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The Role of Nonlinear Dynamics
Research in Engineering

Lawrence N.Virgin and Earl H.Dowell
School of Engineering
Duke University Durham,NC27706, USA

Introdution

Before the advent of fast computers and effi-
cient algorithms the main focus in dynamics and vi-
brations concerned linear systems. Often a dynamic
system is modeled by a differential equation and if
(inevitable)nonlinearities are present then such sys-
tems cannot in general be solved analytically.
Therefore, approximate analytical techniques, for
example the perturbation method were developed.
These have the disadvantage of being somewhat
limited in applicability, both in terms of degree of
nonlinearity and dimensionality of the problem, al-
though clearly it is useful to be able obtain a simple
outline of behavior and dependence on parameters.
With high speed digital computing, and equally im-
portantly sophisticated graphics,came the ability to
solve even large sets of highly nonlinear equations
rapidly. The discovery of chaos and the loss of pre-
dictability in deterministic dynamic systems is a
good example of extending boundaries which had
not changed a great deal since Newton’s discovery
of the calculus. Considerable research activity has
been generated especially in the mathematics and
physics communities, and despite major questions
yet to be answered,there exists a much greater in-
sight into the fundamental nature of dynamical
processes.

However, much of this theoretical work has
remained inaccessible to practicing engineers, de-
spite some of the striking implications for engineer-
ing systems. The research ideas highlighted in this
brief outline are directed toward bridging the gap
between abstract mathematical concepts and engi-
neering reality.

Historically the three main approaches to
studying a specific problem in nonlinear dynamics
have been analytical, numerical and experimental.

Mention has already been made of the devel-
opment of approximate closedform solutions to non-
linear ordinary differential equations. Nonlinear
problems can also be solved very quickly using
modem numerical methods. The vast amount of
data thus generated can be organized with the help
of dynamical systems theory and sophisticated
computer graphics. Comparatively few researchers
conduct physical experiments in nonlinear dynam-
ics. Although most experiments are expensive and
time—consuming, simple phenomenological exper-
iments can be carried out with the aid of modern
data acquisition and analysis software.

Research has evolved into increasing speciali-
zation. But nonlinear dynamics is one area where a
fruitful cross—fertilization of ideas is likely to pay
dividends. Not just the interplay between the three
approaches outlined above, but also between differ-
ent engineering problems and between basic and
applied research.

Specific applications

The following section gives a brief outline of
some practical engineering problems with sugges-
tions as to how nonlinear dynamics might lead to
better understanding. It 1s worth noting the interco-
nnections between the applications, i.e. many float-
ing systems are likely to impact,a helicopter may
have certain free—play characteristics, etc. The
common thread between these applications is that
they all involve significant nonlinear phenomena.

Helicopter Systems

The flutter instability and forced response of
helicopter blades are characterized by nonlinear
(structual and aerodynamic)behavior. Large ampli-
tude deflections cause nonlinearities in the restoring
force characteristics and regions of free—play can
have a .profound effect on dynamical behavior. Al-
though recent efforts have improved the modeling of
such systems there i1s still some way to go before
full implications for helicopters in operational con-
ditions are fully understood. Similar comments also
apply to airfoil and wing behavior.

Floating Systems

Buoyancy characteristics for many floating
vessels are approximately linear for small oscilla-
tions. However nonlinearities tend to be induced for
larger—amplitude motion and when there are dis-
continuities in the stiffness characteristics. A specif-
ic example of this is the mooring problem where re-
peated inpacting is a potentially dangerous(non-
linear)problem. The ultimate limit—stats of many
floating systems is capsize. This highly nonlinear
phenomenon is very important, but stil ill-under-
stood.

Flow—induced Vibration

The galloping of ice—covered catenary cables
and bluff bodies, the flutter of aircraft panels in su-
personic flow and the vortex resonance of pipelines
are all current nonlinear problems associated with
flow—induced vibration. The practical importance of
such problems is clear and a combined analytical—
numerical—experimental approach appears to be the
most promising scheme for understanding these
phenomena.

Impacting Systems

Many mechanical and electro—mechanical
systems sustain impact—type contact between com-
ponents. In some contexts this is an undesirable ef-
fect which may limit productivity, e.g. the wheel—
hunting problem in rail dynamics or backlash in
gear mechanisms. Loosely connected structures
may rattle ; free—play due to design tolerances,
wear, or manufacturing error may cause drastic
force discontinuities(impacts)in periodically driven
mechanisms. Sometimes, however, impacting
systems are a necessary and integral part of the
process, e.g. high—speed printing devices or artil-
lery recoil mechanisms. These mechanical systems
are often required to operate longer, faster and
more reliably under increasingly adverse condi-
tions. It is therefore very important to be able to
model and control impact behavior. It is the possi-
bility of chaos and unpredictable behavior, and the
practical widespread use of periodically impacting
systems that makes their study important.

Control of Nonlinear Systems

Once the underlying mechanics has been fully
understood the next step is investigate ways in
which undesirable behavior can be controlled. This
may take the from of a passive control based on,
example, limiting speed or reliability considera-
tions, i.e. delineating regimes of ‘safe’ operation.
More sophisticated techniques based on active feed-
back(or adaptive)control mechanisms can also be
utilized.
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