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Abstract

Most quality control and quality improvement procedures involve making assumptions
about the distributional form of data it uses; usually that the data is normally distributed.
It is common place to find processes that generate data which is non-normally
distributed, e.g. Weibull, logistic or mixture data is increasingly encountered.

Any method that seeks to avoid the use of transformation for non-normal data requires
techniques for identification of the appropriate distributions. In cases where the
appropriate distributions are known it is often intractable to implement.

This research is concerned with statistical process control (SPC), where SPC can be
apply for variable and attribute data. The objective of SPC is to control a process in an
ideal situation with respect to a particular product specification. One of the several
measurement tools of SPC is control chart. This research is mainly concerned with
control chart which monitors process and quality improvement. We believe, it is a
useful process monitoring technique when a source of variability is present. Here,
control charts provides a signal that the process must be investigated.

In general, Shewhart control charts assume that the data follows normal distribution.
Hence, most of SPC techniques have been derived and constructed using the concept of
quality which depends on normal distribution. In reality, often the set of data such as,
chemical process data and lifetimes data, etc. are not normal. So when a control chart is
constructed for ¥ or R, assuming that the data is normal, if in reality, the data is non-
normal, then it will provide an inaccurate results.

Schilling and Nelson has (1976) investigated under the central limit theory, the effect of
non-normality on charts and concluded that the non-normality is usually not a problem
for subgroup sizes of four or more. However, for smaller subgroup sizes, and especially
for individual measurements, non-normality can be serious problem.

The literature review indicates that there are real problems in dealing with statistical
process control for non-normal distributions and mixture distributions. This thesis
provides a quantile approach to deal with non-normal distributions, in order to construct
median rankit control chart. Here, the quantile approach will also be used to calculate
process capability index, average run length (ARL), multivariate control chart and
control chart for mixture distribution for non-normal situations. This methodology can
be easily adopted by the practitioner of statistical process control.
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Chapter 1 : Introduction

1.1 General Overview

The science of statistics itself goes back only to two or three centuries ago. Its greatest
developments have been in the last 70 years. Early applications were not made until the
1920s, that is when theory of statistics began to be applied effectively to quality control.
These statistical methods, which investigate the problems of quality control, were first
suggested by Walter A. Shewhart of the Bell Telephone Laboratories. In a
memorandum prepared on May 16, 1924, he made the first sketch of a modern “control
chart”, which he subsequently developed in various memoranda and articles. In 1931
Shewhart published a book on statistical quality control, titled "Economic Control of

Quality of Manufactured Product". |

Statistics has a very important role to play in the field of manufacturing, covering
marketing plan, sales predictions, research and developments, and processes
improvement. Statistics is also vital in manufacturing processes, such as incoming
quality control, in-process quality control, outgoing quality control, quality assurance,
etc. Therefore, statistical understanding plays a major role in product and service
quality, care of customers through statistical process control (SPC), customer surveys,

process capability and cost of quality etc.

In addition, experimental design using statistics is of an importance in distinguishing
between special cause and common cause within Quality Improvement. The latter
defined as the reduction of variability in processes and products. If we accept that all
processes are variable and that there is a relationship between management action and
quality, then statistical understanding becomes an essential aspect of quality

improvement process. Here, quality improvement processes are about performance

7



improvement of individuals, groups and organisations. "In order to improve
performance, people need to know what to do, how to do it, to have the right tools to do
it, to be able to measure performance and to receive feedback on current levels of

achievement", (Kanji 1995).

Quality improvement is important and needed for achieving good quality product
features with freedom from deficiencies. To maintain and increase sales revenue,
companies must continually add new product features and introduce new improved
processes to produce such features. Moreover, companies should realise that customers'
needs are in a state of change, hence the need to be aware of meeting them. To keep cost
competitive, companies must also continually aim at reducing the level of product and
process deficiencies. Reduction in production costs besides improving the quality of a
product, should be a prime concermn to a company, as it would lead to customer

satisfaction and consequently arise in sale and profit.

In reality, a company cannot survive in an open market or competitive economy for
long if it is not achieving a reasonable level of profits. Such survival would require the
company to look for improvement of product and cost reduction in its operations and
carry out research and development. There are essential activities for an organisation to

take in order to remain competitive and to maintain Business Excellence.

To manufacture a higher proportion of products within given specifications and to
reduce the variability in quality of such products, it is necessary to increase the use of
process control. In quality improvement, process control can be divided into two types:
Statistical process control (SPC) and Engineering process control (EPC) or Automatic
process control (APC). Statistical process control and Engineering process control, are
two techniques relied on for quality improvement, which have developed independently.
Box and Kramer (1992) provide an excellent comparison of SPC, which they refer to as
statistical process monitoring and engineering process control, i.e. EPC. They explain
the origin of statistical process monitoring as being in the parts industry, whereas APC
is in the process industry. The aim of SPC and EPC techniques is the same, i.e.,

bringing all the process levels to their target with small variability.
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