, written by a master struc-
tural dynamicist, is a complete revision , up-dated to
provide information on current thinking. The book

• This theory is then combined in Chapter 5 with ideas contains six major chapters plus five appendixes.developed in Chapters 1 and 2 to develop a theory
of estimation of dynamic systems. Methods and
algorithms are developed for estimation of initial
state, model parameters, and the state of a dynamic Chapter I discusses the single-degree-of-freedom sys-
system at a discrete sequence of points in time. The tern and responses due to harmonic motion, hystere-
latter result is extended by taking the limit , as the tic damping, shock response , and transient response

- - time grid goes to zero, to obtain conditions and including Duhamel’s integral. The shock response
algorithms for continuous state estimation. Finally, section is too short for such an important topic. The
sequential estimation of nonlinear dynamic systems chapter concludes with an introduction to random
is briefly treated, processes and random vibration.

- - Chapter Il introduces the reader to dynamics ofIn the final chapter , methods of Chapter 5 are used frames (harmonic and transient analysis). The use ofto solve optimal estimation problems involving matrix methods in multi-degree-of-freedom systemsprojectile trajectories and satellite photogramme- is described, as are the normal mode method oftry. solution and complex eigenvalue procedures. The
chapter concludes with random vibration, too short
a discussion , but the reviewer considers this an

The text is clearly written at a technical level and excellent chapter.
should be accessible to advanced senior undergrad-
uate students, first-year graduate students, and
practicing engineers and scientists. The author ’s Beam vibration plays an important role in structural
insights and care in formulating and solving illus- dynamics. The author leads us from simple beam
trative examples will greatly aid the applications- theory to the more complex , w ith general end condi-oriented reader. Presentations of none but essential tions in Chapter III. Harm onic , simple, and transientmathematical concepts and the basic theory of mini- responses are described. The author packs a tremen-mization, probability , and linear algebra make the dous amount of information into a small section,text essentially self-contained. The text is recom- including the Rayleigh—Ritz for uniform and non-mended to anyone with a moderate mathematical uniform beams and an introduction to finite ele-background who wants to gain access to the methods ments. • l
and more advanced literature on optimal estimation
of dynamical systems.

Chapter IV delves further into beam theory: the
response to time-dependent boundary conditions,
beam column vibration , beams in elastic foundations,

E.J. Haug shear deformation, and torsion. The chapter con-
University of Iowa cludes with a discussion of the dynamic response

Iowa City , Iowa 52242 of rigid-plastic beams.
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Chapter V focuses upon vibrations of plates and tioris dealing with fluid structures utilizing random
shells. Most vibration texts omit these important processes.
topics. Transverse vibration of rectangular plates
with simple end conditions are discussed, as are the The appendixes include Fourier transforms, matrix

• use of Rayleigh-Ritz method and the finite element properties, Lagrangian equations, and orthogonality
approach to in-plane vibration of plates. The author conditions for beams. A short section on eigenvalue
briefly discusses four- and eight-node isoparametric economizers has direct application to finite elements.

- 
- elements applied to plate design and then shows

how they can be applied to transient response of In summary , this is an excellent book considering
plates. The dynamics of shells are considered, as is the large number of topics that are discussed. The

its matrix application, reviewer believes that the book could be enhanced
• by extending the sections on random vibrations and

‘ In Chapter VI the author briefly considers fluid-struc- fluid-structure dynamic interaction and finite dc-
ture dynamic interaction, which is emerging as an mentc.
important phase of dynamics. Ground-structure
dynamic interaction (important in earthquake ap- H. Saunders
plications) is briefly considered. Wind-induced vi- General Electric Company
bration of structures is lightly touched upon. The Building 41, Room 319
reviewer would have liked more discussion of applica- Schenectady, New York 12345
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SHORT COURSES

DECEMBER Place : New Orleans, Louisiana
Objective: The topics to be covered during this
course are : fundamentals of vibration; transducer

SURFACE BLASTING concepts; machine protection systems; analyzing
Dates: December 5-7, 1979 vibration to predict failures; balancing; alignment;
Place: Washington , D.C. case histories; improving your analysis capability;
Objective: This is a field-oriented course on com- managing vibration data by computer; and dynamic
mercial surface blasting (quarries, open pits and analysis.
construction). The course uses a variety of presenta-
tion techniques, including movies, problem solving, Contact: Bob Kiefe r, Spectral Dynamics, P.O. Box
question and answer sessions and special “hands-on” 671, San Diego, CA 92112- (714) 268-7 100.
exercises. Topics to be covered are: commercial
explosives in use today; detonation methods; rock
breakage; blast design; blasting economics; and
blast ing and the neighbors. JANUARY

Contact: E.l. du Pont de Nemours & Co. (Inc.),
Applied Technology Division, Room 35901 , Wilming- PROBABILISTIC AND STATISTICAL METHODS
ton, DE 19898 - (302) 774-6406. IN MECHANICAL AND STRUCTURAL DESIGN

Dates: January 7-1 1, 1980
Place : Tucson , Arizona

VIBRATION AND SHOCK SURVIV ABILITY , Objective : To provide practical information on
TESTING , MEASUREMENT , ANALYSIS , engineering applications of probabilistic and statis-
AND CALIBRATION tical methods, and design under random vibration
Dates: December 10-14 , 1979 environments. Modern methods of structural and
Place: Ling Electronics , Anaheim , California mechanical reliability analysis will be presented.
Dates: February 4-8, 1980 Special emphasis will be given to fatigue and fracture
Place : Santa Barbara, California reliability .
Dates: April 7-1 1, 1980
Place: Dayton, Ohio Contact : Dr. Paul H. Wirsching, College of Engi-
Objective: Topics to be covered are resonance and neering, The University of Arizona, Tucson, AZ
fragility phenomena, and environmental vibration and 85721 - (602) 626-3159/626-3054.
shock measurement and analysis , also vibration and
shock environmenta l testing to prove survivability .
This course will concentrate upon equipments and FINITE ELEMENT ANALYSIS
techniques, rather than upon mathematics and Dates: January 7-1 1, 1980
theory . Place : Tucson, Arizona

Objective: The purpose of this course is to provide
Contact: Wayne Tustin , 22 East Los Olivos St., structural engineering practitioners with an under-
Santa Barbara, CA 93105 - (815) 682-7171. standing of the fundamental principles of finite

element analysis , to describe applications of the
method , and to present guidelines for the proper use

MACHINERY VIBRATION ANALYSIS of the method and interp retation of the results ob•
Dates: December 11-13 , 1979 tam ed through it. Emphasis will be placed upon the
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linear analysis of frameworks, plates, shells and Contact: Wayne Tustin , Tustin Institute of Tech-
solids; and dynamic analysis will also be treated. nology , 22 East Los Olivos St., Santa Barbara, CA

93105 - (815) 682-7171.
Contact: Dr. Hussein Kamej , College of Engineer-
ing, The University of Arizona, Tucson, AZ 85721 -

(602) 626-1650/626-3054. FINITE ELEMEN TS IN BIOMECHANICS
Dates: February 18-21 , 1980
Place: Tucson, Arizona
Objective : As a fo rum for the exchange of ideas,

DYN AMIC ANALYSIS IN TURBOMACHINERY for the definition of the state-of-the-art , and for the
DESIGN presentation of new research results in biomechanics.
Dates: January 14-18, 1980
Place : Madison, Wisconsin Contact: Professor Bruce R. Simon, Dept. of Aero-

- - Objective: This course will be devoted to the under- space and Mechanical Engineering, College of Engi-
standing of mechanical phenomena involved in turbo- neering, The University of Arizona, Tucson , AZ
machinery design, including torsional and lateral shaft 85721 - (602) 626-3752/626-3054.
vibrations and vibrations of components such as
rotating fan and turbine blades and non-rotating
vanes. Topics to be covered include lumped parame- BALANCING OF ROTATING MACHINERY
ter analysis of rotors in rigid and flexible bearings, Dates: February 26-28, 1980
internal and external damping, effect s of coupled Place: Shamrock Hilton, Houston, Texas
transverse and angular mot ion; lumped parameter and Objective: The seminar will emphasize the practical
normal mode analysis of blade response allowing for aspects of balancing in the shop and in the field. The
effect s of damp ing, hysteresis loop characteristics , instrumentation , techniques, and equipment per-
slip at dovetails and at platforms; and vibrations of tinent to balancing w ill be elaborated with case his-
stat ionary vanes. Some state of the art experimental tories. Demonstrations of techniques with appro-
techniques will be discussed. pr iate instrumentation and equipment are scheduled.

Specific topics include: basic balancing techniques
Contact : Dr. Donald E . Baxa , Dept. of Engineer- (one- and two-plane), ~ieId balancing, balancing with-
ing, University of Wisconsin - Extension , 432 N. Lake out phase measurement, balancing machines, use of
St., Madison , WI 53706 - (608 ) 262-2061. programmable calcu lators , balancing sensitivity , flex-

ible rotor balancing, and effect of residual shaft
bow on unbalance.

FEBRUARY Contact: Dr. Ronald L. Eshlemar, , Vibration In-
stitu te , 101 W . 55th St., Suite 206, Clarendon Hills ,
IL 60514 - (312) 654-2254/654-2053.

FIXTURE DESIGN FOR VIBRATION AND SHOCK
TESTING
Dates: February 11-15 , 1980 MARCH
Place: Santa Barbara , California
Dates March 10-14, 1980
Place : St. Petersburg, Florida
Objective: The relative mertis of various types of MEASUREMENT SYSTEMS ENGINEERING
shakers and shock test machines are briefly consider- Dates: March 10-14, 1980
ed , with most emphasis on electromagnetic shakers. Place: Phoenix , Arizona
The seminar will be devoted to practical and proven MEASUREMENT SYSTEMS DYNAMICS
simplified design and fabrication techniques. An Dates: March 17-21 , 1980
imnortant area to be covered is that of evaluating a Place: Phoenix , Arizona
fixture once it is built. Objective: Program emphasis is on how to increase
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productivity, cost -effectiveness and data-validi ty of tainment as necessary , as well as developing tech-
data acquisition groups in the field and in the labora- niques to reduce incidence of accidents during normal
tory. Emphasis is also on electrical measurements of plant and transport operations. Specific topics to be
mechanical and thermal quant ities. covered are : fundamentals of combustion and transi-

- . t ion to explosion; free-field explosions and their
Contact: Peter K. Stein, 5602 East Monte Rosa , characteristics; loading from blast waves; st ructural
Phoen ix , AZ 85018 - (602) 945-4603/946-7333. response to blast and non-penetrating impact; frag-

mentation and missile effects; thermal effects; dam-
age criteria; and design for blast and impact resis-

MACHINERY VIBRATIONS COURSE tance .
Dates: March 17-20, 1980
Place : Oakbrook Hyatt House, Oakbrook , IL Contact : Wilfred E. Baker , Southwest Research
Objective: This course on machinery vibrations will Institute , P.O. Drawer 28510, San Antonio , TX
cover physical/mathematical descriptions, calcula- 78284 - (512) 684-5111, Ext. 2303.
tions, modeling, measuring, and anal ysis. Machinery
vibrations contro l techniques, balancing, isolation,
and damping, will be discussed. Techniques for ma-
chine fault diagnosis and correct ion will be reviewed APRIL
along with examples and case histories. Torsional vi-
bration measurement and calculation will be covered.

Contact : Dr. Ronald L. Eshleman , Vibration In- ACOUSTICS AND NOISE CONTROL
stitute, 101 W. 55th St., Suite 206, Clarendon Hills , Dates: April 14-18, 1980
IL 60514- (312) 654-2254/654-2053. Place: The University of Tennessee Space Inst .

-- - Objective : This is an introductory course dealing
with the fundamentals of vibration and noise control.

BOUNDARY INTEGRAL EQUATION METHODS The equations governing the vibrations of continuous
Dates: March 17-22, 1980 systems and sound propagation will be developed and
Place : University of Arizona , Computer Center certain elementary solutions derived to illust rate
Objective: The objective of this short course is to the basic characteristics of the wave motion. Sound
introduce the Boundary Integral Equation Method propagation in the atmosphere, acoustic filters and
(BIEM) as an efficient numerical tool for the solu- resonators, and the attenuation of sound in rooms
tion of various types of ground-water problems. The and ducts by acoustic treatment will be discussed.
course is designed to provide a working knowledge Fundamental measu rement techniques and statistical
of the BIEM so that the participants will be able to parameters applicable to the description of noise
use and modify the existing computer programs and w ill be presented.
to develop their own programs for their specific
problems. Contact : Jules Bernard, The Univ. of Tennessee

Space Institute, Tullahoma , TN 37388 - (615) 455-
Contact : Professor James A. Liggett or Professor 0631, Ext. 276.
Phillip L.-F . Liu , School of Civil and Environmenta l
F.ngrg., Cornell University, Holliste r Hall, Ithica , NY
14853 - (607) 256-3556/256-5090 respectively.

APPLICATIONS OF TIME SERIES ANALYSIS
Dates: April 14-18, 1980

EXPLOSION HAZARDS EVALUATION Place : Institute of Sound and Vibration Re-
Dates: March 31-April 4, 1980 search, Universi ty of Southampton , UK
Place : Southwest Research Institute Objective: To provide a comprehensive treatment of
Objective: This course covers the full spectrum of time and frequency domain analysis methods for
problems encountered in assessing the hazards of transient and stationary random signals summarizing:iii m d e ~gning the proper con ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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To present theories and some applications related Place: Mechanical Technology, Inc.
to non-stationary processes, system identification and Latham, New York
response of non-linear systems to stochastic excita- Objective : To cover the basic aspects of rotor-bear-
tion. To apply the theory to well conceived practical ing system dynamics. The course will provide a funda-
problems utilizing the computers in the Data Analysis mental understanding of rotating machinery vibra-
Centre enabling participants to experience how new tions; an awareness of z~aiIabIe tools and techniques
methods may be related to present day industrial for the analysis and diagnosis of rotor vibration

- 
1 requirements. problems; and an appreciation of how these tech-

niques are applied to correct vibration problems.
Contact : Dr . Joseph K. Hammond , Institute of Technical personnel who will benefit most from this
Sound and Vibration Research, University of South- course are those concerned with the rotor dynamics
ampton, Southampton, Hampsh ire, England, S09 evaluation of motors, pumps, turbines, compressors ,
5NH - 559122, Ext. 467. gearing, shafting, couplings, and similar mechanical

equipment. The attendee should possess an engineer-
- - ing degree with some understanding of mechanics

of materials and v ibration theory. Appropriate job
JUNE functions include machinery designers; and plant,

manufacturing, or service engineers.

MACHINERY VIBRATIONS SEMINAR Contact: Mr. Paul Babson , MTI , 968 Albany-
Dates: June 24-26, 1980 Shaker Rd., Latham, NY 12110 - (518) 785-2371.
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NEWS BR.EFS W
I ~ and Future Shock and
U ~ Vibration activities and events

1979 SAE AEROSPACE MEETING

The 1979 SAE Aerospace Meeting will be held at the Hyatt House at the Los
Angeles Airpo rt on December 3-6.

Topics to be covered are : Simulation - state of the art review; The need and pros-
pects for multi-ro le transport aircraft; Advances in dynamic analysis & design;

- 
- I Advances in dynamic & modal analysis/testing; Options for heavy lift rotorcraft;

and Options for high speed rotorcraft .

Registration fees are as follows : SAE members - no fee (membersuip card must be
shown); Nonmember guests - $15.00 daily (will be credited toward the combination
of membership initiat ion fee and first year ’s dues, when elected , if application is
made within six months), and $48.00 for the entire meeting; College students -

$1.00 (college ID cards must be shown).

Papers will be on sale at $1.95 each during the meeting in the SAE Publication Sales
Area. Papers may also be ordered from SAE Headquarters at the following prices:
Members $1.95 each and Nonmembers $2.95 each.

A tour of the Continental Airlines Maintenance Facilities will be held on Wednes-
day evening, December 5.

For further information or a complete program contact : Phil Columbus , SAE Head-
quarters, 400 Commonwealth Drive, Warrendale, PA 15096- (412) 776-484 1.
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ANALYSIS AND DESIGN 79~ 127
Elastodynamici of Planar Mechani~iisa U i g  Planar
Actual Finite Line Elements, Lumped Mass SystesuL
Matrix-Exponential Method, and the Method of
‘Critical-Geometry.’Kine$o-Elasto-Static.”

— C. Bagci and S. Kalaycioglu
Tennessee Technological Univ., Cookeville , TN 38501

ANALYTICAL METHODS J. Mech. Des.. Trans. ASME, ~01 (3), pp 417-427(Also see Nos. 2236, 2237)
- - - (July 1979) 32 figs, 1 table, 49 refs

Key Words: Mechani sms, Elestodynamic response

79-2125 The art icle presents a general method for the elastodynamic
The Role of Observations in Stochastic Linear ~~ analysis of planer mechani sms. It uses planar actual finite

line elements and lumped mass systems to formulate the
namic Models equations of motion of a mechani sm. The matri x exponen tia l
T. Prasad and 0. Ibidapo-Obe method is introduced for the numerical solution of the equs-
Solid Mechanics Div., Univ. of Waterloo , Waterloo , tions of motion. Matrix displacement method of determining
Ontario, Canada N2L 3G1, AppI. Math. Modeling, dynamic stresses using the generalized coordinate displace-
3 (4), pp 263-268 (Aug 1979) 4 figs , 3 tables , 20 ref s ments Ii given. Elastodvnamic analysis of a plane four.bar

• mechanism is performed for several cycles of kinematic
motion , and the dynamic stresses are compared with those

Key Words: Mathematical models , Stocha stic processes obtained by experiments .

Emphasis is placed on using realistic observations for re-
spon se evaluation in stochastic linear dynam ic systems. A
simulation study is perfo rmed . The stru ctural model and the
ensuing computational algorithms are presen ted , keeping in
view their relevance to numerous applie d problems of life
sciences and technology . OPTIMIZATION TECHNIQUES

(Also see No. 2277)

79.212879-2126
The Effects of Inte rnal Resonance on ~~~~~~~ 

Computational Techniques in Optimal State-Estisna-
Forced Non-Linear Systems wi th Two Degrees of tion - A Tutorial Review
Freedom W. Kortum

German Research Ctr. for Aeronautics and Astro-R .P. Vito and G. Cabak
School of Engrg. Science and Mechanics, Georgia nautics (DFVLR), Inst . for Dynamics of Flight Sys-

tems , Oberpfaffenhofen , Germany 8031, J. Dyn.Inst. of Tech., Atlanta , GA 30332, Intl. J. Nonlin .
Mech., 14 (2), pp 93-99 (1979) 3 figs, 5 refs Syst., Meas. and Control , T rans. ASM E, 101 (2),

pp 99-107 (June 1979) 2 figs, 3 tables, 19 refs

Key Words: Internal resonance , Two degree of freedom
systems Key Words: Optimi zation , Dynamic system s, Reviews

The method of multiple time scales is used to study the The obj ective of this tutorial presentation is to review the
non -linear oscillations of impulsively fo rced systems under main computational techniques of the state -est imation
condition s of internal resonance. A pa rtial analytical solu’ problem for linearizabl e dynamic systems where the design
tion is obtained . The method is illustrated by an example Is oriented toward a minimum variance (quadratic loss,
In which the internal resonance effects are shown to be geusl ien) estimation error. The continuous and the disc rete
signifi can t . estimation problem are both treated.
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79-2 129 Key Words: Mathematical models
• Mechanism Optimrzation via Optimality Criterion

Tech ‘ ues This peper deals with the development of a computer .besed
procedure for the modeling and analysis of large displace-W.A. Thornton, K.D. W ilimert , and M.R. Khan ment dynamic systems of the open or closed loop types. The

Clarkson College of Technology , Potsdam, NY 13676, procedu re facilitates the co nstruction of the model for such
J. Mech. Des., Trans. ASME, 101 (3), pp 392-397 systems , automatically formulates the dynamic equations
(July 1979) 3 figs, 4 tables, 17 refs and provides the solution for any give n input motion. The

program is cepable of analyzing complex system s with re-
dundant force actuators utilizing a linear programming op-Key Words: Mechanisms , Optimization tim izat ion scheme .

Presented in this peper are two new design techniques , based
on opti rnal ity criteria , for selecting the cross-sectional sizes
of the links w ith in a mechanism . The objective is to mini-
mize weigh t subject to stress and dis placement (defo rmation) CRITERIA, STANDARDS, ANDconstraints . The mechanism s are assumed to be underg oing 

SPECIFICATIONS• vibrational effects. These new optima lity criterion methods
are compared with a standard SUMT technique of nonlinear (See No. 2218)
programming.

SURVEYS AND BIBLIOGRAPHIES
MODELING

79-2132
Recent Developments for the Nonlinear Distortion

79-2130 of Non-Dispersive Acoustic Waves. Part 1: Planar
Modelling as an Aid in Measurement Technology, Waves and the Basic Method
Part 1 (Modeilbildung, em Hilfnnitte l der Mess- J.H. Ginsberg
technik, Teil 1) School of Mech. Engrg., Purdue Univ., West Lafay-
E.D. Gilles ette , IN  47907 , Shock Vib. Dig., 11 (7), pp 3-8
Institut f. Systemdynamik und Regelungstechnik , (July 1979) 50 refs
Universit ’ãt Stuttgart , Pfaffenwaldring 9, 7000 Stutt-
gart 80, West Germany, Techn. Messen-ATM , 46 (6), Key Words: Reviews , Elastic waves
p 225 (June 1979) l3figs , l6refs
(In German) This two .part peper describes a perturbation procedure for

inve stigating finite amplitude acoustic waves that depend on
more than one spatial coor din ate. The discussion focusesKey Words: Mathematical models , Measurement techniques on wave motions th at are non .di ipersive in the linear epproxi-
mation , in which case amplitude dispersion and self-refrac-

The use of mathematical models for the calcul ation of cer- tion are the primary mechanisms for nonlinear distortion,
tam paramete rs in a mechanical syste m which cannot be Part I covers planar waves and the basic method .
measured directly is presented.

79-2131 79-2133
Interactive Modeling and Analysis of Open or Closed Behavior of Elastomenc Materials Under Dynam ic
Loop Dynamic Systems with Redundant Actuators Loads - li
R.J. Williams and A. Seireg E.C. Hoba ica
Pennsylvania State Univ., University Park , PA 16802 , Electric Boat Div., General Dynamics Corp., Eastern
J. Mech. Des., Trans. ASME , 101 (3), pp 407-416 Point Rd., Groton, CT 06340, Shock Vib. Dig., 11
(July 1979) 11 figs, 39 refs (7), pp 11-18 (July 1979) 7 figs, 30 refs
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Key Words: Reviews, El.stomsrs, Periodic excitation, Test. blast waves or general time variant pressure waves. Solutions
Ing techniques for a single constant area duct with the effects of viscosity

at the wall are included. An example case Is presented with a
This review describes the properties of rubber end other description of the single duct geometry, the applied nucle~elastom.rs whs n they are subjected to smell amplitude sinu - blast parameters, and the cod. input parameters, Including
soidal stresses. Testing methods and data on dynamic proper- their magnitudes and their sources.
ties are given.

ENVIRONMENTS
79-2134
Approximate Techniques for Plastic Defonnation of
Structures Under Impulsive Loading. H 

ACOUSTICWE. Baker (Also see No 2132)
• Southwest Research Inst., P.O. Box 28510, San

Antonio, TX 78284, Shock Vib. Dig., 11(7), pp 19-
• 24 (July 1979) 4 figs, 1 table, 30 refs

Key Words: Review,, Testing techniques , Impact response 79.2136(mechanical)
A New Type Flap Valve for Generating Sonic Rooms

Recent work on approximate techniques for plastic defor . in ~ Pyixiiudal Horn
mation of structures under impulsive loading is summarized. J.J. Gottlieb, W. Czerwinski , N.N. Wahba, and R.E.
Research-oriented methods and deslgn.oriented methods Gnoyke
are described. Several designoriented methods have ~~~ Inst. for Aerospace Studies, Toronto Univ., Ontario,utiliz ed by structural designer,,

Canada , Rept. No. UTIAS-208; CN-ISSN-0082-5255,
78 pp (Oct 1978)
N79-23755

COMPUTER PROGRAMS Key Words : Sonic boom, Simulation

The design , ape~ tlon and performance of a radically new
GENERAL type of sonic’boorn generating flap.vslve are deacribed with

emphati, on the ancillsry cam, clutch, flywheel and cisc.(Also see No. 2249) trlc motor system, and the sir reservoir which is much larger
than those used previously. An updated and greatly extended
analysis describes the time vary ing reiesvoir conditions (e.g.,
pressure) and mass -flow rate of air through the fl ap valve, as

79-2135 well as the wave motion or character ist ic, of the traveling
N-wave In the pyramidal concrete horn of traveling-waveCEL Blast Wave Propagation Code for Air Ducts sonic -boom simulation facility.R.S. Chapler and R.H. Fashbaugh

Civil Engrg. Lab. (Navy), Port Hueneme, CA, Rept.
No. CEL-TN-1543, 64 pp (Jan 1979)
AD-A066 259/3GA

Key Word,: Shock wave propagation , Computer prog rams, 79.2137
Nucle~ explosion effect s , Oucts, Ventilation , Hardened A Study of Scattering, Production, and Stinulated

• inetaliatlons Emission of Sound by Vortex Flow.
J.E. YatesRefinement of a CEL hydrodynamlc code for prediction of Aeronaitical Research Associates of Princeton, Inc.,.,r blast propagation In variable area ventilati on ducts was

completed. Code solutions are one-dimensional and achieved NJ, Rept. No. NASA-CR-31 39; ARAP-363, 62 pp
using a refined finIte-difference pseudo-viscosity method in (May 1979)
a Lagrange formulation for aolutlon of either classical nuclear N 79-23756
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Key Words: Fluid-induced excitation , Vortex noise, Acous- appropriate fart leld solution and expressed In term , of a
tic scattering, Sound generation scalar potential for the angular distribution of the scattered

wave. This general method is adapted for a nonvi scous ran-
The basic theory of aeroacoust ics of home ntropic fluid media dom emulsion m d  the correlation function is expressed
is applied to the problems of Sound scattering, production , in terms of the intensity angular distribution of the scatter-
and stimulated emission. A general theory of scattering from ed wave.
low speed three’dimensional vortex flows is presented.
Specific results are given for the horseshoe vortex and vortex
ring . The noise of an elementar y corot ating vortex pair in
various flows is calcul ated.

79-2140
Theoretical Study of Finite Amplitude Standing

F 79-2138 Waves in Rectangular Cavit ies with Perturbed Bound-
Potential Energy Effec ts on the Sound Speed in
Liquids M. Ay din
B. Hartmann Naval Postgraduate School , Monterey, CA, 61 pp
Polymer Physics Group, Naval Surface Weapons Ctr ., (Dec 1978)
Wh ite Oak , Silver Spring, MD 20910, J. Acoust. Soc. AD-A066 35617GA
Amer., 65 (6), pp 1392-1396 (June 1979) 1 fig, 22
refs

Key Words: Sound waves , Resonant cavities

Key Words: Sound propagation , Liquids
The effects of various geometrical boundary perturbations

Sound speed in liquids is calculated in term s of Mie potential on tini te-emplitude acoustical standing waves in a rect-
parameters with the assumption that the intermolecular angular , rigid -walled cavity are investigated using non-linear
potential energy is the dominant facto r . Using this simple theory. The standing waves that exist in an ideal cavity must
model , it is shown th at Bayer ’s parameter of nonlinearity, be corrected when the boundaries are irregular . Three specific
Rae’s exponent , and the Grunei sen parameter are all simply example , (stepped, linear and wedged perturbations) are

worked out to demon strate the corrections (in first order )related to each other.
near degeneracies for small perturbations. Those specific
examples are compared to the expe riments .

79-2139
Corrc2ation Function Determination for Inhomo-
geneities Scattering an Acoustic Wave

79-2141J. Lewandowski
Dept. of Physical Acoustics, Inst. of Fundamental Virtual Modes and Mode Amplitudes Near Cutoff

C.T. TindleTechnological Research, Polish Academy of Sciences,
Wars~ v , Poland, Arch. Acoust., 3 (4), 

~~ 283-292 Applied Research Labs., The Univ. of Texas at Aus-

(1978) 7 refs tin, TX 78712, J. Acoust. Soc. Amer , 65 (6). pp
1423-1428 (June 1979) 5 figs, 8 refs

Key Words: Wave propagation, Wave diffraction , Elastic
waves Key Word,: Underwater sound, Normal modes

A random inhomogeneou, isotropic medium filling a domain
immersed In an infinitely extended homogeneous isotropic For a Pekeris model the contribution of the continuous mode
medium is considered. The formulae describing the scalsr Integral is analyzed in terms of virtual modes with particular
potenti al of tha scatter ed field are deduced for sma ll and attent Ion to c s  with a discrete mode lust below or just
large distances from the domain of the heterogeneous ma- above cutoff . There Is a steady change of amplitude as a
teriel. Th. flu ctuations of density and wave propagation virtual mode chan ges into a discrete mode. The mode am-
velocity are tre ated as random variables of the space coor- plitudes decay with rang. and analytic approxim ations valid
dinetes. The correl ation function is calculated from the In most practical situations are obtained.
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79.2142 Stablljte de Ce. Solution.)A Method of Predicting Noise Equivalent Level Value V. Carpent , J. Hubin, and G. KhmeIevskaj~-Plotniin Urban Structure kova
R. Makarewicz and ~3. Kerber Facultes Unjversj taires Notre-Dame de Ia Paix ,Adam Mickiewicz Univ., Arch, Acoust., 3 (4), pp Namur, 61 rue de Bruxelles, Belgique, Intl. J. Nonlin.231-248 (1978) 7 figs, 27 refs Mech., 14 (2), pp 67-80 (1979) 1 fig, 4 tables, 9 refs

( In French)
Key Words: Urban noise, Noise prediction 

Key Words: Period ic responseThe paper presents a method of predicting the noise equiv a-
lent level value in urban structure. The p~~er presents a ,olu - Periodic solutions of autonomous quasiharmonic systems aretion of the problem of determin ation of the minimum studied in the resonant case if the branching equation hasnumber of the measu rements of the parameter necessary to multiple roots . Newton ’s diagram is used to find all thedetermine the noise equivalent level value with a preset real solu tions of thi s equation. The stability of the periodicaccu racy . 

solutions is also considered .

RANDOM79-2143
An Analysi. of Conto ured Crystal Resonators Oper-
ating in Overtones of Coup led Thickneas Shear and
Thicknese Twist 

79-2 145H.F . Tiersten and R .C. Smythe 
Mathematical Model of the Stick-Slip Phenomenon

— I Dept. of Mech. Engrg., Aeronaut ical Engrg. and J. ~~~~~~Mechanics, Rensselaer Polytechnic Inst., Troy, NY Working Liquids Group, Materials and Tech. Dept.,12181, J. Acoust. Soc. Amer., 65 (6), pp 1455 Aviation Inst., Warsaw , Po land , Wear, 55 (2), pp 261-1460 (June 1979) 3 figs, 3 tables, 7 refs 
263 (Aug 1979) 1 fig, 6 refs

Key Words: Quartz resonat ors , Variable cross section 
Key Word,: Stick-slip response, Mathematical models

A previou s tre atment of overtone modes in trapped ene~~ A mathem atical model of the stic k~~ip phenome non is pre-resonators is extended to the case of plates wi th slowly sented which is rel ated to the characteristi c chang es of thevarying thickne ss. The resul ting single sca lar equation 5 friction fo rces as a function of the s lip speed. The modelapplied in the analysi s of plano~ onv e x Contou~~ QUartz leads to simple diffe rential equations with out the neceasitycrystal resonators , and a lumped parameter represen tation of using distri bution equations. It can be utilized in a simpleof the admitt ance, which is valid in th e vicini ty of a rue- way to describe actu al friction nodes.nance, is obtaine d. The influ ence of piezoelectr ic stiffening,electrode mass loading, and electr ical shorting is includedin the snaly~is.

SEISMIC

PERIODIC
(Also see No. 2133)

79-2146
Study of Selected Event. in Pumice in a Seinnic
Diacrmsjnatiou Context79-2144 P.A. Sobel, DH, von Seggern, E. I . Sweetser , ar~d D.W.An Application of Newton~a Diagram in the Periodic RiversSolution of Quasiharenonic Oscillato r, and the Stabil- Seismic Data Analysis Center , Teledyne Geoteth,ity of Such Solution (Une Application de Diagramme Alexandri a , VA , Rept. No. SDAC-TR-77-3, 74 ppsic Newton a Ia Recherche Des Solutions Periodiquea (Oct 10, 1977)D’un Oscillateur Quasihannonique et L’etudo de a AD-A066 325/2GA
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Key Words : Seismic detection, Earthquakes 79-2149
- - Short-Period Noise Envelope Statisticar A Basis for
- I Eleven earthquekes with low reported M sub s for their Env~~pe Detector Design

m sub b from the Northern Pamirs were examined in a
seismic discrimination context. Seismograms from At~~A, 

. nger
LASA, NORSAR, the HGLP and the WWSSN stations were Equipment Group, Texas Instruments, Inc.. Dallas,
studied for source mechanism, M sub sm sub b, corner TX , Rept. No. Tl-ALEX (01)-TR-78-05, 78 pp (Sept
frequency, pP. complexity, and spectral ratio . All the Pamlr 26, 1978)

- 
I events can be ident ified as earthquakes when their ch ac- AD-A066 71 3/9GA

teristics are compared to those of Kazakh explosions.

Key Words: Seismic detection, Seismic waves

This report focuses on the use of certain detection statistics,
in particular the instantaneous amplitude or envelope, and

- - the instantaneous power, in the design of a controlled false
79-2147 alarm rate detector. To achieve false alarm rate control,
Extraction of Seussnic Waveforms the detection statistic must be stationary, but need not be

Gaussian. Parameters of a Gaussian process can be conven-
A.C. Strauss lent ly transformed into a stationary, normalized detection
Equipment Group, Texas Instruments, Inc., Dallas, statistic.
TX , Rept. No. TI-ALEX(01)-TR-78-02, 75 pp (Sept
29, 1978)
AD-A066 71 1/3GA

Key Words: Seismic detection, Seismic waves 79-2150
Seiisuic Analysis of Internal Equipment and Coin-

I.. . This report considers the effects on detectability and mea-
su rability resulting from attem pts to extract seismic wave- ponent a in Structures
forms by application of cascaded processors and polariz ation J. L. Sackman and J.M. Kelly
filters. Dept. of Civil Engrg., Univ. of California , Berkeley,

CA, Engrg. Struc., (4), pp 179-180 (July 1979)
7 figs, 20 refs

Key Words: Equipment response , Seismic response

79-2148 In this paper , a rational approach to the design of lightly
Application of Ringdal’s Method to Unbiased Mea- damped relatively light equipment in structures subjected
azreiuent of the Ma-mb Relationthip to seismic loading or other forms of ground motion is pre-

sented. The analysis is carried out in the context of a modelA.C. Strauss th at consists of an N-degree of freedom structure to which
Equipment Group, Texas Instruments, Inc., Dallas , is attached a single.degree~of-freedom component. An anely-
TX , Rept. No. TI-ALEX(01)-TR-78-03, 50 pp (Aug tical method is developed whereby a simple estimate can be
31, 1978) obtained of the maximum dynamic response of li ght equ~-
AD-A066 712/1GA ment attached to a structure subjected to ground motion.

Key Word ,: Seismic detection. Seismic waves

Rlngdsl’s maximum likelihood method of removing mag- SHOCK
nitude bias was tested by removing the apparent bias of (Also see Nos. 2134, 2135,2272)
surface wave magnitude estimates. Bias removal was demon-
strated by comparing maximum likelihood estimates of M
sub , obtained by a single sensor to those obta ined by an
array at the Alaskan Long Period Arr ay (ALPA) site . Since
the besmformed array has a lower detection threshold than 79-2151
the single-sensor reference site, it can serve as the standard The Structure of Shock Layers in Elastic-Plastic Me-
by which to j udge whether positive magnitude bias has been dia : Micro-Plastic Regime
removed from the reference site surface wave magnitude R.W . Lardner and S. Ramakesavan
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Dept. of Mathematics, Simon Fraser Univ., Burnthy,
British Columbia V5A 1S6, Canada, Intl. J. Nonlin. PHENOMENOLOGY
Mcdi., 14 (2), pp 81-92 (1979) 5 figs. 15 refs

• Key Word ,: Shock waves, Shock wave propagation, Elasto. DAMPINGplastic prop erties (Also see No. 2182)
The Granato-L.ücke theo ry of internal friction is used as the
basis of a model of shock-wave formation and propagati on
in elesto.piastic solids below the general yield point . The
structure of shoc k layers in such a model is shown to be in 79-2154
general asymmetric and , at su fficien tly large jump s in strain , Elutomer Mounted Rotors — An Alternat ive forto exhibit oscill ations in the strain at its trailing edge. 

Smoother Running Tuibomachiery
J.A. Tecza , M.S. Darlow, S.W. Jones, A.J. Smalley,
and R.E. Cunningham
Mechanical Technology Inc., Latham, NY , ASME
Paper No. 79-CT-i 49

79-2152
Key Words: Elastomeric dampers , Rotors (machin e cIa-• Extending Finite Element Methodology for a ~~~~ ments), Turbomachi nery, Unbalanced mass responseof Impact Problems

A.T. Change This paper describes the design of elastomeric bearing sup-
Dept. of Mech. Engrg., Stevens Inst. of Tech., Hobo• ports for a rotor buil t to simul ate the power turbin e of en
ken , NJ, Rept. No. ARO-15522, 34 pp (Feb 1979) advanced gas turbine engine Which traverses two bending
AD-A066 044/9GA critical Leeds. The elastomer dampers are constructed to

minimize roto r dynamic response at the critical speeds.
Results are presented of unbalance response tests performedKey Words: Finite elemen t technique , Impact response with two different elastomer materials.(mechanical )

This research has concen trated on a class of impact problem s
whose angle of impact is so shallow that the targ et impact
disturbance might be conside red ass surface wave problem. 79-2155The theoretical background for the pressure distribution
developed during impact is given in the lest chapter . The Response of a Single Degree of Freedom System

with Quadratic Damping to Step and Impulse Inputs
G. Jacazio and B. Piombo
lstituto di Meccanica Applicata alle Macchine, Poll-
tecnico , Torino, Italy, Mech. Res. Comm., 6 (3),
pp 121-1 27 (1979) 4 figs, 3 refs

79.2 153
Seine Notes on the Dynamic Properties of Unsatur- Key Word ,: Single degree of freedom systems, Quadratic
ated Concrete damping

- S.T. Wu
Single degree of freedom systems with quadratic damp ingEBASCO Services, Inc., 2 Rector St., New York , are often encountered in mechanical systems; part icul arlyNY 10006, NucI. Engr. Des., 53 (1), pp 97-1 03 (June in hydraulic systems where damping Is often obtained by1979) 9 figs, 1 table, 22 refs forcing oil to flow through a small orifice.

Key Words: Concretes, Dynamic response

A simplified computation model is presented at the micro-
scopic level to predict the dynamic behavior, of uns aturated
concrete. The dynamic response to the stre ss waves are 79-2156formul ated and described. With certain assumptions, the
transient mass flow from the hindered abso rbed layer to the A Design Point Cortelation for Lames Due to Part.
capillary pores can be evaluated in the transien t state . Span Dampers on Tran.onic Rotors
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WB. Roberts Univ. of Toronto, Toronto, Canada M5S 1A4 , Intl.
Dept. of Aerospace and Mech. Engrg., Univ. of J. Fatigue, 1 (3), pp 141-152 (July 1979) 23 figs,
Notre Dame, Notre Dame, IN , J. Engr. Power, Trans. 13 refs

• ASM E, 101 (3), pp 415-421 (June 1979) 11 figs,
• 20 ref s - Key Words: Fatigue (materials), Crack propagation

Key Words: Dampers, Fan blades The effects of frequency and distilled water environment on
the fatigue-c rack growth characteri stics of ASTM A533

The desig n-point losses caused by part-span dampers are Grade B Class 1 we ldment materia l is stud ied with major
correl ated for 21 transon ic axial-flow fan rotors that have emphasis placed on the crac k grow th along the weld center-
tip speeds varying fro m 350 to 488 mete rs per second and line as well as along the best affected zone IHAZ). A single
design pressure ratios of 1.5 to 2.0. The additional loss deterministic fatigue -c rac k growth model based on the Four
attribut able to the damper and the total region along the Paramete r Weibull Survivor ship Function is used .
blade height influenced are correlated with selected aerody-
namic and geometric paramete rs.

79-2159
• 79-2157 Environmental Dynamic Fatigue Crack Propagation

Oil Squeeze Film Dampers for Reducing Vibration of in Nylon 66
Aircraft Gas Turbine Engines H.A. ElHakee m and L.E. Culver
T. Miyachi , S. Hoshiya, Y. Sofue, M. Matsuki , and The National Inst . for Standards, Cairo , Egypt , Intl.
T• Torisaki J. Fatigue , 1 (3), pp 133-140 (July 1979) 9 figs ,
National Aerospace Lab., Tokyo , Japan ,ASME Paper 1 table , 21 refs
No. 79-GT•133

Key Words: Fatigue (materials), Crac k propagation
Key Words: Vibration dampers , Squeeze film dampers ,
Aircraft engines , Gas turbine engines Standard samples of nylon 66 are pre-treated in either sir.

water , or dilute sulphuric acid and then notched and cx-
Theoret ical analysis and experiments are carried out on amined for fatig ue crack propagation in the various environ-
cylindrical oil squeeze film dampers. The finite element ments. Tensile dynamic fatigue tests under constant sinu-
method (FEM) is applied for calculating pressur e distribu- so idal load amplitudes are carried out at different frequen-
tion in the dampers w ith end seals and oil gro oves. Mae- C~e$
su rements of the viscous damping coefficient of several
dampers are conducted and compared with theoretical
values. The effects of the dampers on the vibrational charac-
teristics of engines are reviewed through theoretical analy-
si , and experiments on an engin e model. Then, the effects
of squeeze film dampers on an actual engine are evaluated
for design Information. 79-2160

Gust Severity Effects on Fatigue Crack Propaga-
tion in Aluminum Alloy Sheet Materials
R.J.H. WanhiII

FATIGUE Nat ional Aerospace Lab., NLR, Amsterdam, The
(Also see No.2184) Netherlands, Intl. J. Fatigue, ! (3). pp 118-123

(July 1979) 10 figs, 16 refs

Key Words: Fatig ue (materials ), Crack propagation

79-2158 Flig ht simulation fatig ue tests are carried out on specimen,
The Effect of Frequency and Environment on the of two aluminum alloys to investigate the effect of differing
Fatigue-Crack Growth Behaviour of ASTM A533 gust load experiences on fatigue crack propa gation in 7075.

Grade B Class 1 Weldment Material T6 and the effect of gust load alleviation on 2024.T3. Two

C.J. Poon and D.W. Hoeppoer 
gust s pectra were used: the Fokker F-27 spectrum for 7075-
16; and the reference spectrum TWIST for 2024-13.
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79-2163EXPERIMENTATION Four Runllalanciig Without Phase
P.O.L. Carlson
Electronic Dynamic Balancing Co., Hil lside, IL,
Machinery Vibration Monitoring and Analysis Semi-
nar and Mtg,, Proc., Sponsored by V ibration Inst.,
Apr 1979, New Or leans, LA, pp 117-122, 7 figs

BALANCING
Key Words: Balancing techniques

The paper details the sing le plane balancing of a disc , fly-
wheel or bladed fan such ass cooling tower fan. Other wider
parts can be balanced at the center of gravity to accomplish

79-2161 a single plane balance.
High Speed Rotor Balancing
W•D. Pilkey
Dept. of Mech• and Aerospace Engrg., Univ• of
Virgin ia, Charlottesville , VA , Rept• No. UVA/525-
088/MAE78/102 , ARO-15080.7-E, l4pp (Dec 1978) 79-2164AD-A067 221/2GA An Introduction to a Unified Approach to Flexible

Rotor Balancing
Key Word ,: Balancing techniques , Rotors (machine dc- A.G. Park inson , M.S. Darlow, A.J. Smalley, and
ments), Shafts (mach inc elements ), Flexible roto rs R.H. Badgley

Univ. College of London, UK , ASME Paper No. 79-
This report summarizes the accomplishments of the final GT-161year of a study exploring new methods for balancing, ens -

• lyzing , and designing flexible rotating shafts. A techn ique
for identifying roto r bearing parameters is proposed . Then Key Words: Balancing techniques , Flexible rotors , Rotors
a quadratic pro9rammi ng formulation is presented for in. (machine elements )
fluence coefficient balancing with constraints . Finally, a
method is developed for determining the optimal axial Existing methods for the balancing of flexible rotors are
location of balancing plane,. discussed and e unified approach for such balancing i, pre-

sented. A program for testing the method is also described .

79-216579-2162
Laser Balancing Demonstrat ion on a High-SpeedSynchronous Unbalance Response of an Overhung
Flexible RotorRotor with Dials Skew
R.S. DeMuth, R.A. Rio , and D.P. FlemingD.J. Salamone and E.J. Gunter
Mechanical Technology Inc., Lath am , NY , ASMEAllis-Chalmers Corp., Milwaukee, WI , ASME Paper
Paper No. 79-GT-56No. 79-GT-135

Key Words: Balancing techniques , Lasers, Flexible rotors ,
Key Words: Balancing techniques , Rotors (machine ale- Rotors (machine elements %
ments )

This paper describes a flexible rotor system used for two-
This pape r deals with the influence of disk skew on the plane laser balancing and an experimental demonstration of
synchronous unbalance response of flexible ro tors in damped the lase r material removal method for balancing. A labor.-
bearings . A simple overhung rotor is treated to illustrate tor y test roto r was modified to accept balancing correc-
the effect s of various combination , of unbalance and disk tions using a laser metal removal method wh il• the rotor
skew on the amplitude end phase angle response at the disk is at operatin g speed. The laser setup hardware required to
and bearings, balance the rotor using two correction planes Is d.,erlb.d.
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79-2166 nat and Meeting Proceedin gs
Five-Plane Laser Balancing Sy stem for a Flexible Sponsored by Vibration Institute, Apr 1979, New
Rotor Orleans, LA, Avail: Vibration Institute, 101 W. 55th
R.S. DeMuth St., Suite 206, Clarendon Hil ls, IL 60514
Mechanical Technology Inc., 968 Albany-Shaker Rd.,
Latham, NY 12110, Machinery Vibration Monitoring Key Words: Machinery vibration , Vibration monitoring,
and Analysis Seminar and Mtg., Proc., Sponsored by Diagnostic techniques

Vibration Inst., Apr 1979, New Orleans, LA, pp 123-
128 ° f 2 ref 

Twenty f ive papers presented at the Machinery Vibration
19S, S Monitoring and Anal ysi s Seminar and Meeting feature Icc-

lures on techniques for data analysi s and problem identifica-
Key Words: Balancing techniques , Lase rs , Flexible rotors tion and co rrection , and methods for evaluating and report -

ing data. The seminar was directed to individuals involved
This paper describes the system for a five-plane laser bal- • in the design , experimental testing, devel opment and procure-
ancing and experiment al demonstr ation of the laser material ment of reciprocating and rotating machinery. Vibration
removal method for balancing. A laboratory supercritica l problems likely to occur during the develo pment and corn-

• test rotor was modified to eccept balancing co rrections using missioning of new equi pment are described . An annotated
a l aser metal remova l method while the rotor is at operating bibliography listing 198 items is also included . (Individual
speed . The laser hardware required to balance the rotor papers are also abstracted in this issue of the DIGEST).
using five correction planes is described . The optical table ,
laser module and l aser controller were assembled and cali-
brated for material remova l rates.

79-2169
Random Test Generation for Fault Detection and

79-2167 Diagnosis
TF3O Engine Trim Balancing and Vibration Diagnos- D.K . GoeI
tic System Ph.D. Thesis, Sy racuse Univ., NY , 260 pp (1978)
R.A. Rio , .1. Rutledge, and F. Fanuele UM 7908534
Diagnostic Systems Section, Mechanical Technology
Inc., 968 Albany-Shaker Rd., Latham , NY 12110, Key Words: Diagnostic techniques
Machinery Vibration Monitoring and Analysis Semi-
nar and Mtg., Proc., Sponsored by Vibration Inst., A method of test generation is devel oped which aims at:

~~~~~ 
,, . eliminating the golden unit (a random test generation scheme

Apr 1 ~~ , ew rleans, LA, pp 139-145, fIgs, in Whic h the outputs of the golden unit and the circuit under
1 table , 1 ref test are comp ared); minimizing the length of the test as-

quence; reducing the complexity of deriving the tests; mini-
Key Words: Balancing techniques, Diagnostic techniques , mizing the chances of making a wrong decision; and mini -
Aircraft engines mizing the info rmation required for reaching a decision about

the state of the circuit . The testing procedure developed is
The Trim Balancing and Diagnostic System , installed in four analogous to t he statistical hypothesis testing problem . Tests
TF3O engine test cells at the Oklahoma City Air Logistics are derived for four different kinds of faults. The effective-
Cente r (OC-ALC) , is described . This project demonstrates ness of the tests is studied by randomly injecting faults into
the practical application of combining minicomputer tech- a circuit. A new te sting procedure called the sequential
nology with extensive rotor dynamics expe rtise to provide probabilistic testing procedure is developed for the purpo se
the Air Force Wi th a system which solv es many of the pie- of fault diagnosis. An algorithm is presented for computing
viously mentioned prob lems. the optimal sequential testing p rocedure for locating a fault.

DIAGNOSTICS 79-2170(Also see Nos. 2167.2189) , ,The Practical Vibration Pruner
C. Jackson
Gulf Publishing Co., Houston, TX , 1979, 114 pp.

79-2168 Avail: Vibration Institute, 101 W. 55th St., Clareri-
Machinery Vibration Monitoring and Analyis Semi. don Hills, IL 60514
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Key Words: Diagno stic tech niques, Mach inery vibration . 79-2173
Books Investigating Steady State Vibrations in Large En-

gines and Reciprocating Compressors
The Practical Vibratio n Primer provides a working knowledge

• of the fundamentals required to evaluate malfu nctio ns caused T.J. F Inneran

by excessive vibrat ion. It begins with the basics of vibrato ry Ingersoll-Rand Co., Painted Post , NY , Machinery Vi-
motion, and expands to cover the application of measure - bration Monitoring and Analysis Seminar and Mtg.,
ment and correction techni ques . In addition to disc ussin g Proc., Sponsored by Vibration Inst., Apr 1979, New
mot lon-di~~lecement , veloc ity , and acceleration of v ibrating Or leans, LA , pp 155-1 61, 10 figs
systems , with p ract ical exam ples and illustrations to enhance
understanding, the book describes various types of sensors
used to measure vib ration , Also provided are guide lines for Key Words: Diagnostic techniques , Reciprocating engines ,

selecting the proper machine ry and structure vibration san- Periodic response
sor. Other to pics include logarith mic scaling, fi lt ers, phase
and basic balancing (machine balancing techniques are illus - This paper is primarily concerned with the investi gation of

trated with example problems), instrumentation , severity, vibr ation s associated with large engines and reciprocating

thru st bearings , alignment , and information on how to avoid compressors , but is also applicable to other machinery . Its

the common mista ke of confusing strobe vibration analysis intent is to familiarize users of this equipment with some

with probe vibration analysis , vibration principles, the major sources of excitation and the
reasons why excessive vib rations may occur, it finally out-
lines inve stigator y procedures on vibration problems when
they arise . Firtt , thn ttAos to be followed by observations;
second, the steps to be fo llowed using instruments. ft con-
cl udes with some exam ples where these principles have been

79-2171 used .
Computer Managed Vibration Monitoring and Analy-
sis of Plant Machinery
B. Buckley and J. Chavez
DYMAC Div. of Spectral Dynamics. San Diego, CA,
Machinery V ibration Monitoring and Analysis Semi- 792174
nar and Mtg., Proc., Sponsored by Vibration Inst., Dynamic Analy sis of a 7500 HP Induction Moto r

Apr 1979, New Orleans, LA, pp 183-189, 5 f igs J.E. Corley
Rotating Equipment , Arab ian American Oil Co.,

Key Word s : Diagnostic techniques, Turbomachinery Dhah ran , Saudi ArabL~, Machinery Vibration Moni-
toring and Analysis Ser’inar and Mtg,, Proc., Spon-

This paper describes some manufacturer ’s results in combin- sored by Vibration Inst. Apr 1979 New Orleans LA
ing current computer and vib ration instrumentation tech- 

~ 37-4 1 6 fi ~nology . This new system is ded icated to monitoring and ‘

analysis of plant turbomachiner y (and auxiliar y equipment)
health and performance. Key Words: Diagnostic techniques , Induction motors

This paper describes the diagnosis and analysis of two large
four pole induction motors which are used in a crude oil
loading system . The paper desc ribes the techniques used to
analyze the resonance and the experimental testing using an

79-2 172 impedance analysis system to obtain the system stiff neues

The Right Way to Overhaul Turbomachinery necessary to model the system. The pape r also presents

J.D. Houghton the analysi s of the reco mmend ed solution using an elli ptical

Shell Oil Co., Deer Park , TX , Hydrocarbon Pro- 
bearing to detune the horizontal resonance.

cessing, 58 (6), pp 129-136 (June 1979) 3 figs ,
2 tables, 4 refs

Key Wo rds: Diagnostic techni ques , Turbomachinery 79-2175
How to plan , execute and docume nt turbomachinery over - An Analysis Procedure for the Validation of On-Site
hauls are described based on data gathered on approximately Perfom iance Measurements of Gas Turbines
30 machines. Specific examples of what can go wrong end B K .  Agrawal , B.D. MacIsaac, and H.I,H. Saravana-
corrective action are also included. m tt
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Carleton Univ., Ottawa, Canada, J. Engr. Power, A system for ,utomating the techniques of signature snely-
Trans. ASME, 101 (3), pp 405-414 (June 1979) us , which reduces the cost of perfo rming a detailed signatu re
18 f igs, 9 refs analysis by a factor of ten, is described.

Key Words: Diagnostic techniques , Gas tu rbine engines

In order to ensure accuracy and credibility of an engine 79-2 178health monitoring system , it is vital that the measurements
used In the analysis process be accurate, An analysis pro- The Shock Pulse Method for Determ ining the Condi-
cedure is developed to verify the accuracy of daily measu re- tion of Anti-Friction Bearings
ments taken from indu strial gas turbines in the gas pipeline K. Barthel
industry. The procedure is extended to use the measurements Testing M ach ines, Inc ., Amityville, NY , Machineryto develop an engine health monitoring system for this class

Vibration Monitoring and Analysis Seminar and Mtg.,• of equipment which is based solely on existing instruments-
tion. Proc., Sponsored by V ibration Inst., Apr 1979, New

Orleans, LA, pp 199-204, 10 f igs

Key Words: Diagnostic techniques , Shock pulse method,
Antifriction bearings , Bearings

79.2176
Meastsresnent Techni ques for Prevent ing Fan Vibra- The Shock Pulse Method , which is based on monitoring the

• tion Failures mechanical impacts caused by bearing damage and operating
condition problems , is described, It allows a bearing ’s condi-P. K. Baade tion to be tested over its entire life .

Dynamics Research Div ., Carrier Corp., Syracuse,
NY 13221, Machinery Vibration Monitoring and
Analysis Seminar and Mtg., Proc., Sponsored by Vi-
brat ion Inst., Apr 1979, New Orleans , LA, pp 27-36,
10 figs, 7 refs 79-21 79

A Comparison of Vibration Measurement Techniques
for Monitoring and Analy sisKey Words: Fans , Diagnostic techniques , Critical speeds
R. L. Fox

This paper is concerned w it h the develo pment of a practical IRD Mechanalysis , Inc., Machinery Vibration Moni-
measurement technique for pred icting the critical speeds tor ing and Analysis Seminar and Mtg., Proc., Sponsor-
of pripeller fans used in typical heating, refrigeration and air ed by Vibration Inst., Apr 1979, New Orleans , LA,conditioning units. The paper revi ews a typical fan failure
history and describes tests conducted to diagnose the cau se pp 73-82, 15 figs
of the failure , as well as two different t est methods which
are candidates for an ASHRAE standard eimed at prev enting Key Words: Diagnostic techniques , Vibration measurement ,
such failures. Areas requiring fu rther work are out l ined . Measuring instruments , Rotor ’t earing systems

This paper discusses the three basic approaches in vibration
measurement in terms of transducer selection and practical
limitations. An evaluation of each measurement approach is

79-2177 made with consideration given to various rotor/bearing
configurations as well as relative response to various specificAutomating Signature Analysis for Predicting Ma- machinery malfunctions and associated vibration charac-

chinery Failures teristies. Recommendations and conclusions are supported
B.M. Rickert with comparative spectrum analysis data of each measure-
Mechanical Technology Inc., 968 Albany-Shaker Rd., ment approach obtained on a variety of machinery installa-

Latham, NY 121 10, Machinery Vibration Monitoring tions.
and Analysis Scminar and Mtg., Proc., Sponsored by
Vibration Inst., Apr 1979, New Orleans , LA, pp 191-
197

79-2180
Key Words: Diagnostic techniques , Machinery , Vibration Identification of Gear Defects by Vibration Analysis
signatu res , Signatures , Computer aided techniques J. I. Taylor
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Gardinier, Inc., Tampa, FL, Machinery Vibration ode of Mult ivari ate Disc riminatory Analysis allow the accept-
Monitoring and Analysis Seminar and Mtg. , Proc., reject criteria to be readily determined. This paper illustrates
Sponsored by Vibration Inst., Apr 1979 , New Or- one such technique and demonstrates a means of estimat ing

the quali ty of vi scous torsion al vibration dampers , whereleans, LA, pp 93-105, 23 figs three measured parameters are associated with the determina-
tion.

Key Words: Diagno stic techniques , Vibration sign atures ,
Gears

This paper describes p rocedures for identifying gear defects
and/or problems. Analysis of vibration velocity signals in

• the time and frequency domains was utilized. The spec if ic
gear that causes the mesh problems can be identified by
analyzing gear mesh frequencies. 79-2 183 

. 
-

Statistical Techniques for Automatin g the Detection
of Anomalous Performance in Rotating Machinery
K.R. Piety and T.E. Magette
Oak Ridge National Lab., Oak Ridge, TN 37830 ,

79-2181 Machinery Vibration Monitoring and Analysis Semi-
Detection of Valve Leakage in Reciprocating Corn- nar and Mtg., Proc., Sponsored by V ibration Inst.,
pressors by Demodulated Resonance Analysis Apr 1979, New Orleans, LA, pp 163-176, 9 figs,
DL. St. John 4 tab les, 23 refs
Shell Oil Co., Wood River , I L , Machinery Vibration
Monitoring and Analysis Seminar and Mtg., Proc., Key Words: Diagnostic techni ques, Statistical anal ysis ,
Sponsored by Vibration Inst., Apr 1979, New Or- Automated test ing, Rotating st ructu res
leans , LA, pp 177-1 82, 11 figs . . . . . .A methodology for monitoring indus trial rotating equipment

which would upgrade ongoing programs and yet st i lt be
Icey Words: Diagnostic techniques , Valves, Com pressors , practical for implem entation is investigated. An improved
Demodulated resonance anal ysis anomaly recognition methodology is formulated and Fm-

plemented on a minic omputer system. The effectiveness
This paper is a discussion of the relevant factors involved in of me monitoring system is eva luated in labo ratory tests
successfully developing a technique to improve recipr ocating on a small rotor assembly, using vibrational sign al s from
compre ssor reliability and maintenance cost through the both dis placement probe s and accelerometers.
early detection of defective valves by demodulated resonance
analysis.

79-2182 79-2 184
An Effective Discriminant for Evaluating the Quality Simultaneous Monitorin g of Acoustic Emission and
of Viscou s Dampers Applied to EMD 20.645E3 Loco” Ultrason ic Attenuation During Fatigue of 7075
motive Engines Aluminwn
H. Hershkowitz J.C. Duke , Jr. and R E . Green, Jr.
Applications Engrg., Scient ific-Atlanta, Inc., Ran- College of Engrg., Virginia Polytechnic Inst. and State
dolph, NJ , Mach inery Vibration Monitoring and Univ., Blacksburg, VA 24001 , Intl . J. Fatigue, 1 (3),
Analysis Seminar and Mtg., Proc., Sponsored by V i- pp 125-1 32 (July 1979) 9 figs, 40 refs
brat ion Inst., Apr 1979, New Orleans, LA , pp 147-
153, 6 figs, 4 tables, 7 refs Key Word s : Fatigue (materia ls), Diagnostic techniques ,

Acou stic emission
Key Words: Diagnostic techniques , Vibration dampers ,
Viscous damping, Torsional vibration A thorough review of the previous work employing either

techniq ue (ultr ason ic attenuation monitoring or acoustic
In situations where many different measured parameters emission monitoring) for the examination of aluminium
describe the functional performance of a system , the metPi- during fatigue is presented.
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EQUIPMENT INSTRUMENTATION
(Also see No. 2150) (Also see No. 2179)

79-2187
79-2185 Vibrat ion Measurement - An Introduction to Piezo-
Transient Analysis of Equipment-Structure Inter- ceramic Accelerometers and Associated Instrumenta.

• action at High Frequencies tion - Part 2
J.L. Sackman and J.M . Kelly D. Purdy
Weidlinger Associates, Menlo Park , CA, Rept. No. Noise Control Vib. Isolation, 10 (5), pp 178-181

• R-7828, DNA-4675F , 66 pp (May 1978) (May 1979) 11 figs , 5 refs 
—

AD-A066 607/3GA
Key Words: Vibration measurement , Measuring inst rumenta-
tion , Acceleromete rsKey Words: Equi pment response, Transient excitation

In part 2 of this article , continued from the April 1979 issue ,
An analytical method is deve loped which yields a simple the conditioning of signals from piezoceramic acce lerometers
estimate of the maximum dynamic response of light equip - is discussed.
ment attached to a structure subjected to ground motions.
The natural frequency of the equipment , modeled as a
single .degre e’of -freedom system , is considered to be close ,
or equal , to one of the natural frequencies of the N-degree-

• of-freedom structure . The approach is based on the transient
analysis of lightly damped , tuned or detuned equipment . 79-2188
st ructure systems in which the mass of the equipment is small Concepts and Transducers Used in Measuring Dy-in comparison with th at of the structure.

namic Mass
R,R. Bouche
Bouche Labs., Sun Val ley, CA, Machinery Vibration
Monitoring and Analysis Seminar and Mtg., Proc.,

FACILITIES Sponsored by Vibration Inst., Apr 1979 , New Or-
leans, LA, pp 11-17 ,7 figs , 7 refs

Key Words: Electrodynamic shakers, Vibration measure-
ment , Measurement techniques . Measuring instruments

79-2186 The general requirements for accurate dynamic mass mea-
Measurements of Low-Velocity Flow Noise Ofl su rements include using a small electrodynamic shaker
Pressure and Pressure Gradient Hydro phones together with an accelerometer and force gage having high
R.A. Finger, L.A. Abbagnaro, and B.B. Bauer sensitivities. The mechanical impedance or mobility can be

CBS Technology Center, Stamford , CT o69o5, j . computed from the measured dynamic mass sim ply by using
the relationship between the velocity and acceleration for

Acoust. Soc. Amer ., 65 (6), pp 1407-1412 (June -sinusoidal vibration motion. There are many important
1979) 7 figs, 9 refs applications for the simplest form of dynamic mass mea-

surements . These include measuring the dynamic mass at
the driving point and the transfer dynamic mass while apply -

Key Words: Test facilities , Noise measurement , Fluid- ing a single rectilinear force.ind uced excitation

A circular flow tank facilit y is developed which features
ext remely low acoustic and vibration ambient conditions.
This facili ty is desc ribed , operating procedures assoc iated
with its use are presented , and limitations in the measure- 79 2189
ment procedures are mentioned . The flow facility is used A Review of Machinery Analysis Instrumentat ion
to measure the noise out put of pressure and pressu re gre- J ,S. Mitchelldient hydrophones during actual flow conditions end results
of these tests are presented and discussed. Turbomachinery Consultant, San Juan Capistrano ,
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CA, Machinery Vibration Monitoring and Analysis North American Region, Bently Nevada Corp.,
Seminar and Mtg., Proc., Sponsored by V ibration Houston, TX , Machinery Vibration Monitoring and
Inst., Apr 1979, New Orleans, LA, pp 1-9, 6 figs Analysis Seminar and Mtg., Proc., Sponsored by Vi-

- - bration Inst., Apr 1979, New Orleans, LA, pp 83-
Key Words: Machinery , Vibration analyzers . MeasurIng 91, 10 figs
instruments

Key Words: Shafts, Gas turbines , Lateral vibration , Test
-: 

I 

Vibration transducers , signal conditioning and some of the equipment and instrumentation , Vibration te sts
factors which must be considered in deciding which mea-

- • su rement to make are discussed . This paper is a condensa-- - This paper addresses the shaft and casing vibration response 4t ion of three chapters in a comprehensive book on machine ry characteri stics of large , single shaft , industrial gas turbines .
analysis which will provide the reader with a good general A contem porary suite of vibration transducers consi sting of- I basis for machinery analysis. proximi ty di splacement probes , velocity seismoprobes, and

piezoelectric acceleromete rs are considered . The individual
transducers are discussed , and the mechanical characterist ics
of gas turbines are reviewed. Finally, two specific machinery

SCALING AND MODELING examples are presented to illustrate the various measure-
• ments . and data reduction techniques.

79-2190
Use of Scaled Plastic Models in Mobility Studies

BEAMS, STRINi~S, RODS, BARSR.L. Bannister
Westinghouse Electric Corp., Lester, PA , Mach inery
Vibration Monitoring and Analysis Seminar and Mtg.,
Proc., Sponsored by Vibration Inst., New Orleans,
LA , pp 19-23, 3 tables, 40 ref s 79-2192

Wave Motion in Micropolar Elastic Bars with Rect-
Key Words: Scaling angular Cross Section

A. ’,’. Vasudeva and R.K. Bhaskara
This paper reviews the techniques that are used to design , Dept. of App). Mathematics, Andhra Univ., Waltair ,
construct and test scaled plastic models. Scaling laws, ma- India, Intl. J. Engr. Sci., 17 (8), pp 965-971 (1979)
terial characteristics, mobility analyses, experimental pro- 9 refscedures, and test instrumentation are covered.

Key Words: Bears , Rectangular bars , Wave propagation,
Frequency equation, Normal modes

TECHNIQUES
(See Nos. 2130, 2188) Effect of couple stres ses on the propagation of elastic waves

in an infinite bar of rectangular cross section is studied in
the framework of Eringen’s micropolar theory of elasticity.

- The crosswise superposition techniq ue is used to obtain the

COMPONENTS general solution and the frequency equation for longitudinal
modes of vibration of the bar.

SHAFTS
(Also see No. 2161)

79-2193
The Modelling of Net and Cloth Dynamics
C.M. Leech

79-2191 Dept. of Mech. Engrg., The Univ. of Manchester Inst.
Shaft and Casing Motion of Las~e, Single Shaft, of Science and Tech., Manchester, UK M60 1QD , J.
Industrial Gas Turbines Franklin Inst., 307 (6), pp 361-378 (1979) 6 figs ,
R.C. Eisenmann 17 refs
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Key Words: Mathemat ical models, Grids (beam grids ) Key Words : Csblas (rop.s), Moving loads , Inertial forces

The dynamic modeling of dense nets, clot hs and gr idworks The effect of inertia on ffi, motion of masse, trav.Ilng on
• is approached through Hamilton ’s principle and Fourier taut cab les is investigated . An approximate snalytic al solu-

series. The techniq ue is examined in consequence of natural tion is presented . A numerical ipproach fully accounti ng for
frequenc ies, travelling waves and wave prop~~at lon. The kinematical co upling effects is also presented . Finall y, the
model is checked with previous results. The approach is numeric al solution , developed for a moving point mass, Is
extendible to laminates and to reinforcements, shown to be adaptable to systems with continuous movi ng

masses, and the dy namic stability of tubular cantilevers
conveying fluid is briefly investigated. The numerical resu lts
are compared with theoret ical and experimenta l results
from Gregory and Psidoussis.

79-2194
Vibration Properties of Curved Thin-Walled Beams
A. Rutenberg

• Faculty of Civil Engrg., Technion-Israe l Inst. of 792197
Tech., Ha ifa , Israel , ASCE J. Struc. Div., 105 (ST7), Seignic Support: Speedy Detennination of Fm-

- - pp 1445-1455 (July 1979) 3 figs , 2 tables, 12 refs quency
A K .  Kar

Key Words: Beam s, Curved beams, Bridg es, Natural fre- Ebasco Services, Inc., New York , NY , ASCE J. Struc.
quencie s Div., 105 (ST7), pp 1289-1306 (July 1979) 12 figs,
A simple procedure is proposed to evaluate the out-of-plane 9 refs
vibration frequencies for a class of horizontally curved
beams. The method is illustrated by a numerical example: Key Words: Cables (ropes), Seismic response, Nuclear power
a fixed -fixed curved highway with open cross-sect ion. plants

Approximate formulas , based on the stiffness of the SDOF
models, are presented to determine the natural frequencies
ve ry quickly and reliably. The formulas have the added
advantage of demon strating the contribution of different

79-2195 members to the frequency of a frame. The use of the for-
On the Rectilinear Motion of an Inextensible String mules , presented in the paper , can considerably simplify the
M. Kuipers dynamic analy si s of seismic supports for electrical cables
Dept. of Mathematics , Univ. of Groningen, Gronin- and HVAC ducts in nuclear power plant and other structures.

gen, The Netherlands, J. Engr. Math., 13(3), pp 249-
256 (July 1979) 5 figs, 3 refs

Key Words: Strings, Chains, Normal modes

79-2198
In this paper the rectilinear mot ion of a string or chain with Cable Spring Constants for Guyed Tower Analysisno bending stiffness, which is arranged In a straight line and A
bent double is i~westigated. Two mechanisms, one of wh ich ‘ OP
is dissipative and the oth er is not are examined . The results AppI. Mechan ics Branch , Ocean Tech. Div.. U.S.
of the calcul ations are compared with analog ous computa- Naval Research Lab., Wash ington, D.C., ASCE J.
tions in the literature. Struc. Div., 105 (ST7), pp 1307-1318 (July 1979)

5 figs, 17 refs

Key Words: Cables (ropes), Towers , Guyed structures

79-2196 In this paper new formulas are developed for calculating
Inertial Effects of Masses Moving on Cables guy cable preloads and spring constants. The formulas are

i evolved for arbitrarily loaded guys containi ng any numberanning of discrete masses and having arbitrary constitutive relations.
Ph.D. Thesis, Purdue Univ., 163 pp (1978) me calculations of guy preloads and spring constants from
UM 7914913 these formulas are demonstrated by numer ical examples.
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BEARINGS As a step towards tilting fltted’pad bearing, calculated steady-
(Also see No. 2178) state and dynamic characteristics are given for th. finite-

length fitted partial arc bearing for different values of bearing
angle. Steady-state and dynamic characteristics are then given
for a tilting-pad bearing with the load between pads. Results
are compared with the similar clearance type bearing.

79-2199
Dynamically Loaded Bearings Operating with Non-
Newtonian Lubricant Films
Z.S. Safar
Mech. Engrg. Dept., Univ. of California, Berkeley,
CA 94720, Wear , 55 (2), pp 295-304 (Aug 1979)
7 figs, 12 refs 79-2202 

- -

Geometzy Effects in Tilting-Pad Journal Bearings
Key Words: Bearings , Lubrication G.J. Jones and F.A. Martin

The Glacier Metal Co., Ltd., Wembley, Middlesex ,
The behav ior of a laminar non-Newtonian film (power law) UK , ASLE Trans. , 22 (3), pp 227-244 (July 1979)
is studied for dynamically loaded bearings. An expression 14 f igs, 2 tables, 12 refsfor the modified Reynolds equation in obtained for the
non-Newtonian fluid film. The load-carrying capacity is
obtained for various values of the viscomatric exponent of Key Words: Bearings, Tilting pad bearings, Geometric effects
the power law model.

A theoretical study is undertaken to sh ow th. influence of
bearing geometry on the steady-state end dynamic behavior
of tilting-pad journal bearings. The computer model used
takes into account a different viscosity on each pad, tur-
bulence in the oil film and pad inertia. The geometr ic changes

79-2200 considered include the pad clearance and the bearing clear-
Predicting Wear in Misaligned Rolling Contact ance, the length/diamete r ratio , the number of pads, end the

orientation of the bearing with respect to the load direction.P.A. Engel The major operating characteristics examined are oi l film
IBM Corp., Ertd icott, NY , Mach. Ocr,., 51 ~17), thickness, pad temperature, power loss, and oil film stiffness
pp 128-1 32 (July 26, 1979) and damping .

Key Words: Bearings , Wear , Alignment , Antifriction bearing s

A new procedure for the determinat ion of wear of roll ing
machinery components is described. The method show s how
to determine the critical misalignment angle , given the con-
tact geomet ry and elast ic pro pertie s of two rolling surfaces.
Then, from the critical misalignment angle , the maximum 79-2203
wear depth that can be expected at the contact area edge of Analytical and Experimental Determination of Sur-the two surfaces is determined.

face Finish Effects on the EHD Perfonnance of Ball
Bearings
T.E . Russell and J.C. Clark
Genera l Electric Co., Cincinnati , OH 45215, ASLE
Trans., 22 (3), Pp 286-292 (July 1979) 8 figs, 4

79-2201 tables , 15 refs
Analysis of Fitted Partial Arc and Tilting-Pad Journal
Bearings Key Words: Bearings , Bsil bearings, Fatigue tests, Surface
M.N. Abdul-Wat~ed , J. Frene, and 0. Nicolas roughness

Institut National des Sciences Appliquees de Lyon, An analytical and experimental analysis is conducted to69621 Villeurbanne, France , ASLE Trans. , (3), determine the effects of surface finish on the elastohydro .
pp 257-266 (July 1979) 21 figs, 10 refs dynamic perform ance of a group of 168-mm bore diameter,

discrepant outer raceway surface finishes.Key Words: Bearings, Tilting pad bearings 
gas turbine engine , main shaft ball bearing s found to have
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79.2204 race motion In a ball bearing Is pres,nted In tirms of the
Dynamics of Rolling-Element Beasinga. Part 1: classic al differential equations of motion. Ball-rac. int.rac-
Cylindrical Roller Bearing ~~al, tlon Is analyzed In detail and the resulting force and moment

vectors are determined. Th. ball-cage and race-cage interac-P. K. Gupta tions are considered to be either hydrodynamic or metallic
Mechanical Technology Inc., 968 Albany-Shaker Rd., and a critical film thickness defines the transition between
Latham, NY 12110, J. Lubric. Tech., Trans. ASME, th. two regimes. Simplified treatments for the drag and
101 (3), pp 293-304 (July 1979) 8 figs, 14 rots churning losses are also included to complet, a rigorous

analytical development for the real-time simulation of the
dynamic performance of bell bearings.Key Words: Bearings, Roller bearings

An analytical formulation for the roller motion in a Cylin-
drical roll., bearing is presented in terms of the classical

- - differential equations of motion. Roller-race interaction Is 79-2207
analyzed in detail and the resulting normal force and moment Dynamics of Rolling-Elesnent Bearings. Purt IV:vectors are determined . Elastohydrodynam ic traction models
are considered in determining the roller -race tractive fo rces Ball Bearing Results
and moments. Formul ation for the roller end and race flang e P. K. Gupta
interaction during skewing of the roller is also considered. Mechanical Technology Inc., 968 Albany-Shaker Rd.,

Latham, NY 12110, J. Lubric. Tech., Trans. ASME,
101 (3), pp 319-326 (July 1979) 24 f igs, 9 refs

Key Words: Bearings, Ball bearings, Alignment
79-2205
Dynamics of Rolling-Elesnent Bearings. ~~~~ l~ 

Dynamic simulations of the performance of a ball bearing are
presented in terms of the general motion as obtained by In-Cylindrical Roller Bearing Results tagrating the differential equations of motion of the various

P. K. Gupta bearing elements.
Mechanica l Technology Inc., 968 Albany-Shaker Rd.,
Latham, NY 12110, J. Lubr ic. Tech ., Trans. ASME,
101 (3), pp 305-311 (July 1979) 16 figs, 8 refs

79-2208
Key Words: Bearings , Roller bearing s Elutoh ydrodynamic Contact Between Two Rollers

Under Conditions of Unsteady MotionCylindrical roller bearing performance simuletions are ex-
pressed in terms of the general motion of the bearing dc. S. Pytko and K. Wierzcholsk i
ments as derived by integrating the differential equations of Dept. of M achines, Technical Univ. AGH , Krakow ,
motion. Roller skew as induced by rel ative race misalignment Poland , Wear , 55 (2), Pp 245-260 (Aug 1979) 2 figs,
is simulated. The influence of geometrical parameters, such 2 tables , 3 re fs
as roller/cage or race/cage clearance and radial preload , on
the roller ~nd cage motion is also investigated.

Key Words: Bearings , Rolling contact bearing s, Rolling
friction, Contact vibration, Elastohydrodynsmic properties,
Lubric ation

An analysis of the elastohyd rodynsm ic (EHD) contact
79.2206 between two rotating roller s in unsteady motion when one

roller rolls around the Other ;s presented.Dynamics of Rolling-Element Beanugs. Part III:
Ball Bearing Analyã
P.K. Gupta

BLADESMechanical Technol ogy Inc., 968 Albany-Shaker Rd.,
Latham, NY 12110, J. Lubric. Tech., Trans. ASME,
101 (3), pp 312-318 (July 1979) 5 figs, 19 refs

79-2209
Key Wards: Bearing s, Ball bearings Optimization of Propeller Skew Distribution to Mini-

mize the Vibratory Forces and Moments Acting at
An analytical formul ation for the generalized ball , cage, and the Propeller Nub
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M.G. Parsons and J .E. Greenblatt G.J. Wang
Dept. of Naval Architecture and Marine Engrg., Dept. of Mechanics and Materials Scien~~. Rutge rs
Michigan Univ., Ann Arbor, Ml , Rept. No. UM/ Univ., New Brunswick , NJ 08903, Intl. J. Nonlin .
NAME-206 , MA-RD-940-79023 , 66 pp (Dec 1978) Mech., 14 (2). pp 123- 132 (1979) 5 figs. 13 raft
P8-293 934/6GA

Key Words: Parametric resonance, Columns, Thermal
Key Wards: Blades, Propeller blades, Marine propellers , excitation , Self ’.xci ted vibrations
Skew plates , Optimum design , Computer programs

The parametric response of a metallic column at elevated
The propeller skew design problem is formul ated as an op- temperature is investigated, taking into account Its non~
timization problem to minimize a weighted , linear combin e- linear viscous characteristics. An asymptotic method for the
tion of the six vibratory forces and moments acting at the determination of the region of self -axcita t ion and the ampli-
propeller hub. The SKEWOPT propeller skew optimization tudes and phase angles for both stationary and nonetationvy
program ~s described. This interactive program was developed responses is outlined briefly.
to perform the propeller skew optimization in a routine
design setting. The vibratory forces and moments are eval-
uated using either a tw o~dimensi onaI, sinusoidal gust theory
ore three-dimensional , unsteady, lifting-line theory. 

CONTROLS
(Also see No. 2181(

COLUMNS
79-2212
Seine Connections Between Modern and Clasical

- Control Concept s
79-2210 A.E. Bryson,Jr.
Inelastic Response of Reinforced Concrete Columns Paul Pigott Prt fessor of Engrg., Stanfo rd Univ ., Stan-Subj ected to Two-Dimennona l Earthquake Mohon ford , CA 94305, J. Dyn. Syst., Meas. and Contro l ,M.I.H. Suharwardy Trans. ASME , 101 (2), pp 91-98 (June 1979) 15 figs,
Ph.D. Thes is, Univ. of Ill inois at Urbana-Champaign, 13 refs 

—

225 pp (1979)
UM 7915433 Key Wo rds: Control equipm ent, Structur al synthesis

Key Words: Columns , Reinforced concrete , Earthquake This is a tutorial paper that discusses the synthesis of op-
response tlmum con ltent.gein feedback controllers for stationary

linear sy stems. A fourth order example is used throughout
This study was undertaken to determine the effects of two- the paper to help clarify the Concepts.
dimensional earthquake motion on reinforced co ncrete
(R /C) columns. An analytical model to represent the shear-
deflection -axial load relationship of R/C columns is devel-
oped from stress -strain relations of steel and concrete. The
analytical model compares favorably with experimental re-
sult s for both uniaxial and biaxial loading conditions . The 79 2213
analytical model pred icts significant chang es in the strength , Experience with Experimental Applications of Multi-
energy absorption capacity and accumulated damage re- variable Compute r Control
sponses of the column under biaxial deforma tions as corn - D.E. Seborg and D.G. Fisherpared to the corre sponding responses under uniax ial de-
1ormat~ons. Dept. of Chemica l and Nuclear Engrg., Univ. of

Cal ifo rnia , Santa Barbara , CA 93106, J. Dyn. Syst.,
Meas. and Contro l , Trans. ASME , 101 (2), pp 108-
116 (June 1979) 12 figs , 38 refs

79-2211 Key Words: Control equipmen t, Computer aided techniqu es
Parametric Response of a Metallic Column at Ek- This paper summarizes experience gained over the pest tenvated Temperature year. in applying multiverieble control techr~iques to a pilot
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scale, double effect evaporator at the University of Alberta. An extensi ve experimental and analytical research program
It is possible to make meaningful comparisons between con - for the inelastic response evaluation of ductile moment-
ventional control st rategies and modern multivariable tech- resisting reinforced concrete multistory frame structures
niques including: optim al control. eigenv alue assignment , under strong earthquake moti ons is described. A twenty-
state estim ation , adapt ive control , frequency domain math- story , four-bay strong column-weak beam reinforced con-
ode, time delay compensation, disturbance localization and crete ductile frame , rep resenting a typical office building,
model reference identifica t ion. The paper concludes with is designed in accordance with the seismic resistant 1970
a discussion of the implications of this research for industrial USC and 1971 ACI Code provisions. The influence of col-
application. umn axial deformations, flexural stiffness variations, and

shear deformations on the static elastic analysis of the
frame is examined .

DUCTS
(Also see No. 2135)

GEARS
(Also see No. 2180)

79.2214
A Statistical Theory for Sound Radiation and Re-

79-2216Election from a Duct
Y .C. Cho Dynamic Behavior of Planetary Gear (4th Report,

Influence of the Tran.nitted Tooth Load on theJoint Inst . for Advancement of Flight Sciences, The
George Washington Univ., NASA Langley Research Dynastic Incresnent Load)

T. H idaka , V . Terauchi , and K. IshiokaCtr. , Hampton , VA 23665, J. Acoust. Soc. Amer., Vamaguchi Univ., Tokiwadai, Ube, Japan , Bu ll.65 (6), pp 1373-1379 (June 1979) 8 figs, 13 refs JSM E, 22 (168). pp 877-884 (June 1979) 14 figs ,
7 refsKey Wordt~ Oucis, Sound waves, Sound propagation, Sound

reflection, Statistical analysis
Key Words: Gears

A new analytical method Is introduced for the study of the
sound radiation and reflection from the open end of a duct. The influence of the tran sm itted tooth load on the dynamic
The sound is thought of as an aggregation of the quasi- increment load and othe rs about a single-stage Stoeckicht
particles.phonons. The motion of the latter Is described in planeta ry gear (Type 2K-H) constructed with spur gears is
terms of the statistical distribution, which Is derived from the studied.
classical wave theory. The resul ts are In good agreement with
the solutions obtained using the Wlener-Hapf technique.

79.2217
Why Gears Explode

FRAMES, ARCHES R.J. Drago and F.W. Brown
• Boeing Vertol Co., Ph iladelphia , PA, Power Transm.

Des., 21 (7), pp 77-80 (July 1979) 6 figs

Key Words: Gears, Resonant frequenc ies
79-2215
Reinforced Concrete Duet~e Frames Under Earth- Several experimental techniques for determining resonant
quake Loadings with Stiffness ~~~~~~~ frequencies and mod. shapes of gearing components are

described.0. Soleimani
Ph.D. Thesis , Univ. of California , Berkeley, CA, 533
pp (1978)
UM 7914772 79-2218

Low-Cycle Fatigue and Ultinate Strength Related
Key Words: Frames, ReInforced concrete, Earthquake to Gear Damp
response W. L. Moore
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The Boeing Co., Seattle, WA , J. Mech. Des. , Trans. 79-2221
ASME, 101 (3), pp 373-379 (Ju ly 1979) 11 figs , Application of the Infln iteánal Operators of Trans.
1 table , 16 refs lation and Rotat ion (No. 1. The Lineage of Dynamic

Equations)
Key Words: Gears, Standards, Fatigue life N. Oshima

Faculty of Engrg., Univ . of Tokyo , Hongo , Bunkyo-This paper describes the development of a method for ku , Tokyo , J~~an , Bull. JSME , 22 (168), pp 809-assessing the ultimate tensile and limit load strength values
required by MIL’A-8880(ASG) for aircraft actuator gear 814 (June 1979) 4 figs , 2 refs
teeth , and the subsequent effect of a few very-high-load
cycles with regard to bending and surface fatigu e life. Back. Key Words: Mechanical elements
ground and application date are provided for gear teeth under
relatively common load conditions that are not included Variou s mechanical quantities arid conservation equations
in AGMA standards . of dyn amics can be arranged by means of appro priate in-

finitesimal operators. In the dynamics of point mass systems,
• the infinitesimal operators of translation and rotation yield

various dynamical quantities from the energy form. Dy-
namics of a rigid body is considered from the viewpoint

LINKAGES of infinitesimal operators.

- 
I 79-2219

Painless Analy.a of Four-Bar Linkages 79-2222
L.O. Barton Coupling Response
E. l. du Pont do Nemours & Co., Wilmington , DE, H. Schwerdlin
Mach , Des. , 51 (17), pp 124-127 (July 26, 1979) Lovejoy Inc., Downers Grove, I L , Machinery Vibra-

t ion Monitoring and Analysis Seminar and Mtg.,
Key Word;: Four bar mechanisms , Linkages Proc., Sponso red by Vibration Inst., Apr 1979, New

Orleans , LA , pp 57-62, 11 f igs
• A technique is presented which simplifies the calculation

of stresses, loads, vibration, and noise in a four~bar linkage
by using elementary algebra and trigonometry to calculate Key Words: Couplings, Mechanical systems, Alignment
link velocity and acceleration.

Reaction forces exerted on a mechanical system by the
misalignment of couplin gs, torque , and speed were mea-
sured under controlled conditions. The system tested con-
sisted of a four cylinder gasoline eng ine and disc brake
dynamometer connected by a variety of flexible coupling s.

MECHANICAL

MEMBRANES, FILMS, AND WEBS
79-2220
Reaction Forces in Elaatomeric Couplings
H. Schwerdlin 79.2223
Lovejoy Inc., Downers Grove , IL , Mach . Des. , 

~~ Forced Vibration of a Prestr’esaed Rectangular Mciii-
(16), pp 76-79 (July 12, 1979) brine: Near keaonance Response

V.O.S. Olunloyo arid K. Hutter
Key Words: Couplings, Flexible couplings, Testing tech- Univ. of Lagos , Lagos, Nigeria, Acta Mech., 32 (1-3),n opes 

pp 63-77(1979) 2 figs,5 refs
Tests for the determinati on of reaction forces In flexible
couplin gs caused by mlasllgnmsnt, speed and torque , and Key Words: Membranes (structural members), Rectangul ar
their effect on bearings, shaft s, and other driv, components membranes, Forced vibration, Resonant response, Viscous
are described, damping, Flexural stiffness , An lsotro py
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Using singular perturbation the near resonance behavior of representative of laminated panels used in aircraft structure;.
enisotro pical ly prestressed thick rectangular membranes is Use is made of the shift hypothesis end shift factors of the
analyzed to determine the effects of viscous damping, bend- epoxy matrix to study effects of environmental factors like
ing rigidity, prestress anisotropy and aspect ratio. temperature and moistur e content.

79.2224 PIPES AND TUBES
- - 

Experiments oss a Aerofoil at High Angle of Incidence
in Longitudinal Oscillations
C. Maresca, D. Favier , and J. Rebont
Institut de Mecanique des Fluides, Laboratoire
Associe no• 3 du C.N.R.S., Marseille , J. Fluid Mech., 79 2226
92 (4), pp 67 1-690 (June 27, 1979 ) 18 figs, 1 table , Research on Wave Phenomena in Hydraulic Lines
12 refs (5th Report , Coupled Vibration in Bending and

Branching Lines)

Key Words: Airfoi ls, Aerodynam ic loads, Longitudinal S Washio, T. Konishi, and 1. Sonoda
response Kyoto Univ., Sakyo-ku , Kyoto, Japan, Bull. JSME ,

22 (168) , pp 833-840 (June 1979) 18 figs, 2 refs
Details of flow visualization , aerodynamic fo rces and pitching —

moment , static pressure and skin friction measu rements are
carried out on a symmetrical aerofoi l at fixed angle of Key Words: Piping systems, Lateral vibration . Hydraulic

incidence in longitudinal oscill ations parallel to the uniform equipment , Coupled response

airstream of a wind-tunnel. The roles of the lateral oscillation of a pipe in the coupled
vibrations of pipes with oil in hydraulic circuits are studied.
The vibrations are theoreticall y analyzed . Solid viscosity is
introduced into the dynamics of a pipe wall to explain the

PANELS damping of pipe oscillations. The pipe oscillation in the
l ate ra l direction is mathematically represented by several
equations of bending vibration of a beam.

79-2225
Effects of Environment, Damping and Shear Defor-
matio ns on Flutter of Laminated Composite Panels
S.N. Chatterj ee and S.V . Kulkarni
Materials Sciences Corp., Blue Bell Off ice Campus, 79-2227
Blue Bell, PA 19422, Intl. J. Solids Struc., 15 (6), Dynamic Stability of a Liquid Carrying Pipe
pp 479-491 (1979) 8 figs , 2 tables, 34 refs A. Tylikowsk i

Inst. of Machine Design Fundamentals, Warsaw Tech-
Key Words: Panels, Composite structures, Plates, Flutter, nical Univ., Poland, Mech. Res. Comm., 6 (3), pp
Damping effects , Transverse shear deform ation effects 141-146 (1979) 9 refs

Flutter type instability of lamin ated fiber com posite panels
is studied based on piston theory aerodynamics and a lemin- Key Words: Pipes (tubes ), Fluid -filled containers, Elastic
ated plate theory which includes the effects of shear defo r - foundation s, Fluid -induced excitation
metions. Structural damping is considered in terms of fre-
quency .dependent complex modu li of constituents. Stiff- The stabilit y of fluid carrying straight pipe laying on an d es-
ness of the lami nse and the lamin ates are obtained by the use tic fou ndation is studied. Destabilizing effects of liquid mo-
of well known elastic solutions and the dynamic elastic - tion as well as stochastic component of an axial force acting
viscoelastic corre spondence principle. A modal method of on the pipe are taken into consideration. The direct Lie-
solution is employed for obtaining flutter boundaries of punov-Movchan method is used to derive the sufficient
panels whi ch are con strained to deform in a state of plane stochastic stabili ty conditions. Flexib le hoe. with constant
deformation , I.e., cylindrical bending. Numerical results axial force and the liquid conve ying pipe without elastic
are reported for some Graphite/Epoxy laminates which are foundation are analyzed.
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PLATES AND SHELLS explosive sheet. Three loading geometries re ussd, with
magnitudes such that fin al deflections in the range from one
to about seven plate thicknesses are produced. Clamping
against radial as well as transverse deflections at the edge
is provided. Parameters describing this behavior are obtained79-2228 from strep-strain tests at low to intermediate rates together

flutter of a Plate-Uke Member in Horizontal Flue- with published data for high strain rates. The measured final
tuating Flow deflection ; and res ponse times are compared with pred icti ons
E. Simiu and RH. Scanlan of the mode approxima tion technique as extended to large

deflection; of viscoplastic structures.National Engrg. Lab., National Bureau of Standards,
Washington, D.C., Engrg. Struc., ! (4)~ pp 207-210
(July 1979) 2 tables

Key Words: Flutter , Plates, Aero dyn amic loads , Bridg es 79-223 1
An inve stig ation of the aerodynamic stability of a thin plate Finite Viacoplaatic Deflectiosts of an impulsively
in horizontally flu ctuating fl ow is considered in the solution Loaded Plate by the Mode Approximation Tech-
of the problem of suspended-span bridge flutter. nique

P.S. Symonds and C.T. Chon
Div. of Engrg., Brown Univ., Providence, RI  02912,
J. Mech, Phys. Solids, 27 (2), pp 115-133 (Apr 1979)
5 figs, 22 refs

79-2229
Fu nd Force on a Plate Moving Up-and-Down with a Key Words: Plates , Impact response (mechanical), ModeFinite Amplitude in the Still Fluid approximation technique, Viscoplastic properties
H. Ueno and E. Kishioka

- 
. Faculty of Engrg., Kanazawa Univ., Kanazawa, Japan, The application of the mode approximation technique to

a fully clamped circular plate is described. Mode solutions• Bull. JSME, 22 (168), pp 825-832 (June 1979) for finite deflecti on ; are obtained from a sequence of instan-17 figs, 3 refs taneous modes. Maste r solution s for chosen initial velocity
amplitudes are constructed in nond imensi onal form , These

Key Words: Plates , Fluid -induced exci tat ion depend weekly on a Parameter of v i$cop )astj c material be-
havior and size of structure , and so can be appl ied to a

To investigate the fluid fo rce acting on a body oscillating variet y of loadings and structures. Finding each instantaneou s
with a finite amplitude in a fluid extending to the infinite mode shape and acceleration con stitutes an elgenproblem ,
space, a brief theo ry is presented based on the virtual mass solved by finite elements with iterations. Comparisons w ith
of the fluid taking into account the phase difference between recent tests on steel and titanium plates are discu ssed in some
the motion of the body and that of the vi rtual mass, detail.

79-223279-2230
The Effect of Mass Loading on a Stiffening RibExperiments on Viacoplastic Ren~otsae of Circular

Plates to Impulsive Loading B. L. Woolley
Naval Ocean Systems Center, San Diego, CA, Rein.SR. Bodner and P.S. Symonds
No. NOSCITR-286, 29 pp (Sept 1, 1978)Div. of Engrg., Brown Univ., Prov idence, RI 02912,
AD-A066 614/9GAJ. Mech. Phys. Solids, 27 (2), pp 91-1 13 (Apr 1979)

21 figs, 2 tables, 13 refs
Key Words: Acoustic scattering, Plates, Ribs (supports),
Stiffening

Key Words: Plates , Circular plate ;, Impact response (me-
chan ical) . Viscop last ic properties In the scattering of an acoust ic wave inci dent upon a rib-

reinforced plate , the effect of the rib can be characterized
Test, are described of clrcu l~r pl ates of mild steel and corn- by a pair of impedances. One of these impedance s is asso-merc ially pure titanium loaded impulsively by means of d ated with the longitudina l vibr ations of the rib , and the
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other impedsnce Is associated with the f lexural vIbrati ons 79-2235
of the rib . This report calculates the impedanc.s and the The Seinnic Re~~onae of a Column-Supported Cool-
effect of mass loading on these Impedances. The calculati ons
are done for a thick or Timoshenko -Mind lin rib which ii ing Tower
fluid loaded with the rib immersed either in water or alt . CS. Gran

Ph.D. Thesis, Purdue Univ., 142 pp (1978)
UM7914901

Key Words : Cooling towers, Shells, Ssiemic response

79-2233 Hyper boloidsl reinforc .d.co ncrate shells are modeled using
orthotropic quadrilater al flat plate finite eleme nts. The sup-Flow and Heat Transfer Due to Small Torsional porting columns and top ring beam are modeled by beam

Oscillations of a Di~~ About a Constant Mean finite elements. Natural frequencies and corre sp onding
V.P. Sharma mode shsp es are found for several different tower configura-
Dept. of Mathematics, Indian Inst. of Tech., Kharag- ti ons. Results for fixed-base shells are in close agreement with
pur , India , Acta Mech., 32 (1-3), pp 19-34 (1979) those determined using altern ate methods of analysi s. A

cooling to wer in the “? OO MW Fossil Fuel Steam Generating3 figs, 7 refs Power Plant at Paradise , Kentucky (Tennessee Valley Author-
ity) is studied.

Key Words: Disks, Torsional vibration

The pape r deals with the study of flow and heat transf er in
a viscous fluid from a disk performing emaIl rotating oseilla-
tions about a constant mean. Separate solutions for low and STRUCTURAL
high frequency ranges are developed.

79-2236
The Method of Quasinsodal Form Solutions for the
Dynauic Reaponae of Rigid-Plastic Stnactures

79 2234 U. Lepik• Natural Frequencies of Thin..Walled 1a~tr~po, ~~~~~ Tartu State Univ., Tartu , Estonian S.S.R., USSR,
cular-Cylindrical Shells Mech. Res. Comm., 6 (3), pp 135-140 (1979) 1 fig,
Engrg. Sciences Data Unit, London , U K , Rept. No. 1 table, 4 refs 

—

ESDU-78004; ISBN-0-85679-226-8 , 46 pp (1978)
N79-2 1415 Key Words: Dynamic response, Structural members

Key Words: Cylindrical shells, Natural frequenc ies, FIax uraI A technique for the analysis of a rigid.plastlc thin-walled
vibrations, Torsional vibration, Chimneys, Wind-induced structure subjected to high dynamic loads , causing plast ic
excitation hinges, is presented.

Graphical and tabulated data for the estimation of the lower
natural frequencies of thin-welled unstiffened shells are dl;-
cussed. Natural frequenc ies of initially unstressed shel ls for
both flexural and torsional vibr ation are considered. For each

• combin ation of these mode numbers ther. are three natural 79-2237
frequencies In which the vibrating motion is either pri marily Accelerated Convergence of Dynmsic Flexibility in
radial, axial , or circumferential. Natu ral f requencies of shells Series Formsubjected to uniform stat ic loads are considered , and shell

V .1. Leungmodal density data are given. Response calculations of shells
under wide band excit ation , when using statistical energy Dept. of Civil Engrg, Univ . of Hong Kong, Hong
analysis methods are studied . The limitations of data pre- Kong, Engrg. Struc., 1 (4), pp 203-206 (July 1979)
sented , and some guidance on the calculation of stiffened 2 figs , 8 refs
shell natural frequencies is given. Applications ln~lude
estimation of the res ponse of shells subject to high intensity
acoustic loading and estim ation of natural freq uencies of Key Words: Dynamic structural analysis , Natural frequen.
chimneys subje ct to wind loads. cisc , Beams, Plates
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In a natural vibrati on analysis of a structural system, the Key Words: Seals (stoppers), Alignment, Hydrody namicconventional dynamic flexibili ty (raceptance) matrix In excitation
series forms Is re exam ined . Examples Invo lving beams and
pl ates are given. The method is suitable for dynamic sub. Hydrodynwnic effects in a flat seal having an angular mis-
structure analysis . alignment are analyzed , takin g into account the radial varia-

tion in seal clearance . An analytical soluti on for axial force ,
restoring moment , and transve rse moment is presented that
cove rs the whole range from zero to full angular misalign-
ment . Both low pressure seats with csvitating flow and highSEALS pressure seals with full fluid film are considered.

79-2238 SYSTEMSAeroelastic Instability in F100 Labyrinth Air Seals
- I D.A. Lewis, C.E. Plat t , and E .B. Smith

Pratt & Whitney Aircraft Group, West Palm Beach,
NOISE REDUCTIONFL , J. Airc raft , 16 (7), pp 484-490 (July 1979)

10 figs, 12 refs

Key Words: Seals (stoppers ), Stab i lity analysis
79-2241

• The aeroelastic instability in F100 labyrinth air seals is Impulse Wave Diffraction by Rigid Wedge. and Plates
investigated. J.H. Bremhorst

- 
Naval Postgraduate School, Monterey, CA, 114 pp
(Dec 1978)
AD-A066 476/3GA

79-2239 Key Words: Noise barriers, Wedges, Plates , Acou stic diffr ac-
Stiffness of Straight and Tapered Annular Gas Path tion , Acoustic absorption
Seals
O P . Fleming The problem of diffracti on of acoustic sig nals by rigid

barriers is studied empirica lly. Backward and forward diffrac-NASA Lewis Research Ctr., Cleveland , OH 44135, tion from a 90 degree wedge and a thin plate are analyzed.• 

- J. Lubr ic. Tech., Trans. ASM E, .121 (3), pp 349 Attempts to measure the diffr act ed energy in the illumin ated
355 (July 1979) 7 figs, 13 refs region over the apex of the bar when direct and refl ected

signals coexist w ith diffracte . ~re discussed. Factors in-
Key Words: Seals (stoppers ) fluencing the choice of the barriers physical dimensions

and composition are listed , as are the problems sur rounding
Radial stiffness of annular (ring-type) gas path seals is cal- the selection of an ideal so und source and receiver.
culated for both con stant -clearance designs and tapered
designs for which the inle t clearance is large r than the outlet
clearance.

79-2242
Practical Applicat ions of Outdoor Noise Contro l
Barriers

79-2240 G.C. Tocci and W.H . Pickett
Hydrodynamic Effects in a Misaligned Radial Face Cavanaugh Tocc i Associates, Natick , MA, S/V , Sound
Seal Vib., l3(6), pp 10-16(1979) l7figs , lOrefs
I. Etsion
Dept. of Mech. Engrg., Technion- Israel Inst . of Tech., Key Words : Noise barriers

• Haifa , Israel, J. Lubr ic. Tech ., Trans. ASM E , 101 (3), An ove rview of noise barrier attenuation estim ation pro-pp 283-292 (July 1979) 6 figs, 23 rets cedures is pruented for both general noise barrier problems
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and in forms which incorporate simplifying approximations 79-2245
for implementation in specific noise barrier problems. Esti Wing Store Active Flutter Suppress ion — Correlat ion
mation procedures for assessing the effect of wind and of Analyses and Wind-Tunnel Data

• scattering of sound by trees are also described . Typic al 
T. E. Noll and L.J. Huttsellapp lications of outdoor noise barriers are discussed as well. 
Air Force Flight Dynamics Lab., Wrig ht-Patterson
AFB, OH, J. Aircraft , 16(7), pp 491-497 (July 1979)
l4f igs ,8 refs

ACTIVE ISOLATION
Key Words: Aircraft wings, Wing stores, Flutter, Vibration

• control

• The results of an L alytical effort to study the behavi or of
79-2243 an active flutter suppression wind-tunnel model are pre-

- 
- Design and Development of a Motion Compensator sented and compared with available test data. For this appli-

cation, the model was aerodynamically represented by sub-for the RSRA Main Rotor Control
sonic doublet l attice theory and stability was evaluated usingP. Jeffrey and R. Huber modified Nyquist criteria.

Sikorsky Aircraft , Stratford, CT, ln: NASA Johnson
Space Ctr., The 13th Aerospace Mech. Symp, pp 15-

- 
• 25 (1979)

N79-22541
79-2246

Key Words: Active isolation , Helicopter rotors Physical and Subjective Studies of Aircraft Interior
Noise and Vibration

The RSRA, an experimental helicopter , is equipped with an D.G. Stephens and J.D. Leatherwood
active isolation system th at allows the tr anemiss ion to move NASA Langley Research Ctr., Hampton, VA, Rept.relative to the fuselage. The purpose of the motion comp en- No. NASA-TM-80084, 16 pp (Apr 1979)sato r is to prevent these motions from introducing unwanted
signals to the main rotor control . A motion compensator N79 23754
concept is developed that has six.degree-of -f reedom capabil-
ity. The mechanism is implemented on RSRA and its per - Key Words: Aircraft noise, Interior noise, Interior vibration ,
formance verified by ground and fli ght test s. Helicopter noise

Measurements to define and quantify the inte rior noise and
vibration stimuli of aircraft are reviewed as well as fie ld and
simul ation studies to determine the subjective response toAIRCRAFT such stimuli , and theoretical and experimental studies to
predic t and control the interior environment. In addition,
ride quali ty criteri e/standsrd s for noise , vibration , and com-
binations of these stimuli are discussed in relation to the
helic opter cabin env ironment. Data on passeng er response79-2244 are presented to illustrate the effects of interior noise and

Aeruservoelastic Encounters vibration on speech intelligibili ty and comfo rt of crew and
L.A. Felt , L.J. Huttsell , T.E. NoII, and D,E. Cooley passengers.
Air Force Flight Dynamics Lab., Wr ight-Patterson
AFB , OH , J. Airc raft , 16(7) , pp 477-483 (July 1979)
13 figs, 23 refs

BRIDGES
(Also set, No. 2228)Key Words: Flight vehicles

Recent Air Force experiences that emphasize the need for
aero,ervoelastic considerations on a variety of research ,
development, prototype, and production aircraft are present - 79-2247
ad In th is paper. Typical analysis and test techniques avail- Fatigue Teats of FuH-Srze-Prestresaed Girders
able to predict and Prevent adverse aeroservoelestic effects B.G. Rabbat , P.H. Kaar, H.G. Russell , and R.N.are presented. The results of two In-house aerose rvoel astic Bruce, Jr.analyses are presented.
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Construction Technology Labs., Portland Cement Key Words: Buildings , Wind-i nduced excitation , Computer
Assn., Skokie, IL , Rept. No. FHWA /LA-78-206(P), programs
148 pp (June 1978)

‘)AA ‘) f l I 1fV ’ A A computer prog ram is presented for the calculation of the
~~~ “J’-~ p.’ along -wind res ponse of tall buildings. Program input inclu des

building dimens ions , natural frequen cies, damping coef-
Key Words: Bridg es , Girders, Fatigue tests ficients , modal shapes, and weight distribution, design wind

speed, roughne ss of surr ounding terrain , pressu re coefficient s
An experimental investig ation was carried out to determine on windward and leeward faces, and specific weight of air.
the effect of repetitive loading on the behavior and strength The output consists of mean, rms, and peak deflection ;, and
of girders with draped and blanketed strands . Controlled rms and peak accelerations.
variables in the test program were load level , development
length , and use of ties to confin e the concrete in the stress
transfer region of the blanketed strands.

FOUNDATIONS AND EARTH
BUILDING

(Also see No. 2261)

79-2250
Turbomachinesy Foundations Practical Aspects79-2248 J.S. SohreEarthquake Analysis of Belted High-Rise Building One Lakeview Circle , Ware , MA 01082 , MachineryStructures V ibration Monitoring and Analysis Seminar and Mtg.,A. Rutenberg Proc., Sponsored by Vibration lnst , Apr 1979, NewFaculty of Civil Engrg., Technion-Israe l Inst . of Orleans, LA, pp 129-1 37, 10 figs, 2 refs

• Tech., Haifa , Israel , Engrg. Struc., 1 (4), pp 191-196
(July 1979) 9 figs, 1 table, 6 refs 

Key Words: Machine foundations , Turbom achinery

Key Words: Multi sto ry buildings, Earthquake response, This presentation explain s the practic al and theoretical
Seismic response, Model analysis requi rements for the design of foundations for high speed

machinery .
A modal analysis procedure is presented for the seismic
res ponse of belted high-rise building structures within the
framework of the response spectrum technique . The first
3-modes of vibration are considered . Natural periods , internal
forces and deflection; are computed , and design charts are
presented for the parameters of interest. Based on the Ap- 79-225 1
plied Technology Council tentative seismic prov isions , a Vertical and Torsional Stiffnesaea of Cylindricalnumerical example is work ed out to illu strate the use of the Footinpcharts, and a comparison is made with the ATC equivalent E. Kausel and A. Ushijimalateral force procedure .

Constructed FacIlIt ies Div ., Massachusetts Inst. of
Tech., Cambridge, MA , Rept. No. P79-6, 73 pp
(Feb 1979)
PB-293 997/3GA

79-2249
The Buffeting of Tall Structures by Strong wu~~ 

Key Words: Footings, Torsional response
Windload Program A numerical eva luation of the vertical end torsional stiff-E. Simiu and D.W. Lazier nesses of a cylindrical foundation embedded In an elastic
Center for Bldg. Technology, National Engrg. Lab st ratum Is presented. Empirical formulas are given that
(NBS), Washington, D.C., Rept. No. NBS/DF-79/OO1 relate stiff nesses and d.mi ing values with th embedment
( 1979) ratio and the depth of the stratum. Good agreement is found
p ~~~~I A between the repo rted approximations and available snaly-B-2~i4 7ç~/ ,0G~ tlcsl solutions for part icular geometries.
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79-2252 F. Liard
Analysis of Lateral Response of Non..Unifonn Section Helicopter Div., Societe Nationale Industrielle Aero-

Piles spatiale, Paris, France, In: AGARO Helicopter

H.G. Poulos and M.A. Adler Fatigue, pp 47-69 (Feb 1919)

Civil Engrg. Labs., Sydney Univ., Australia, Rept. N79-23079

No. R-330, 37 pp (Oct 1978)
PB-294 255/5GA Key Words: Helicopters, Fatigue tests

Key Words: Pile stru ctures , ~~teral response , Finite element The general princ~ le of fatigue substantiation for helicopter

technique, Finite difference theory 
corn Jnents consists In eveluat ing the fatigue st rength of
the component, determining the value and frequency of the

Two alternative methods of analyzing the latera l response loads to which it will be subi.cted during normal operation,

of a pile of non-uniform section in an elasto-plastic soil and then deriving from these data the steps to be taken to

mass are prese nted. The first utilizes a finite element fo r- make the ç,osslbl , occurrence of serious accidents due to the

mut ation for the pile while the second uses a finite dif fer- failure of the component extremely remote.

ence formu lation. Some parametric solutions are presented
for a uniformly tapered pile, and these are presented as
correction factors to the so lutio ns for uniform section piles.
Finally, two practical examples are given to illustrate the
application of the analysis . 79-2255

Present Fatigue Analysis and Design of Helicopters.

Requirements and Qualification Procedures

P. Alli

79-2253 
Costru zioni Aeronautiche Gia~anni Agusta S.p.A.,

Dynamic Response of Elas c Plateaon the Surface of Gallarate, Italy, In: AGA RD Helicopter Fatigue,

the Half-Space 
pp 29-46 (Feb 1979)
N79-23078

S.A. Savidis and T. Richter
Inst. of Soil Mechanics and Foundation Engrg., Tech-
nical Univ., Berlin, Germany , Intl . J. Numer . Anal. 

Key Words : Helicopters, Fatigue tests

Methods Geomech., 3 (3), pp 245-254 (July-Sept The state-of-the-ert in AGUSTA In the area of structural

1979) 8 figs, 13 refs fatigue and tall-safe strength evaluation ii reported. The
need of general regulations and procedures was pointed out .

Key Words: Interaction: so Il-fou ndation , Half-space, Foun- The conve nience of automatic procedures was under l ined.

dations

A mixed method for the dynamic calculation of foundations
on soil is presented. The half-space is computed analytically,
the found ation with f inite elements. The method is ve ry
we ’ suited for the solution of three-dimensional problems 79-2256

including interaction. Numerical results for a simple case Fatigue Life Estimation Methods for Helicopter

• involving a dynamically loaded elastic plate are presented Structural Parts

and the influence of plate st ,ffn ess is studied. F. Och
Messerschmitt-BoelkOW-Blohm G.m.b.H., Munich,
West Germany, In: AGARD Helicopter Fatigue,
pp 21-27 (Feb 1979)

HELICOPTERS N79-23077
(Also see Nos. 2243. 2246. 2285)

Key Words: Helicopters, Fatigue tests

Analyt ical fati gue life estimation mainly consists of three

79•fl54 
ste ps: predict Ion of loads, determination of fatigue strength.

Fatigue of Helicopters: Service Life Evaluation 
and application of a damage hypothesis linking these two

Method 
aspects. Following the above mentioned three steps of
fatigue life Investig ation, methods for the pred iction of
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loads are dealt with according to the available amount of mental and Failure Rates of Civil Helicopter Corn-
information. Methods describing the fatigue strength of ponenta
components, taking Into account the influence of steady o. Alanizloads and the reduction of a mean SIN curve to a working Textron Bell Helicopter , Fort Worth, TX , Rept. No.level curve are Investigated.

NASA-CR- 159033, 75 pp (May 1979)
N79-23064

Key Words: Helicopters , Vibration control

79-2257 An investigation of two selected helicopter types, namely ,
the Models 206A/B and 212, Is reported. An analysis ofHelicopter Fatigue Evaluation. The UK Approach 
the available vibration and reliability data for these two hell-AD. Hall copter types resulted in the selec tion of ten components

• Westland Helicopters Ltd., Veovil, UK , In: AGARD iccated in fiv e different areas of the helicopter and consisting
Helicopter Fatigue, pp 13-20 (Feb 1979) prim arily of instruments , electrical componen ts, end Other
N79-23076 noncritical fligh t hardware. The potential for advanced tech-

nology in suppressing vibration in helic opters was assessed.
Key Words: Helicopters , Fatigue tests

The philosophies of fatig ue substanti ation are used sat is-
factorily for the Lynx. The main concern is wi th th~ safe
fatigue life substantiation of the v ital componen ts of a heli-
copter and consideration is given to three phases in the life
cycle , i.e., design, development, and production.

79-2260
Rotasy-Wing Aerodynamics. Volume 1: Basic Theor-
ies of Rotor Aerodynamics with Application to Heli-
copters
W.Z . Stepniewski79-2258

U.S. Army Helicopter Fatigue Requirements and Boeing Vertol Co., Philadelphia , PA , Rept. No.
NASA-CR-3Q82 , 302 pp (Jan 1979)Substantiation Procedures
N79-22039R.A . Wolfe and R.W. Arden

Structures and Aeromechanics Branch, Army Avia-
tion Res. & Dev. Command, St. Louis, MO, In: Key Words: Motary win ge, Helicopte rs , Aerodynamic loads
AGARD Helicopter Fatigue, pp 1-1 2 (Feb 1979)
N79-23o75 The concep t of rota ry-wing aircraf t in general is defined. The

energy effectivene ss of helicopters Is compared with th at of
other static thru st generators in hover , as well as with variou sKey Words: Helicopters , Fatigue tests air and ground vehicles in forward translation. The mast
impor tant as pects of rotor.blade dynamics and rotor controlThe cur rent fatigue cri teria and testing requirements are are reviewed. The combined blade-element and momentumprovided for U.S. Army helic opter structures with primary theory approach is described as well as the vortex theo ryemphasis on dynamic components. The comp arati ve Indust ry which models a rotor blade by means of a vortex filamentapplications of the requirements were brought to light ~ or vort icity su rface. The application the the velocity anda result of the Army ’s latest major helic opter competitions acceleration potential theory to the determination of flowfor the Utili ty Tactic al Transpo rt Aircraft System , recent ly fields around three dimen sional non-rotating bodies as welldesignated BLACK HAWK , and the Advanced Attac k Hell. as to roto r aero dynamic problems is described. Airfoil sac-copter. tions suitable for rotors are also considered.

HUMAN79-2259
Correlation Study Between Vibrational Environ- (See No. 2278)
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ISOLATION PUMPS, TURBINES, FANS,
COMPRESSORS

(Also see No. 2176)

79-2263
79-2261 Computer Aided Deign of Mixed Flow Turbines for

- 
• Optinal Deign of an Easthquake Isolation System TUthOCh.f~Ors

M.A. Bhatti, K.S. Pister, and E. Polak N.C. Baines, F.J . Wallace, and A. Whitfie ld
Earthquake Engrg. Research Ctr., California Univ., Dept. of Engrg., Univ. of Bath, Bath, UK , J. Engr.
Richmond, CA. Rept. No, UCB/EERC-78/22, NSF / Power , Trans. ASME, 101 (3), pp 440-449 (June

T RA-780544, 120 pp (Oct 1978) 1979) 10 figs, 1 table , l6refs

PB-294 735/6GA
Key Words: Turbines, Computer-aided techniques, Design
techniques

Key Words : Isolators , Buildings, Seismic design , Earthquake
resistant structures , Energy absorption The paper describes a comprehensive compute r aided design

procedure and its use to investigate mixed flow turbines for
OptImal design of an earthquake isolation system , consi sting automotive turbocharger applications. The outside dimen -
of natural rubber bearings and special nonlinear energy ab. sions of rotor and casing as wall as blade angles are deter-
so rbing devices , is presented . An algorithm for efficient mined from one.dlmens.onal design and off design calcula-
analysis of structural response, based upon the Newmark ti ons , the detailed blade shape from quasi -three .dimens ional
and Runge-Kutta methods with optional Newto n-Raphsori analysis and mechanical stressing and vibration prog rams ,
iteration, is given. The optimal design problem, incorporating and geometric data are presented as outside views end eec-
this simul ation algorithm , is formul ated as a mathematical tions of the roto r by a graphics subroutine.
programming problem with time-dependent constraints and

• is solved using a feasible directions algorithm . Several numeri-
cal examples are presented.

79-2264
Low Frequency Gas Turbine Noiae
J.R. Newman and K.I. McEwan
British Gas, Hinckley, UK , ASME Paper No. 79-GT-

MECHANICAL 196

Key Words: Gas turbine engines. Noiia generation, Low
frequencies

British Gas has experienced problems at some installations
79-2262 from low frequency turbine noise. The paper describes how
Don’t Forget the Basics the low frequency noise pro blems were investigated and then

J.P. Platt , Jr. resolved by aerody namic modifications and e silencer exten-

Standard Oil Co. (Indiana), Naperville, I L , Machinery ~~°‘~‘
* Vibration Monitoring and Analysis Seminar and Mtg.,

Proc., Sponsored by Vibration Inst., Apr 1979, New
Orleans, LA, pp 51-55, 3 tables

79.2265
Key Words: Machiner y vibration 

~~~~~~~ Problem in a High Pressure Ammonia
Syn-Gas Compressor

ThIs paper presents five sim ple machinery vibration prob- F C A
ems. It Is the intent of this paper to make th . mode m . . UI ar

machinery vibration analyst more affective by re-focusing lnstituto Mexicano del Petroleo, Mexico City, Mex-

his attention on the besics of machinery vIbration problems. ico , Machinery Vibration Monitoring and Analysis
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Seminar and Mtg., Proc.. Sponsored by Vibratio n J.F. Wils on

Inst., Apr 1979, New Orleans , LA, pp 63-71, 22 figs, Dept. of Civil Engrg., Duke Univ., Durham, NC, Rapt.

4 refs No, DOT/RSPA/DPBItO 79/4, 189 pp (Mar 1979)
PB-294 247/2GA

- 

I Key Words: Compressors, Vibration response
Key Words: Interaction: vehile-guidevasy

This paper deals with the vibra tion problems experimented
In a high pressure compressor installed In an ammonia plant In both the companIon report (Part I) end the present study,

of a large Pemex Petrochemical Complex located in the the broad purpose is to investig ate theoretically and ex-

southeast pert of Mexico . The various analyt ical studies , perimentaily guldeway-vehicle system dynamics. Four ii-

the field and laborator y analysis performed by the Insti tuto ternet ive systems are studi ed in terms of nondimensional
Mexicano del Petr6leo IMP to pinpoint the cause of the parameters.
problem. including a brief descri ption of present roto r dy-

• 
• namics capabilities. are described . Some orbit shapes, scceler-

* ation and displacement frequenc y spectrums and other
graphic results as unbalance response and Bode plots are
illustrated . Finally, the correct ive actions recommended by REACTORS
the com pressor manufacturer and the current unit behavior
are discussed.

79-2268

RAIL 
Analysis of Containment Stroctuies for Randomly
Arriving Transient Loads
M.P. Singh and A. A l-Dabbagh
Dept. of Engrg. Science and Mechanics, Virginia

79-2266 
Polytechnic Inst. and State Univ., Blacksburg, VA

Urban Rail Noise Abatement Program: A Description 24061, Engrg. Struc., 1 (4), pp 197-202 (July 1979)

L.G. Kurzweil and W. N. Cobb 7 figs, 4 refs

Transportation Systems Center. Cambridge, MA ,
Rept. No. DOT-TSC-UMTA-79-23, UMTA-MA-06- Key Words: Containment structures, Nuclear reacto r con -

0099-79-1,26 pp (Mar 1979) 
talnment , Hydrodyn amic excitation

PB-295 545/8GA Hydrodynam ic loads such as those due to safet y relief valve
discharges and a postulated accidental loss of coolant are

Key Words: Rai l transportation , Noise reduction some of the major loads on boiling water reactor (BWR)
cont ainment s. The formulation of the response transfer func-

This report presents the background , current activ ities , and tion approach is developed for axisymmetr ic containme nt

future plans for the Urban Rail Noise Abatement Program. structures. The formulation to obtain the mean and standard

This prog ram , sponsored by the Off ice of Technology Devel- deviatio n of response for uniformly distributed load arr ivel

opment end Deployment of the Urban Mass Transportatio n time is also provided and the numerical resu lts for a typical

Administration (UMTA) was initiated In 1972 and has been BWR co ntainment are given.

technically managed by the Transportation Systems Center .
The problem of urban rail noise and vibration is described
and the rationale for the UMTA funded prog ram Is given.
The body of the report presents a definition of the program
object ives, a discussion of the program organization, and a

descr iption of past , current , and future program activit Ies. 79-2269
Major accom plishments of the program to data are listed In A Comparison of Background Seiumc Ricks and the

Incremental Seseense Rick Due to Nuclear Powerthe final section.
Plants
Y .T. Lee, 0. Okrent. and C. Apostolakis
School of Engrg. and Applied Science, Univ. of

79-2267 
California, Los Angeles, CA 90024, Nuct. Engr. Des.,

Dynamc Theories and Experinents of Mtemative 53 (1), pp 141-154 (June 1979) 3 figs, 7 tables,

Guideway Vehicle Systems. Part II 44 refs

72



r

Key Words : Nuclear power plants, Seivnic response obtained from cylinder pressure-time traces and compned
• wi th pred ict ions from finite -element calculations of the

The seiamlc risk for the continental United States, in terms cavity resonances. Good agreement Is found.
~• I of the expected annual number of deaths and severe Injuries ,

and the expected property damage, is evaluated In this wo rk.
Probabilistic models and correlations are developed and used
in the evaluations of the risks , accounting for such important
variables as the variab ili ty of prope rty values, damage factors ROAD
and so on. In addition , the incremental seismic risk due to
the presence of nuclear power plants is evaluated utilizing
results and methods available In the literature.

79-2272
Nonlinear Rebound of s Hod After Impact Against

RECIPROCATING MACHINE
(Also see Nos. 2173,2174) Research Dept., Grumman Aerospace Corp., Beth-

page, NY, Intl. J. Numer. Methods Engr., 14 (7),
pp 1037-1050 (1979) 8 figs, 10 rets

79-2270
. . . . . Key Words: Collision research (automotive), G~srdr.ils.

Engine Evaluat ion of a Vibration Dscnpmg Treatment Ground vehicles , Mathamat ical models
for Inlet Guide Vanes
J.P. Henderson, L.C. Rogers, D.B. Pau l, and M.L. The nonlinear impact of a vehicle against a deformable

Parin barrier and its subse quent rebound from that barrier are

Wright-Patterson AFB. OH, ASME Paper No. 79-CT- simulated. A one-dimensional elastoplastic model represents

• 
-. - the vehicle as a series of rod finite elements and the barrier

as a sin~e mass, nonlinear spring. The solution proce *ne
utilizes variable time step Integration , contains an error

Key Words: Engine vibration, Vibration damping control and elim inates numer ical instab ilit ies. A limited
study assesses the influence of system parameters on both

This paper describes the resu lts of engine test.cell tests and structure and occupants. The chief objective is to establish
the com parison of these results with actual serv ice experience the feasibility of the proposed treatment of th is class of
obtained under operational conditions . Measured effects on problems.

• engine performance, distortion tolerance, and antI-Icing
performance are presented along with measured stress reduc-
tions , as compared with increases in modal damping. Dur-
abilIty design cons iderations are discussed, along with the
results of durability tests in an engine test stand and actua l
service experience . 79-2273

Tack 4 Ted Report for Development of Compliance
Ted for Truck Rear tlndenide Protection
A . Baczynski and S. Davis j

• 79-2271 Dynamic Science, Inc., Phoenix, AZ , Rept. No.

Knock-Induced Cavity Reaonances in Open Chamber 8319-78..149A, DOT-HS-803 991, 261 t t ~ 
(Sept

Diesel Enginea 1978)

A. Hickling, D.A, Feldmaier , and S.H. sung PB-294 785/1GA
Engrg. Mechanics Dept., General Motors Research
Labs., Warren, MI 48090, J. Acoust. Soc. Ame r., Key Words: Trucks , Collision research (automotive), Ex-

65 (6), pp 1474-1479 (June 1979) 10 figs, 2 tables, perlmental data

7 refs This report presents the results of the six passenger car-to-
rear underrldi crash tests conducted In accordance with the

Key Words : Diesel engines , Engine noIse, CavIty resonators requirements of Tusk 4 of the ‘D.v.lopment of Compliance
Test for Truck Rear Und.rrtde Protection program. The test

Cavity resonances are Investigated In detail for six open- vehicles selected for Task 4 tests were 1978 VW Rabbit and
chamber diesel engInes of different iizps. ~~ectral data are 1978 Chevrolet Impala four ~door sedans.
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79.2274 W.S. Walton
Tack 5 Report of Tests 5.1, L2, and L3 for Develop- Aberdeen Proving Ground, MD, Rept. No. APG.ment of Compliance Test for Truck Rear Underside MT-5 192, 64 pp (Jan 1979)Protection AD-A066 3O3~~GAR. Baczynski, S. Davis, and R. Cropper
Dynami c Science, Inc., Phoenix , AZ, Rept. No. 8319- Key Words: Shock taste, Shock measurem.n~ Armored78-193A, DOT-HS-803 990, 162 pp (Nov 1978) VehIcles

• PB-294 831/3Gp,
A study was conducted at Aberdeen Proving Ground from
April to September 1978. Data from piszoelectric and plezo-Key Wo rds: Collision research (automotive), Experiment~ resistive accelerometers subjected to shor t duration shocksdata 
were analyzed . Various configur ations and materials were
used to mechanically filter out high-frequency accele ration.This report presents the results of the first three of eight

passeng er car-to -rear undenide crash tests conducted in
• accordance with the requirumen~ of Tusk 5 of the ‘Develop-

ment of Compliance Test for Truck Rear Underride Pro-
tection’ program. The test vehicles selected for these tests
were 1978 VW Rabbits and a 1978 Ford Fiesta. These ye- 79-2277hid es were impacted into bolt’on, rigid, cantil.vered guards Optinal Control Concepts for the Characterszationmounte d to a truck/trailer body simulator at selected heights 

and Design of h i gh way Vehicle-Trailer Systemsabove ground level.
M,A, Townsend, A.B. Shapiro, and K.T.A. Ho
Dept. of Mech. Engrg. and Materials Science, Vander-

I

but Univ., Nashville, TN . J. Dyn. Syst., Meas. and
Control, Trans. ASME, 101 (2), pp 127-137 (June

79-2275 1979)11 figs, 41 re fs
Vibration Teats on Transit Buses
J. Anderson and H. Thomas Key Wor ds: Articulated veh icles, Dynamic stability, Op-

timum control theory• Gould Information Identification, Inc., Fort Worth,
TX, Rept. No. UMTA-MA-G6-O041.7g~ , DOT-TSC- In this paper, design concepts are develcped from optimalUMTA-79-1 3,56 pp (Mar 1979) control theory to provide criteria for comparison end areP8-295 091/3GA then applied to on. of the more Innovative and potentially

competitive concepts in commercial trucking: the multiple-
trailer highway vehicl, train. The defin ition of relevantKey Word s: Buses, Vib ration measuremen t 
models is given and criteria are then developed. Their ap-
pIlcabiIity is demonstr ated by the posing of optImal unload-

quantify the vibration env ironment which is experienced tivity of such designs to changes in system parameters, andby Automatic Vehic le Monitoring (AVM) equipmen t when the design synth esis of coupl ers between the system corn.Installed on buses during typical city route service opera- ponents .tions. Two buses are utiliz ed in this measurement progr am ;

The objective of this vibration measuremen t Progr am is to Ing scli e&les to Improve dynamic performance, the sensi-

a General Motors Corporation Model 3100 provi ded by the
Southern California Rapid Transit District , and a Flexible
Corpora~lon Model 207 provided by the City Transit of Fort
Worth , Texas. The approach taken involve d Instrume nting 

ROTORSthe buses and representative electronic hardware on the (Also ~~ tio~. 2154, 2161, 2164)buses with calibrated accelerometer s end recording the
output of these accelerometers while driving the buses over
selected test routes at specified speeds.

79-2278
Calculation of Rotor Impedance for Articulated.
Rotor Helicopter, in Forward Flight79-2276 K. Kato and T. Yamane

Improvement of Shock Meamruments for Aemorod Univ. of Tokyo, Tokyo, Japan, J. Aircroft, 16 (7),Vehicles - hUH Tack 4 pp 470-476 (July 1979) 8 figs, 5 refs
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- Kay Words : Helicopters, Mechanical impedance, Flexible The dynamic response of a moored open-bottom floating

- 
I rotors, Rotors (machine elements) platform to random loading is examined by a time-domain

simulation technique. The equations of motion of the float-
A procedure is presented to calculate the loads transferred ing platform in the time domain are derived from the Impulse

• from en articulated flex ible rotor to the fuselage when the response method which takes into consideration the fre-
hub is forced to oscillate sinusoidatly. Blade motions are quency dependence of the fluid reaction force terms, i.e.,
determined from a set of linear algebraic equations derived added mass and damping force coefficients. The sway and
from equations of motion wi th periodic coefficients. The roll responses of the moored platform to random environ-
aerodynamic loads are based on two-dimensional quasisteady mental loadings are evaluated by so lving the equations of
strip theory. motion. The hydrodynamic coeffic ients of the open-bottom

-

• platform, with pressurized subdivided air chambers having
a free air-water interface, are evaluated by a modflied Frank’ s
close fit method. Numerical examples of the motion response

• 
~. of the floating platform, to harmonic excitation, random

wind loading and earthquake are Illustrated end discussed
in this study.

79-2279
• 

• I Engine Rotor Oynainica, Synchronous and Non.
synchronous Whirl Control
R.A. Marmo l

-
‘ Government Products Div., Pratt and Whitney Air-

craft Group, West Palm Beach, FL, Rept. No. FR- 79-2281
10632, USARTL-TR-79-2 , 149 pp (Feb 1979) Spectral Dynanic Fatigue Analysi s of the ANDOC
AD-A066 093/6GA Dunlin A Platform

• D. Zijp
Key Words: Rotors (machine elements ), Turbine corn- Volker Steriri Civil Erigrg. and Construction , P.O.

ponent s, Design techn iques , Mathematical models, Experi- Box 3, 1940 AA Beverwijk , The Netherlands, Engrg.
ments ’ resultS Struc., 1 (4), p 211 (July 1979) 15 figs, 2 refs

A combined analyt ical and test program is performed to
develop a method of designing highspeed power turbine Kay Words: Offshore structures, Fatigue life , Computer

rotors to minimize roto r-induced dynamic loads under nor- programs
mel operating conditions; minimize rotor tip-to-shroud clear-
ance to maintain high fl ow.path efficiency; and minimize The necessary computer programs have been developed by

rotor def lections due to sudden abusive imb.lancs loads the IBM com puter center in Zoeterrneer and have been ax-
associated with blade loss. Using the results of the analytica l tens ively tested by the ANDOC design team, using the
models and experimental tests, a method of design optimize - Ounlin A geometry. A comparison is made between deter-
tion is developed to obtain the best trade-off between all the mirnstic and a spectral analysis as we ll as between the her-

rotor design variables considered in this program . monk solution and time step integration.

SHIP SPACECRAFT

79-2280 79-2282

Response Analysis of a Moored Open-Bottom Fiost.. Flight Vibration Environments Defined From Mk 12
ing Platform to Random Loadings Booster Static Tests

S.S. Fang N. Rubinstein and W.C. Caywood

Ph.D. Thesis, Columbia Univ., 94 pp (1979) AppI. Physics Lab., The Johns Hopkins Univ., Laurel,

UM 7916402 MD, J. Spacecraft Rockets, 16 (4) , pp 214-217
(July /Aug 1979) 4 figs, 4 tables, 4 refs

Key Words: Off-shore structures, Random excitation, Time
domain method, Harmonic excitation, Seismic excitation,
Wind-Induced excitation 

Key Words: Booster rockets, Vibration tests
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Results of a static firing test program concerning th . envIron- 79-2285
- : mental effects of rough burning of the Mk12 rocket motor Dynsenic Structural Analysis with Substructures

booster on the Standard MIssile components are discussed. J S Arora and 0 T N u en- - - Vibration and pressur, data were recorded and processed . . g
• I using methods of time series analyses. ~m. ~~~ ~~~~~~~~ 

Dlv. of Materials Engrg., Univ. of Iowa, Iowa CIty,
methods of data processing, and signIficant results are pre- IA, Rept. No. TR-46, 34 pp (Dec 1978)
sented. The results show good agreement with flight vibration AD-A065 937ftGA
data and theoretical acoustic pressure frequencies.

Key Words: Dynamic structural analysis, FinIte element
technIque, Natural frequencies, Mode shapes, Helicopters

STRUCTURAL A method for dynamic structural analysis wIth substructures
and the subipace iteration Is developed. The method uses
only substructural stiffness matrices and the mass matrix
for each finite element of the system.

79-2283
Theoretical Study of the Dynsenic Response of a
Chimney to Earthquake and Wind TRANSMISSIONS
L. Shiau
Ph.D. Thesis, Purdue Univ., 168 pp (1978)
UM 7914971 

79.2286

Key Words: Chimneys, Earthqua ke response, W ind-Induced Keeping Hydrostatic Tranuniasions Quiet
excitation S.J. Skalstls

Sperry-Vickers Div. of Sperry Rand Corp., Troy, Ml,
An analytical investIgation of the response of e chimney to Diese l Gas Turbine Prog., 45 (8), pp 24-25 (Aug
earthquake and wind is presented. The 823 foot tall chImn ey 1979) 7 fi9s 

—

- 
- Is modeled using Bernoulli-Euler beam finite element s. The

model superposition method Is used for analyzing the elastic
response while the numerical direct integration method Is Key Words: Transmission systems , Noise reduction
used to solve the equations for the inelastic response. A
mathematical model that enables one to predict the vort.x- Existing technology for the airborne , fluidborne, and struc-

• excited resonant responses of two cylinders In line In the tu reborne noise abatement In hydrostatic transmissions Is
wind direction Is developed. discunsd.

TURBOMACHINERY
(Also see Nos. 2171,2172)

79-2284
Earthquake-Induced Sloaking in Axisymmetric Tanks
M. Aslam 79-2287
Ph.D. Thesis, Univ. of California, 281 pp (1978) Rotor Critical Speed and Response Studies for Equip-
UM 7914532 ment Selectron -

C. Jackson and M.E. Leader
Key Words: Tanks (containers), Fluid-filled containers, Monsanto Co., Texas City, TX , Machinery Vibrat ion
Slosh ing, Dams, Off-shore stru ctures , Seismic excitation Monitoring and Analysis Seminar and Mtg., Proc.,

Sponsored by Vibration Inst., Apr 1979, New Or-The present study was motivated by the concern about ~~ leans LA 43-50 17 fi ssible effects of seismic-slothing In pressure-suppression pools ‘ ~pp

of boiling water reactors. These suppression pools may be
designed as annular or to rus tanks. An analysis to predict Key Words: Turbomachlnery, Turbine components, Critical
the sloshing displacements end Impulsive pressures In annular speeds, Unbalanced mass response
tanks , and a finite element technique applicable to all cxl-
symmetric tanks with rigId walls and subjected to horizon tal ThIs paper addresees some of the latest techniques available
ground motions are presented, for tur bomachlnery analysis .
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~~~ 

1906 1439 

1676 808

Active Damping
145 Aircraft

150 51 152 1443 844 155 76 147 68 349
Active Flutter Control 510 651 512 1633 1034 175 156 157 148 509

512 354 507 850 1311 652 2063 1624 1035 266 267 508 939
1630 1441 922 1634 1625 346 397 708 1039

Active Isolation 1531 1062 2064 1036 507 768 1629
1440 1622 1623 1225 1631 I ‘*42 1086 1037 1038 1639

2062 2243 2071 1542 1226 1627 1628
1632 1446 1717

Adhesives 1626 1727

938 1716 1847
1846

-
, •. - Aerodynamic Characteristics

2121 1695 447 508 Aircraft Engines
1717 541 542 775 2157 268 1999

2101 2167 278
Aerodynamic Excitation 1708

2067
Aircraft Equipment

Aerodynamic Loads 267 149
1570 61 1442 253 844 945 1796 1497 448 1639
1630 991 1632 653 2224 1485 1916 768 1699 Aircraft Landing Ares.

• 2260 1441 1543 1728 213 258
1631 1763 2228
2001 Aircraft Noise

• • 1430 521 782 343 344 345 146 727 348 159
Aeiudynsnuc R.sposi.e 551 842 1113 1774 865 866 737 648 209

use Aerodynamic Stability 1112 1343 1845 1636 847 668 529
2065 2066 857 848 649

Aeroelasticity 2246 1227 1228 849
880 446 708 769 1297 1059

1156 1729 1637 1229
2106 1299

Agricultural Machisery Aircraft Response
1686 467 1068 176

• Air Bag. (Safety Restraint System.) Aircraft Seat Belts
1272 1275 351

Abitrsct
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Aircraft Seats Anbotro pie Prop ortim
351 153 use AnI.ofropy

Aircraft Tires Anisotro py
140 2033 1104

2223
Aircraft Vibration

1971 1964 2069 Antennas
1790 705 1066 1318 899

Aircraft Wings
462 653 654 155 846 2067 448 1969 Anthropomorphic Dummies

923 924 845 1156 1638 351 1063 1274
1843 1444 1445 1728

1844 1635 2068 Antifriction Bearings
2245 2200 2178

2208
Air Cushion Landing Systems

1634 Approximate Methods
use Approximation Methods

Airfoils
1520 61 1763 294 945 1796 437 769 Approximation Methods

1444 711 1194
2224 1381

Airframes Arches
1636 1728 2010 1121 304 326

Airport Noise • Minored Vehicles
use Airports 2276

Airports Articulated Vehicles
213 1305 737 1461 2103 2105 2277

1471
Algorithms

3 905 1806 909 Asymmetry
-• • 915 461 515 1609

1881

1456 Asymptotic Approximation
111 127

M~~ m.nt
2200 172 1383 995 2207 978 Attitude Control Systems
2240 2222 21

Amplifiers Automated Testing
72 2183

Analog Simulation Automated Transportation Systems
1463 174

Angular Vibration Automatic Control
1794 76 709 935
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• Automobile Nose Beam-Flat. Systems
1217 1810 2028

Automobiles
1090 892 1093 384 695 406 177 178 179 Beam.

1092 694 1996 407 90 91 92 93 84 205 86 87 88 89
2052 2056 1219 280 281 982 573 114 435 416 217 138 189

• 790 461 1182 643 594 595 596 597 598 279
Automobile Seat Belts 980 741 1362 793 1184 1005 716 787 728 599

1087 1030 791 1552 1363 1364 1185 786 1077 788 789
1180 981 1782 1553 1554 1365 936 1357 908 979

Automobile Tires 1360 1181 1783 1754 1555 1366 1367 1178 1179

F 1217 1550 1361 1853 1784 1785 1786 1617 1358 1549
1710 1551 1984 1855 1876 2057 1988 2049 - •

Automotive Transmission 2194 1985 1986 2237
472

Besms-Cohunns
Axial Excitation 243 1368

93

Axial Force Bearing.
786 1340 451 1342 463 1564 1515 796 877 98 1369

1206 1370 1371 1622 1623 1794 1795 2206 1177 1188 1519
2200 2201 2202 1793 2204 2205 2207 2178 2199

Axisymmetric Vibrations 2123 2208
1611 2042 1393 824 2045 818 1609 2203

2029

Belt Cosnveyors
1868

•B-

Belt Drives
-
• Baffles 1100
H 1380 237

Belts (Moving)
Balancing 1994

use Balancing Techniques
Bernoulli.Fuler Method

Balancing Machines 982 573 1985
215 1182 643

Balancing Techniques Bibliographies
1530 1951 1952 2163 584 585 1546 1337 1768 1909 410 211 12 13 404 405 406 407 1498 409

- 

- 
1950 2161 2162 2164 2165 2166 1767 1949 920 411 412 1913 1914 1915 1916 1717 1718 919

2167 721 722

Ball Bearing. Bioengineering
1353 955 2206 2207 ~~~ 

161 513
1563 988
2203 1188 Bird Stril~as

48
Bars
1560 2192 953 64 1779 Blade Le.aDynsmics

284 1989 182 798

• Abstr.ct
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Blades Booms (Equipment)
100 1261 1072 2113 216 467 1568 989 154

1190 1796 1997 1998 2209
1570 2106 Booster Rockets

2282
Blast Effects

2101 855 1127 1239 Boundsry Cossdition Effecta
1830 601 595 827 818 1829

Blast Excitation
1401 1529 Boundary Layer Excitation

1444
Blast Loads
1790 41 316 Boundary Value Problems

200 1301 1892 783 984 795 206 1517 758 1109
Blast Resistant Construction 1180 993 1154 906 1747 1828 1179

use Blast Resistant Structures 1490 936
1206

Blast Resistant Deugn 1746
use Blast Reustant Structures

Box Beams
• Blast Resistant Structures 1642 623

1510 333 316 1029
1509 Box Type Structures

111
Blast Response 2051

193 245
1513 Braces

835
Boats

593 Braking Effects
392 1473

Boiler Tubes 852
1599 1472

Boilers Bridges
• 1073 1466 877 1808 1599 1230 411 352 353 564 1505 636 637 708 1099

1467 721 412 423 854 1645 656 707 2228
751 722 653 1644 1776 2247

Bolotie Method 851 852 1643 2194
111 127 1041 1642

1231
Bolts

1806 Buckling
101 993 97 2028 1209

Bond Graphs
use Bond Graph Technique Building Block Approach

1123 1124 16
• Bond Graph Technique

1583 1684 279 Buildings
1709 660 411 412 1113 164 515 566 517 158 159

1140 591 722 1233 564 855 1126 707 518 519
Books 1650 721 1232 1863 1234 1115 1216 857 658 659
2170 1680 901 1852 2013 1854 1235 1236 1237 858 1059

Abstract
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Buildings (Continued) Cargo Restraint Systems
1850 1141 1862 2073 1864 1855 1646 1647 1448 1099 1009
1860 1651 2072 2074 2075 1856 1857 1648 1239
2060 1851 2084 2076 1977 1718 1449 Cargo Transportation

1861 1858 1649 1010 1006 1007 1008 1009
2021 1859
2261 2249 Catensnes

1389

Bumpers
920 2052 919 Cavitation

H 1219

Cavitation Noise
r 2275 406 407

Business Equipment 
1423 ~~~~~~~~~~tsining Media

1151 1332

_________________________________ Cavity Resonator.

•c- 2140 2271 26

Central Processing Units
Cables (Ropes) 1954
460 1561 702 1993 94 285 496 987 1788 1199

1010 1562 354 1645 2196 1187 2198 1789 Centrifugal Pumps
1992 1787 1919 362 1768

2197
Ceramics

ihratmg 932H 964 75 1536

Chains
Calibration 813 1704 2195 1009

use Calibrating

Chatter
360 2091 1117

• 1067
Ch~~~iey.

Cantilever Beams 1991 2283 2234 706
810 281 282 283 84 85 117 1358 89 io~• 601 462 1853 784 335 1357 1988 1359 1826

602 1184 365 1987
1012 1554 785 Circuit Boards

1185 1882 1315
1365
1555 Cirailsr Bms

1183
Cantilever Plate.

1402 1408 Circular Cylinders t

1800 1803 2006 118 309
Caps (Supports) Cirt,ilar Panels

815 1506

Nijmbsrs: 1.198 199.395 305.550 551.710 711402 903.1101 1102.1287 1288.1487 1488-1700 1701-1887 1888-2124 2125-2287
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Circular Plates Columns (Supports)
320 1211 132 823 824 825 1397 1018 629 992 803 994

1020 1411 322 1813 1814 1405 1208 929 993
1210 2031 2028 1019 1373
2030 1209
2230 1609 Combustion Excitation

2029 192

Cirasiar Shells Commercial Transportation
1831 1394 1277 1148

¶ Clay Soils Compacting
1765 1286

Clay. Complex Modulus
1525 1526 579

Clearance Effects Complex Structures
796 2107 1363 1527

1633
Clutches

1573 1885 Component Mode Analysis
- 

I
Coated Beam Method

Component Mode Synthesis
741 662 1123 1124 1696 567 2118

Coatmgs 1761 742
617 579

Coherence Function Technique Composite Banns
568 603

Collapse Composite Materials
use Failure Analysis 51 824 2035 936 757 758 1939

• 1941 1746 937 2019
Collision Research (Aircraft) 1747

use Cradi Research (Aircraft)
Composites

• Collision Research (Automotive) 1940 1942
870 211 12 1063 574 1275 1276 247 248 249
920 871 1272 1143 1274 1067 868 869

1880 2272 1273 2274 1088 919 
Composite Structures 

214 115 307 1748 1819
2273 1089

2225
Collision Research (Railroad)

1264 1265 1266 1267 Compressive Strength
1671 1522 1526

Collision Research (Ships) 1652
424 756 498 499

Columns Compressor Blade.
2210 101 1102 295 608 292 293 99

2211 1572 963 799

Abursct
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Compressors Condensation Method
1460 1261 2002 1074 1075 586 527 368 552 553 554

• 2181 2265 1076 1657
1476 Configuration Effects

• use Geometric Effects
Computer Aided Techniques

170 11 1492 1973 54 775 1057 68 139 .

340 401 1582 2213 904 905 2177 698 :~. 
Conformal Mapp ing —

1950 571 2263 1564 1945 1338 1959 616 468

881 1774 1538

• 1311 1974 Conical Sheila
1613 1824 615 189

Computer Programs
20 21 222 123 84 745 226 227 18 19 Constitutive Equations

220 221 292 193 194 925 316 607 228 229 765 937 258
420 421 422 223 224 1445 496 737 488 419 948

• 500 571 442 243 314 1635 536 1127 498 469
• 4 710 741 742 363 424 1725 736 1177 5i8 499

740 911 862 423 444 1925 746 1727 618 739 COi strSliied Stru ctures

810 921 922 473 744 1935 856 1927 738 799 1419

910 1311 1042 703 804 2135 1126 1038 1309
1310 1391 1142 733 924 1556 1088 1559 Const ruction Equipment
1500 1501 1722 743 1564 1726 1308 1599 160 1437
1580 1721 1902 853 1724 1806 1728 1629 520
1610 1971 2092 923 1924 1926 1858 1729
1720 1991 943 1879 Contact V ibration
1730 2281 1283 1999 2208
1790 1633 2209
2000 1673 2249 Containment Structures
2040 1723 482 316 327 2268 539

Computer Sim ulation Continuous Parameter Method
1001 1002 1711 1989

Computerized Simulation Continuum Mechanic .
• 1320 1311 223 224 888 942

1631 813 844 1318
1083 Control Equipment
2073 850 2212 2213 174 1375 806 1709

1705
Computer Storage Device.

1545 Control Systems
use Control Equipment

Computerized Symbolic Mani pulation
903 Conveyor.

1455 2086 1868 359
Concentric Structure .

1614 Cooling Fans
use Fans and Cooling Systems

Concretes
483 1286 Cooling Systems

2153 1646 1601 363 1464 315

Abstract
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Cooling Towers Crashworthinesi
960 631 122 123 1825 338 339 920 1272 153 1264 1265 1266 1267

1391 632 2235 1558 1880 1273 1674 1726
• 1431 2122 2063

184!

- • Critical Damping
• Core-Containing Structure. 1873

• 516

a Critical Speeds
• - Cornering Effects 1590 613 1354 365 596 2287 278

1473 879 2110 633 1356
2176

Correlation Techniques
• 1891 1502 1975 1206 1608

— Cross Correlation Technique
. . 303 1855 1608• I Coulomb Fnction

— • 1521 1943 1854 1678
1878 Curve Fitting

• 
- 1908 1588

Coupled Response Cu ad Be550 1761 882 1783 555 946 617 2078 ‘v ants 
2 83 4 556580 635 1656 1237 782 294 

1

1665 2226 
1 1

- 
- - Coupled Systems Curved Plate.

1294 1205 1107 1411

Couplings Cushioning
2220 1421 2222 393 1585 877 use Impact Shock Inrul ation

• 613
Cutting

• Crack Detection 1067
1955

Cylinders
Crack Propagation 60 941 102 703 1144 815 1396 297 468
1160 222 1554 2158 509 610 1201 1192 1193 1154 1105 2006
2160 2159 940 1801 1762 1803 1184 1145

1390 1802 1574 1155
Crack ed Media 1185

1161 713 714 7105 398
933 1894 1518 Cylindrical Bodies

use Cylinder.
Crane Boom.

1318 Cylindrical Shells
120 491 482 633 524 635 116 117 118 119

Cr anluhafts 330 1611 492 1833 634 1205 1016 1017 328 329
1980 1981 £982 1979 610 1831 1402 2043 1204 1395 1206 2047 1128 619

1830 1612 1394 2045 13% 1198 1229
Cra sh Research (Aircraft) 1832 1824 1826 1829

151 152 1673 1674 1726 1848 1849 2042 2044 2046
351 1032 2234

Abstract
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Data Reduction
use Data Proceathig

Damage Deflection Bound Technique
1110 577 981

Damage Prediction Deicing Systems
572 1126 858 548

1142
Demodulated Resonance Analysis

Damped Structures 2181
430 1983 95 1326 1517 8 1819

1220 788 Design Procedures
1290 916

Dampers Design Techniques
-
- I 1752 2156 340 11 1432 1683 834 1895 316 277 1548 1069

• 660 171 2263 1444 1566 367 2279
Damping 670 401 1686 977

402 63 1324 97 2050 571 1896 1057
1482 1303 2110 731 2086 1307

1633 2011 1567
2051

Damping Coefficients
700 1791 733 64 465 726 2077 98 1149 Diagnostic Instrumentation
740 1793 174 605 1766 1770 451 954 586 68 69

1690 464 1655 778 779
1855 959

Damping Effecta Diagnostic Techniques
480 784 2225 787 349 260 261 1072 773 264 65 66 267 268 1159

2020 620 1031 2172 1953 774 265 456 777 688 1339
960 1311 2182 2093 954 775 776 957 898 1769

Damping Materials 1340 1771 2173 2174 955 956 1957 958 1959• 1327 2170 2171 2183 2184 1545 1956 2167 1158 2169
2180 2181 1954 2176 2177 1338 2179

Damping Values 1955 1958
1651 1753 2175 2168

2178
Dam.

~ 1240 411 412 444 355 1667 1048 1669 Diesel Engines
• 1670 861 2284 1668 890 1271 1223 1164 265 647 939

1671 1150 2271 1269
1270

Data Display
970 1587 Differential Equations

557
Data Processing
1090 881 1514 589 Digital Sinulation
1970 1929 890 1953 1109

Data Recorder. Digital Techniques
591 1090 21 1302 1906 589

Abstract
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Discontbesity-Containing Media Dynamic Buckling
120 942 933 714 1105 1102 2043 494

1733
Dynamic Data System Technique

Discs 10

use I)ynanuc Excitation
1165

Dish
801 802 2233 Dynamic Loads

use Dynamic Excitation

• i~~~ 2027 1~~~ 
Dynamic Modulus of Elasticity

Dissipat ion Factor Dynamic Plasticity
2058 980 1823 1814 416 217

1000
Distillation Equipment

• 1328 Dynamic Properties
1011 732 1174 1565

Distribution Functions 1491 1542
H 1706

Dynamic Relaxation
Drillukips 623

• use Drills/Ships
Dynamic Response

Drive Line Vibrations 50 331 422 1993 614 85 396 37 8 799
1870 893 1196 1869 1660 421 652 2153 1894 935 886 1257 488 819

651 2082 906 1617 528
• 

- 
Drive Shafts 931 1446 1877 948

- 
• 408 179 1151 1616 1947

1979 2236

-

• Drop Tests (Impact Teats) Dynamic Shear Modulus
1034 1035 1036 1037 1802 1765 1766

Ducts Dynamic Stability
300 301 302 103 104 105 106 997 298 299 1900 112 1443 1624 1625 306 1187 909
470 471 612 303 1804 1575 1106 1377 808 469 2000 982 1995 846 1627 1189

1380 611 1723 2004 1805 1376 1577 998 809 1156 2277 1899 - •

1580 2214 2005 1426 2007 1378 999 1486
2135 1576 1428 1379

2006 1578 1579 Dynamic Stiffness
860 883 605 1047 859

Dynamic Analysis 950
1904

Dynamic Structural Analysis
Dynamic Antiresonant Vibration Isolators 1500 481 1492 203 904 905 446 207 398

1064 1730 921 1792 1103 1015 916 1697 1818
1491 1493 1295 2237

Dynamic Balancing 1865
960 2285

Abstract
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Dynamic Structural Response E quai~es
use Dynamsc Response 271 1742 753 434 2146

Dynamic Synthesis
• 662 904

• 1449
Dynamic Systems
400 1302 1494 907 748 199 Eigeswslue Problems

• 1137 2128 200 821 552 553 744 5 356 758 399
- 

- 990 1102 783 616 1209
Dynamic Tests 1490 1892 1289

- •• 140 381 282 1443 655 856 177 138 639
1790 681 592 1563 1525 1006 1007 938 739 Eigenvalues

881 1522 1753 1526 1008 use Eigenvsluc Problems
- • 1941 1652 2013

Dynamic Vibration Absorption (Equipment) Elastic Analysis

4 643 644 335 1836 1003 1004
1203

__________________________________________ Elastic Foundations
• - E -  1550 2031 92 93 994 826 2227 2048 929

1182 1403
Earth Structures

1672 Elaatic Medis
760 761 762 763 764 58 759

• Earthquake Damage 1740 941 942 934 1518 1149
710 1851 572 1596 1197 1199 1151 1152 1754

1852 1597
Elastic-Plastic Properties

Earthquake Prediction 2040 1561 1392 1444 325 327
752 1415 1827

• Earthquake Resistant Design Elastic Properties
Use Earthquake Resistant Structures 2041 953 974 1785 937

Earthqu ake Resistant Structures Elastic Waves
1010 241 242 163 524 1115 1216 497 138 139 1740 31 62 604 795 206 1577 928 619
2080 411 412 243 1234 1235 1236 517 378 519 1301 1312 1345 2016 929

861 1142 1233 1484 1505 1027 518 2049 1821 1612 1805 1379
1991 1232 1373 1594 1595 1417 1028 2132 2139
2261 1483 2008

1593 Elastodynaiuic Response
1643 1105 2127

1755
Earthquake Response
1240 1141 932 573 944 355 176 1857 2248 1449 Elastohydrodynamic Properties
1320 1451 1853 1504 685 516 1927 2208
1450 2283 1525 1926 2087
1730 2215 Elastomenc Bearings
1750 163
1850
2020 Elastomeric Dampers
2210 2154

Abstrsct
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Elastosners Energy Methods
583 1586 1327 28 820 911 595

2133 2058
Ener gy Storage Systems

Elago.Plastic Propeities 833
• 1181 906 -

2151 Engine Mounts
1245

• Electric Generators Engine Muffler.
use Electric Power Plants 341 406 407

Electr ic Power Plants Engine Noise
• 1433 1434 167 2008 1621 1343 504 505 529

1503 2271
1983
2093 Engine Roughness

• 543 544
-

• 
Electrical Machines

1503 Engine Vibration
2270 542 888 889

-
• Electrod ynsmic Shakers 1572

271 1962 2188
Engines

Electrohydraulic Shakers 1958
1341

Environmental Effects
Electromagnetic Excitation 704 1507 589

1962
Environmental Simulation

Electromagnetic Pro perties 704
- • 1065

Equations of Mot ion
Electromagnetic Shielding 581 202 814 595 736 1979

1017 652 824
922 1184

Electronic Instrumentation 1764
972 964

• Equipment Mounts
Encloanre. 165 677

1422 503 504 505 685
1423 1424 1425

Equipment Response
• Energy Ab.orber, 2150 35 2088

use Energy Absorption 685
2185

Energy Absorption
• 500 141 1032 143 334 645 336 337 498 499 Equivalent Linear isation Method

1221 2052 1743 424 2055 1186 1837 1838 919 1701 1523 285
2261 2053 2054 2057 1219

Error Analysis
Energy Dissipatio n 2 203 77 18 579

142 953 1765 207 1968

Numbers: 1-198 199-395 396-550 851-710 711402 903-1101 1102-1287 1288-1487 1488-1700 1701-1887 1888-2124 2125-2287

Volume 11

1gm.: 1 2 3 4 5 6 7 8 9 10 II 12

111

_ _ _ _ _ _ _ _ _ _ _  

~~~~~~~~~~~~~~~~~~ ~~-- •~~~~~~~~~~~ -~~~~~~~~~~~~~ —--  ~~~~~~~~~~~~~~~~~~~~~~~~~



_____________________________________________ •

H

• 
Exhaust Noise
1840 290 291 372 1433 2156 607 168 169

370 371 792 2176 1687 ~~~ 339
Exhaust Systems 730 1432 338 369

• 52 960 1752 528 529
302 1070 838 879

878 1069
1259

Expansion Joints 1799
1586 i~~o

Experimental Data FAST (Computer Program)
370 151 42 153 784 1185 1236 107 48 1029 229

— 1060 181 342 163 1204 1525 1346 1217 198 1869
- - 1450 971 1132 1043 2274 1426 1347 788 2279

1610 1891 1522 1143 1507 1028 Fast Fourier Transform
• 1620 1572 1513 1098 90 191

1880 1563 1268 -

2273 Fast Fourier Transformation
use Fast Fourier Transform

Experimental Results Fastener.
use Experimental Data 1006 1007 1008

Explosion Detection (Nuclear) Fatigue Life
use Nuclear Explosion Detect ion 620 51 52 33 1384 1965 466 277 2218 149

2281 1983 1944 766 1959
Explosion Effects

1722 44 Fatigue (Materials)
244 150 2184 1945 776 67 2158 269

1524 2160 1946 1757 2159

Explosions Fat igue Strength
41 246 use Fatigue Life

576
Fati gue Tests

• Explosives 150 1902 1803 1974 ~75 1756 2247 1628 149
1544 578 1972 1973 2254 2255 1946 2257 2258 1959

2203 2256
Extremum Principles

1392 1414 1415 FESAP (Computer Program)
420

Fiber Composites
- F -  1940 251 262 414 2035 936 217 1939

1941 1322 1024 1746 1747
Failure Analysis

2002 34 816 817 509 Finite Difference Technique
784 889 2252 1076 489

Fan Blades Finite Differen ce Theor y
use Fans use Finite Difference Technique

Abstract
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Finite Element Technique Flezural Wave.
200 91 132 243 4 45 176 37 308 399 1820
400 121 222 433 124 355 546 297 398 419
420 401 482 443 424 445 1046 397 418 499 . . -
580 561 492 483 444 905 1186 707 558 739 

F’hsgM bItJOI 
157 188

740 741 562 723 684 1005 1366 987 718 819 187
801) 801 792 743 744 1015 1446 1077 728 839
970 1301 802 903 1014 1145 1496 1157 738 859

1470 1361 1122 913 1144 1295 1996 1397 1048 909 Flight Tests
• 1500 1391 1192 1203 1334 1335 1407 1088 979 900 1453 1486 1628

1560 1691 1642 1283 1414 1445 1747 1128 1019
• 1590 1711 2152 1523 1474 1895 1817 1288 1319 Flight Vehicles

2050 1761 2252 1553 1904 1925 1947 1408 1789 2070 1531 1764 447
1791 1793 1935 1828 1879 2244

• 1871 1823 2035 2008 1919
1991 2285 Floating Bodies

• 
• 2051 use Floating Structuies

Finite Strip Method Floating Ice
• 851 1025 126 2048 896
• 2036

Floating Structures
Flexibility Methods 703 164 946

17 1153

• Flexible Couplings Floors
- - • 2220 108 164 1126 837

978 1417

Flexible Foundation Floquet Theory
1096 1003

Flexible Rotors Flow.Ind uced Excitation
1950 2161 182 2164 2165 1546 1337 2278 use Fluid-Induced Excitation

2166 - •

Flow-Induced Vibration
Flexible Shafts use Fluid-Induced Excitation

1548
Flow’s Sh~~ Theory

Flexura l Response 117
825

Fluid Couplings -
•

Flexursl Stiffness 394
• 

2223
Fluid-Filled Containers

Flexura l V ibrat ions 491 312 2023 524 475 327 88
90 91 102 323 284 95 126 87 128 789 1761 1012 2284 635 1207 328

280 321 642 833 324 295 326 127 828 1179 1202 1827 438
• 490 701 812 1603 484 485 486 597 1208 1209 2227 1808

1180 1021 1602 1833 1324 2115 616 787 1709 1828
1410 2031 1812 2033 1394 826 1017
1550 1754 1136 1817 Flu id-Filled Med ia

2234 1386 257
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Fluid-Film Bearings Follower Farces
726 1369 1990 462 994 985 557 1359

992 1987
Fluid Film Damping

1325 Wootle p
860 2251 1333

Fluid Hammer 1660
314

Forced Vibration
Fhuid-Indiiced Excitation 90 791 322 603 805 856 607 788 1419

• 60 231 312 114 115 626 617 88 59 540 1451 332 1183 1385 986 827 1499• 230 311 1012 294 365 1076 767 468 299 1781 1832 1313 1406 2037 1699
310 641 1202 724 445 1416 1387 768 309 1961 1952 2223 1556

1040 1201 1074 945 2186 1607 878 319
1460 1801 1184 1075 1627 1328 609 FORMAT (Computer Program)
1520 2024 1155 2047 1568 709 746
1600 1185 2137 1638 769

• • 1760 1205 2227 1808 1329 Foundations
1820 1519 950 1491 372 473 1334 1045 1046 1047 859
2(170 1639 2253 1534 1335 1666 1667 1319

1689 1665
1699
1759 Four Bar Mechan isms
1809 1587 1588 2219• 2019
2229 Fourier Analysis

1730 962
- • Fluid-Induced Vibrations

— use fluid-Induced Excitation Fourier Techniques
use Fourier Analysis

Fluid Mechanics
• 2004 Fourier Transformation

974 1818
Fluids
770 771 Fourier Transforms

use Fourier Transformation
Flutter
850 511 292 253 654 845 216 307 708 229 Fracture Properties

1990 1191 312 293 1034 945 1036 447 2228 989 282 913 715 1026 1757
1261 352 1843 1964 1035 1226 607 1289 1743 1925
1971 462 2023 2064 1365 1716 1037 1359

512 1445 1906 1117 1439 Framed Structures
1202 2225 1887 1569 1381 835 518
1842 2245 1987 1699 2008
2112 1729

2009 Frames
1000 981 1582 1363 1194 2215 716 837 979• Flywheels 1581 2009

833 1469
Free Vibration

Foams 130 1411 322 903 4 615 86 837 1178 129
1838 320 332 1003 94 805 116 1817 2038 629
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Free Vibration (Continued) F”-d -ntal Mode
• 600 1022 1213 1004 1025 946 2048 829 324

800 1832 1403 986 1399
1603 1406

1606 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1786 - 0 -

Freight 
~~~ Gsleikin Method

1262 173 1875 1308 684 1786
1463 1878

Gas Hearings
Frequency Analyzers 

~~4 98
1530 962

Ga. Turbine Engines
Frequency Domam 1071 2264 1435 2157

136 9 2175

Frequency Domain Method Gas Turbine.
1482 

- 
2191 1223 1685 167

Frequency Equation Gear Boxes
2192 810 472 275 1246 877

Frequency Meters Gear Couplings
- - 

1975 1382

Frequency Response Gear Drive.
• 741 2123

Frequency Response Method Gear Noise
• 1712 198 1119 811 1584• - 1108

Gear.
Friction 1910 811 682 613 305 2216 107 2218

1292 2180 2011 2012 1583 1195 2217

Friction Bearings Geometric Effects
2108 481 302 923 924 875 486 57 838

811 792 1413 976 307 1998
Friction Damping 821 2202 1797

1463
Girder.

Frozen Soil. 423 2247
592

Glass
Fuel Flammability 934

1849
‘ Gradient Methods

Fuel Tanks 162
2063 1849

Fundamental Frequency Methods 
58831 993 125 916 1 7
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Grid. (Beam Grid.) Ilasik.j Transformation
- 

- 

2193 1194 952

Grind~~ Msc
1743 1838 186

Ground Effect M-4 ws 
• Hardened l I ~~~~R

- - 2102 1913 1914 1915 106 13 245
H

GIOUIId MO*IOO 2135
42 43 1934 855 1146 1858

1742 ~~73 
Hardened Structures

u~e Hardened Installations

Ground Shock Harmonic Analysis
- I 1722 1985 1701 46

Ground Vehicles Harmonic Balance Method
210 431 852 1253 1114 2105 336 1277 179 1786

1440 891 892 1724 1686 279
2061 2272 Harmonic Excitati on

800 931 603 2034 295 626 627 1499
Ground Vibration 2280 823 885 1136 1897 1549

81 953 1555
1663- - Group VelocIty 1943

763
Harmonic Response

• Guard RaIls 580 1021 442 598 599
2272 45 1276 1520 622

1132
Guld.wsys

532 Harmonic Wave.
214 1816

Guyed Structure.
2198 Head (Anatomy )

630 1063 1447
Gyroscope.

1807 679 Heat Exchanger.
311 1012 308 59

1201 1808
— 

Helics& Sprinp
134 1215

Half-Space
953 Hsllcopt.r Slides

2253 Use Rotary Wiigs

Helicopter Engine.
use Manuals - Handbooks 52 194 1865 408 19
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Helicopter Noise Highway Transportation
670 671 672 663 674 675 666 667 668 669 1222

1050 1051 1052 673 864 1245 676 1247 1058 1249
124 1 1282 863 1054 1246 1248 -

1053 1244 2246 
Hitche

— 
- Helicopter Rotor. 

Hoists 
1992

990 671 862 183 234 665 356 667 548
1250 991 1 692 663 664 1475 1056 797 798

• 1051 2243 674 2085 Hole-Containing Media
1111 864 322 29
1251 1064 -

2111 1454 Holographic Technique.
780 1545 1957 1828 1739

Helicopter Seats 1610
153

Honeycomb Structures
Helicopter Vibration 115

2081
Hopkinson Bar Technique

Helicopter Vibration Effects 1175
1055 1058

Hospitals
• Helicopters 918

810 451 662 1453 954 1865 1056 1057 2258 69
2260 661 1242 1673 1674 2255 1846 1997 2278 2259 Hovercraft

741 2082 2254 2285 2106 2257 use Ground Effect Machine.
2256

Human Head
Helmholtz Resonator. use Head (Anctomy)

25
Human Organ.

Hemispherical Shells use Organs (Biological)
1828

Human Response
High Frequencies 870 521 1062 1253 234 675 866 357 648 649

1377 1060 871 1252 814 865 86? 068 869
1061 1214 1255 1058 1039

High Frequency Resonance Technique 1091 1254 1059
587 958 1241 1079
777 1099

High Frequency Response Hunting Motion
554 1081 1082 1873 696

High Speed Rotor. Hydranlic Equipment
1566 501 502 523 254 2226 1097

1962 374
High Speed Transportation Systems
530 172 Hydrsu& P,e.se.
690 142
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______HydranHe Seiv~~~~-’— ~—- Impact Testing
1191 use Impact Tests

Hydraulic Sysanu.
1693 1777 Impact eats
1883 1010 1272 1263 1274 1175 1276 1009

1273 1879
Hydr aulic Vats.. 1743

- -
-
~~~ 996 387

Impedance
- - 

- Hydrodyna le Excitation 40 251 317
2248 1192 703 445 468 1279

925 2268 Induction Motor.
882 2174

Hydroelectric Power Plants
1896 1698 Industrial Facilities

22 503 1304 235 506 807 1438 1459
Hydrostatic Excitation 843 425 1256

- 

- -

~~ 
2088 1513

Hyperbolic Parabolic Shells Industrial Noise
122 use Industrial Facilities and Noise Generation

Hysteretic Damping Inertial Force.
I I 1750 1441 134 835 1138 749 812 174 1196 1798

1521 884 2015 2196
1751

• Inflatable Structure.
85

- I - Infkrence Coefficient Mstric
use Influence Coefficient Method

Impact Damper.
use Shock Absorber. Influence Coefficient Method

875 876 698
Impact Load Prediction 1635

48
Infrasonic Frequencies

Impact Noise 1254 1966
1459

Initial Deformation Effects

• Impact Pal. 494
1890

Initial Vshre Problem.
Impact Response (Mechanical) use Boundary Value Pro blems
1380 2231 2152 1653 1984 45 46 1847 689
1550 2134 1026 1999 Iii. maJItthOO

1650 1086
1890
2230 Instruments

use Instrumentation
Impact Shock

2053 2054 2025 47 Interaction: Rai l-Motor
2094 2055 882

• Abstract
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• Interaction : Rail-Wheel Interior Noise
-

• 530 1462 883 1874 375 1077 1078 1470 782 863 695 1846 1637 848 849
1873 1875 1308 2246

Interaction: Rotor-Stator - - -• Intenor Vibration
2246

Interaction; Soil-Foundation
1660 2253 1654 1659 Intermittent Motion

1664 1888

• Interaction: Soil-Structures Internal Combustion Engines
• 1550 951 732 13 474 255 176 1157 598 1139 341 888

1730 1651 952 953 1334 1645 256 1197 1528 1319
1661 1333 1665 1046 1507 1948 1529 Internal Damping

1336 1527 2118 740 1552 633 57
1666

Internal Friction
:1 Interaction: Stnicture-Fluid 961 974

- 1 440 441 62 443 204 355 217 2118 599
580 1211 442 943 444 475 547 Internal Preawre
710 1761 944 1016 119

Interaction : Structure-Foundation Internal Resonance
1281 1662 473 386 1658 2126

536 2078
• Isolation

Interaction: Tire-Pavement 2053 2CM 2055
- 

- 1310 1474 1309
Isolator.

Interaction: Vehicle-Guideway 2261 163 164 165 166
• 1872 1083 2267 1268 2084 645

2102 2085

Interaction Vehicic~ tructure Isotropy
1041 1078 1104 826 828

• 1691
Iteration

Interaction: Vehicle-Terrain 397
223 144

224

Interact ion: Wheel-Pavement - -
1277

jet Noise
Interface: Solid-Fluid 570 1741 1224 345 646 347

1203 1930 727
747

Inte rference Response Spectra
1200 751 joints (junctions)

120 1461 614 2015 816 817 1048
Interferometers 1860 1384 1806
1610 432 1545 1967 1968 1960 2016

1775
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journal Bearings Launch Vehicles
1791 1792 465 1566 1567 1696

605
1195 Layered Damping
1565 788

* 

Layered Material
250 251 942 323 1946 87 758 629- K -  2030 1732 297 1609

757
Knee (Anatomy) 787

655
Liapunov . Method

• use Lyapunos Functions

- L -  Linear Analysis
use Linear Theories

use Layered Materials Linear Sy.tems 
1326 1137

1290 1901Lamp.
I I  32 

- -Linear Theories
Landing Fields 951

use Aircraft Landing Areas - -Linings

L ling cear 1838 
809• - 403 1634 149 

1772
Landing Impact

use Landing and Impact Shock m o  
812 813 814 585 2219

Landing ShOCk 1002 1003 1004 1005
use Landin g and Impa ct Shock 

Liquid Filled Containers
- - - use Fluid Filled Containers• Land ing Simulation
use Landin g and Simulation 

L~ uM.
Laplace Transformation 1947 2138

952 1385 47 119
Longitudinal Response

Laser. 634 1551950 1172 1775 1976 2224
2165 2166

Longitudinal Vibratio n
L~te~SJ J .~~J. 1661 1626 18091262 1876 1237

2252 1987 Low Frequencies
1430 2264 1778Lateral Vilie-ation

2191 1815 1626 1368 1989 Lubrication
2226 680 1094 1515 2017 2208 2199
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Lumped Mass Method Machine Tool.
use Lumped Parameter Method 360 2091 2087 2089

- 
• 2090

Lumped Parameter Method
552 1704 1985 1919 Machining
712 2024 1067

Lyapunov’s Method Magnetic Bearings
388 1899 1622 1623

Magnetic Properties

-~~~ 969
-M-

- • Manifolds

Machine Diagnostics 2024

• use Diagnostic Technique.
- I Manuals and Handbooks

Machine Drive. 11 294 19
• 2087

• 
• 

Marine Engines

Machine Elements 265

use Machinery Components
Marine Propeller.

• Machine Foundations 291 373 374 405 1436 1177 2209

• 2250 1581 1652 1653 1654 1655 1256 1657 1658 1659 404 1797

1656 2079
Masonry

Mach ine Noise 1232 1033 1647 1748 1049

use Machinery Noise 1707

Machinery Mass Beam System.

264 66 587 778 2189 1362 1359

776 777
• 1456 2177 Mare Coefficients

2116 1690 903 1696 1589

Machinery Components Mass Matrices

2050 2051 2017 2058

Machinery Foundation , Mass-Beam System.

use Machine Foundations 1551 792 783
793

Machinery Noise
1131 235 1676 1459 Mass-Spring Systems
2021 425 882 793

975
1835 Material Damping

52 53 54 55 56 967 89

Machine ry Vibration 785 966 939

2170 2262 874 1355 1676 2087 978 1750
1044 1936 2168 Mater ials Handling Equipment

1944 1992 1455 2086
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Mathematical Modelin g Mechanical Admittance
use Mathematical Models 1967

Mathematical Models Mechanical Drives

220 121 42 173 134 15 366 7 8 499
1030 161 162 513 1414 195 606 107 498 689 Mechanical Elements

* 1450 171 172 533 1474 435 856 577 708 719 2221 66
1460 271 472 623 1944 665 876 737 1108 1229
1870 341 532 693 1994 735 1226 807 1218 2279 Mechanical Excitation
2090 531 662 753 885 1466 887 1658 1961 —

2130 581 732 953 1005 1447 1708
1101 1092 1053 1295 1467 1868 Mechanical Impedance

• • 1111 1392 1073 1395 1707 1978 1692 2113 1985 1056 2278
1141 1442 1093 1415 2077 2008
1281 1482 1193 1495 2078 Mechanical Pro perties
1471 1662 2103 1905 404 55
1521 2272 2193 1985 405
1601 2065
1681 2095 Mechanical Reliability
1691 2125 u,e Reliability
2081 2145
2131 Mechanical Systems

680 11 962 1683 197
Matrix Methods 1682 1257

552 1493 124 716 1347 859 2222
746 1617

1346 Mechanical Telemetry
1700

Maximum Response
1487 Mechanism,

1011 812 814 875 796 2127 678 2129
Measurement Instruments 1684 876 1888

use Measuring Instroments
Membranes

Measurement Techniques 110 62 1815 616
50 41 732 113 274 275 276 797 1778 889 1120

380 81 782 883 974 975 1966 1777 2188
450 781 1692 1173 1174 1345 1976 1917 Membranes (Structural Members)
900 1131 1343 1804 2276 2223 615 306

1780 1963 1386
2130

Metal Working
Measuring Instrumentation 681 1067

use Measuring Instruments
Method of Characteristics

Measuring Instruments 1523
590 961 972 963 964 275 1166 797 2188 1539
900 1131 1172 1343 1344 965 1966 1167 2179 Method of Harmonic BaJance

1540 1171 1802 1773 1775 1917 2189 1908
1770 1963 2187

Method of Initial Functions
Measuri ng Technique. 320

use Measurement Techniques 1020
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Method of New Quotient Modal Syntheus
1323 742 1813 14

Method Ste~~~st Be Modal Tests 
273 1176 78 

2109

Method of Weighted Residuals Mode Approximation Technique
1919 1210 981

-
• 

• 2231
Microphones

• • • 1343 Mode Coupling
- 
- 206 218

Military Vehicle.
501 Mode Shape.

1360 121 712 433 1874 115 826 797 148 979
Mindlin Theory 681 862 823 2285 1387 1208 1109

- i 625 126 821 1402 1407 1408
I 1381 1562 1447

Mines (Excavations) 1642 1557
• 1462 1745 576 1239 1782
• 1509 2042

- 
I Minimum Weight Design Modal Testing

• 1560 911 602 1844 1215 6 558 170 1231 1512 1043 895 1336 1647 848 1659
-
~~~ 1358 1230 1511 1693 1667 2068

2073
- 3 Misaile Silos

2080 Modal Tests
use Model Testing

-~~~ Missiles
704 1695 156 187 188 ModulusolElasticity

- 1725 166 358 583 2058

- Modal Analysis Moire Effects
• 80 191 1582 733 1924 105 176 217 78 79 934 1348

350 741 1822 1923 435 356 377 1578 219
990 901 1922 735 376 547 2038 1499 Monte Carlo Method

1800 951 1095 836 897 2248 1320 891
2120 1951 1125 1307

Moorings
Modal Damping 500

1874 1897

- 
Motorcycles

Modal Minimization Method 302
1140 382

Modal Models Motor Vehicle Engines
15 16 1469

Modal Superposition Method Motor Vehicle Noise
1401 1482 104 1857 438 1470 1252 1713 1114 1147
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Motor Vehicle, Natural Frequencies
406 407 20 1 602 113 514 115 6 127 18 559

1916 830 131 712 283 624 125 826 297 148 979
• 910 281 822 433 794 525 916 987 558 1779

Motors 1020 801 862 823 1394 1405 1366 1117 1208 2029

• 4 1044 1867 1360 821 1402 1413 1654 1655 1896 1397 1408
1560 1381 1412 1613 1714 2285 1407 1818

Mountings 1800 1501 1562 1633 1874 1447 1918
• I 1867 1810 1642 1924 1557 2028

2010 1782 2194 1807
Moving Loada 2042 2234 2027
250 851 1182 633 854 1415 1306 21)47

1041 1644 2196 2237
1691 2104

Naval Ships
MOvM3 Strip. 617

415
1995 Noise Barriers

-3 2060 2241 22 23 24 2059
Mufflers 342 843
340 1222 1033

2242 1423
Multi Deun System.
1360 Noise Control

use Noise Reduction
Multidegree of Freedom Systems
240 901 1702 1923 875 876 1317 1238 1889 Noise Generation

• 1701 1495 1897 100 231 382 663 254 405 236 1687 298 289
160 681 1372 1243 294 425 1116 338 299

- 
- 

Multiple Resonance 170 1061 1683 234 545 2096 368 339

1- 197 210 1841 2093 404 665 1078 879
230 664 1745 1229

Multistory ~~iildings 290 1164 1239
1030 1451 1042 1043 145 516 657 638 1859 530 1874 1459
1450 1871 1853 1855 856 1857 1238 650 2124
1850 1646 1648 690 2264

1858 730
2248 930

Musical Instruments Noise Measurement
550 196 57 198 570 671 892 343 24 975 146 847 168

197 1050 1171 1052 2073 344 1305 676 1217 1298
1741 2072 1514 1845 1636 1227
1911 1774 2186 1717

_______________________________________________________ 2097
- N -

Noise Meters
Nacelle, use Sound Level Meters

371
Noise Pred iction

NASTRAN (Computer Programs) 730 541 1372 1134 665 666 737 348 669
740 741 742 123 744 1445 1996 733 739 1431 2142 806 1247

743 1729 1841
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Noim Propagation Nonlinear Springs

Ii 879 1781

Noise Reduct ion Nonlinear Systems
660 361 452 503 194 235 236 147 208 19 220 201 822 205 1137 419
670 501 502 843 504 345 296 347 338 339 750 1702 1257 1979
720 841 842 1033 1224 395 346 407 368 369

1 730 1271 1422 1113 1304 505 406 647 668 389
1 930 1431 1432 1163 1424 895 506 667 1148 539 Nonlinear Theories

• 
1070 1621 1462 1223 1434 1125 646 807 1228 669 1500 942 1703 396 37 238 399
1250 1841 1912 1423 1454 1245 676 1147 1278 939 1740 2103 536 1697 298 449
1270 2011 1433 2074 1425 866 1227 1438 1069 1398 1549
1430 2051 2084 1435 1246 1297 2058 1229
1840 2061 1835 1256 1437 2088 1249 Normal Modes
2050 2075 1436 1457 2098 1269 610 1 2192 1893 2195 276 987 698 279
2100 2105 1686 1637 1429 201 1306 2027

1846 2007 1719 2141
2066 2059

II 2266 2099 Nozale,

ii 2286 570 1321 1224 236 347 569

Noise Source Identi fication Nuclear Explosion Effects
370 1502 1053 864 167 568 1259 510 2101 1722 1144 1145 436 49

1248 1510 1942 1725 1146

1458 2135

Noise Tolerance Nuclear ESJ IIOIiOSIJ
- 

-
. 1252 234 1255 1721 42 43 245 1126

• Noise Transmission Nuclea r Power Plants
use Sound Transmission 1260 952 533 364 175 176 377 378 379

2020 534 565 376 497 538 779
• Noanographa 804 885 536 537 618 1599

55 56 884 1085 886 1467 1338 2269
1084 1465 1086 1937 1468

Nondestructive Testing 1466 2197 1688
use Nondestructive Teats 1936

Nondestructive Tests Nuclear Powered Ship.
780 1031 262 263 774 455 67 258 269 124 498 499

1350 1351 1162 773 894 1315 267 288 1779
1352 1957 1158 Nuclear Reactor Components

1601 422 363 534 315 526 887 1689
Nonlinear Analysis 804 535 536 1827

use Nonlinear Theories 1464 1085
1685

Nosiline Damping
• 912 36 Nuclear Reactor Containment

143 1827 2268
Nonlinear Response
2030 711 1004 137 908 1019 Nuclear Reactors

2027 421 1879 
—
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Nuclear Weapone Effects Oscillation

- 
- 575 1905 448

Numerical Analysis
980 1181 602 1153 1824 555 206 557 199 

0 Baton 
912 238

1663 715 556 907 569 1882
1105 716
1735 1106

• 1446 Otto Engine.
543 544

Numerical Methods
908

• Pmel.Cavity Response
• 4 Oceans 1130

1301
Panels

Off-H ighway Vehicles 111 842 333 1624 815 496 307 848 2019
501 502 523 1258 2225 1506 417

682 617

- 
I Off-Shore Structures P~n-ameter Identification Technique

710 621 522 1483 444 455 386 547 898 599 1111 563 725 7 9
1280 1281 622 1484 546 897 2118 1453 1629
2280 2281 702 2284 896

1482 956 Parameter Amplification
• 1135 1136

Oil Whirl Phenomena
1519 Para meter Identificatio n Technique

1710 241 1532 733 1494 915 1296 1347 1908 719
Optimisation 1711 1855 1346 1497 2118
280 511 162 1283 1414 1415 6 1117 558 559 1907

1440 602 1895 1896 1288 1589
1302 2128 2129 Parametric Excitation
1392 560 1931 803 1995 1897

- • 750 1313
Optimum Control Theory 1980

1472 2277
Parametric Resonance

Optimum Design 1480 2211 697 318
910 461 1042 1404 397 1288 1679

911 1494 1107 1448 2089 Parametric Response
2209 1644 135 1628

Organs (Biological) Parametric Vibration
161 513 1357

• 1387
0rfl
490 131 1714 1905 297 828 Passenger Transportation

827 1462
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Pavement Roughness Pile Structwea
693 1038 2252 13 1334 1335 386

• Pavements
1690 691 692 213 2104 1286 258 Pipe Joints

1173 1200

Penetrat ion Pipelines
582 683 621 622 1013 1594 816 817 1199

751 1593 1197 1389
Periodic Excitation 2021
900 531 92 133 1414 1805 596 1107 748 1149

1620 1481 992 513 1654 1988 1939 -

• 1392 613 1894 Pipes (Tuh es)
480 312 13 1384 205 196 1347 1388 479

• 620 1012 943 475 1396 1387 6192133 
1200 2227 1809

- - - 1600Penodic Functions
1898

Piping Systems
Periodic Response 480 481 422 113 314 315 476 477 478 1199

250 1791 1002 43 1294 1466 887 1960 1591 1592 143 474 885 686 1597 618
330 1182 633 1564 2020 303 804 925 1596 1198

1370 1552 2173 2144 473 884 1595 2226 1598
533

— • Periodic Structures
791 793 1367 Pistons

1707 1380 1329

Perturbation Theory Plane Mechanisms
220 401 1213 794 465 437 1488 1549 1590 1684
350 1703 605

2023 1075
1295 402

• 1705
Plates

Photoelastic Analysis 20 161 322 133 124 125 316 57 318 29
913 715 550 641 822 483 624 325 416 197 728 319

820 821 972 573 724 485 626 317 818 729
Photographic Techniques 1400 911 1022 623 1024 625 936 487 928 819

797 1710 1021 1212 903 1404 1025 1406 627 1208 1409
1810 1181 1402 993 1414 1415 1606 837 1398 1609

Piers 1820 1401 1412 1023 1604 1605 1816 1397 1408 1819
• 

• 951 1049 2050 1811 1602 1403 1714 1815 2026 1407 1608 1939
• 2230 1821 1812 1413 1734 2025 2036 1607 1818 2229

Pile Driver. 1871 1822 1813 1814 2035 1817 1918
549 2031 2032 1823 1824 2225 1957 2038

• 2051 2232 2034 2037 2228
Pile Driving 2231 2237

1661 2241

Pile Foundations Pneumatic Isolators
1281 1662 1333 1840 1677

Abstract
Numbers: 1-198 190-395 396-550 551-110 711402 903-1101 1102-1287 1288-1487 1488-1700 1701-1087 1808-2124 2125-2287

Volume Ii

lime: I 2 3 4 5 5 1 8 9 10 II  13

127

~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ — - —•—-
~~~ — •  •



• • 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~- -• •

7 —
I

Pneumatic Thea Proceedin1s
1092 1093 446 947

Pogo OscIllation 1486 2087

use Pogo Effect

Point Sour ce Excitatio n Propellants

1306

Pelyurethme Resins Propeller Blades
971 1838 1372 294 1797 2209

664
Porous Materials 864
840 931 464 257 839

1754 Propeller Noise
864

Power Plants (Facilities)
• use Electric Power Plants Propellers

-

~~~ 373 374
Power Spectra

896 1758 Propulsion Systems
1284 367

• Power Transmission Belts
• 1886 Prosthetic Device.

513 655
Power Transmission Systems

• 392 393 194 195 277 278 19 Protective Shelters
1283 394 695 1725 436 1879
1583

• Protective Shields
Prediction Techniques 1743

40 495
Pulleys

- I Presses 1100
1256

Pulse Excitation
Pressure Vessels 630 482 483 475 476 477 318
260 422 489 1605

Preetreseed Concrete Pumps
816 1260 361 362 363 364 365 526 877

523 1795 686 1777
Prestreesed Structures 2003 1686

1401

Devices _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

1994 2057 - Q •

Prismatic Bodiss • -
£A1 7fl0 Quadratic Damping

2155

— it—,
430 1291 1293 34 1706 509 Quartz Resonator.

184 2143
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- R - Random Vibration •

70 1931 32 33 34 148
H 430 82 2044

Radioactive Mater ials
683 2094 Rapid Tran sit Railways

2100 2096 1268 2099
Rail Transportation 2098
1010 212 173 1006 1007 1008 1009

II 2100 1713 2266 2098 2099 Ray1~i~l~~~tz Method
903 2034 125 127 1399

1833
Railroad Cars
1080 531 1082 1083 1264 1265 1266 1267 688 689 Rayleigh Method

• 1081 1262 1263 2094 1875 1877 1308 1079 828
1463 1878
1873 Reciproc~~Ing Engine.

2173 1435 1567
Railroad Tracks

171 883 2095 1876 1077 1079 R e c or i r s t n i m e n t s
1965 1169

Railroad Trains Redangu’sr Bars
690 1041 2097 2099 2192 795

1080 1461
2100 Rectangular Membranes

2223 1385
Railroad Transportation

use Rail Transportation Rect~~~~lar Panels
111 2018

Railroad Vehicles
use Railroad TraIns Rectangular Plates

130 131 832 323 284 1605 126 127 128 129
Rails 830 831 1812 1603 324 2035 486 827 628 829

• 
use Railroad Tracks i~oo 2033 1604 826 837 828 1489

2034 2036 1407 1608
Railway Vehicle. 1957

use Railroad Train. 2037

Railway Wheels Reduction Methods
1874 554 1918

1714
• 

- Random Excitation
240 431 912 873 784 825 36 1317 238 239 ~~~entr y Vehicles
900 781 1013 884 885 66 1318 429 ~oo 2121 189

1970 1293 1935 766 1608 749
2280 1995 776 Regulations

2056 210 1112 863 1114 2105 209
720 1912 1113

Random P ametera
750 64 Reinforced Concrete

1850 122 243 1234 1235 396 37 138 539
Random Response 2210 632 1043 2215 436 497 1879
1330 951 1137 1138 429 1582 1103 1236 517
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Reinforced Concrete (Continued) Reverberation (~.aber.
1233 1616 1027 73 74

-j  1373 1776 Reviews1853 
730 1121 212 213 214 215 216 217 4418 729

Reinforced Plates - 1120 1301 402 403 414 415 416 417 728 1119
- 1 1024 1300 1921 1122 413 724 725 726 727 918 1299

• - 1920 1302 723 1714 1715 1116 1117 1118 1919Reinforced Structures 
2132 1303 2134 1716 1917 1918638 2133 2128

Reliability Rib. (Supporia)
• 1110 439 2232

Remote Control Ride Dynamics
• 1709 1090 1091 1082 693 694 1915 1878 1079

1092 893 1724
Resonance Bar Techniques 1093 1914

961 772 1613 1765 56 2079 1253
• 1913

Resonance Equa&stion Technique 2083
1375

Rigid Foundations• Resonance Pass Through 1663 1664
: 1

1364 RIngs
1720 1421 132 133 326 2028 969

Resonance Tests 833 1416 2029
1418 1213 2119

Resonant Bar Technique Ritz Method
use Resonance Bar Technique 128

Resonant Cavities Road Roughness
use Cavity Reaonators 180 181 383 694

380 693
Resonant Frequencies

• 121 832 525 197 748 Roads (Pavements)
251 1322 785 2217 381 2104

1661 1702
2082 Road Teat. (Ride Dynamics)

use Ride Dynamics
Resonant Response
560 1783 134 1375 186 1207 408 Rock (Soil)

2223 949

Reaonstora Rods
31 30 1183 604 985 47

1800 984 97
• Response Spectra 1990 557

1863 534 618
Roller Bearings

Retaining Walls 2204 955
1618 2205
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Roller Coaster Rotori (Machine Elements)
1287 700 701 1692 2113 584 545 1096 697 408 439

880 1261 1752 894 1475 1116 1337 458 459
Rolling Contact ~~a~~g. 1480 1881 1952 1094 1955 1476 1477 698 699

use Antifriction Bearings 1700 1951 2112 1284 2115 1956 2087 1798 1479
2110 2161 2162 2154 2165 2106 2107 2278 1909

Roiling Friction 2164 1949
2012 2208 1959

2109
Roof. 2279
410 641 496 409

Rubber
Rotary InertIa Effects use F.-lastomera

use Rotatory Inertia Effects
Rubber Beating.

Rotary Seals 1996
700 1094

Rotary Wing.
650 991 862 1243 674 1675 356 667 408 - $ -

• 2260 1251 1056 727 548
797 798

1997 Safety Belts
use Seat Belts

Rotating Stmctures
700 372 2183 264 958 1339 Safety Device.

• 1610 1212 984 1118 1287

• Rotation Safety Restraint System.
321 351 1272 1273 1274 248

Rotatory Inertia Effects Sand
980 91 92 93 284 1365 126 217 458 459 1524 1766 1927

1550 982 1403 484 486 1208
2032 1553 1364 1016 Sandwich Laminates

1603 1604 1366 use Sandwich Structures
1814 1986

2046 Sandwich Panels
use Panels or Sandw ich Stmctures

Rotor.Bearing Systems
2114 1095 697 98 2179 Sandwich Structure.

1177 1478 790 2032 283 595 938 489
1477 2108 1819

Rotor Blades SAP (Computer Programs)
290 1571 1798 1189 420 123 17

• 
• 990 2001

a Satellite Antennas
- 

• Rotor Blade. (Rotary Wings) use Spacecraft Antennae
use Rotary Wing.

Saws
Rotor-Induced Vibration 100 1324 415 1457 1458

1064 2085 1056
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Scaling Seismic Waves
40 1511 1512 683 1504 747 2147 2148 949

170 973 2149
340

21°~ 
Seiamoineters

‘V 1540
Seal. (Stoppers) 

Self-Excited V ibrations2240 2003 1094 995 2238 2239 540 2211 1882 1883 2115 196 387 1118 699

Seat llelts
1272 1063 1516

1143 2116
• Semitrailer.

Secondary Wave. 1472 1473 1089
1161

Shaft Couplings
Seismic Design 1383

- 
I 1670 571 732 1233 1234 565 526 377 478 1199

1680 731 752 1373 1594 645 1506 537 538 1649 Shaft.
• 1860 861 1582 1593 1854 685 1856 917 918 1859 1530 701 783 1354 1355 686 277 278 459

1591 1592 1933 1115 1557 1448 1781 2123 976 457 458
1671 1852 2013 1235 1647 1468 1881 1356 1177
1861 1862 1465 1937 1508 2191 1546 1547
2261 1595 1977 1767

Seismic Detection Shafts (Machine Elements)
2146 2147 2148 2149 1980 1981 1982 593 1956 977 978

2161 1353 1978
Seismic Excitation 1983 2108

710 1751 952 953 444 435 36 37 1198 539
• 1030 1042 973 1664 1045 136 117 1558 1049 Shakers

1620 1762 1493 1934 1615 256 817 1698 1449 70 71 72 1534 1176 548
2080 2122 1503 2284 1935 816 947 1599 1450 1336
2280 1923 1046 1487

1086 Shallow Shells
H 331

Seismic Isolation
1680 1681 Shear Deformation Effects

1393 2035
Seismic Response - •

480 411 122 123 454 315 386 377 418 379 Shear Strength
1140 621 242 363 534 835 536 1197 1048 449 1525
1200 751 412 433 1204 1595 1216 1237 1238 479 - -
1230 901 622 533 1645 1506 1507 1598 1139 Shear Vibration

1280 1141 1232 853 1665 1596 1597 1618 1319 450 709
1850 1231 1662 1043 2235 1616 1667 1648 1619 Shell.
2150 1281 1672 1513 1646 2197 1668 1669 630 121 422 123 494 115 326 57 488 489

1581 1932 1523 1666 2248 1739 1830 631 632 493 624 325 416 327 728 1829
1813 1936 2079 2040 1831 1392 1203 1614 1395 1827 1558 

a

2269 2041 1402 1393 1824 1825 2047 1828
1612 1613 2044 2235

Seismic Response Spectra 2042 1823
434 515 1858 719 1833

1085 2043
Abstract
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Shells of Revolution Shock Tube Tests
1391 1014 1015 2039 2101 333

Ship Hulls Shock Wave Propagation
424 498 499 1321 603 934 755 437 38

1721 1744 2135 438
Ship Noise 2151

1436
Shock Waves

Ship Structural Components 2151 2022 754 1745 246 47 1938 39
642 337 1444 1127

677
Shuttles (Spacecraft)

Shipping Container. 2119
683 2094 166 247 358

Signal Processing Techniques
Ship Rolling 2 1737

185
- 

I Signatures
Ship. 2177 1769

• 
• 

• 
1481 1192 184 185 2117 208

385 468 Silencer.
• 445 1278 2061 1425 1426

• - 895
• Silos (Missile)

• Shock Absorber, use Missile Silos
1420 1032 1753 144 337 358 1839

• Simulation
Shock Excitation 1850 271 1872 454 435 1146 1257 498 1709

30 1487 431 1144 1145 1486
1627 1934 1745 2136

Shock Loads Single Degree of Freedom Systems
use Shock Excitation 1320 1141 1943 1504 885 1836

2155
Shock Mearoremeut

use Measurement Technique. and Shock Response Shew Plates
• 1410 484 1406 2038 1399

Shock Pulse Method 2209
451 2178 69

• 1339 Slab.
1506

Shock Response
1920 121 175 1476 577 Slamming

184
Shock Response Spectra
190 221 Sleeve Bearings

2120 466

Shock Test. Slider Bearing.
1341 453 2276 2114

Shock Tubes Sliding Friction
2022 20]2 1854
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• Sloabhig Sound Measurement
491 1762 63 2284 1713 1804 1966 1759

Sluice Gate.
1693 387 Sound Pressure Levels

4 1  ~~~~~~~~~~~~ 
838

1121 304
Sound Pressures

• 1521 582 1523 1524 1525 1526 44 
820 535 1106 1759

1671 732 1534 1926
772 1544 Sound Propagation

1522 1740 301 233 104 1575 576 1218 999

Sol Cells 1301 313 2214 1805 1576 1498

125 1133 2005 2138

Solid Propellant Rocket Engines Sound Reflection
193 2214

~ I Solid Rocket Propellants Sound Trananiaio i
2119 1130 471 2’)92 23 895 1376 417 808 469

1131 1395 2007 848

F SonM An sys 1601
872 2021

Sonar Equipment Sound Tranuniuion Loss
971 972 967 495 1426 809

• Sonar Transducer. Sound Waves
- 

- - 970 966 968 969 770 611 232 2214 105 926 427 428 2Si
2140 771 1345 2006 927 569

Sonic Booni 1331 1367 619
2136 27 1718 1429 1379

• 867
1717 Spacecraft

390 21 1694 225 226 227 388 389
Sound Analyzer. 2120 191 1884 1486 1097 899• 1891 391

1491
Sound Attenuation 1531
1760 612 469

Spacecraft Equipmen t Response
Sound Generation 190 228

370 724 2025 2137 1928 1329
1160 Space Shuttles

192 1034 1035 1036 1037 1098
Sound Insulation 1884 1485

use Acoustic Insulation
Spectral Analysis

Sound Level Meter, use Spectrum Analysis
1344 1535 1536 77 1168

1167 Spectral Energy Distribution Technique
1537 1292 434
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Spectrum Analysis Standard.
3 1504 618 1910 1911 1713 564 566 1777 2218

• 473

Spectrum Analyzers Standards and Codes
270 565 1266 917 208 519

1770 1115 1297 1298 1909

Spheres
940 926 927 Statistical Analysis

1312 1543 2214 225 1997 1238 239
Spherical Shells 1902 2183 1759
490 331 332 1614 1207 1932 192~

- 
- 1121 1392

Statistical Energy Methods
Spiral Vibrations 640 1294 617

2007

Spring Constants
64 1878 Stators

525

- 
- Spring-Mw Systems

use Mare-Spring Systems Steady State Excitation
use Periodic Excitation

Springs
1360 1214 Stead y-State Response

use Periodic Response
Spring. (Elastic)

(421 2053 1096 Steam Generators
use Boilers

Squeeze Film Bearings
606 1478 Steam Ham mer

170
Squeeze Film Dampers

• 182 2157 Steam Turbine.
• 1072 433 894 367

• Stability 2093 687
1290 1471 1452 1903 174 1475 106 2107 388 1369

1901 2102 1695 786 1898 Steels
1931 1705 976 2238 222 1757

1706 972
2106 1042

Stability Analysis Steeped Descent Method
use Stability 511

Stability Method. Steering Gear
717 1276

Stabilization Stick-Slip Response
651 1463 680 43~ 2145

Stabilizer, (Fluid Dynamics) Stiffened Shells
1633 1830 1829
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Stiffened Structure. Structural Response
851 40 1174 136 1487 1418

1330 1934

Stiffening
2232 329 Structural Synthesis

4 1581 712 1587 678 559

Stiffness 2212 1588 1589

321 1633 1324 397
STRUDL (Computer Program)

Stiffness CoeffIcients 853

90 481 733 464 465 726 1047 98
700 1791 903 594 1696 2077 Subha rmonic Oscillation.

1793 1214 1353 96

• Stiffness Methods Submerged Structures
1095 17 330 1612 493 944 115 1127 1408 329

1154 1207 1688
Stochastic Processes

10 531 172 1293 1495 577 1238 749 Substructure Coupling
560 1291 912 1933 2125 1109 use Component Mode Synthesis

1280 1292
• Subway Railways

Stone Building. 1462
1861 1862

Supesharmunic Vibration
Storage Tanks 286
710 524 946

— 944 Supersonic Aircraft
1627 1228

Strings 1727
550 413 95 96 197
600 2195 286 Supersonic Vibration.

986 1520
1186

Support.
Structwal Design 880 1581 312 1813 1776 1388 1689
910 911 1042 1528

Structural Components Surface Roughness
use Structural Members 1440 891 532 1093

1092 2203
Structural Elements

use Stwctural Members Surveys
use Reviews

Structural Members
810 901 242 1323 564 135 ~416 317 558 429 Suspended Structures

1030 2051 1142 1834 495 636 497 638 639 496
1620 835 836 637 728 709
2050. 1026 1417 1718 1419 Suspension Bridgee

1126 1040 951 352 354
2236 1640 1641 514
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Suspension Systems (Missiles) Ted Fintures
166 use Ted Facilities

Suspension Systems (Vehicles)
1441) 531 162 383 1914 1065 696 1677 1079 Test Instnunentation

146 1 212 1913 1225 1066 use Test Equipment and Instrumentation

• ~ • 
2062 2083

Switches Test Models
1285 732 756 1507 1098

1776
Symposia

use itargs Test Stands
• Synchronous Motors 1960

613 586
Testing Apparatus

System Identi fication Technique use Test Equipment and Instrumentation
10 1712 914 915 719

• 1110 1922 Testing Equipment
1140 1982 use Test Equipment and Instrumentation

Testing Instrumentation
________________________________________ use Test Equipment and Instrumentation

Testing Ma chines

Tank (~~~ 
use Test Equipment and Instrumentation

1263 1877
Testing Techniques

— 

Tanks (Containers) 80 971 32 83 384 1345 1176 1097 78 79

1762 63 1204 946 780 1071 82 1443 574 1346 1347 288 249

2284 920 1771 592 2133 1544 1486 1348 2109
1700 1971 1162 2134

Taxiing Effects 2200 1352

1038
Textile Looms

Temperature Effects (Excitation) 930 1134 425

use Thermal Excitation
Thermal Excitation

Test Data 2211 1322 414 628 1129

use Experiment al Data 1018

Test Equipment and Instru mentation Thickness Effects

780 391 72 1964 655 1097 588 1169 use Geometric Effect.

1420 1341 452 1969
1531 1162 Tilting Pad &arings

1541 1542 1371 2202 1793

196 1 1772 220 1

2191 1962
Time-Dependent Excitation

Test Facilities 1400 1291 1364 897

1532 453 74 65 2186 849
1163 964 Time-Dependent Parameter.
1533 1164 1901 2 113 986 1107 718

1694 1313
Abstract
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Tine Domain Method Towed Systems
• 2280 1482 872 1279

Tower.
-: iank o Theory 951 1863 1864 15’~~ 598 1559

91 92 1363 1365 1077 1178 608
982 2008 1558

1552 2198

Towing Cables
Tire Characteristics 1187

1218
-

• Tracked Vehicles
• Tires 682 1724

1031 406 407
Track Roughness

Tools 172
100 1911 532

Torpedo. Tractor.
121 1471 1472 1473

• 1 Torque Traffic Induced Vibrations
1886 514

- I Torque Liniting Devices Traffic Noise
109 660 1061 1033 1254 2105 426 1147 1929

• 1060 2073 2097 2059
Torsion Bars 2060

834 1867
Trains

Torsional Excitation use Railroad Trains
1196

Transducers
Torsional Response 1342 965

1801 255 1237 988 1449
2251 515 Transfer Matri x Method

1175 1834

Torsional Strength Transformat ion Techni ques
1876 952

Torsional Vibration Transient Excitation
590 1501 472 433 264 275 586 107 118 179 613 2185 1497 1748 119

1190 1981 1172 613 1044 1325 877 1358 989 1153
1640 1782 783 1394 1658
1980 1802 893 1924 1978 Transient Response

2182 1023 2234 1998 890 121 182 493 214 1205 366 1347 2038 489
1183 1111 422 743 634 1605 836 1467 2039
1153 1211 943 734 2115 1346
2233 1371 1073 804 1466

1354
Towed Bodies 1614

use Towed Systems 1834
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Transient Vibrations Tubes
1924 310 311 112 313 114 1185 88 59

1600 1201 1202 2023 1184 308 309
1221 2024 

1808use Trsnsisi.sivity

. . 1749Trsnsinmaon Gears
1282 1584 Tinsel l inings

- 
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1190 802 1569• Tnick Tires 1570
1218

Tiuciis 230 581 664 1997 158 39
1870 291 892 223 224 275 406 407 1148 1089 1331 1638

501 2273 696 1258 1869 2001 1758
1091 1928

• Numb.,.: 1-198 199-396 396-650 661-710 711402 903-1101 1102-1287 1288-1487 1488-1700 1701-1117 1118-2124 21212287
Volume 11

lans: 1 2 3 4 5 6 7 8 9 10 11 12

139

__
_ ___ ___

_ ___ ___ _ _ _  • •—~~~~~~~~~~~~~~~~



Two-Degree of Freedom Systsms
1662 2126 ______________________________________________

• Valve Actuators
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• U •  
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2181 2002 804 805 296 807 609
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Underwater Sound Vertical Takeoff Aircraft
2141 1122 233 1314 276 28 1349 650

1132 1133 1736
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Vibration Absorption ~~~~~~~~ Vibration Monitoring
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Wedges Windows
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838 Bu~~e Highway North Holland Publishing Co. Des.
Park Ridge, IL 60068 P .O. Box 3489

• Amsterdam , The Netherland s
MACHINE DESIGN Mach . Des.

Penton Publishing Co. OIL AND GAS JOURNAL Oil
Penton Bldg. The Petroleum Publ ishing Co. Gas .7.
Cleveland , OH 44118 211 5. Cheyenne

Tulsa, OK 74101
MASC RINENBAU TECHNIK Maschlnen-

VEB Ver lag Technik bautec hnik PACKAGE ENGINEERING Package
Oranlenburger Sir. 13/14 5 S. Wabash Ave. Engr.
102 BerlIn , E. Germ any Chicago , IL 60608

MECCANICA MeccsnIca POWER Power
Pergamon Pre s,, Inc. P .O. Box 521
Maxwell House, Fairview Park Hightaton . NJ 08520
Elmsford, NY 10523

POWER TRANSMISSION DESIGN Power
MECHANICAL ENGINEERING Mach. Engr. Industr ial Publishing Co. Trsnam. Des.

American Society of Mechan ical Engineers DivIsion of Pittway Cor p.
345 E. 45th St. 812 Hur on Rd.
New York , NY 10017 Cleveland, OH 44113

MECHANICS RESEARCH AND Mach. Re.. PRODUCT ENGINEERING (NEW YORK) Product
COMMUNICATIONS Comm. McG r.w-Hul Book Co. Engr. (NY)

Pergsmon Pra.., Inc . P .O. Box 1622
Maxwell House, Fairview Park New York , NY
Elmsfoztl, NY 10523

QUARTERLY JOURNAL OF MECHANICS Quart. J.
MECHANISM AND MACHINE THEORY Mech. AND APPLIED MATHEMATIC S Mech, AppL

Per gamon Press, Inc . Mach. Wm. Dawson & Sons, Ltd. Math.
Maxwell House , Fa lrview Park Theory Cannon House
Elmaford, NY 10523 Folkestone, Kent , UK

MEMOIRES OF THE FACULTY OF Mem . Fac , REVUE ROUMAINE DES SCIENCES Rev.
ENGINEERING , KYOTO UNIVERSITY Engr. TECHNIQUES , SERIE DE M~~CANI QUE R oumalne

Kyoto University Kyoto APPLIQUEE ScL Tech.,
Kyoto , Japan Univ. Editions De L’Academ ie Macan ’ tue

Dc La Republlque Soclaliste de Roumalne
MEMOIRES OF ‘I-HE FACULTY OF Mem. Fac. 3 51, Str.. Gutenberg. Bucuze,t. Ronisnia
ENGINEERING , NAGOYA UNIVERSITY Engr.

Library . Nagoya Univer sity Nagoya REVIEW OF SCIENTIFIC INSTRUMENTS Rev.
Fur o.Cho, Chtkuaa .ku Univ. American Institute of Physic. Scientific
Nagoya, Japan 335 East 45th St. Insir.

New York , NY 10017
MTZ MOTORTECHNISCHE ZEITSC H RIFT MTZ Mot or-

Franckh’sche Verlagahandlung tech. Z. SAE PREPRINTS SAE Pr ,pr.
P6zerstrasse 5.7 Society of Automotive Engineer.
7000 Stuttgart 1 Two Pennsylvania Plaza
W . Germany New York , NY 10001
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PUBLICATION AND ADDRESS ABBREVIATI ON PUBLICATION AND ADDRESS ABBREVIATION

SIAM JOURNAL ON APPLIED SIAM 3. VDI FORSCHUNGS HEF ’l VDI
MATHEMATICS Appi Math. Vereln Deutseher Ingen”,ur GmbH For sch.

Society for Industrial and Applied Postfach 1139. Graf Ricks Sir. 84
• Mathematics 4 Duesaeldor f 1, Germany

33 S. 17th St.
Philadelphia, PA 19103 VEHICLE SYSTEMS DYNAMICS Vehicle

Swets and Zedllnger N.y. Syd. Din.
SIAM JOURNAL ON NUMERICAL SIAM 3. 347 B. Herreweg
ANALYSIS Numer . Ana l. Llsae , The Nethe rla nds

Society for Industria l and Applied
Mathematics WAVE MOTION Wave

33 5. 17th St. North Holland Publishing Co. Motion
Philadelphia, PA 19103 P.O. Box 211

1000 AE Amsterdam
S/V . SOUND AND VIBRATION S/V . Sound The Netherlands

Acoustic Publications, Inc. Vib.
27101 E. Oviat Rd. WEAR Wear
Bay Village, OH 44140 Elsevler Sequoia S.A.

P.O. Box 851
TECH NISCHES MESSEN . ATM Techn. 1001 Lausanne 1. Switzerland

R. Oldenb urg Verlag GmbH Messen-ATH
Ro.enheimer Sir . 145 ZE ITSCHR I FT FUR ANGEWANDTE Z. angew.
8 Munchen 80, W. Germany MATHEMATIK UND MECHAN IK Math. Mech.

Akade inie Verlag GmbH
TUR BOMACHINERY INTERNATIONAL Turb om~ch. Llepzlger Sir. 3.4

Turbomach inery Publica tions, Inc. Intl. 108 Berlin, Germany
22 South Smith St.
Norwalk , CT 06855 ZE ITSCHRIFT FUR Z. Flugwta.

FLUGW ISSENSC HAFTEN
VDI ZEITSC HRI FT VDI Z. DFVLR

Verein Deutacher Ingen leur GmbH D.3300 Braunech~eeig
Poatfach 1139, Gr *f-Recke Sir . 84 Flughs.fen, Postfa ct~ 3267
4 Dues.eldorf 1, Germany W. Germany

SECONDARY PUBLICATIONS SCANNED

GOVERNMENT REPORTS GRA DISSERTATION ABSTRACTS DA
ANNOUNCEMENTS & INDEX INTERNATIONAL

NTIS Univer sity Micro film,
U.S. Dept. of Commerce Ann Arbor , MI 48106
Springf ield , VA 22161

SCIENTIFIC AND 7EC HNICAL STAR
AEROSPACE REPORTS

Superintendent of Documents
U.S. Government Printing Office
Washington, D.C. 20402

ANNUAL PROCEEDINGS SCANNED

INSTITU T E OF ENVIRONMENTAL In st. Environ. THE SHOCK AND VIBRATION BULLETIN , Shock Vib.
SCIENCES , ANNUAL PROCEEDINGS Sci., Proc. UNITED STATES NAVA L RESEARCH Bull., U.S.

Institute of Environmental Science. LABORATORIES , ANNUAL Naval Re..
940 B. Northwest Highway PROCEEDINGS Lab., Proc.
Mt. Prospect, IL 60056 Shock and Vibration Information Center

Naval Research Lab., Code 8404
INTERNATIONAL CONGRESS ON Int l. Cong. Washington , D.C. 20375
ACOUSTICS , ANNUAL PROCEEDINGS Acoust,, Proc.
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CA LENDAR
DECEMBER 1979 1 9-23 Fou rth International Conference on Pressure

Vessel Technology (ASME] London , England
Aerospace Meeting (SAEJ Los Angeles. CA (SAE (A.5ME Hg.)
Meeting Dept .)

25-30 Fourth SESA International Congress on Exper i-
• 2.7 Winter Annua l Meeting (ASME) Statler Hilton , mental Mechanics ISESA) The Copley Plaza,

New York , NY (ASME Hg.) Boston , MA (SESA Hg.)
5

J ANUARY 1980 J UNE 1980

22-24 Reliability & Maintainability Symposium , San 11 Experimental Technique. for Fatigue Crack
Francisco , CA (ASME Hg.) Growth Measu rement (SEE] Briti sh Rail Tech-

nica l Centre (SEE Hg.)

FEBRUARY 1980 17-19 International Conference on Vibrations in Rotating
Machinery rASME~ Cambridge, England (ASME

3-7 Energy Technology Conference and Exhibition Hg.)
(ASMEI New Orleans . LA (ASME Hg.)

22-26 Summer Annual Meeting [ASME] Waldorf-Astoria ,
19 Current Techniques in Vibration Measurement and New York . NY (ASME Hg.)

Recording [SEE] London , England (SEE Hg.)

26-29 Congress & Exposition (SAEI Cobo Hall , Detroit , JULY 1980
M l (SAEMee’~ j Dept.)

7-11 Recent Advances in Structural Dynamics Symp.,
(Inst itute of Sound and Vibration Re,eai’chj Uni-

MARCH 1980 versity of Southampton , Southampto n, S09 5NH,
UK (Mrs O.G. Hyde, ISVR Conference Secretary,

9-13 25th Annual Intern ational Gas Turbine Conference The University, Southampton, $09 5NH, UK -

and Exhibit IASMEJ New Orleans, LA (ASWE Tel (0703)559122, Ext 2310)
Hg.)

24-27 Design Engineering Conference and Show (ASMEJ OCTOBER 1980
McCormick Place, Chicago , IL (ASME Hg. )

6-8 Computationa l Methods in Nonlinear Structural
and Solid Mechanics (Georg e Washington Univer-

APRIL 1980 sity & NASA Langley Research Center J Washing -
ton , D.C. (Prof essor A.K. Noor Th. George $~sh-

21-25 Acoustical Society of America, Sprin g Meeting i,7gtofl (JIPIV ,PJty, NASA Langley Research Canter,
(ASA] Atlanta , GA (ASA Hg.) MS246, Hampton, VA 23665- Tel (804) 827-2897)

MAY 1980 NOVEMBER 1980

5-8 Offshore Technology Conference, Astrohall , Hour- 18-21 Acoustical Society of America , Fall Meeting
ton , TX (ASME Hg.) (ASA ! Los Angeles. CA (ASA Hg.)
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CALENDAR ACRONYM DEFINITIONS AND ADDRESSES OF SOCIETY HEADQUARTERS

AFIPS: American Federation of Information IEEE: Institute of Electr ical and Electronics
Processing Societies Engineers
210 Summit Ave., Montvale , NJ 07645 345 E, 47th St.- 

• 
New Yor k , NY 10017

AGMA: American Gear Manufactu rers Associat ion
1330 Mass. Ave., N.W . IES : Institute of Environmental Sciences
Washington, D.C, 940 E. Northwest Highway

1’ Mt. Prospect, IL 60056AHS: American Helicopter Society
1325 18 St. N.W . IFToMM: International Federation fo r Theory ofWash ington , D.C. 20036 Machines and Mechanisms

U.S. Council for TMMAIAA: American Inst i tute of Aeron autics and d o  Univ. Mass., Dept. ME
Astronautics, 1290 Sixth Ave . Amherst , MA 01002
NeW YOrk ,NV 10019

— INCE: Institute of Noise Control EngineeringAIChE: American Institute of Chemical Engineers p.o. Box 3206, Arl ington Branch
345 E. 47th St. Poughkeepsie, NY 12603
New York , NY 10017

ISA : Instrument Society of AmericaAR EA: American Railway Engineering Association 400 Stanwix St.
- • 

- 59 E. Van Buren St. Pittsburgh , PA 15222
Chicago, IL 60605

ONR: Office of Naval Research
ARPA: Advanced Research Projects Agency Code 40084, Dept. Navy

Arlingto n, VA 22217
ASA : Acoustical Society of America

335 E. 45th St. SAE: Society of Automotive EngineersNew York , NY 10017 400 Commonwealth Drive
Warrendale, PA 15096

ASCE: American Society of Civil Engineers
345 E. 45th St. SEE: Society of Environme nta l EngineersNew York , NY 10017 6 Conduit St.

London W 1R 9TG , UKASME: American Society of Mechani cal Engineers
345 E. 45th St. SESA: Society for Experimen tal Stress AnalysisNew York , NY 10017 21 Bridge Sq.

Westport, CT 06880ASNT: American Society for Nondestructive Testing
914 Chicago Ave . SNAMES Society of Naval Architects and MarineEvanston , IL 60202 Engineers

74 Trini ty P1.
ASOC: American Society for Quality Control New York , NY 10006

161 W. Wisconsin Ave.
Milwaukee , WI 53203 SPE: SocIety of Petroleum Engineers

6200 N. Central Expressway
ASTM: American Society for Testing and Material s Dallas , TX 75206

1916 Race St.
Philadelphia, PA 19103 SV IC: Shock and Vibration Inform ation Center

Naval Research Lab., Code 8404CCCAM: Chairman , d o  Dept. ME, Univ . Toronto , Washington , D.C. 20375
Toronto 5, Ontar io , Canada

URSI’USNC: International Unio n of Radio Science -
ICF: Internat ional Congress on Fracture u .s. National Committee

Tohoku Univ. d o  MIT Lincoln Lab.
Sendal , Japan Lex ington, MA 02173
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