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ABSTRACT

Traditional engineering processes depend on manufacturing to build quality into a product.
Additionally, product development often involves several design-build-test iterations.
Competitive pressures, however, demand that customer satisfaction be influenced in the
conceptual stage of product design and new products be brought to market more quickly. To
meet these demands, simulation and analysis must be used to direct a system to an improved
or even optimal state versus merely a functional one. The integration of Design of Experiments
(DOE) with ADAMS creates a powerful combination of tools for rapid and thorough
investigation of a specified design space, identification of the optimal system configuration,
and illustration of the effects of system changes on a given output.

The attached presentation demonstrates this approach for two suspension system applications:
the reduction of body pitch acceleration associated with the phenomena called "freeway hop",
and the reduction of vertical loads into a suspension's front shock tower due to a severe
pothole road event.

THE DOE PROCESS

The design of experiments process illustrated in this presentation consists of the following
steps:

Specify the experimental output variable(s);

Decide which factors and levels are to be used in the experiment;
Develop the mathematical model (ADAMS model);

Plan the experiment;

Run the experiment and record the observations (ADAMS simulations);
Analyze the data;

Make conclusions.
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DOE vs. OFAT

The traditional way to address the "freeway hop" problem illustrated in the presentation is by
conducting one-factor-at-a-time (OFAT) experiment. This strategy, however, assumes that a
system is merely the sum of its parts, and interactions are unimportant. For example, a
suspension ride engineer may choose the optimal spring first, then tune the damper, then the
bushings, and the mounts. Once all the individual components are established, and additional
time is available, damper tuning is often changed since interactions are important.
Nevertheless, many combinations of components (factors) are never examined and large areas
of the design space are ignored. However, OFAT experimentation creates the illusion of
requiring fewer iterations to reach an optimum, fooling the uninformed engineer. The
informed engineer, as mentioned above, may continue to vary factors even after an optimum
appears to have been reached. While this approach may result in a solution identical to the one
found by DOE, the process is not as efficient and engineers gain considerably less insight into
the system (many of the results from DOE are not readily available using OFAT).

OFAT experimentation also relies heavily on the expertise of individuals. Referring again to
the ride problem illustrated in the presentation, an experienced ride engineer might be able to
quickly identify the best solution based on years of experience. There are, however, many
potential pitfalls if an organization relies on the expertise of a few individuals: people move to
new assignments, or eventually retire; qualitative knowledge is not easily retained or passed
on; etc. In addition, major design changes can cause systems to behave unlike past concepts,
sometimes stifling the experts. Designed experimentation with an ADAMS model, or another
math-based system representation, minimizes the dependence on past experience.

CONCLUSIONS

The examples illustrated in this presentation are two-level experiments exploring a single
response of the systems. Revolutionary changes to system design will occur when this
technique is used to explore multiple responses, since design involves compromise among
various system outputs. When this hurdle is cleared, multi-level experiments will illustrate the
interior of the design space and totally illuminate the effect and interaction functions.

Results from one system can not necessarily be generalized to similar systems. The
complexities of some systems demand that each be evaluated and optimized independently.

While ADAMS models can be used to predict specified system responses of interest, DOE can
be applied to intelligently explore an entire design space of many factors. The effects on the
system for a given design change become readily apparent, and problem situations can be
avoided or quickly corrected. Clearly, intelligently applying this methodology to analytic
exploration forms a powerful combination capable of drastically improving both the design
process and the final products.

For more information, please refer to the paper SAE 930264: "Improving the Suspension
Design Process by Integrating Multibody System Analysis and Design of Experiments", Mark
F. Lamps and Edward C. Ekert.
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