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optimize spring rates and damping constants to improve suspension performance
over varying terrain. Additionally, these models can be used to improve ride com-
fort for the vehicle occupants and to determine stresses generated within the frame
and chassis due to vibrations transferred through the tires and suspension.

Figure 1.2: (a) A vehicle suspension, (b) a simplified mass-spring-damper representation,
and (c) a less simplified mass-spring-damper representation

The simple model which is depicted in Figure 1.2 (b) incorporates the compli-
ance of the spring, the damping due to the shock absorber, and the mass of the front
quarter of the vehicle. This model is adequate for predicting the vertical motion
of the front quarter for relatively slow (low frequency) cyclic inputs. An exam-
ple might be a series of regularly spaced speed bumps the vehicle travels over at
slow to moderate speeds as it might do in a parking lot or residential area. At such
speeds, the suspension absorbs the majority of the energy and accounts for most
of the dynamics. Imagine, however, that the vehicle travels over a series of road
markers embedded on the surface of a highway between lanes. At highway speeds,
the suspension receives more frequent vertical displacements from the highway
markers. Though of relatively small amplitude in comparison to the speed bumps,
the frequency of the repeated displacements from the markers is much higher. At
such frequencies, the vehicle suspension does not have sufficient time to respond
and absorb the energy. Instead, the tires absorb much of the energy and play a more
critical role in predicting the dynamic response and induced vibrations. Figure 1.2
(c) depicts a more elaborate mass-spring-damper model that includes the compli-
ance of the tire (kt), the damping of the tire (bt) due to the compressed air within,
and the combined unsprung mass (mus) of the wheel, tire, brake rotor, and brake
assembly. This model can be used to predict the dynamic response within the tire
and the resulting effect on the suspension dynamics.
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