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Introduction

An important goal of quality improvement in manufacturing is the reduc-
tion of variability in product characteristics. Reduction in output variation
can be accomplished using response surface methodology (RSM) and robust
parameter design (RPD). RSM consists of a group of statistical techniques
for empirical model building and model exploitation. By careful design and
analysis of experiments, it seeks to relate a response variable to the levels
of some explanatory variables that affect it. The main idea of RSM is to
use a sequence of designed experiments to gain an optimal response. RSM
contributes to the design of products or processes that may be sensitive to
uncontrollable or noise factors. For example, variables such as temperature,
humidity, and some raw material properties may greatly affect the perfor-
mance of a process and are not necessarily controllable when production is
moved from the laboratory or pilot plant to full-scale manufacturing.

Material and Methods

Each level combination in the control array is crossed with all the noise array
levels. A cross array then consists of all the level combinations between the
control array and those in the noise array. In mathematical terms, a cross
array is a product between a control array and a noise array. An alternative
is to use a combined array for both the control and noise factors. When
controllable and noise factors are included in the same design matrix, the
resulting design is usually called a combined array. The constructed example
will clarify the ideas of this paper to illustrate the application of the proposed
method.
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Results and Discussion

A suitable format of this two suggested arrays for the location-dispersion
modeling strategy is a cross-array format since this format is based on the
replicated experiments of the same noise factor setting for each control fac-
tor combination. In response modeling, both cross-array and combined array
can be utilized. In the response modeling approach to solve RPD problems, a
designed experiment enables one to model the relationship between the con-
trol and noise factors and the response mean and variance. In this approach,
the answer is modeled as a control and noise factors function instead of com-
puting the variance over the noise replications. The analysis then consists of
two parts. With all the consideration that RPD has received in the existing
literature, minimal effort has been made in estimating the parameters in the
introduced model and determining an optimal design for such model. Pre-
senting unbiased estimators of these parameters could be of great interest
in RPD approach. It can be recommended that if we are in the first stage
of planning the experiments applying a central composite design is prefer-
able; otherwise, if there exists an origin non-orthogonal design performing
the MGS method to improve the design is suitable. When we use a design
that is non-orthogonal, MGS or D-optimal design, applying the unbiased es-
timators proposed is superior to the biased estimators to minimize the bias
and the variance of the estimators.

Conclusion

To estimate the parameters of the response model unbiased estimators have
been presented. Optimal design is used to minimize these estimators’ bias
and variance. The contours of constant mean and variance are overlaid to
provide the active region of controllable factors with desirable mean and
variance of the response. Consequently, the unbiasedness and robustness of
future experiments in full-scale manufacturing will be significantly improved.
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