ILAP PROBLEM:

Automobile Design and Safety

The mathematical modeling processis an important element in analyzing real world problems. Often we
begin with asimple model and refineit as necessary. Spring-mass systems play avital rolein modeling
problems of motion and vibrations.

Assume that an automobileis resting on a hydraulic lift and that the wheels are hanging freely. An
automobil€'s suspension might be thought of as a spring-mass system with damping (accomplished by the
shock absorbers). The automobile provides the mass, the coiled springs suspend the mass above the
wheels, and the shock absorbers damp the motion proportionally to the velocity of the vertical motion of the
car. Theroad surface providesthe forcing function, f(t).

Often we accept that automobiles have coil springs and shock absorbers, but istherereally aneed or isit
another way to drive up the sticker price?

CASE | -- Assume that the car does not need coils or shocks.
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CASE Il -- Assume that the car needs the coil spring.
Aute s RESE
Sortng %’
Q e
reEdd SeTsor

CASE Il -- Assumethat the car needs only the shock absorber.
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CASE IV -- Assume that the car needs both the coil springs and the shock absorbers.
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Assume that the car weighs 3840 Ibs and that the weight isdistributed over all four wheels.
Assume that the spring constant for the coil spring is 270 Ibs/ft, and assume that the shock absorbers
provide aresistance proportional to the instantaneous vel ocity where the damping coefficient equals 60 Ib-

sec/ft. Finally, assume that the road provides aforcing function, f(t) = 96 sin(5t).

Requirements:

- Modd each case, developing a differential equation.

- Andyticdly solve each modd.
For Case I, if thereis no forcing function, and the car is pushed down 0.25 feet and set in

motion with a downward velocity of 1.5 feet per second, solve the differential equation.
Write the solution in the dternate form y = Acos(wt - f), wherew = 3.
Hint: Usethetrig identity cos(a- b) = cos(b)cos(a) + sin(b)sin(a) and let a= wt
and b=f.
- InCa=ell, if theforcing function ismodeled by f(t) = 96 sin(3t), solvethe
differential equation.
- Graph each equation of motion.



