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RESEARCH LABORATORIES FOR THE ENGINEERING SCIENCES

Members of the faculty who teach at the undergraduate and graduate levels and a number of
professional engineers and scientists whose primary activity is research generate and conduct the
investigations that make up the school’s research program. The School of Engineering and Applied Science
of the University of Virginia believes that research goes hand in hand with teaching. Early in the
development of its graduate training program, the School recognized that men and women engaged in
research should be as free as possible of the administrative duties involved in sponsored research. In 1959,
therefore, the Research Laboratories for the Engineering Sciences (RLES) was established and assigned the
administrative responsibility for such research within the School.

The director of RLES—himself a faculty member and researcher—maintains familiarity with the
support requirements of the research under way. He is aided by an Academic Advisory Committee made up
of a faculty representative from each academic department of the School. This Committee serves to inform
RLES of the needs and perspectives of the research program.

In addition to administrative support, RLES is charged with providing certain technical assistance.
Because it is not practical for each department to become self-sufficient in all phases of the supporting
technology essential to present-day research, RLES makes services available through the following support
groups: Machine Shop, Instrumentation, Facilities Services, Publications (including photographic facilities),
and Computer Terminal Maintenance.
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PROBLEM STATEMENT AND ACCOMPLISHMENTS

The goal of the program is to explore new techniques for balancing,
analyzing, and designing rotating shafts. This study began with the
assumptions that the balancing problem is rightfully classified as an
identification/optimization problem and that modern computational techniques
hold great promise in aiding in the solution of the problem. Through-
out the study emphasis is given to computational optimization formulatioms.

The achievements of this study, which was performed during the
period 21 October 1974 - 20 October 1977, can be grouped into five
categories:

Development of Computational Balancing Techniques
Sensitivity Study of Rotors to Errors in Balancing
Efficient Optimal Design of Rotor Bearing Systems
Traﬁsient Analysis of Rotating Shafts

Numerical Stability of Rotor Analyses

These efforts are summarized below.

I. Development of Computational Balancing Techniques

A variety of computational methods have been developed for identi-
fying the unbalance deflection of a flexible rotating shaft. These differ
from previous techniques in that the new methods permit the magnitude
of the balance weights to be controlled. In addition to permitting
regulation of the balance weight magnitudes, one of the approaches leads
to balance weights that reduce rotor runouts at speeds above the level

at which the shaft can be safely run without balancing. Another technique

selects balance weights of the least possible magnitude and thereby can




L ¥ i o ” — o " e

sometimes avoid stress concentration problems. The most recent develop-
ment is a method that in addition t» selecting balance weights also
finds the optimum axial location (balance planes) for positioning the

weights. This method is based on an iterative computational scheme.

Numerical simulations' indicate that the technique is indeed effective.
Most of these new methods are highly efficient computationally. This
is due to the fact that the balancing problem can often be handled as
a linear programming identification problem. See papers 1, 2, 8, and

9. The optimal balancing plane work has not yet appeared in print.

II. Sensitivity Study of Rotors to Errors in Balancing

A method was developed for solving the problem of determining the
maximum deflection of a shaft resulting from the worst combination of
errors in placing balance weights along the axis of a rotor. This
analysis, called a worst balance analysis, provides an index of sensi-
tivity of the rotor to errors in balancing. The solution is formulated

in general as a nonlinear programming problem and in particular cases

as a linear programming problem.

This work is extended beyond rotors in the form of response bound

analyses for elastic and plastic structures with incompletely prescribed
loading. As in the case of shafts, these analyses serve to provide
sensitivity measures for structures to uncertainties in loading. See

papers 3, 4, 5, 7 and 8.

III. Efficient Optimal Design of Rotor Bearing Systems

? A new method for the optimal design of bearing systems was developed.

With the new method, the conventional (automated) trial and error search

| for optimal parameter values for a prescribed design configuration is
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replaced by an efficient two-stage process. In the first stage

absolute optimum (or limiting) performance characteristics of the shaft

are computed. In the second stage using a chosen bearing system configura-
tion, parameter identification techniques are applied to find the design
parameters so that the suspension system will respond as close as possible
to the absolute optimal performance. In this approach, the repetitive
shaft analyses required in the conventional search techniqﬁes are avoided.
Hence, the new technique is extremely efficient computationally and appears
suitable for large systems.

Another less efficient, computational design technique is also pro-
posed. This is a procedure for designing shafts or structures to be as
insensitive as possible to uncertainties in the loading environment. In
the case of rotating shafts this means the design is relatively insensi-

tive to errors made in placing balance weights. See papers 5,6,7, and 8.

IV. Transient Analysis of Rotating Shafts

A general modal solution for the transient response is formulated
for a rotating shaft subjected to arbitrary loading functions. The
shaft can be modeled with lumped or continuous parameters. The bearing
systems can be arbitrarily complex, containing pedestal mass, bearing
and pedestal springs and dampers. Transient or aperiodic loadings can
be placed anywhere along the shaft, including displacement or velocity
inputs at the base of the bearing systems. This would permit, for
example, earthquake motions to be simulated. The formulation involves
the sum of complex mode shapes. As an additional benefit the rotor
stability can be studied by observing the behavior of the eigenvalues.

A computer program implementing the formulation was prepared. See




paper 1l1.

V. Numerical Stability of Rotor Analyses

A long-standing problem in rotor dynamics is that the use of the
relatively efficient line-solution method, the transfer matrix method,
for analyses is encumbered by the grave problem of numerical inaccuracies
as soon as a complex rotor model, e.g. many lumped masses, is employed
or a difficult problem, e.g. high critical speed, is to be solved. A
new technique, the Riccati transfer matrix method, has been developed
which not only eliminates the numerical instabilities but is about twice
as efficient as the usual transfer matrix method. The method which
employs Riccati transformations (Invariant Imbedding) still makes use
of the existing large catalogs of transfer matrices for rotating shafts.
A computer program using this method for the computation of damped
critical speeds and mode shapes has been prepared. The program includes
some novel methods for efficient eigenvalue computations. Another method
has been developed for stabilizing the analysis of long shafts resting

on stiff but non-rigid support systems. See paper 11, 12, and 13.
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UNIVERSITY OF VIRGINIA
School of Engineering and Applied Science

The University of Virginia’s School of Engineering and Applied Science has an undergraduate
enroliment of approximately 1,000 students with a graduate enrollment of 350. There are approximately
120 faculty members, a majority of whom conduct research in addition to teaching.

Research is an integral part of the educational program and interests parallel academic specialties.
These range from the classical engineering departments of Chemical, Civil, Electrical, and Mechanical to
departments of Biomedical Engineering, Engineering Science and Systems, Materials Science, Nuclear
Engineering, and Applied Mathematics and Computer Science. In addition to these departments, there are
interdepartmental groups in the areas of Automatic Controls and Applied Mechanics. All departments offer
the doctorate; the Biomedical and Materials Science Departments grant only graduate degrees.

The School of Engineering and Applied Science is an integral part of the University (approximately
1,400 full-time faculty with a total enroliment of about 14,000 full-time students), which also has
professional schools of Architecture, Law, Medicine, Commerce, and Business Administration. In addition,
the College of Arts and Sciences houses departments of Mathematics, Physics, Chemistry and others
relevant to the engineering research program. This University community provides opportunities for
interdisciplinary work in pursuit of the basic goals of education, research, and public service.
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