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What If You Couldn’t Parallel
Park Your Car??

Cars now do this automatically, but should you know how?

IT'S RUSH HOUR in the city and
you arc scarching for a parking spot.
Once you find one, you will have a
brief moment to pull up and back
your car in. With automated parallel
parking — no problem — but with
horns blaring, what is your back-up
plan if the automated system fails?
Could you take over and park the car
Hawlessly? Have you ever done that?
Could vou even do that now?

In engineering, we are depending
more and more on computer tools
to model and analyze the systems
we conceive. If we do not use these
tools correctly, if the assumptions on
which these tools are based do not
match our needs, or if the tools have
a bug, could we take over and apply

basic mathematics

simplest mechanical dynamic sys-
tems there arce: the simple pendu-
lum and the simple spring-mass. The
combination is anything but simple
and the behavior is mystifying and
unexpected.

There are two approaches to mod-
el and analyze chis dynamic system.
They are complimentary and both
are essential. The first 1s tw apply
Newton’s 2nd Law to a free-body
diagram of the pendulum mass (ne-
glecting  friction) —  recognizing
that the absolute acceleration of the
pendulum mass has both radial com-
ponents (radial and centripetal ac-
celeradions) and theta
(tangential and Coriolis accelera-
tions). The resulting nonlinear equa-
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conditions, and
scopes.  DBoth
approaches pre-
dict the samne
model responses to various initial
conditions. Which approach gives the
meost insight into this un-

and physics to the
problem at hand?
Increasingly,  the
answer 1s no. We
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expected behavior? Which
approach is easier to develop
and implement? Which ap-
proach is easier to commu-

are becoming a
profession of computer tool users and
some boast that they are free from
the unnecessary details of mathemat-
ics and physics. Tn this scenario, there
is no back-up plan. You wouldn’t
even attempt to park the car, and if
you did, you would fail miserably.
In engineering, there is much more
at stake than simply losing a parking
space.

Here is an example of what I am
talking about. A spring-pendulum
dynamic system combines the two

tions of motion (shown) arc coupled
and predict a nonlinear resonance for
specific values of the pendulum mass,
spring length, and spring constant
(plots can be found online at htep://
dn.hotims.com/45121-510)  that
cannot be predicted by linearizing
the equations of motion. This phe-
nomenon occurs in many dynamical
systems, e.g., satellites, ships, air-
planes, buildings, and machines.

The sccond approach is to use an
and  simula-

icon-based modeling

nicate? It the block diagram
approach gives resules that arc unex-
pected, how does an engineer decide
if the results are accurate and not the
result of incorrect block parameters,
or even an incorrect diagram struc-
ture? Ouly a balanced approach leads
to complete understanding.

So if the automatic parallel-park-
ing system in your car fails, will you
take charge and park the car yourself.
or will you blame the computer and
give up? The answer tells what kind
of an engineer you are. DN
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