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ABSTRACT

Very limited research available in literature evaluates the performance (rate of true
and false alarm) of x and R control charts with supplementary runs rules. This thesis
studies the optimal combination of western electric supplementary runs rules in
the design of control chart using computer simulation program to improve chart
sensitivity. The main objective is to identify the best combination of runs rules that
will reduce both in-control and out-of-control average run lengths, and thus, reduce
chart errors, and achieve the average run length values pre-specified by the chart
design when using X-R control charts. This program is designed, developed and
utilized for the joint design of X and R control charts to control both process mean
and variability, since the process may encounter changes or shift in the mean or
variability simultaneously. This thesis, also, provides tables to be used by
practitioners to specify the best combination of runs rules that will satisfy specific
values for in-control Average Run Length (ARL,) and out-of-control Average Run
Length (ARL;). In case that more than one combination satisfies the ARL, and ARL;
specified by the designer, the simplest combination should be used. The computer

program is designed under MATLAB 7.0.1 workspace
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CHAPTER ONE

INTRODUCTION

Statistical process control (SPC) is a powerful collection of problem-solving tools
useful in achieving  process stability and improving capability through
the reduction of variability. These tools are often called "the magnificent seven".
Among these tools, come the control charts which were developed in the 1920s by
Shewhart (1939) to monitor process. The most famous and common Shewhart chart is
the x-chart which is used to monitor the process mean due to its simplicity for
understanding and operating. Montgomery (2001) explained that control charts may
serve, first, to define the goal or standard for a process that management strive to
attain; second, they may be used as an instrument for attaining that goal; and third,
they may serve as a means of judging whether the goal has been reached. The use of
control charts results in two different types of errors; namely, type I error denoted as
(o), and type 11 error denoted as (). Type | error is the conditional probability that
a point falls outside the control limits given the process is in-control, also known as
probability of false alarm. Type Il error is the conditional probability that a point falls
inside the control limits given the process is out-of-control. The power, or
effectiveness, of a control chart is usually measured by (1-p), which is the conditional
probability that a point falls outside the control limits given the process is out-of-
control. The Average Run Length (ARL) is the average number of inspected samples
required to signal an out-of-control. When a process is out-of- control, the users want
the control chart to signal quickly, i.e. to have a small out-of-control ARL, called
ARL;. Conversely, when the process is in control, the users want the chart to produce

fewer false alarms, i.e. to have a large in-control ARL, called ARL,.



For any control chart, the ARL can be calculated as follows:

B 1 Montgomery (2001)
p(out of controlsignal )

Thus, when a process is out-of-control, the out-of-control ARL can be calculated
as follows:

ARL, = Montgomery (2001)

1-5

Conversely, when the process is in-control, the ARL be calculated as follows:

1
ARL, = p Montgomery (2001)

A control chart may indicate an out-of-control condition either when one or more

point falls beyond the control limits, or when plotted points exhibit some nonrandom

pattern of behavior. The Western Electric Handbook (1956) suggests a set of decision

runs rules for detecting nonrandom patterns on control chart. The use of each rule or

combination of them improves the sensitivity of the control chart to detect process

shifts. Specifically, it suggests concluding that the process is out-of-control if one of

the following rules occurs :

1. One or more points outside of the control limits.

2. Two of three consecutive points outside the warning limits, but still inside
the control limits.

3. Four of five consecutive points beyond from the center line.

4. A run of eight consecutive points on one side of the center line.



These criteria are often used in practice for enhancing the sensitivity of control charts
to a small process shift, so that the chart may respond more quickly to the assignable
causes. However, increasing the chart response to out-of-control signal also increases
the probability of false alarm, i.e. reducing B will result in increasing o and vice
versa. The main objective of this research is to identify the best combination of runs
rules that will reduce both in-control and out-of-control average run lengths. This
thesis develops computer program to facilitate achieving objective and improve chart
sensitivity, a computer program is designed and developed under MATLAB 7.0.1
workspace to compute the ARLyand ARL; where different combinations of runs rules
(mentioned previously from one through four) are utilized. The program is designed
to be used for joint X and R control charts (control chart for mean and control chart for
range). However, it can be used for either one separately. A comprehensive review of
the literature pertaining for three design approaches were performed, these are
economic, economic-statistical and statistical approaches. This is shown in Chapter 2
of the thesis following the introduction .Chapter three presents the computer program.
Chapter four represents tables to be used by practitioners to specify the best
combination of runs rules. Chapter five presents summary, conclusion and future

research.



CHAPTER TWO

LITERATURE REVIEW

Control charts are the simplest type of statistical process control procedure. They are
often used to monitor a parameter (or parameters) of the distribution of a quality
characteristic of items as they are produced. Also, considering control chart as
a monitoring tool for the process mean, recently arose in the context of supplier and
customer relations. The supplier is keeping control charts on important product
properties and successfully using them to make process improvements Cham and

Woodall (1987). A typical control chart is shown in Fig.(2.1).

Out of control
0 Upper Control Limit |

pper Control Limits =

_______________________________________________________________________ 0 + ko,
/&enter Line
n/ 9
Vo

"""""""""""""""""""""""""""""""""""""""""""""""" é - kGe
Lower Control Limits sample No. / Time

Figure (2.1) a typical control chart



