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Chapter 6

Conclusions

In this chapter, the details of the research discussed in the previous chapters are

summarized, and recommendations for future research are given.

6.1  Summary

In this research, the transient motion of a class 8 truck was examined for various methods

of damping control.  The truck response was studied for a four-degree-of-freedom, roll-

plane model, using passive damping and four methods of semiactive damping control.

Three previously developed methods of semiactive damping control, referred to as on-off

skyhook, continuous skyhook, and on-off groundhook control, were included in the study,

along with an original semiactive damping control design using fuzzy logic control

concepts.

Four characteristics of the transient response of the vehicle model were analyzed,

including the heave and roll displacement and heave acceleration of the vehicle body, and

the heave displacement of the left tire.  The heave displacement and acceleration of the

body mass were used to represent the ride “comfort” of the vehicle, while the roll

displacement of the body and the heave displacement of the tire were used to evaluate the

vehicle “safety.”  The RMS and maximum peak-to-peak properties of each transient

response characteristic were discussed in the analysis.

The transient response of the vehicle model was examined for an impulse, force input to

the body mass.  The body force was applied first in the heave and then in the roll direction.

The trend of the results for both the body heave and roll inputs were similar.  They

showed that the RMS and maximum peak-to-peak values decreased with an increase in

passive damping.  For an increase in the high-state semiactive damping, the results of the

on-off skyhook, continuous skyhook, and fuzzy logic damping control schemes were

nearly identical to those exhibited by passive damping, while the results for on-off
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groundhook damping remained constant at a value equal to the passive damping result at

15 lb-sec/in.  For an increase in low-state semiactive damping, the results of the on-off

skyhook, continuous skyhook, and fuzzy logic damping control schemes remain constant

at a value equivalent to the result obtained at a passive damping value of 95 lb-sec/in.  The

results for on-off groundhook damping control followed the same trends as passive

damping.

Next, the transient response was analyzed for an impulse road input at the left tire of the

vehicle model.  The results showed that with on-off groundhook control, although the tire

heave displacement was decreased, the majority of the results were either equal to or

increased over the passive damping results.  For fuzzy logic semiactive control, the

opposite trends occurred.  The majority of the fuzzy logic control results were found to be

either equal to or less than the passive damping results.  The on-off and continuous

skyhook control results were nearly identical, showing an opposite effect on the vehicle

body and axle dynamics.  With on-off and continuous skyhook control, the vehicle body

heave displacement and acceleration, and the body roll displacement responses were

significantly minimized, but at the expense of increased tire heave displacement.

To complete the research, the fuzzy logic controller was tuned to compare with the on-off

skyhook and groundhook semiactive control policies.  These results show that when tuned

appropriately, the fuzzy logic controller is capable of either equaling or slightly improving

most of the on-off skyhook and groundhook characteristic response values.  Thus, with

fuzzy logic control, the desired characteristics of the conventional semiactive damping

control policies are capable of being achieved and improved.

6.2  Recommendations for Future Research

With on-off and continuous skyhook control, the results showed a significant decrease in

the vehicle body heave and roll at the expense of larger axle heave.  These results were

shown, however, for a limited number of high- and low-state damping combinations.  In

future research of these control policies, it is recommended that a larger number of
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damping combinations be included in order to find the combination that optimizes the

response cost.  In addition, the responses should be further studied for a change in the

damper gain value used during continuous skyhook control.

The results of the fuzzy logic controller investigated in this research showed that it was

capable of meeting, and even slightly improving, the results of conventional semiactive

control policies.  Though not investigated in this research, the inclusion of multiple inputs

into the fuzzy logic control policy could result in additional improvements in the response

results.  Also, additional inputs could be used to implement self-tuning of the controller,

and minimize the desired characteristics of the response based on the input information.

The results of this research show that further investigation of fuzzy logic damping control

is warranted.


