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STATISTICAL QUALITY CONTROL TECHNIQUES USING
MULTILEVEL DISCRETE PRODUCT QUALITY MEASURES

by
Charles Richard Cassady
Joel A. Nachlas, Chair

Industrial and Systems Engineering

(ABSTRACT)

Statistical quality control is the application of statistical methods to problems for
which it is of interest to evaluate, establish, or verify the quality of a product. The two
basic areas of statistical quality control that have received both the greatest attention in the
literature and the widest acceptance in industry are acceptance sampling and statistical
process control. In the majority of such techniques, a single characteristic of an item is
used to describe its quality. In such cases, one of two basic types of product quality
measures is typically used: attributes product quality measures and variables product
quality measures. Variables product quality measures evaluate an item’s quality by
measuring its quality characteristic on a continuous scale. Attributes product quality
measures assign a 0 to an item if its characteristic is conforming to some specification, and
1 if its characteristic is nonconforming.

Although attributes and variables product quality measures have many appropriate
applications, there are many situations in which product quality is best described by
classifying a single characteristic of the item using three or more discrete levels. A
multilevel discrete product quality measure is a function that assigns a numerical value to
such an item corresponding to the level in which it is classified.

Several acceptance sampling plans and control charts that incorporate the use of
multilevel discrete product quality measures are defined here. In addition to the multilevel
discrete product quality measure, each of the defined methods utilizes a quality value



function. A quality value function assigns a numerical value to an item based on the
classification it receives from the multilevel discrete product quality measure. Each of the
defined multilevel acceptance sampling plans and multilevel control charts is evaluated
with respect to its probabilistic behavior. In addition, the problem of parameter selection
and quality value function specification is addressed for each of the defined techniques.

The cases considered are the 3-level case, the 4-level case, and the general j-level case.
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CHAPTER 1: INTRODUCTION

Statistical quality control (SQC) is the application of statistical methods, such as
hypothesis testing and experimental design, to industrial problems for which it is of
interest to evaluate, establish, or verify the quality of a product. In such settings, the
quality of a product is typically defined in terms of measurement or classification of one or
more of the product’s characteristics. The two basic areas of SQC that have received both
the greatest attention in the literature and the widest acceptance in industry are acceptance
sampling and statistical process control (SPC).

In most industrial processes, some of the items used as inputs to the process are
received i lots from outside suppliers. Of these supplied items, some types may be
sufficiently critical that the quality of each item in the lot is checked. In other words, lots
of those items are subjected to 100% inspection. Other types of items may not be so
critical. In addition, the testing of some types of items may be very costly or destructive.
In such cases, acceptance sampling is often used to determine whether or not the quality
of the items in the received lot is adequate. Acceptance sampling typically consists of
taking a random sample of items from the lot, measuring or classifying one or more quality
characteristics of each item i the sample, computing a sample statistic, and either
accepting the lot for use in the process or rejecting the lot and returning it to the supplier.
Since only a sample is taken, the danger exists of rejecting a lot with adequate quality (a
Type I error) or accepting a lot that is inadequate (a Type II error).

Similarly, most industrial processes can be monitored by examining one or more of
the quality characteristics of items produced by the process. If the process is studied
sufficiently, it is usually possible to define the normal or in-control behavior of the process
in terms of the probabilistic behavior of these characteristics. SPC is often used to
monitor the behavior of a process and to indicate when the process has changed (in other
words, when it has gone out of control). SPC typically consists of taking a random

sample of finished items from the process at some regular interval in time, measuring or



classifying the quality characteristics of each item in the sample, computing a sample
statistic, and either confirming that the process is in control or signaling that the process is
out of control. If the process is determined to be in control, no action is taken before the
next sampling point. However if a signal of an out-of-control situation occurs, the process
is stopped and a search is conducted for the cause of the out-of-control behavior. If and
when the cause is discovered, the process is corrected and then restarted. By far the most
common implementation of SPC is the control chart. When implementing a control chart,
the computed sample statistic is plotted on a chart. If the sample statistic falls within
specified upper and lower control limits, the process is said to be in control. Otherwise a
signal of an out-of-control situation is made. Again since only a sample is taken, the
possibilities of not signaling when the process is out of control (a Type II error) or

signaling when the process is in control (a false alarm or Type I error) do exist.

1.1 ATTRIBUTES AND VARIABLES STATISTICAL QUALITY
CONTROL

In the majority of SQC techniques that are either utilized in industry or described
in the literature, a single characteristic is used to describe product quality. In such cases,
one of two basic types of product quality measures is typically used. These are referred to
as variables product quality measures and attributes product quality measures. SQC
techniques which incorporate the use of a variables product quality measure are referred
to as variables SQC techniques. Likewise, SQC techniques which incorporate the use of
an attributes product quality measure are referred to as attributes SQC techniques. In the
case of variables SQC techniques, product quality is evaluated by measuring the quality
characteristic of the product on a continuous scale. The quality characteristic is typically
some physical tolerance placed on the product (such as length, weight, volume, etc.).

In attributes SQC techniques, the product quality is described using a binary
variable. A product has quality measure O if its quality characteristic is conforming to
some specifications and 1 if its quality characteristic is nonconforming. Attributes SQC

2



methods have the advantages of simpler inspection procedures and no required assumption
regarding the distributional form of the quality characteristic (normal, Weibull, Poisson,
etc.). Due to the increased precision of the product quality measure, variables SQC
techniques typically require smaller sample sizes than corresponding attributes SQC
techniques. However, some assumption must be made as to the distributional form of the
quality characteristic. For both variables and attributes product quality measures, a wide
variety of acceptance sampling and SPC techniques have been defined and evaluated in the
literature and many have been widely implemented in industry.

It is worthwhile to note that some combined attributes-variables quality control
methods have been developed. The typical implementation of these methods is to first
evaluate lot quality or process behavior using an attributes product quality measure. If
this information is inconclusive, further evaluation is performed using a variables product

quality measure.

1.1.1 ATTRIBUTES AND VARIABLES ACCEPTANCE SAMPLING

Attributes acceptance sampling methods range from very basic concepts such as
single sampling plans, double sampling plans, and multiple sampling plans (see Duncan[8]
for a discussion of these methods), to more advanced strategies such as the Sequential
Probability Ratio Test (SPRT) developed by Wald[25] and generaﬁzed sampling plans
developed by Nachlas and Kim[15]. The U.S. Department of Defense MIL STD 105
series[22,23] is dedicated to the selection of single, double, and multiple sampling
schemes.

Specific realizations of acceptance sampling methods (called acceptance sampling
plans) are created by assigning values to the set of parameters that define the method.
This can be done directly, but it is usually accomplished by specifying desired behavior of
the Operating Characteristic (O.C.) function for the sampling plan. In acceptance
sampling by attributes, the O.C. function, P,(p), is most often defined as the probability



of lot acceptance given p, the true underlying proportion of items in the lot that are
nonconforming. The desired behavior of the O.C. function is usually specified in terms of
an AQL (acceptable quality level) and a RQL (rejectable quality level). The AQL
corresponds to the largest value of p that is satisfactory, and the RQL corresponds to the
largest value of p that is tolerable. In order to complete the description of desired O.C.
function behavior, a high probability of acceptance for the AQL is designated and a low
probability of acceptance for the RQL is designated.

In all attributes acceptance sampling methods, a sample of items is taken from the
received lot and lot disposition (lot acceptance or lot rejection) is based on the number of
nonconforming items in the sample. However, the size of the sample may be either a
predetermined constant or a random variable that is based on the classification of the items
mspected. Thus another performance measure often associated with attributes acceptance
sampling plans is the ASN (Average Sample Number) function. The ASN function,
ASN(p), gives the expected number of items inspected per lot given the underlying

proportion nonconforming. ASN function behavior is sometimes considered in selecting
an acceptance sampling plan. One additional related concept is curtailment. Curtailment
refers to discontinuing inspection when the decision regarding lot disposition is implied by
the items already inspected even if some portion of the specified sample is yet to be
mspected.

Variables acceptance sampling techniques have also been studied in great detail.
In almost all variables acceptance sampling methods, the quality characteristic for all items
in a lot is assumed to be a normally distributed random variable (thus sample observations
are assumed to be independent and identically distributed (IID) normal random variables).
Variables acceptance sampling methods typically consist of taking a sample of items from
the lot, measuring the quality characteristic of each item in the sample, computing the
sample mean (and possibly the sample standard deviation), and making an appropriate
decision regarding lot disposition. The O.C. function for a variables acceptance sampling



plan, P, (,u,cr) , designates the probability of lot acceptance given the underlying mean 4

and variance o of the quality characteristic’s distribution.

If the quality characteristic is subject to an upper specification limit U and a lower
specification limit L (in other words, an item is conforming if its quality characteristic is
between L and U), then variables acceptance sampling plans are designed to control the
proportion nonconforming p, the proportion of items having a quality characteristic
outside the specification limits. In such cases, sampling plan parameters are most often
determined by specifying O.C. function behavior in a manner similar to that for attributes
acceptance sampling plans. If such specification limits are not stated, then the variables
acceptance sampling plans are designed to control the mean of the quality characteristic’s
distribution. Sampling plan parameters are still usually determined by specifying some
desired O.C. function behavior. However in this case, the desired behavior is described by
specifying a high probability of lot acceptance for the target value of the mean and a low
probability of acceptance for an off-target mean value. Duncan[8] provides a thorough
description of these types of acceptance sampling plans. Wald[25] also develops a
variables SPRT. In addition, variables acceptance sampling techniques have been defined
for controlling the variance of the quality characteristic’s distribution and assuming other

distributional forms for the quality characteristic.

1.1.2 ATTRIBUTES AND VARIABLES STATISTICAL PROCESS CONTROL

The most common implementation of attributes SPC is the p chart. At every
sampling point, a sample of finished items taken from the process is inspected and the
underlying proportion nonconforming is estimated by the proportion of nonconforming
items in the sample. That estimate is then plotted on the control chart and compared to
the upper and lower control limits. A slight variation of the p chart is the np chart, where

the number of nonconforming items in the sample is charted.



Two related performance measures are commonly used to evaluate all control
charts, the O.C. function and the ARL (Average Run Length) function. For attributes

control charts, the O.C. function, P, ( p), gives the probability that the sample statistic

falls within the control limits given that the underlying proportion of the items produced
that are nonconforming is p. The ARL function, ARL( p) , gives the expected aumber of

samples until a signal given that the underlying proportion nonconforming is p.
Parameters for attributes control charts are usually selected by specifying a large ARL
function value for the in-control proportion nonconforming and a small ARL function
value for a specific out-of-control proportion nonconforming. Montgomery[14] provides
a detailed description of attributes SPC techniques.

Variables SPC techniques are much more extensive than attributes SPC
techniques. In all variables SPC methods, at each sampling point, a sample of finished
items is taken from the process and each item’s quality characteristic is measured. As with
variables acceptance sampling methods, variables SPC techniques are typically based on
the assumption that the quality characteristic of finished item is normally distributed (thus
sample observations are assumed to be IID normal random variables). Ifit is of interest to
control the mean and the variance of the quality characteristic’s distribution (referred to as
the process mean and process variance), then the sample mean and one of (1) the sample
range, (2) the sample standard deviation, and (3) the sample variance are computed. Then
one control chart is used to monitor the process mean and another control chart is used to
monitor the process variance. Ifit is only of interest to control the quality characteristic’s

mean, then only the sample mean is computed and only a single control chart is used. The
most common variables control charts used for monitoring the process mean are the X
chart, the EWMA (Exponentially Weighted Moving Average) chart, and the CUSUM

(Cumulative Sum) chart. The most common variables control charts used to monitor the

variance are the R chart, the S chart, and the S? chart. The O.C. function for a variables

control chart, P,(u,0), gives the probability that the sample statistic falls within the



control limits given that the underlying values of the process mean and process variance

are 1 and o ° respectively. The ARL function for variables control charts, ARL(u,0),

gives the expected number of samples until a signal given that the underlying values of the
process mean and variance are u and o ° respectively. For all variables control charts,
control chart parameters are typically selected by specifying in-control ARL function
behavior and ARL function behavior for a specific out-of-control situation (a large ARL
function value is specified for the in-control case, and a small ARL function value is
specified for the out-of-control case). Montgomery[14] and Duncan[8] also provide

detailed descriptions of all of these control charts.

1.2 MULTILEVEL DISCRETE PRODUCT QUALITY MEASURES

Although attributes and variables product quality measures have many appropriate
applications, there are many situations in which product quality is best described by
classifying a single characteristic of the product using three or more discrete levels.
Consider the following: (1) a food product may be classified as good, marginal, or bad
depending on the concentration of harmful microorganisms in the product; (2) a four-level
quality description is described in the MIL STD 105 series[22,23] (nondefective, minor
defective, major defective, critical defective); (3) if a lot of 1000 items are arranged in
order of increasing quality, then the resulting ordering is essentially an application of a
1000-level product quality measure. In fact, a variables product quality measure is one
type of an infinite-level product quality measure (however the levels are not discrete) and
an attributes quality measure is a 2-level product quality measure. In any case, mmitilevel
discrete product quality measures fall somewhere between attributes and variables product

quality measures.

Definition 1.1: A multilevel discrete product quality measure is a function which
represents an item’s quality by (1) classifying a single characteristic of the
item using three or more discrete levels, and (2) assigning a numerical
value to the item corresponding to the level in which it is classified.

7



Definition 1.2: A multilevel discrete product quality measure that uses j levels ( j >
2) is called a j-level product quality measure.

The use of a multilevel discrete product quality measure has some attractive sampling
properties.  First, a multilevel discrete product quality measure provides increased
precision over an attributes product quality measure without requiring exact measurement
of the quality characteristic. Second, the infinitesimal difference between conforming and
nonconforming items that sometimes exists when using either an attributes or a variables
product quality measure is removed. Finally, there is no required assumption regarding
the distributional form of the quality characteristic as there is when using a variables
product quality measure.

The specific case in which product quality is described using three levels has been
addressed in the literature but only in a manner that easily relates to existing attributes and
variables quality control techniques (with one exception). All of these existing analyses
are somewhat limited by their construction and assumptions. However, one acceptance
sampling method which incorporates the use of a 3-level product quality measure has been
widely recognized in the food processing industry. These techniques are reviewed in

Chapter 2.

1.3 PROBLEM STATEMENT

The purpose of this research is to develop several acceptance sampling and SPC
techniques (control charts) that incorporate the use of multilevel discrete product quality
measures. Such techniques are referred to as multilevel acceptance sampling plans and
multilevel control charts. The approach taken, which is quite different from any previous
analysis, is first to characterize multilevel discrete product quality measures and to
determine how to describe either lot quality (for acceptance sampling) or the state of a
process (for SPC) in terms of the discrete quality levels. The next step is to define
different types of quality value functions in terms of the discrete quality levels. A quality



value function assigns a numerical “quality value” to an item based on the classification it
receives from the multilevel discrete product quality measure. For a given multilevel
discrete product quality measure, any number of quality value functions can be selected for
use in either multilevel acceptance sampling plans or multilevel control charts.

The development of a multilevel acceptance sampling technique begins with the
selection of a multilevel discrete product quality measure and a corresponding quality
value function. Having made those selections, the next step is the specification of a
sampling strategy (sample size, when to terminate sampling, etc.) and a decision rule (for
lot disposition). The O.C. function for the multilevel acceptance sampling method is
constructed. O.C. function behavior is based on the quality of the lot as well as the quality
value function used. Since any number of quality value functions can be specified, the
potential for many alternative multilevel acceptance sampling techniques exists. Thus four
alternative techniques are proposed and evaluated for the 3-level case and the 4-level case,
and the general j-level case is considered as well.

Following the description and evaluation of multilcvel acceptance sampling
techniques, the problem of sampling plan parameter selection is addressed. For each of
the proposed multilevel acceptance sampling techniques, methods are defined for selecting
parameters for the sampling strategy and decision rule by specifying desired O.C. function
behavior. In addition, the specification of a quality value function based on desired O.C.
function behavior is considered.

The development of a multilevel control chart also begins with the selection of a
multilevel discrete product quality measure and a corresponding quality value function.
Having made those selections, the next step is the specification of a sampling strategy, the
sample statistic to be plotted on the control chart, and the control limits for the control
chart. The O.C. function and the ARL function for the multilevel SPC technique are
constructed. O.C. function and ARL function behavior is based on the state of the process
as well as the quality value function used. Since any number of quality value functions can

be specified, the potential for many alternative multilevel SPC techniques exists. Thus



three alternative techniques are proposed and evaluated for the 3-level case and the 4-level
case, and the general j-level case is considered as well.

Following the description and evaluation of multilevel control charts, the problem
of control chart parameter selection is addressed. For each of the proposed multilevel
SPC techniques, methods are defined for selecting parameters for the sampling strategy,
the sample statistic, and the control limits by specifying desired ARL function behavior. In
addition, the specification of a quality value function based on desired ARL function

behavior is considered.

1.4 RESULTS AND CONCLUSIONS

In this research, a number of multilevel acceptance sampling plans are defined. For
each of these defined plans, the O.C. function is constructed and used to develop methods
for sampling plan parameter selection and quality value function specification. The
parameter selection method allows a manufacturer to quickly select a multilevel
acceptance sampling plan that closely meets desired O.C. function behavior. The quality
value function specification method allows the manufacturer to construct a muitilevel
acceptance plan that closely meets as many as four or five O.C. function objectives. This
iS quite an improvement over existing methods which typically allow a manufacturer to
specify only two O.C. function objectives.

A number of multilevel control charts are also defined. For each of these defined
control charts, the O.C. function and ARL function are constructed and used to develop
methods for control chart parameter selection and quality value function specification.
The parameter selection method allows a manufacturer to select a multilevel control chart
based on desired ARL function behavior. The quality value function specification method
allows the manufacturer to construct a multilevel control chart based on as many as four
or five ARL function objectives. This is quite an improvement over existing methods
which typically allow a manufacturer to specify only two ARL function objectives.

10



The sampling plans, control charts, and the parameter selection and quality value
function specification methods defined in this research are the beginnings of a new
approach to multilevel statistical quality control. As these statistical quality control
techniques are explored in further detail and extended with new concepts and methods, the
result should be a set of tools that provide a manufacturer with greater flexibility in

designing acceptance sampling plans and control charts.
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CHAPTER 2: LITERATURE REVIEW

Before describing the research methodology, it is worthwhile to review existing
analyses related to multilevel discrete product quality measures and their implementation
in acceptance sampling and statistical process control. This review consists of describing
(1) references to the possibility of applying such measures and (2) existing implementation

of 3-level product quality measures.

2.1 REFERENCES TO MULTILEVEL DISCRETE PRODUCT
QUALITY MEASURES

The most widely recognized reference to a multilevel discrete product quality
measure is made in the U.S. Department of Defense MIL STD 105 series for attributes
acceptance sampling. In MIL STD 105E[22], a defect is defined to be “any
nonconformance of the unit of product with specified requirements.” Furthermore, three
different types of defects are defined: critical defects, major defects, and minor defects. A
critical defect is defined as “a defect that judgment and experience indicate would result in
hazardous or unsafe conditions for individuals using, maintaining, or depending on the
product, or a defect that judgment and experience indicate is likely to prevent performance
of the tactical function of a major end item such as a ship, aircraft, tank, missile, or space
vehicle.” A major defect is defined as “a defect, other than critical, that is likely to result
i failure, or to reduce materially the usability of the unit of product for its intended
purpose.” Finally, a minor defect is defined as “a defect that is not likely to reduce
materially the usability of the unit of product for its intended purpose, or is a departure
from established standards having little bearing on the effective use or operation of the
unit.”

There are situations in both acceptance sampling and SPC in which the objective is
to study the number of defects in a product (see Montgomery[14] or Duncan[8] for a

description of these methods). However, this research has the more common objective of
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studying the occurrence of nonconforming (or defective) items, or more specifically, the
occurrence of different classes of nonconforming items. This objective is recognized in
MIL STD 105E. A defective is defined as “a unit of product which contains one or more
defects,” and three classes of defectives are defined: critical defectives, major defectives,
and minor defectives. A critical defective is defined as “a unit of product which contains
one or more critical defects and may contain major and/or minor defects.” A major
defective is defined as “a unit of product which contains one or more major defects, and
may also contain minor defects but contains no critical defect.” A minor defective is
defined as “a unit of product which contains one or more minor defects but contains no
critical or major defect.” Under such definitions, any unit of product could be classified in
one of four classes: critical defective, major defective, minor defective, or nondefective.
Such classification corresponds to implementing a 4-level product quality measure.

Although MIL STD 105E creates the framework for using a multilevel product
quality measure, acceptance sampling schemes incorporating the use of a 4-level product
quality measure are not provided. In fact, the standard proposes that each of the three
classes of defectives should be treated as separate inspection problems. In other words,
different quality specifications (in terms of an AQL) should be made for each class of
defectives. As a result, implementation of MIL STD 105E results in one sampling scheme
for critical defectives, one sampling scheme for major defectives, and one sampling
scheme for minor defectives. It is worthwhile to note that this structure is also utilized in
MIL STD 105D[23]. Wadsworth[24] develops a method for establishing an AQL for
each class of defects when implementing MIL STD 105D. His method considers the
number of types of defects in each class of defects. Liebesman[12] develops a method for
computing the overall product AQL from the AQL for each of the individual classes of
defectives. His method, however, is based on several restrictive assumptions, most
notably that all classes of defectives are subjected to the same sampling scheme.

The first reference to a multilevel discrete product quality are the inspection
procedures established by the U.S. Army Service Forces[1] during World War II. As
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Dodge([7] describes, four classes of defects are also defined in these procedures: critical
defects, major defects, minor defects and incidental defects. However, as with MIL STD
105E, each defect class is treated separately with respect to inspection.

Not all references to multilevel discrete product quality measures are based on
defects. Some references are in fact much more general. In their discussion of the
multinomial distribution, Shapiro and Zahedi[19] indicate that a logical application for a
multinomial trial is “an inspection situation where a product is classified into three or
more categories such as conforming, marginal, and nonconforming.” Bray et al[2] identify
an identical classification but they go on to suggest other similar classifications such as
“premium grade, regular grade, unacceptable grade” or ‘“first quality, seconds,
rejectables.” In addition, they suggest two industrial application of such classifications:
the amount of toxins in foods and the amount of active ingredient in drugs. Newcombe
and Allen[16] and the International Commission on Microbiological Specifications for
Foods[10] (ICMSF) also suggest the application of a 3-level product quality measure to
the microorganism count in a food sample. Clements[6] suggests that the 3-level product

quality measure is appropriate for all inspection situations involving product safety.

2.2 STATISTICAL QUALITY CONTROL TECHNIQUES FOR
THREE-LEVEL PRODUCT QUALITY MEASURES

The only muitilevel discrete product quality measure to be addressed in the
literature is the 3-level product quality measure. The earliest reference in which such a
measure is studied is Bray et al[2]. They define a simple 3-level acceptance sampling
method. In particular, they consider the situation in which product quality is a
monotonically decreasing function of the quality characteristic of interest. Items having a
quality characteristic less than or equal to m are classified as good, items having a quality
characteristic in the range (m,M] are classified as marginal, and items having a quality
characteristic greater than M are classified as bad. They assume that the lot size for the

product is infinite and accordingly, they describe the occurrence of items in the three
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classifications using the multinomial distribution. They define po to be the probability that
any given item in the lot is good, p; to be the probability that any given item in the lot is
marginal, and p; to be the probability that any given item in the lot is bad. However, they
do not define these probabilities in terms of the underlying distribution of the quality
characteristic. By avoiding such a definition, the authors are able to ignore their previous
assumption regarding the behavior of the quality characteristic. The 3-level acceptance

sampling technique they propose operates as follows.

Step 1: Sample and inspect » items. Classify each item as good, marginal, or bad.

Step 2: Let d, denote the number of marginal or bad items in the sample, and let
d, denote the number of bad items in the sample.

Step 3: If d, £ ¢; and d@; < c; accept the lot. Otherwise, reject the lot.

At this point, the authors define the probability of acceptance for a lot having proportions
(po,p1,02), the O.C. function, as

a-J . .
Folpon £ p2)= 2, ,Zo T (n P pip 2.1).

Note that equation (2.1) is nothing more than a cumulative multinomial probability. In
addition, note that the O.C. function can be plotted as a surface in terms of two of the
three defining probabilities, since the third probability is implied by the other two. As the
authors indicate, the most obvious choices for these two probabilities are p; and p,.
Sampling plans of this type are thus defined by specifying 7, c,, and c,. However,
the authors feel that the most useful subset of sampling plans are those having c; = 0. In
fact, this is the only case which they consider in any further detail. They construct the
O.C. function in this case and provide several tables of O.C. function values for various

selections of n and c,. In addition, they propose a heuristic procedure for selecting these

sampling plan parameters in order to meet some requirements placed on the O.C. function.

These requirements are specified by indicating the preferred acceptance probabilities for an
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AQL and/or an RQL both of which correspond to some specific set of (po,p1,p2). This
approach to 3-level acceptance sampling is unlike the approach developed in this research
It is worthwhile to note that this 3-level acceptance sampling strategy has received wide
recognition in the food processing industry (see ICMSF[10]).

Shah and Phatak[18] make several significant contributions to this 3-level
acceptance sampling technique. They define semi-curtailment as the operation of this
method under the added condition that inspection for any lot ceases when either of the
rejection conditions are met. Under semi-curtailment, a set of four mutually exclusive and
exhaustive stopping conditions are enumerated. For this 3-level acceptance sampling
method with semi-curtailment, the authors construct the ASN function and the maximum
likelihood estimators for p; and p,. The authors then define full-curtailment as the
operation of this technique under the added condition that inspection for any plan ceases
when (1) either of the rejection conditions are met, or (2) it becomes impossible for either
of the rejection conditions to be met, in other words, lot acceptance is implied. Under
full-curtailment, six mutually exclusive and exhaustive stopping conditions are
enumerated. For full-curtailment, the authors also construct the ASN function and the
maximum likelihood estimators for p; and p,. They then construct a numerical example
which indicates that the savings in inspection using semi-curtailment is significant but
additional savings for full-curtailment are marginal. However, they only consider one set
of (n,c,,c2). Since the conditions of full-curtailment are numerous and not always obvious,
the authors also propose a graphical method that consists of constructing two plots. Both
plots are similar to the plots used in the attributes SPRT (see Wald[25]) and are updated
as each item is inspected. The two plots incorporate the full-curtailment conditions and
thus indicate when inspection should cease and the appropriate decision conceming lot
disposition.

In four papers, Clements[3,4,5,6] addresses several issues involving the 3-level
acceptance sampling technique. Clements[6] discusses the applicability of this 3-level
acceptance sampling technique for inspection problems involving product safety. He
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concludes that the cases in which c; = 0 are the only relevant cases for inspection
involving product safety. He also provides contour plots of the O.C. function (plots of
PApo,p1,p2)) as a function of p, for several different values of p,) for one particular 3-level
acceptance sampling plan.

In a second paper, Clements[5] provides another example of O.C. function contour
plots (in this case, plots of p; as a function of p; for several different values of P(po,p1,22))
for a 3-level acceptance sampling plan. He then assumes that an item’s quality
classification is determined by comparing its quality characteristic to single-sided
specification limits. From this, he describes the O.C. function behavior assuming the
quality characteristic is normally distributed with varying mean and constant variance. He
also examines O.C. function behavior under extreme violations of normality. In addition,
Clements provides a partial set of 3-level acceptance sampling plans having O.C. curves
that closely match the O.C. curves of some acceptance sampling plans recommended by
MIL STD 105D. |

In a third paper, Clements[4] demonstrates the O.C. function behavior if the
quality characteristic is normally distributed with constant mean and varying variance.
This behavior is significantly different than the behavior observed under the assumption of
varying mean and constant variance. He indicates that by describing the O.C. function
behavior under first the assumption of varying mean and constant variance and second the
assumption of constant mean and varying variance, a reference is provided for studying
the behavior of rejected lots. He then continues his description of constructing 3-level
acceptance sampling plans that have similar O.C. function behavior to MIL STD 105D
sampling plans. The key contribution of this paper is a closed-form set of equations that
provide », ¢, and c; that approximately meet desired O.C. function behavior. The desired

O.C. function behavior is quantified by the specification of six quantities:

(1) AQM, acceptable quality level for marginal items,
(2) AQD, acceptable quality level for defective items,
(3) RQM, rejectable quality level for marginal items,
(4) RQD, rejectable quality level for defective items,
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(5) a, desired probability of lot rejection when p; = AQM and p, = AQD, and

(6) B, desired probability of lot acceptance when p; = RQM and p, = RQD.

The expressions for n, ¢;, and c, are constructed in a similar fashion to the expressions
provided by Stephens[21] for selecting the parameters of single sampling plans. In a
fourth paper, Clements[3] summarizes the results of his first three papers and compares 3-
level acceptance sampling plans to narrow-limit gauging plans.

Narrow-limit gauging is similar to using a multilevel discrete product quality
measure.  Narrow-limit gauging refers to artificially establishing multiple sets of
specification limits on a measurable quality characteristic. These limits are then used to
classify the quality of an item using discrete levels instead of precisely measuring the
characteristic of the item. The reason for using narrow-limit gauging is that gauged
inspection is often cheaper than precise measurement of the quality characteristic, and the
loss of statistical precision is not as severe as with attributes inspection. However, there
are two main reasons why narrow-limit gauging differs from using multilevel discrete
product quality measures. First, the discrete levels utilized by a multilevel discrete product
quality measure are assumed to be the best way of classifying the quality of an item (in
other words, they are real not artificial). Second, narrow-limit gauging assumes that an
item has a measurable quality characteristic. No such assumption is required when using
multilevel discrete product quality measures. See Montgomery[14] for a further
description of narrow-limit gauging plans.

Newcombe and Allen[16] define a variables acceptance sampling method which
mcorporates the 3-level (conforming, marginal, nonconforming) product quality measure
under the assumptions that (1) the quality characteristic is normally distributed with mean
4 and variance o % and (2) product quality is a decreasing function of this characteristic.
Their method begins with the definition of two upper specification limits, U; and U, on
the quality characteristic. An item is margmal if its quality characteristic is between U,
and U,, and nonconforming if it exceeds U, Otherwise an item is conforming.

Newcombe and Allen point out that specification of (U;,U;) and (pi,p2) is equivalent to
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specifying a unique normal distribution (Newcombe and Allen define p; and p; in an

equivalent fashion to Bray et al). Their method operates as follows.

Step 1: Sample and measure the quality characteristic of » items.
Step 2: Compute the sample mean X and the sample standard deviation S.

Step 3: If X +k;S<U; and X +k,S <U,accept the lot. Otherwise, reject the
lot.
The authors construct the O.C. function for this method. Although denoted as P (pi,p2),
the O.C. function is expressed as a function of U, U, u, and o . In addition, the authors
propose a method for selecting », k;, and %, based on desired O.C. function behavior.
They also construct the maximum likelihood estimators for p, and p,.

As the authors indicate, the problem that they address could be approached using
the 3-level acceptance sampling methods of Bray et al. They then demonstrate through
the use of an example that their method, as compared to the method developed by Bray et
al, yields a reduction in the required sample size as well as improved O.C. function
behavior at points other than the ones used for parameter selection. However, these
results cannot be obtained without assuming that the sample observations are IID normal
random variables. |

The 3-level product quality measure has received little attention in the SPC
literature. Marcucci[13] considers a SPC situation in which items are classified as either
minor nonconforming, major nonconforming, or conforming. He defines two general
approaches for monitoring a process which produces such items. The first approach is a
graphical application of statistical hypothesis testing. If the in-control proportions of each
classification are known beforehand, he suggests taking a sample of » items from the
process, classifying each item in the sample, and then computing the Pearson goodness-of-
fit test statistic. The goodness-of-fit test statistic is based on the null hypothesis that the
observed sample data is drawn from a multinomial population having the in-control

proportions. The test statistic is then plotted on a control chart, with the upper control
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limit (there is no lower control limit) corresponding to the appropriate critical value from
the chi-square distribution. If the in-control proportions are unknown beforehand, he
recommends collecting data during a known in-control period and comparing the sample
data to this in-control data using a standard test for homogeneity. Again the test statistic
is plotted on a control chart, and the control limit corresponds to the appropriate critical
value from the chi-square distribution. Marcucci’s second approach is designed for the
situation in which it is of interest only to detect increases in the proportions of either
minor or major nonconforming items. In this approach, he defines two individual control
charts, one for minor nonconforming items and one for major nonconforming items. The
use of each chart consists of comparing the number of minor (or major) nonconforming
items in the sample to some upper control limit. He also proposes a heuristic procedure
for selecting the upper control limits for the two charts. He does mention combining the
two charts into a single control chart using a diagram similar to that defined by Snee[20]
for displaying trinomial confidence intervals. He briefly discusses the run length properties
of his proposed methods. However, he does not provide numerical examples. Marcucci’s

approaches to 3-level SPC are quite different from the approach taken in this research.
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CHAPTER 3: METHODOLOGY

The objectives of this research are (1) to develop and evaluate several multilevel
acceptance sampling techniques (realizations of these techmiques are referred to as
multilevel acceptance sampling plans), and (2) to develop and evaluate several multilevel
SPC techniques (realizations of these techniques are referred to as multilevel control
charts). The basic steps in the execution of the research have been described previously
(see Section 1.3). A more complete description of the specific activities involved with

each of those steps is provided here.

3.1 CHARACTERIZATION OF MULTILEVEL DISCRETE
PRODUCT QUALITY MEASURES

Multilevel discrete product quality measures are applicable to those situations in
which a product’s quality can effectively be described by classifying a single characteristic
of the product using three or more discrete levels. Specifically, a j-level product quality
measure is applicable when the product’s quality is described by classifying one of its
characteristics using j levels. Let X denote the j-level product quality measure for a
certain product. For a unit of product, X = x; if the unit of product is classified into level
k, k=1, 2, ..., . For example, suppose an item is classified as either conforming,
margmal, or nonconforming. One possible 3-level product quality measure for this
situation is |

0  ifthe item is conforming
X =40.5 ifthe item is marginal (3.1).
1  iftheitem is nonconforming
Suppose some other item is classified using four levels: perfect, slightly flawed, severely

flawed, critically flawed. For this case, a possible 4-level product quality measure is
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if the item is perfect
if the item is slightly flawed

1
¥ 2
" 13 ifthe item is severely flawed
4

(3.2).
if the item is critically flawed

It is true that any number of product quality measures can be defined for both of these
examples. However, the primary function of a multilevel product quality measure is to
provide an ordinal quality scale for items in a sample. In other words, let X; denote the
value assigned by the multilevel product quality measure to some item, say item 1, and let
X denote the value assigned by the measure to some other item, say item 2 (both items
are the same type of product). In this research, the following convention is followed. If
X < X3, then item 1 has superior quality to item 2 (item 2 has inferior quality to item 1).
If Xi = X3, then the two items have equivalent quality. Note however that the magnitude
of the difference between X; and X; does not necessarily correspond to the magnitude of
the difference in the two items’ quality. For example, if X; = bX; (b > 1), it is not
necessarily true that the quality of item 2 is b times worse than the quality of item 1. In
fact, the difference in quality may be infinitesimal.

Having demonstrated simple examples of multilevel discrete product quality
measures, the next step is to develop a method of describing the quality of a received lot
(for the case of multilevel acceptance sampling) and the state of a process (for the case of
multilevel SPC) in terms of the discrete quality levels. For multilevel acceptance sampling,

the quality of a received lot can be described by the vector p= [ PP P j] where p;

denotes the proportion of items in the lot having classification £, £ = 1, 2, ... , j. Under
such a description, the data obtained when sampling from the lot, the numbers of
inspected items in each classification, is appropriately modeled using the multivariate
hypergeometric distribution. If the number of items in the lot is assumed to be infinite (or
at least very large with respect to the sample size), then the multmomial distribution is an
appropriate model for sample data (see Bray et al[2] for a similar argument). For
multilevel SPC, the state of the process can also be described by p, however in this case p;
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denotes the probability that a produced item has classification £, k =1, 2, ... ,j. Asa
result, the data obtained when sampling from the process is appropriately modeled using
the multinomial distribution (this assumes that p does not change while items are being
sampled).

For both multilevel acceptance sampling and SPC, it may be the case that the
quality characteristic of interest can be measured on a continuous scale and the
classification of a umit of product is accomplished by comparing this measurement to
some set of specifications. For example, the quality of a ball bearing may be determined
by measuring its diameter, d. The ball bearing may then be classified as conforming,
marginal, or nonconforming according to the following rule.

The ball bearing is conforming if 23 mm < d < 27 mm.
The ball bearing is marginal if 21 mm < d < 23 mm or 27 mm < d < 29 mm.
Otherwise, the ball bearing is nonconforming.

In such cases, it is sometimes possible to determine the probability distribution of the
quality characteristic. Depending on the distribution of the quality characteristic, it may be
possible to compute p using the classification rule and the quality characteristic’s
distribution. If that is the case, the distribution of the quality characteristic is an equivalent
description of the lot quality or the state of the process. Note, however, that this special

case is not considered in this research.

3.2 QUALITY VALUE FUNCTIONS

Although a multilevel discrete product quality measure quantifies the quality of a
unit of product, it does not necessarily do so in a manner that facilitates decision making
regarding either lot disposition or process control signaling. Such quantification is
accomplished through the use of quality value functions.

Definition 3.1: A quality value function, /(X), is a function which assigns a
numerical quality value to an item based on the numerical classification
assigned to the item using a multilevel discrete product quality measure X.
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Consider the 3-level product quality measure given in equation (3.1). Any number of
quality value functions can be defmed for this example. For instance, }(X) could be
defined in either of the following ways:

X=X (3.3),
or
1 ifX=0
V(X)=1{10 ifX =05 (3.4).
100 ifX =1

Consider the 4-level product quality measure given in equation (3.2). For this example,
two possibilities for V(.X) are given below:

nx)=2* (3.5),
or

M(X) = bX where b is some constant (3.6).
These four examples are only a small demonstration of the possibilities for quality value
functions. As described in the following sections, the specific quality value function used
depends on the problem of interest. More specifically, it depends on the emphasis that
should be placed on items that fall into each of the quality classifications.

3.3 MULTILEVEL ACCEPTANCE SAMPLING

The development of multilevel SQC techniques begins with the development and
evaluation of multilevel acceptance sampling techniques. Each technique is described in

the general j-level case and then evaluated in the 3-level case and the 4-level case.

3.3.1 SAMPLING PLAN OPERATION AND LOT DISPOSITION

The development of a multilevel acceptance sampling technique begins with the

selection of a multilevel discrete product quality measure and a quality value function.

24



These selections are based primarily on two factors: (1) how many levels are necessary to
adequately describe the quality of an item, and (2) how significant are the differences
between the quality levels. Suppose the quality of an item is adequately described in a
fashion similar to the description implied in MIL STD 105E[22]: conforming, minor
nonconforming, major nonconforming, and critical nonconforming. According to the MIL
STD 105E definitions, a minor nonconformity does not result in a significant degradation
of the product. A major nonconformity does significantly degrade the performance of the
product. More importantly, a critical nonconformity results in a catastrophic failure of the
product. The multilevel discrete product quality measure and the quality value function
should portray these differences in the quality levels. For example, one combination of
multilevel discrete product quality measure and quality value function might result in the
following assignments:

Nx))=1 MNxz)=2 Wxs)=35 Nxs) =10 (3.7).
Although this assignment reflects the general differences in quality levels, it does not
emphasize the dramatic differences resulting from the use of items having the different
classifications. A more appropriate combination of multilevel discrete product quality
measure and quality value function might result in the following assignments:

Mx)=1 Mxz2) =10 Mx3) =100  H(x;) = 1000 (3.8).

One key point to recognize is that a single multilevel product quality measure could have
been used in both (3.7) and (3.8). In such a case, the differences in the quality value
assignments results from differences in the quality value functions used. Thus a single
multilevel discrete product quality measure is considered in this research. However, the
sampling plan behavior resulting from the use of several quality value functions is
mvestigated.

The next step in the development of a multilevel acceptance sampling technique is
the selection of a sampling strategy. For a given combination of multilevel product quality
measure and quality value function, a variety of sampling strategies can be implemented.

However, the only sampling strategy considered in this research is single sampling. Single
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sampling refers to taking a random sample of » items from the received lot and then
mspecting and classifying each item in the sample. Single sampling with curtailment is not
considered.

The final step in the development of a multilevel acceptance sampling technique is
the selection of a decision rule. The decision rule indicates the sample statistic and
criterion to be used for determining lot disposition. Some example decision rules are
provided below. Let V; denote the value assigned by the quality value function to item i in
the sample, i = 1, 2, ... , n. For multilevel acceptance sampling techniques utilizing single

sampling, some possible decision rules are as follows.

If Z V. < T accept the lot (7 is a sampling plan parameter).
k=1
Otherwise reject the lot. (3.9)

If [TV, < T accept the lot. Otherwise reject the lot. (3.10)

i=1

r V.}<v (x ) accept the lot. Otherwise reject the lot.  (3.11)
1<i<n‘’ / ) ' ’

The decision rule described in (3.9) is referred to as the summation rule. The summation
rule is the only decision rule considered in this research.

Although a single multilevel discrete product quality measure and decision rule are
considered, the numerous possibilities for the selection of a quality value function results
in a number of possible multilevel acceptance sampling plans. Thus each choice for the
quality value function represents an alternative muitilevel acceptance sampling technique.
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3.3.2 SAMPLING PLAN BEHAVIOR

The next stage of the multilevel acceptance sampling research effort is the
evaluation of each of the proposed multilevel acceptance sampling techniques. The
proposed techniques are evaluated on the basis of O.C. function behavior. For any
multilevel acceptance sampling plan, the O.C. function, PAp) = P.p:, p2, ... , pj), is
defined as the probability of lot acceptance given that the lot quality is p. For each of the
proposed multilevel acceptance sampling techniques, general expressions are constructed
for the O.C. function using the multinomial model of sample data. Presentation of O.C.
function behavior is also addressed.

3.3.3 SAMPLING PLAN PARAMETER SELECTION

Once a quality value function has been selected, specification of a multilevel
acceptance sampling plan requires specifying a sample size n and a critical value 7. A
method is presented for selecting the parameters of a multilevel acceptance sampling plan
by specifying desired O.C. function behavior. Since a multilevel acceptance sampling plan
has two parameters, two points on the O.C. curve are specified. The sampling plan
parameters are then selected such that the resulting O.C. curve passes through (or at least
very close to) those two points. The sampling plan parameter selection method is then
demonstrated and evaluated for each proposed technique through the use of numerical

examples.

3.3.4 QUALITY VALUE FUNCTION SPECIFICATION

Suppose that in developing a multilevel acceptance sampling technique, the quality
value function is not selected. All quality value functions can be described by j
assignments: M(xy) = vi, k=1, 2, ... , j. The v; can thus be thought of as j additional
sampling plan parameters. In this stage of the research, the method for selecting sampling
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plan parameters presented in the previous section is modified so that not only the original
sampling plan parameters are selected but also the ; assignments that determine the quality
value function. This modified method requires the specification of as many as j additional
points on the O.C. curve. Implementation of this revised method results in multilevel
acceptance sampling plans that provide desired O.C. function behavior over a wider range

of p

3.4 MULTILEVEL STATISTICAL PROCESS CONTROL

The next portion of the analysis of multilevel SQC techniques consists of the
development and evaluation of multilevel SPC techniques. Each technique is described in

the general j-level case and then evaluated in the 3-level case and the 4-level case.

3.4.1 CONTROL CHART OPERATION

The development of a multilevel SPC technique also begins with the selection of a
multilevel discrete product quality measure and a quality value function. The
considerations in selecting the combination of a multilevel discrete product quality
measure and a quality value function for use in a multilevel acceptance sampling plan have
been discussed previously. Those same considerations must be made in selecting a
combination for use in a multilevel control chart. A single multilevel discrete product
quality measure is considered in this research. However, the control chart behavior
resulting from the use of several quality value functions is investigated.

The second step in the development of a multilevel SPC technique is the selection
of a sampling strategy. The only sampling strategy considered is fixed sampling interval
single sampling. At equal intervals in time, a sample of » finished items is taken from the

process and each item in the sample is inspected and classified.
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The third step in the basic development of a multilevel SPC technique is the
selection of a sample statistic V' *, the value to be plotted on the control chart. Some
example sample statistics are provided below. Let V; denote the value assigned by the
quality value function to item / in the sample, / = 1, 2, ... , n. For multilevel control charts

utilizing fixed sampling interval single sampling, some possible sample statistics are given

below.
V= ZV (3.12)
i=1
V= lZ":V,. (3.13)
nig
yr =TT, . (3.14)

1

—

i=

The sample statistic described in equation (3.13) is referred to as the average quality
value. The average quality value is the only sample statistic considered in this research.

The final step in the development of a multilevel SPC technique is the selection of
control limits for the control chart. For each of the proposed multilevel SPC techniques,
Shewhart control limits are constructed.

Although a single multilevel discrete product quality measure and sample statistic
are considered, the numerous possibilities for the selection of a quality value function
results in a number of possible multilevel control charts. Thus each choice for the quality

value function represents an alternative multilevel control chart.

3.4.2 CONTROL CHART BEHAVIOR

The next stage of the multilevel SPC research effort is the evaluation of each of the
proposed multilevel SPC techniques. The proposed control charts are evaluated based on
ARL function behavior. For any multilevel control chart, the O.C. function, PA(p) = Pu(p1,
P2 --- 5 D)), is defined as the probability that the sample statistic falls within the control
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limits given that the state of the process is p. Since the average quality value only utilizes
the information from the current sample, the run length of all the proposed multilevel
control charts is geometrically distributed with probability 1 — P/p). Thus the ARL
function for the proposed multilevel control charts is given by
1
I—Pa(pl,pz,...,pj)

ARL(p) = ARL(pl, P2, ... ,pj) = (3 15)

For each of the proposed multilevel SPC techniques, general expressions are constructed
for the O.C. function which imply the corresponding expressions for the ARL function.
Presentation of O.C. function and ARL function behavior is also addressed.

3.4.3 CONTROL CHART PARAMETER SELECTION

Specification of a multilevel control chart requires specifying a sample size n and a
parameter for computing the control limits. For each proposed multilevel SPC technique,
a method is presented for selecting the parameters of the control chart by specifying
desired ARL function behavior. Since the proposed multilevel control charts have two
parameters, two points on the ARL curve are specified. A method is presented for
selecting control chart parameters such that the resulting ARL curve passes through (or at
least very close to) those two points. The control chart parameter selection method for

each technique is then demonstrated and evaluated through the use of numerical examples.

3.4.4 QUALITY VALUE FUNCTION SPECIFICATION

Suppose that in developing a multilevel SPC technique, the quality value function
is not selected. All quality value functions can be described by ; assignments: V(xi) = v, k
=1,2,..,Jj. The v can thus be thought of asj additional control chart parameters. In
this stage of the research, the method for selecting control chart parameters presented in
the previous section is modified so that not only the original control chart parameters are

selected but also the j assignments that determine the quality value function. This
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modified method requires the specification of as many as ;j additional points on the ARL
curve. Implementation of this revised method results in multilevel control charts that

provide desired ARL function behavior over a wider range of p.
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CHAPTER 4: MULTILEVEL ACCEPTANCE SAMPLING

The first area of multilevel statistical quality control addressed in this research is
multilevel acceptance sampling. The chapter begins with the definition of the multilevel
acceptance sampling plans that are considered. The second section contains the
development of the O.C. function for each of the defined multilevel acceptance sampling
plans. In the third section, a method for selecting the parameters of a multilevel
acceptance sampling plan is defined, demonstrated, and evaluated. The problem of quality
value function specification is addressed in the fourth section. In each section, the topic of
interest is motivated using the general j-level case followed by detailed discussions using

the 3-level and 4-level cases.

4.1 MULTILEVEL ACCEPTANCE SAMPLING PLAN
OPERATION AND LOT DISPOSITION

In the preceding chapters, the scenario for which multilevel acceptance sampling is
most appropriate is defined. Suppose a manufacturer of some product receives a lot of N
items, used as input to the production process, from some supplier. Suppose in addition,
that the quality of these items is best described using j discrete levels where j > 2. In such
a situation, the supplier may wish to utilize a multilevel acceptance sampling plan to
evaluate the quality of the lot rather than automatically accepting the lot for use in the
production process or performing 100% inspection.

The initial decision required for the implementation of a multilevel acceptance
sampling plan is the selection of a multilevel discrete product quality measure X. In
Chapter 3, several example multilevel discrete product quality measures are presented.
However since the mmltilevel discrete product quality measure is used in conjunction with
a quality value function, the choice of X is merely one of personal preference. In fact,
there must be a 1 to 1 and onto mapping between any two multilevel discrete product

quality measures (so long as the number of levels is finite and the numerical values
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assigned by the measures are discrete and ordered). Thus in this research, a single
multilevel discrete product quality measure is used. The multilevel discrete product
quality measure used is xy = £ for k=1, 2, ... . j where x; is the quality measure assigned
to an item falling into quality classification k. For example, if a 3-level product quality
measure is most appropriate (say items are either good, marginal, or bad), then X =1 if an
item falls into quality classification 1 (the item is good), X = 2 if an item falls into quality
classification 2 (the item is marginal), and X = 3 if an item falls into quality classification 3
(the item is bad).

The next step in the implementation of a multilevel acceptance sampling plan is the
selection of a quality value function. The manufacturer must specify w, k=1, 2, ...,/
where vy is the quality value assigned to an item having a quality measure of x;. Several
quality value functions are considered in this research. Once a quality value function is
specified, the resulting multilevel acceptance sampling plan can be implemented.

As mentioned in Chapter 3, all multilevel acceptance sampling plans considered in
this research utilize single sampling. In this research, the‘ summation rule is used to
determine lot disposition. Thus a multilevel acceptance sampling plan operates as follows.

Step 1: Inspect a random sample of » items from the lot. Let X; = the quality
measure of item i, ands let V; = the quality value of item /.

Step 2: If D"V, < T, the lot is accepted. Otherwise, the lot is rejected.

i=1
The specific multilevel acceptance sampling plans considered in this research are defined in

the two following sections.

4.1.1 3-level Acceptance Sampling Plans

In the preceding section, the general framework for multilevel acceptance sampling
is established. This framework is applicable to the 3-level case. In this section, the
specific quality value functions considered in the 3-level acceptance sampling portion of
the research are defined. As mentioned earlier, the choice of the quality value function
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completes the definition of the multilevel acceptance plan. Thus each quality value
function (or type of 3-level acceptance sampling plan) is given a reference code to be used
in the remainder of this research. This code is of the form j-AS-S-Y(e) where j indicates
the number of levels used by the multilevel discrete product quality measure, AS indicates
that it is an Acceptance Sampling plan, S indicates that the Summation rule is used, Y isa
reference number or letter, and the sampling plan parameters and quality value function
parameters are specified within the parentheses. To facilitate the discussions of these
sampling plans, the following convention is established. When referring to 3-level
acceptance sampling or 3-level SPC, the following descriptions are given to the three
quality classifications: conforming, marginal, nonconforming. The 3-level acceptance
sampling plans considered are presented below.

3-AS-S-1(n,T,v)
Quality Value Function Conditions: 0 < v <1
Step 1: Inspect a random sample of 7 items.
1 ifitem i is conforming
Let X, =42 ifitem / is marginal i=1,2,..,n
3 ifitem i/ is nonconforming

0 ifX, =1
Let V. =qv ifX, =2 i=1,2,..,n
1 ifX, =3

Step 2:If Y ¥, < T, accept the lot.
i=1

Otherwise, reject the lot.

34



3-AS-S-2(n,T,v)
Quality Value Function Conditions: v > 1
Step 1: Inspect a random sample of 7 items.

1 ifitem / is conforming
Let X, =42 ifitem / is marginal
3 ifitem i is nonconforming
1 ifX, =1
Let V,=<v ifX, =2
v oifX, =3

Step 2:If >V, < T, accept the lot.

i=1

Otherwise, reject the lot.

3-AS-S-3(n,T,v)
Quality Value Function Conditions: v > 1
Step 1: Inspect a random sample of 7 items.

1 ifitem 7 is conforming
Let X, =42 ifitem i is marginal
3 ifitem i/ is nonconforming
v ifX, =1
Let V, =4v* ifX, =2
v ifX, =3

Step 2:If D"V, < T, accept the lot.
i=]

Otherwise, reject the lot.
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3-AS-S-G(n,T,v1,v1,v3)
Note that this is the general 3-level case.
Quality Value Function Conditions: 0 < v; <v; < v,
Step _1: Inspect a random sample of » items.
1 ifitem i is conforming
Let X, =<2 ifitem /is marginal i=1,2,..,n
3 ifitem i is nonconforming

v, ifX, =1
LetV, =<v, ifX, =2 i=12,..,n
v, ifX;,=3

Step 2: If ZV, < T, accept the lot.

i=1

Otherwise, reject the lot.

4.1.2 4-level Acceptance Sampling Plans

In this section, the specific quality value functions considered in the 4-level
acceptance sampling portion of the research are defined. As with the 3-level case,
specification of the quality value function completes the definition of the acceptance
sampling plan. Each 4-level acceptance sampling plan is given a reference code to be used
in the remainder of this research. The form of the reference code is identical to the form
used for 3-level acceptance sampling plans. To facilitate the discussions of these sampling
plans, the following convention is established. When referring to 4-level acceptance
sampling or 4-level SPC, the following descriptions are given to the four quality
classifications: conforming, minor nonconforming, major nonconforming, critical

nonconforming. The 4-level acceptance sampling plans considered are presented below.
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4—AS-S-1(”,T,V1,V2)
Quality Value Function Conditions: 0 <v; <v, <1
Step 1: Inspect a random sample of 7 items.

1 ifitem / is conforming
2 ifitem i is minor nonconforming .
Let X, = . . . . i=1,2,..
3 ifitem / is major nonconforming
4 if item i is critical nonconforming
0 ifX, =
v, ifX, =2
Let V, = . i=12,
v, ifX, =
1 ifX, =4
Step 2:If D"V, < T, accept the lot.
i=1
Otherwise, reject the lot.
4-AS-S-2(n,T,v)
Quality Value Function Conditions: v > 1
Step 1: Inspect a random sample of » items.
1 ifitem / is conforming
2 ifitem /i is minor nonconforming _
Let X, = . . . . i=1,2,..
3 ifitem / is major nonconforming
4 ifitem i is critical nonconforming
1 ifX, =1
v ifX, =2 )
LetVl.= 2 . l=1,2,...
v ifX, =3
v oifX, =4

Step 2: If D ¥, < T, accept the lot.
i=1

Otherwise, reject the lot.
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4-AS-S-3(n,T,v)

Quality Value Function Conditions: v > 1

Step 1: Inspect a random sample of » items.

if item 7 is conforming

if item / is minor nonconforming

Let X, = e . ) ]
if item 7 is major nonconforming

VI SE

if item i is critical nonconforming

ifX, =1

i

2 ifX =2

1

PifX, =3

1

*ifX, =4

1

LetV, =

< < < <

Step 2:If D'V, < T, accept the lot.
i=1

Otherwise, reject the lot.

4-AS-S-G(n,T,v1,v2,v3,v4)
Note that this is the general 4-level case.
Quality Value Function Conditions: 0 < v; <v; <v; <,
Step 1: Inspect a random sample of » items.
if item 7 is conforming
if item 7 is minor nonconforming

1
2
3 ifitem / is major nonconforming
4

Let X, =
if item i is critical nonconforming
v, ifX, =1
v, ifX, =2
LetV, = )
v, ifX,=3
v, ifX, =4

Step 2:If D ¥, < T, accept the lot.
i=1

Otherwise, reject the lot.
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4.2 MULTILEVEL ACCEPTANCE SAMPLING PLAN O.C.
FUNCTION BEHAVIOR

The most common measure used for evaluating the behavior of an acceptance
sampling plan is the O.C. function. In this section, the O.C. functions for the multilevel
acceptance sampling plans defined in section 4.1 are constructed. The O.C. function for
the general j-level case is considered first. Then the O.C. function for each of the defined
3-level and 4-level acceptance sampling plans is constructed.

Before the construction of the O.C. function for the general j-level case, it is
worthwhile to recall two previously mentioned considerations. Recall first that the quality
of a received lot is described by p = [p: p2 ... p;] where p; represents the proportion of
items in the lot that fall into quality classification £, k=1, 2, ... , j. Second, recall that the
multinomial model of sample data is assumed. Thus for each item in the lot, px = P(the
item falls into quality classification k), k=1, 2, ... , j.

Let n denote the sample size for the multilevel acceptance sampling plan, and let N;
denote the number of items in the sample that fall into quality classification k£, k=1, 2, ...,
J. Since the multinomial model of sample data is assumed

n! n_m e
_ _ N\l T p"p,p” i Y =n
P(Nl-nl,Nz-nz,...,Nj—nj)— nlnybeenl ! k=1
0 otherwise

4.1)
(see Walpole and Myers[26]). Let m(n, n, ..., n, p1, pa, ... , p)) = P(Ni=ny, Ny=na, ...,
N; = nj). Recall that the O.C. function is given by P.(p), where P,p) denotes the
probability that a lot is accepted given that the quality of the lot is p. The acceptance
criterion can be restated in terms of Ny, Vs, ..., N; and the assignments made by the quality
value function vy, v,, ..., v, In particular, a lot is accepted if

J
> N, <T (4.2).

k=1
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Equation (4.2) can be used to complete the construction of the O.C. function. For

specified values of 7 and 7, let

J
m(nl,nz,...,nj.,p,,pz,...,pj) if >'nwv, <T

ma(nl’nZ"“’njﬂpl’pZ""’pj)= e
0 otherwise
(4.3).
This leads to the result that
Pa(PpPz,---’Pj) => > Zma(nl,nz,...,nj,pl,pz,...,pj) (4.4).
m=0n,=0 n;=0

However, this expression can be simplified by recognizing that N, + N, + --- + N, = n.

Accounting for this fact leads to the following expression for the O.C. function for
multilevel acceptance sampling plans.
Pa(plapzv‘ij)

n n-n n=n —=ny =:=n;_o

=2 > > ma(nl,nz,...,nj_,,n—nl—n2 - —nj_l,pl,pz,...,pj)

n=0n,=0 n;_ =0
(4.5).
Unfortunately, equation (4.5) is the simplest representation of the O.C. function. The

random variable

iN Vi

k=1
is what drives the O.C. function. If vy = k, for £k = 1, 2, ... , j, then Jacobson and
Morrice[11] have developed a recursive approach to computing the probability mass
function of this random variable. However if some other quality value function is used,
the conditional multinomial expression above must be used. Even in the special case

considered by Jacobson and Morrice, the conditional multinomial expression is easier to

use.
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4.2.1 O.C. Function Behavior of 3-level Acceptance Sampling Plans

If the development used in the preceding section is followed, the O.C. function for
each of the 3-level acceptance sampling plans defined in section 4.1.1 can be constructed.
In this case, the quality of a lot is described by p = [p1 p2» ps] where p; denotes the
proportion of items in the lot that are conforming, p, denotes the proportion of items in
the lot that are marginal, and p; denotes the proportion of items in the lot that are
nonconforming. For a specified sample size n, N, denotes the number of sample items that
are conforming, N, denotes the number of sample items that are marginal, and N; denotes
the number of sample items that are nonconforming. Using the assumed multinomial

model,

n!

—p"p,"p," ifn + +n,=n
m{nyny,ny Py, Py 0y) = Aty it o P2 AR (4.6).
0 otherwise

Thus given values for 7 and 7, each O.C. function can be constructed as follows.

3-AS-S-1(n,T,v)
Acceptance Criterion: Nov + N3 < T

ma(nl,nZ)n:i,pl’pz >p3) = {m(nl’nz’n3’pl’p2’p3) lfn2v+n3 —<. T

0 otherwise
3-AS-S-2(n,T,v)

Acceptance Criterion: N; + Nyv + Nov? < T

NNy, Ny, PPy D) ifn +myv+ny? ST
ma(n1an2a”3’P1,P2:P3)= m(l 257135 P15 P2 3) 1 nz 3
0 otherwise

3-AS-S-3(n,T,v)
Acceptance Criterion: Vv + Npv* + N3’ < T

. 2 3
m(nl,nz,n3,pl,p2,p3) ifnv+ny +nyv’ <T

m n ,n 7n 2 b b =
a( 15155135 P15 Py P;) {0 otherwise
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3-AS'S"G’(’1,T,V1,V2,V3)
Acceptance Criterion: Nyv; + Nav, + N33 < T

m(nl,nz,n3,p1,p2,p3) ifny, +myv, +nv, <T

m n ’n ’n bl b 2 =
a( 157025735 Prs Pa P3) {0 otherwise

Having constructed the conditional multinomial expressions, the O.C. function for all the

3-level acceptance sampling plans can be written as

n n-n

Pa(pwpzapa) = Z Zma(nlsnz N=n =Ny, D, P, :p3) (4-7)-

=07, =0
Computation of O.C. function values for any of the 3-level acceptance sampling plans is
quite straightforward. However, presentation of the O.C. function behavior in a
meaningful way is not so straightforward. There are three useful methods of presenting
O.C. function behavior of 3-level acceptance sampling plans: (1) tables, (2) 3-dimensional
O.C. curves, and (3) contour plots of O.C. function values. Examples of each of these
methods are provided for the 3-AS-S-1(30,1.5,0.5) acceptance sampling plan. In Table
4.1, a table of O.C. function values for this plan is given. In Figure 4.1, the 3-dimensional
O.C. curve for the sampling plan is given. Note that the values on the x-axis correspond
to values of p, and the values on the y-axis correspond to the values of p;. Since p, is
implied by the specification of p, and p; ( p1 = 1 — p; — p3), this is sufficient for describing
the complete O.C. function. In Figure 4.2, a contour plot of O.C. function values for the
sampling plan is given. As with Figure 4.1, the values on the x-axis correspond to values
of p; and the values on the y-axis correspond to the values of p;. Each of these methods
has its own advantages and disadvantages. The tables provide specific O.C. function
values, but they provide only a limited description of overall O.C. function behavior. The
3-dimensional O.C. curve does not provide specific O.C. function values, but it does
provide a basic description of overall O.C. function behavior. The contour plot can be
used to identify some specific O.C. function values (however, not as easily as the tables),
and to provide a basic description of overall O.C. function behavior (but perhaps not as

clearly as the 3-dimensional O.C. curves).
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Table 4.1
0.C. Function Values for the 3-AS-S-1(30,1.5,0.5) Acceptance Sampling Plan

p1 P ps | P p1sp2ps)
995 | .0035 | .0015 .9988
995 | .0025 | .0025 9972
99 | .0075 | .0025 19959
99 | .005 | .005 .9889
975 | .02 .005 9727
975 | .015 01 9471
975 | .0125 | .0125 19322
96 | .035 | .005 9375
96 | .025 | .015 .8730
.96 .02 .02 .8384
95 .04 .01 .8669
.95 .03 .02 7982
95 | .025 | .025 .7634
925 | .065 .01 7378
925 | .05 .025 .6380
925 | .0375 | .0375 5640
9 .09 .01 5812
9 075 | .025 4967
9 .05 .05 .3839
85 | .125 | .025 2471
85 | .075 | .075 .1468
8 15 .05 0752
8 1 1 0456
75 | 175 | .075 .0190
75 | 125 | 125 0118
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4.2.2 0.C. Function Behavior of 4-level Acceptance Sampling Plans

In this section, the O.C. function for each of the 4-level acceptance sampling plans
defined in section 4.1.2 is constructed. In the 4-level case, the quality of a received lot is
given by p = [p1 p2 p3 ps] where p, denotes the proportion of items in the lot that are
conforming, p, denotes the proportion of items in the lot that are minor nonconforming, p;
denotes the proportion of items in the lot that are major nonconforming, and p, denotes
the proportion of items in the lot that are critical nonconforming. For a specified sample
size n, N, denotes the number of sample items that are conforming, N, denotes the number
of sample items that are minor nonconforming, N; denotes the number of sample items
that are major nonconforming, and N, denotes the number of sample items that are critical

nonconforming. Using the assumed multinomial model,

m(n,,n, ,n,,n,,p,,D;,P;,Ps) “s)

n! .
p1n![72nzp3n3p4"4 1fn1 +n, +n; +n, =n
=<nlnn.nl
Vnylingln !
0 otherwise

Given values for n and T, each O.C. function can be constructed as follows.

4-AS-S-1(n,T,v,,v3)

Acceptance Criterion: Novy + N3y, + Ny < T

ma(nvnz’narnmpnpz ,p3>P4)

_ m(nl’nZ’n3’n47pl’p2 ,P3,P4) ifny, +nv, +n, <T
0 otherwise
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4-AS-S-2(n,T,v)

Acceptance Criterion: N; + Nov + Nov* + No’ < T
ma(nl’nzvns’n-hpl’pzaps:pzt)

: 2 3
_[mln, 0, ng,n,,p,,0,,0,,p,) i +ny+ny 40y ST
0 otherwise

4-AS-S-3(n,T,)

Acceptance Criterion: Vv + NV? + NV + Ny < T

ma(nl ’n2’n37n47p1’p2 ,P3:P4)

. 2 3 4
m{n,,ny,ny,n,,p,, 0, D5, P,) fny+my? +nyv’ +nv* <T
0 otherwise

4-AS-S-G(n,T,v1,v2,v3)

Acceptance Criterion: Nyv; + Nava + Navs + Nyvy < T
ma(nl’nZ SN,y Pys Py ,p;,p4)

_ m(nl,nz,n3 145 P15 P2 ’Ps’P4) ifmyv, +mv, +nvy +nv, <T
0 otherwise

Having constructed the conditional multinomial expressions, the O.C. function for all the
4-level acceptance sampling plans can be written as

n n—mn-m-n,

Pa(P19P2,P3aP4) = Z Z zma(nl’nzan:wn"nl -n -n3’p1,P2,p33p4)
n

=0m; =0 m=0
(4.9).
Computation of this O.C. function for any of the 4-level acceptance sampling plans is quite
straightforward. However unlike 3-level acceptance sampling plan, presentation of the
O.C. function behavior for a 4-level acceptance sampling plan in a meaningful way is
limited to tables.
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4.2.3 Computing the O.C. Function for 3-level and 4-level Acceptance Sampling
Plans

As was discovered during the mitial stages of the research, the current form of the
O.C. function is computationally inefficient. In this section, the computational efficiency
of the current form of the O.C. function is discussed, and a new equivalent form is
presented which is much more efficient.

The original form of the O.C. function for multilevel acceptance sampling plans
defined here is given by

Pa(p,,pz,...,pj) = i{)i) Z":oma(nl,nz,...,nj,pl,p2 ,...,pj) (4.10).

n=0my=0 n=

It is easy to recognize the computational inefficiency of this form of the O.C. function.
For a given value of , (n + 1)” evaluations of the fiunction m, are required. However, a
simplified form of the O.C. function is possible. This simplification is based on the fact
that the number of observed sample items in each category, Ny, N, ... , N; must sum to the

sample size n. The resulting final form of the O.C. function is given by

Pa(pl’pZ""’pj)

n n-n Rty =By =Ry

= ZZ Z ma(nlrnZ:“wnj—lan—nl —hy = e —nj—l,plypzr--,pj)
n =0n,=0 n}_]=0
(4.11).
In the 3-level case, this form of the O.C. function is given by
Pa(pl’pz’pl) = Z Zma(nl’nz’n_nl Ny, PP, ’ps) (4-12),
m=0n,=0

and in the 4-level case, it is given by

n n—-mn-m-n,

Pa(p1>p2’p3’p4) = ZZ Zma(nnnz’ns’n—nl -n, "n3,ppPz,P3,P4)

m=0n,=0 ny=0

(4.13).

47



Although this form of the O.C. is more efficient than the previous, it is still
nefficient for relatively large sample sizes. In the 3-level case, computing the O.C.
function for a plan having sample size n requires (1/2)(n + 1)(n + 2) evaluations of the
function m,. For a sample size as small as 50, 1326 evaluations of m, are required.
Although this is a vast improvement over the 132,651 evaluations required by the original
form, it is not efficient enough to allow for extensive study of O.C. function behavior.

The computational inefficiency of the current O.C. function expression lies in the
order of summation (V; followed by N,, followed by N;). By taking advantage of the
acceptance criterion for the defined 3-level acceptance sampling plans, a more efficient
form can be created. Recall the general acceptance criterion for the defined 3-level
acceptance sampling plans:

N+ Nova + Nsvs< T (4.14).
The new form of the O.C. function is constructed by considering the implications of the
acceptance criterion for the allowed number of observed nonconforming and marginal
sample items. For nonconforming items in the sample, the acceptance criterion implies
that

N3v;<T : ' (4.15).
Thus in order for a lot to be accepted, the number of nonconforming items in the sample
must fall below some value. Specifically,

N, < L (4.16).

Vs
Since N; is an integer and cannot be larger than the sample size, a threshold value for N3
can be defined. This threshold value is

N = mm(n[;T-JJ (4.17).

Given that N3 = n3, a limit can also be placed on the number of marginal sample items by

recognizing that
Nsz + ns;vs <T (418),
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which can be rewritten as

T-nyv
N, s =—0% (4.19).

V,

Since N, is an integer and the sum of N, and V; cannot exceed the sample size, a threshold
value for N, can be defined. This threshold vale is

NE = min(n—n3,le —”3"3D (4.20).

Va

These thresholds can be used to define a new form for the O.C. function. For the 3-level
case, this revised version of the O.C. function is given by

g o

Pa(pppz ,P;) = Z Zma(n—nz — N, ,n3,P1,P2,P3) (4.21).

ny=0n, =0

These thresholds can be described specifically for each of the defined types of 3-level
acceptance sampling plans.

3-AS-S-1(n,T,v)
N5 = min(n, T )

T-—
N> = min(n—n”[ n’D
v
3-AS-S-2(n,T,v)

N™ = mm(n,[%—D
14
N;mx = min(n_ns,“T—ng"zD
14
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3-AS-S-3(n,T,v)

NP = min(n, Li’ j
v

T-nyv’
max _ : _ 3
N; -mm(n n,, 5

\4

The improvement in computational efficiency resulting from revising the form of
the O.C. function can be demonstrated using several examples. The improvements

obtained in these examples are presented in Table 4.2.

Table 4.2
Examples of Achieved Savings in 3-Level O.C. Function Computation
Sampling Plan Evaluations of m, | Evaluations of m, | Evaluations of m,
Required by Required by Required by
Equation (4.10) Equation (4.12) Equation (4.21)

3-AS-S-1(91,3.25,0.29) 778688 4278 32
3-AS-8-1(63,5,0.5) 262144 2080 36
3-AS-S-1(52,4.5,0.75) 148877 1431 20
3-AS-S-2(81,90,2) 551368 3403 552
3-AS-S8-2(124,270,5) 1953125 7875 330
3-AS-S-2(64,240,10) 274625 2145 45

3-AS-S-3(140,322,2) 2803221 10011 1681
3-AS-S-3(41,405,5) 74088 903 38
3-AS-S-3(78,2880,10) 493039 3160 57

In the 4-level case, computing the O.C. function for a plan having sample size n

requires

n+l

E(I/ 2)j(j+1)

evaluations of the function m,. For a sample size of 50, 23,426 evaluations of m, are

(4.22)

required. Again this is a vast improvement over the 6,765,201 evaluations required by the
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original form, but it is not efficient enough to allow for extensive study of O.C. function
behavior.

By taking advantage of the acceptance criterion for the defined 4-level acceptance
sampling plans, a more efficient form of the O.C. function can be created. Recall the
general acceptance criterion for the defined 4-level acceptance sampling plans:

Nivi+ Novo+ Navs + Ngvy < T (4.23).
The new form of the O.C. function is constructed by considering the implications of the
acceptance criterion for the allowed number of observed critical, major, and minor
nonconforming sample items. For critical nonconforming items in the sample, the
acceptance criterion implies that

Ny,<T (4.24).
Thus in order for a lot to be accepted, the number of critical nonconforming items in the
sample must fall below some value. Specifically,

N <L (4.25).

v4
Since N, is an integer and cannot be larger than the sample size, a threshold value for N,

can be defined. This threshold value is

N> = mm(n[vl D (4.26).

Given that N, = n,, a limit can also be placed on the number of major nonconforming
sample items by recognizing that

Nsvs + vy <T (4.27),
which can be rewritten as

T'-nyv,

N, < (4.28).

V3

Since /s is an integer and the sum of N; and N, cannot exceed the sample size, a threshold

value for N; can be defined. This threshold value is
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max __ : .
N™ = mm(n-nw

T-n,v, D
(4.29).

Vs

Given that N; = n; and N; = n,, a limit can also be placed on the number of minor
nonconforming sample items by recognizing that

Novy +m3v3 + ngva < T (4.30),
which can be rewritten as

T-nyv,-nyv
474 33
]\72

IA

(4.31).

V3

Since N, is an integer and the sum of »,, N; and N, cannot exceed the sample size, a
threshold value for N, can be defined. This threshold value is

N™ = min(n—n3 _n4’[T—n4v4 —n3v3D (4.32).
v,

These thresholds can be used to define a new form of the O.C. function. For the 4-level
case, this revised version of the O.C. function is given by

NIENPENT™
Pa(PpPz,Ps aP4) = Z Z Zma(n —n, —n —n4,n2,n3,n4,p1,P2,P3,P4)
ng=0n;=0n, =0
(4.33).
These thresholds can be described specifically for each of the defined types of 4-level

acceptance sampling plans.

4-AS-S-1(n,T,n,v,)
N = min(n,| T])

4
NP = min n-nM{MJJ

V,
( o
N = min{n—n _n“{wﬂ

Y
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4-AS-S-2(n,T,v)

NP> = min(n, [lD
v

. T-ny’
N™ mm(n—n‘,,[—4
v2

3 2
T-nyv —ny

=)

N™ = min[n—n3 —-th

4-AS-S-3(n,T,)

N™ = min[n, [—Y;—D
v

: T-ny!
NP m(n—n4,[—34
v

JJ

. T-ny* -
Nz‘“"‘zmm(n—ns—n‘,,[ —

n,v’
\ %
The improvement in computational efficiency resulting from revising the form of
the O.C. function can be demonstrated using several examples. The improvements

obtained in these examples are presented in Table 4.3.

Table 4.3
Examples of Achieved Savings in 4-Level O.C. Function Computation
Sampling Plan Evaluations of Evaluations of Evaluations of
m, Required by | m, Required by | m, Required by
Equation (4.10) | Equation (4.12) | Equation (4.33)
4-AS-S-1(37,2.75,0.25,0.5) 2085136 9880 68
4-AS-S-1(20,2.5,0.25,0.75) 194481 1771 41
4-AS-S-1(8,1.25,0.5,0.75) 6561 165 6
4-AS-S-2(34,50,2) 1500625 7770 504
4-AS-8-2(59,525,5) 12960000 37820 1975
4-AS-S-2(121,5220,10) 221533456 310124 14529
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4.3 MULTILEVEL ACCEPTANCE SAMPLING PLAN
PARAMETER SELECTION

In many practical situations, the manufacturer knows the type of acceptance
sampling plan that they wish to use. However they typically do not know what parameter
values to use. In the case of muitilevel acceptance sampling, the manufacturer may know
the quality value function (i.e. the multilevel acceptance sampling plan) that they wish to
use (e.g. 3-AS-S-1(n,7,0.5) or 4-AS-S-2(n,T,2)), but they do not necessarily know the
values of # and T that they wish to use. In this section, a method is defined for selecting »
and 7 based on some desired O.C. function behavior. The methods are then demonstrated
and evaluated using the 3-level and 4-level acceptance sampling plans defined in section
4.1.

The problem of parameter selection is not unique to multilevel acceptance
sampling. The problem exists for all types of acceptance sampling plans. In most
instances, parameter selection methods are defined using some specified desirable O.C.
function behavior. Duncan[8] provides a thorough discussion of such methods for
attributes and variables acceptance sampling plans. In general, if an acceptance sampling
plan has b parameters, b points on the O.C. curve are specified. This results in a system of
b equations in 5 unknowns. The system of equations is then solved for the unknown
sampling plan parameters. Since multilevel acceptance sampling plans have two
parameters, 7 and 7, two points on the O.C. curve must be specified.

The first of these two points utilizes what is known as the acceptable quality level
(AQL). The AQL is described in terms of the vector p; = [p11 P12 ... py]- p1 Tepresents
proportions for the quality classifications that the manufacturer finds to be acceptable.
One common interpretation of the AQL is that p; corresponds to the target proportions
for the j quality levels. Thus a high probability of acceptance (= 0.9) is specified for p;. In
other words, P,(p1) = 1 — «, where « is the probability that a lot having quality p = p; is

rejected. o is often referred to as the probability of a Type I error or the producer’s risk.
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The second of these two points utilizes what is known as the rejectable quality
level (RQL). The RQL is described by the vector p; = [p2; p22 ... py]. p: represents a
“lower bound” on the quality of received lots. Any lot having quality worse than p, is
unacceptable, thus a low probability of acceptance (< 0.1) is specified for p,. Specifically,
PAp2) = B, where [ is the probability that a lot having quality p = p, is accepted. S is
often referred to as the probability of a Type II error or the consumer’s risk.

The supplier and the manufacturer must agree on choices for py, p2, @, and S

Having agreed upon these values, the resulting system of two equations and two

unknowns is given by
n n-m  A=m—my =R
PP ma(n,,nz,...,nj_l,n—n,—n2—---—nj_l,p“,pn,...,plj)=l—a
m=0n,=0 nj_,=0
(4.44),
and
n n—m R=m —Ry— =Ry
ZZ Z ma(nl’nzr"’nj—l’n_nl-nz—'"_nj—1>p21:p22’“"P2j)=ﬂ
m=0m=0 n;_=0
(4.45).

Solution to this set of equations for » and 7 must be done numerically, and is quite
tedious. Thus an approximate method is defined here.

Recall that the acceptance criterion for multilevel acceptance sampling plans is

D'V, < T. Thus the O.C. fnction can be rewritten as

i=1

P"(pl’pz""’pj): P[ZVI ST’PuPz,---anj (446)

i=1

Advantage can be taken of equation (4.46) by considering the following (see Ross[17]).

E(V) =3 vips = 11y (4.47)

k=1

E(V})= $vin, (4.48)

k=1
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Jj
Var(V,)= > vips -1y =0} (4.49)

k=1
Since V', V>, ..., Va is a sequence of independent and identically distributed (IID) random

variables with mean uy and variance o, then by the Central Limit Theorem (see

Ross[17])

ZVz L%

i=1

o, Vn

converges to the standard normal random variable (a normal random variable having mean

0 and variance 1) as n — . So by the Central Limit Theorem,

- T—-nu
Pa(pl,pz,...,pj) = P(ZV,. <T Pana-wPJ = P(ZS—O'TI’IVJ (4.50)
14

i=1 |
where Z represents the standard normal random variable. Let u; denote the expected
value of V; when p = p,, and let 4, denote the expected value of V; when p = p2. Let oy
denote the standard deviation of V; when p = p,, and let o> denote the standard deviation
of V; when p = p;. Then

J
Hy = kaplk (4.51),
k=1
L2 2
o, = \/kaplk — (4.52),
k=1
j .
Hy = ZVkPZk (4.53),
k=1

and

Jj
o, = \f Zvipzk - ,U§ (4.54).
k=1

Applying these results to the two specified points on the O.C. curve yields the following

equations (ignoring the approximation for now).
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T-n
Pa(p“,pn,...,plj)=P(zs—ﬁ] =1l-a (4.55)

o,Vn
T-n
pa(pn,pn,...,pzj)=p[zsa—‘:] =5 (4.56)
2

These two equations reduce to the following:

I -nu,

( ) l-a l [ ( )
(4.56)=> Z T-nu, (4.58)
. ¢ O'z\/n ’

where Z, is a real number such that P(Z < Z,) = y. Each of these equations can be solved

for T.
(457> T=nu,+Z,_,0,\n (4.59)
(4.58) > T=nu, +Z,0,4n (4.60)
Equating these two expressions for 7 results in an expression that can be used to find 7.
nu, +Z,_,0.Nn=nu, +Zﬂ02\/’r;

n(/uz - #1) = \/;(Zl—ao-l - Zﬁaz)

e [ZI_QO'I —Zﬂazj

KBy — M
z -Z,0,)’
n=( - Tt *"GZJ (4.61)
M, — |y

As with most parameter selection methods for acceptance sampling plans, the decision
must be made at this point to either fix ¢ or fix § Having found n, either of the two
equations for 7 may be used. If the equation in terms of p; and «, equation (4.59), is
used, it is said that « is “fixed.” If the equation in terms of p, and S, equation (4.60), is

used, then it is said that § is “fixed.” Again this choice must be agreed upon by the
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supplier of the items and the manufacturer. Thus the equations to be used for selecting 7
are
(4.58) = fix & T =np, +Z,_,0,\n (4.62)
(4.60) = fix f: T =np, +Z,0,n (4.63).
A procedure is needed for evaluating the capability of the method. In other words,
do the parameters selected provide the O.C. function behavior specified by py, p2, @, and

£ ? This question can be answered by using the selected values of # and 7 to compute the

adjusted value of @, a’, and the adjusted value of B, 8’. This is accomplished by using

the selected values of 7# and 7 to compute the resulting values of the O.C. function at p,

and at p,. So,

a'=1—Pa(pu,pu,...,pU) (4.64),
and

B = R,(Pu,Pzz,---,sz) (4.65).

Once the adjusted values of « and f have been computed, they can be compared to the
specified target values of « and S to see how well the parameter selection method

performed.

The method for selecting 7 and T is now demonstrated and evaluated for each of

the defined 3-level and 4-level acceptance sampling plans.

4.3.1 Parameter Selection for 3-level Acceptance Sampling Plans

In the preceding section, the method for selecting » and 7 for a multilevel
acceptance sampling is defined. In this section, the details required for implementing this
method for the 3-level acceptance sampling plans defined in Section 4.1.1 are provided.
The method requires that py = [p11 P12 p13], P2 = [P21 P22 P23l, @, and B be specified.

For each of the defmed 3-level acceptance sampling plans, expressions for uy, 1,

o1, and o3 are provided below.
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3-AS-S-1(n,T,v)
E(V,)=wp, +p;
E(sz) = VZPZ +Ds
M, =VP, + Dy

My =VPDyy + Doy

o, = \[Vzpu +Pis "(Vpu +p13)2

o, = \[vzpzz + P ‘(vpzz '*'pzs)2

3-AS-S-2(n,T,v)

E(Vi) =p, +wp, +v2p3
E(Viz) =p, +v'p, +v'p,
My =pyy HVP, +v2p13
My =Dy VP, +v2p23

2
g, = \/Pu +vip, +vip, -~ (Pu +VP, +v2p13)

2
o, = \/le +V Py +V Py — (le +VPy, +V2P23)

3-AS-S-3(n,T,v)
E(,)=vp, +V'p, +V’p,
E(V,Z) =v’p +v'p, +v°p,
By =Py +VIp, +Vipy
Hy =VPy +V: Py +V Dy

_ ]2 a 6 2 3 2
O, =V PutvpP,tvp, "(vpu TV P TV Py

[ 2 a 5 2 3
Oy =V PutV Pytv p23—(vp2l VP, TV pzs)
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3-AS-S-G(",T9V1"’29V3)
E(Vz) =PtV P, VP,
E(V,z) = vlzpl +v.fp2 +v32p3

By =V Dy H VP TVPg
My =V Dy +V Py TV Py

[
i.,2 2 2 2
Oy =yYViPu 1tV P TViPis "(leu +V,Pn +v3p13)

2 2 2 2
o, = \/Vx P2y Vo Py T V3 Py — (przx VoD +V3P23)

Appendix 1.1 contains the results obtained from implementing the method of parameter
selection for the 3-AS-S-1(n,7,v) acceptance sampling plan. For the given examples, the
following information is provided: v, p1, p2, @, [, the selected values of n and 7, o', and
[’ (for both fix & and fix ). Appendices 1.2 and 1.3 contain similar results for the 3-AS-
S-2(n,T,v) acceptance sampling plan and the 3-AS-S-3(n,7,v) acceptance sampling plan
respectively.

By studying the results presented in Appendices 1.1, 1.2, and 1.3, several
conclusions can be made regarding the approximate parameter selection method as it
relates to the defined 3-level acceptance sampling plans. The first conclusion is that the 3-
AS-S-2(n,T,v) and the 3-AS-S-3(n,7,v) plans are equivalent. For every example
considered for the 3-AS-S-2(n,7,v) and 3-AS-S-3(n,7,v) sampling plans, identical adjusted
values of a and f are obtaned. This result leads to the following more general

conclusion.

Theorem 4.1: Let V1(X) be a quality value function defined on a 3-level discrete
product quality measure X, and let />(X) be a quality value function defined
on X such that V3(X) = bV(X) for all X where b is some positive constant.
Then a multilevel acceptance sampling plan (utilizing single sampling and
the summation decision rule) using 7;(X) and having parameters » and 7 =
T, is equivalent to a multilevel acceptance sampling plan (utilizing single
sampling and the summation decision rule) using Vx(X) and having
parameters n and 7= T, = bT).
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Proof: Consider a multilevel acceptance sampling plan (utilizing single sampling
and the summation decision rule) using V;(X) and having parameters » and
T=T 1.

Let V), denote the quality value of the i item in a sample.

The O.C. function for this sampling plan is given by

1

pl’p2>"'9pj] .

P,(pyPyre-np)) = P(iVu <T,

i=] {
Consider a multilevel acceptance sampling plan (utilizing single sampling
and the summation decision rule) using V>(X) = dVy(X) (for all X) and
having parameters n and 7 = 7> = bT}.

Let V,; denote the quality value of the /" item in a sample.

The O.C. function for this sampling plan is given by

P.ppzw-,[’j] .

P(py,Psse D) = P(in,- <T,
i=1

Using the defined relationship between the two plans, this second O.C.
function can be rewritten as

Pa(pl,pz,---,p,-) = P(Zqu <87, Pl,pz,---,p,) :

i=]

Simplification of this expression results in the following.

Pa(pl’pZ""’pj):P(bZVli <67, pl?PZ""’pj]

i=]

p17p2>"'>ij

Pa(pvpz:"-spj)= P[iVu <7
i=1

Thus the two plans are equivalent.
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This result implies that it is no longer necessary to consider the 3-AS-S-3(n,7,v) and 4-
AS-S-3(n,T,v) sampling plans. In addition, note that a similar theorem could be defined
for the product decision rule given in equation (3.10).

A second conclusion is that there is little difference between the fix « and fix g
values of T for the defined 3-level acceptance sampling plans. For the 384 examples
considered, 345 (90.3%) result in identical 7 values for the fix o and fix f cases. For
those examples that have different values of 7 for the fix o and fix f cases, the difference
between the two 7 values is very small. As a result, only the fix J cases are considered in
additional detail.

A third conclusion is that the Central Limit Theorem approximation for the O.C.
function works very well for the defined 3-level acceptance sampling plans. For the 384
examples presented in Appendices 1.1 and 1.2, the average percent error in the adjusted
value of « is 22.1%, and the average percent error in the achieved value of £ is 16.4%.
These values are computed by averaging the percent error for « and the percent error for

B for each example. These values are computed using the following formulae.

14

a -—
percent error for a = ——‘ x 100% (4.66)
a

percent error for §= "BT—’BI x 100% (4.67)

Similar results are obtained if the fix « cases are considered. For the 192 3-AS-S-1(n,7,v)
examples, the average percent error in the achieved value of « is 20.6%, and the average
percent error in the achieved value of Bis 15.4%. For the 192 3-AS-S-2(n,7,v) examples,
the average percent error in the achieved value of « is 23.6%, and the average percent
error in the achieved value of Fis 17.4%.

A fourth conclusion is that, for the defined 3-level acceptance sampling plans, the
parameter selection method tends to favor the manufacturer more than the supplier. For
the 384 fix B examples, 80 (20.8%) result in an adjusted value of « that is less than or
equal to o and 336 (87.5%) result in an adjusted value of £ that is less than or equal to £.
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It is very important to stress that corresponding results for the fix « cases tend to more
strongly favor the manufacturer. For the 192 3-AS-S-1(n,7,v) examples, 47 achieve the
specified value of a and 159 achieve the specified value of 3. For the 192 3-AS-S-
2(n,T,v) examples, 33 achieve the specified value of o and 177 achieve the specified value

of S.

4.3.2 Parameter Selection for 4-level Acceptance Sampling Plans

In this section, the details required for implementing the parameter selection
method for the 4-level acceptance sampling plans defined in Section 4.1.2 are provided.
The method requires that p; = [pu pi2 p13 pal, P2 = [P21 P22 P23 P2e] , & and S be
specified. |

For each of the defined 4-level acceptance sampling plans, expressions for 1, iz,

o1, and o3 are provided.

4—AS-S-1(",T,V1,V2)
E(Vz) =V\p, +V,P P,
E(sz) =D, +V; P+ Py

By =V Py VP53 + Dy
Hy =ViPyp TVoPy Py

2 2 2
o, = ‘ﬁl P tViPs + P —(leu +V,Pis +p14)

2 2 2
O, S \Vi Py TV P+ Doy —(vlpzz +V,P: +P24)
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4-AS-S-2(n,T,v)

E(V,)=p, +vwp, +vp, +V’p,
E(V,.Z)z p,+Vvip, +vip, +v°p,
Uy =Py VP, +ViDs +Vi Dy
Hy = Py +VPy +V Py +V Dy,

2 4 6 2 3 z
g, =\/p11 VP, TV PtV Py, _(pu TV, tV Py HY p14)

i 2
2 4 ] 2 3
o, =\/sz TV Py ¥V Py TV Py "(sz +VPy, FV Py TV P24)

4-AS-S-G(n,T,v1,v2,v3,v4)
E(Vx) =wp,tv,p, +v;ps tV,p,
E(V?)=vip, +Vip, +Vip, +Vip,

My =ViPy FV Dy T3P VP
By =V PtV Py TV Py +V, Dy

2 2 2 2 2
o, = \/vl PutViPyp tVips +Vipy, —(leu +V,Pn V3P +V4P14)

2 2 2 2 2
Oy = \ViPau tV2 Py ¥ Vi Dy +V Dy —(lezl +V, P T V302 +V4P24)

Appendix 2.1 contains a sample of the results obtained from implementing the
approximate method of parameter selection for the 4-AS-S-1(n,7,v,,v;) acceptance
sampling plan. For the given examples, the following information is provided: v, vz, pi,
P2, a, f, the selected values of n and 7, o', and B’ (for both fix « and fix ). Appendix
2.2 contains similar results for the 4-AS-S-2(n,7,v) acceptance sampling plan.

By studying the results of the examples, including those presented in Appendices
2.1 and 2.2, several conclusions can be made regarding the approximate parameter
selection method as it relates to the defined 4-level acceptance sampling plans. A first
conclusion is that there is little difference between the fix o and fix 5 values of T for the
defined 4-level acceptance sampling plans. For the 1536 examples considered (of which a
subset is presented in Appendices 2.1 and 2.2), 998 (65%) result in identical 7 values for
the fix o and fix S cases. For those examples that have different values of T for the fix

64



and fix f cases, the difference between the two T values is very small. As a result, only
the fix S cases are considered in additional detail.

A second conclusion is that the Central Limit Theorem approximation for the O.C.
function works very well for the defined 4-level acceptance sampling plans. For the 1536
examples, the average percent error in the adjusted value of « is 18.9%, and the average
percent error in the achieved value of Sis 15.9%. Similar results are obtained if the fix «
cases are considered. For the 768 4-AS-S-1(n,7,v;,v2) examples, the average percent
error in the achieved value of « is 16.3%, and the average percent error in the achieved
value of #is 13.1%. For the 768 4-AS-S-2(n,T,v) examples, the average percent error in
the achieved value of a is 21.4%, and the average percent error in the achieved value of £
is 18.7%.

A third conclusion is that, for the defined 4-level acceptance sampling plans, the
parameter selection method tends to favor the manufacturer more than the supplier. For
the 1536 fix § examples, 328 (21.4%) result in an adjusted value of « that is less than or
equal to  and 1336 (87%) result in an adjusted value of £ that is less than or equal to £.
It is very important to stress that corresponding results for the fix o cases tend to more
strongly favor the manufacturer. For the 768 4-AS-S-1(n,7,v,,v2) examples, 210 achieve
the specified value of « and 590 achieve the specified value of 5. For the 768 4-AS-S-
2(n,T,v) examples, 118 achieve the specified value of o and 746 achieve the specified
value of .

44 QUALITY VALUE FUNCTION SPECIFICATION

In this section, the problem of quality value function specification is addressed. In
section 4.3, the problem of selecting » and 7 is considered. In that case, it is assumed that
the manufacturer knows the type of multilevel acceptance sampling plan they wish to use,
as well as the numerical values to be assigned to items by the quality value function. In

this section, it is assumed that the manufacturer only knows the type of multilevel
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acceptance sampling plan that they wish to use. For example, the manufacturer may wish
to use a 4-AS-S-2(n,7,v) acceptance sampling plan, but they may not know what values of
n, T, and v to use. In this section, a method is developed for selecting the parameters and
specifying the quality value function for a multilevel acceptance sampling plan.

Suppose the quality value function requires the specification of » values (in the
acceptance sampling plans defined in section 4.1, b is either one, two, three, or four). If b
+ 2 points on the O.C. curve are specified, then the result is a set of b + 2 equations in b
+2 unknowns (the quality value function, », and 7). The quality value function
specification method defined here uses the Central Limit Theorem approximation to the
O.C. function that is used in the parameter selection method to approximately solve this
set of equations.

The quality value function specification method is described for each of the defined
multilevel acceptance sampling plans in the sections that follow.

4.4.1 Quality Value Function Specification for 3-Level Acceptance Sampling Plans

Consider first the 3-AS-S-1(n,T,v) and the 3-AS-S-2(n,T,v) plans. To use either of
these sampling plans, values of n, 7, and v must be specified. In section 4.3.1, an
approximate method is developed for selecting » and 7. This method requires the
specification of two points on the O.C. curve, summarized by ps, p2, @, and S This
method is extended to address quality value function specification.

The extension to the method begins with the specification of a third point on the
O.C. curve, summarized by ps = [p31 ps2 p3s] and 7, where P(ps) = 7. Let u5 denote the
expected value of V; when p = ps, and let o3 denote the standard deviation of /; when p =
ps. This additional specification results in the following system of three equations and
three unknowns.

T-n
Pa(pll9pl2’p13)= P(ZS o \/:;_‘1] =l-a (4.68)
1
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T-n
Pa(leapzz’p23)= P[Z < :‘ﬁ] =f (4.69)
2

T-nu
Pa(pSI’p32 apss) = P(Z < Tf] =V (4.70)
3

This series of equations can be reduced as follows.

_T-nu,

(4.68)=> Z,__ = p— (4.71)

(4.69) = Z, = I=nu, (4.72)
o,Vn

(4.70)= Z, = T=npy (4.73)
oVn

Each of these equations can be solved for T.

(4.71) = T=nu, +Z,_,o,n (4.74)

(4.72) = T=nu, +Z,0,\n (4.75)

(473)=> T=nu, +Z,0,\n (4.76)

At this point, three options exist. Any of the three expressions for 7 can be substituted
into the other two. If equation (4.74) is used, the result is as follows.

(4.75)= np, +Z_,0Nn=nu, +Z,0,4n (4.77)
(4.76) = nu, +Z,_o,Vn =nu, +Z,c,Jn (4.78)

Each of these expressions can be solved for n.

Z, ,0,-2,0,)
(4.77) = n= [ 1-,,:1_#,902] (4.79)
2 1

(4.78) = n= (Z"“G‘ — 2,03]’ (4.80)

Hi3 — Hy

Equating these expressions yields the following.
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(Zl_aal - Zﬂazj ’ ) (Zl_aal - Zyo'3J ?

H, — Hy Hs — 1y

Z,.0,-2,0,\ (Z_,0,-Z05,\

( 1 1 B 2) _( 1 1 y 31 =0 (4.81)
Hy — By Hy =y )

The left-hand-side of equation (4.81) can be reduced to a polynomial function of v.
Numerical evidence proves that this polynomial function does not always provide a
feasible solution for v. In some case, the roots of the polynomial function are imaginary
and in some cases, the roots are real but do not satisfy the quality value function
conditions stated in section 4.1.1. This occurs when the three points specified cannot all
be met using the desired type of 3-level acceptance sampling plan. This type of

occurrence is demonstrated in the following examples.

Example 4.1: Suppose a consumer wishes to use a 3-AS-S-1(n,7,v) sampling plan.
In order to select values for n, 7, and v, the consumer has specified the
following points on the O.C. curve.

P0.945,0.04,0.015) = 0.9
P(0.81,0.125,0.065) = 0.05
P.(0.88,0.08,0.04) = 0.5

If these specified values of p1, p2, ps, @, S, and y are used, no solution to
equation (4.81) can be found such that 0 <v < 1.

To investigate this further, the parameter selection method defined
section 4.3 is implemented for v=0.1, 0.2, ..., 0.9. P,0.88,0.08,0.04) for
the resulting sampling plans can be computed. The results of this
investigation are as follows.
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v n T | P.(0.88,0.08,0.04)
0.1 | 92 | 3.2 0.2807
02 | 73 3 0.3052
03 | 62 3 0.3013
04 | 56 | 3.1 0.3024
05 |52 ] 32 0.3114
0.6 | 50 | 3.5 0.3303
0.7 | 49 | 3.7 0.3055
0.8 | 48 4 0.3252
09 | 48 | 43 0.3022

It appears that if a value of y in the range (0.28,0.33) had been specified a
feasible value of v would have been found. However, y = 0.5 appears to be

infeasible.

Example 4.2: Suppose a consumer wishes to use a 3-AS-S-2(n,7,v) sampling plan.
In order to select values for n, 7, and v, the consumer has specified the

following points on the O.C. curve.

P.(0.95,0.03,0.02) = 0.95
P.(0.83,0.1,0.07) = 0.1
P.(0.92,0.05,0.03) = 0.35

If these specified values of pi, p2, ps, @, f, and y are used, no solution to

equation (4.81) can be found such that v> 1.

To investigate this further, the parameter selection method defined in
section 4.3 is implemented for several values of v. P,(0.92,0.05,0.03) for
The results of this

the resulting sampling plans can be computed.
mvestigation are as follows.

v n T P,(0.92,0.05,0.03)
1.5 | 60 | 64.5 0.7498
2 | 64 75 0.7376
3 72 104 0.7742
5 83 184 0.7605
10 | 98 545 0.7684
15 | 105 ] 1150 0.7890
25 | 112 ] 3115 0.7534
100 | 121 | 50000 0.7018
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It appears that if a value of y in the range (0.70,0.79) had been specified a

feasible value of v would have been found. However, y = 0.35 appears to
be infeasible.

The quality value function specification method for the 3-AS-S-1(n,7,v) and the 3-
AS-S-2(n,T,v) works as follows. p1, p2, ps, @, §, and y are specified. The polynomial
function given in equation (4.81) is solved for v. If the expression does not provide a
feasible solution for v, then ps; and y must be “re-specified.” Once a feasible solution for v
has been found, the parameter selection method defined in section 4.2 is used to find » and
T. The capability of the method is evaluated by computing the adjusted values of o, f,
and 7, and comparing them to the specified values. This method is demonstrated in the

following examples.

Example 4.3: Suppose a consumer wishes to use a 3-AS-S-1(n,7,v) sampling plan.
In order to select values for n, 7, and v, the consumer has specified the
following points on the O.C. curve.

P.(0.945,0.04,0.015) = 0.9
P.(0.81,0.125,0.065) = 0.05
P.(0.88,0.08,0.04) = 0.31

Equation (4.81) is solved and v = 0.9045.
The parameter selection method is implemented using v = 0.9045, and the
selected parameter values are » =48 and 7 = 4.3.

The capability of the method is evaluated by computing the O.C. function
values at the three specified points. The results are as follows.

P,(0.945,0.04,0.015) = 0.8774

P40.81,0.125,0.065) = 0.0359
P,(0.88,0.08,0.04) = 0.3022
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Example 4.4: Suppose a consumer wishes to use a 3-AS-S-2(n,7,v) sampling plan.
In order to select values for n, 7, and v, the consumer has specified the
following points on the O.C. curve.

P.(0.95,0.03,0.02) = 0.95
P,(0.83,0.1,0.07) = 0.1
P.(0.92,0.05,0.03) = 0.75

Equation (4.81) is solved and v = 13.2293.

The parameter selection method is implemented using v = 0.9045, and the
selected parameter values are n = 103 and 7 = 908.532.

The capability of the method is evaluated by computing the O.C. function
values at the three specified points. The results are as follows.

P(0.945,0.04,0.015) = 0.9433
P.(0.81,0.125,0.065) = 0.0848
P.(0.88,0.08,0.04) = 0.7901

Examples 4.1 through 4.4 are representative of the quality value function specification
process for all the defined multilevel acceptance sampling plans and multilevel control

charts.

4.4.2 Quality Value Function Specification for the General 3-Level Case

Suppose the manufacturer does not even know which type of 3-level acceptance
sampling plan to use. In this case, the manufacturer may wish to select the quality value
function and the parameters for a 3-AS-S-G(n,T,v1,v,,v5) acceptance sampling plan. To
use this type of sampling plan, values of n, 7, v,, v,, and v; must be specified. The quality
value function selection method defined in section 4.4.1 is extended to consider this
situation. The extension begins with the presentation and proof of the following theorem.

Theorem 4.2: Every 3-level acceptance sampling plan (utilizing single sampling
and the summation decision rule) is equivalent to either a 3-AS-S-1(n,T,v)
sampling plan or a 3-AS-S-G(n,T,1,v,v3) sampling plan.
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Proof: Consider a 3-AS-S-G(n,7,v,,v,,v3) sampling plan having n = ny and 7 = T
such that v, = 0. Call this sampling plan #1, and let V}(X) represent the
quality value function utilized by this sampling plan.

Letv=w/vs, m=n,and 7, =7/ va.

Consider the 3-AS-S-1(0,v,1) sampling plan having n = n2 and 7 = T>.
Call this sampling plan #2, and let FV5(X) represent the quality value
function utilized by this sampling plan.

Note that Vl(X) = sz(X), and Tl = sz, where b = V3.
By Theorem 4.1, sampling plan #1 and sampling plan #2 are equivalent.

Consider a 3-AS-S-G(n,7,v1,v,,v;) sampling plan having n =n, and 7 = T}
such that v; > 0. Call this sampling plan #1, and let V}(X) represent the
quality value function utilized by this sampling plan.

Let Vg = Vz/Vl, Vig = V3/V1, n; =m, and Tz = T1/V1.

Consider the 3-AS-S-G(n,T,1,v2,,v3,) sampling plan having n = n; and 7' =
T,. Call this sampling plan #2, and let V2(X) represent the quality value
function utilized by this sampling plan.

Note that V1(X) = bV(X), and T, = bT;, where b = v,.

By Theorem 4.1, sampling plan #1 and sampling plan #2 are equivalent.

As a result of Theorem 4.2, all that is necessary to complete the quality value specification
method for 3-level acceptance sampling plans is to extend the method defined in section
4.4.1 to the 3-AS-S-G(n,T,1,v,,v;) sampling plan. In addition, note that a similar theorem
could be defined for the product decision rule.

The extension to the quality value function specification method defined in section
4.4.1 begins with the specification of an additional point on the O.C. curve, summarized
by ps = [pa1 pa2 ps3] and7), where P(ps) = 1. Let u4 denote the expected value of V; when
P = Ps, and let o; denote the standard deviation of V; when p = ps. This additional

specification results in the following system of four equations in four unknowns.



T—-nu,
P (P11, P> Pi3) = P(Z <— ) -a (4.82)
oV
T-nu, .
Pa(p213p229p23)= zZ< in =p (4.83)
o,Vn
T —nu,
Pa(p31’p32’p33)= ZE——F=|=y (4.834)
oVn
T—n/u4\
Pa(P41aP42aP43)= PZs———|=7 (4.85)
o,.Nn

This series of equations can be reduced as follows.

T ny,

(4.82)= Z,_, p—m (4.86)
(4.83)= Z, = Tg: "\/‘h‘f (4.87)
484)=> Z, = TU: :’/%3 (4.88)
485)= Z, = I =nu, (4.89)
o,Jn
Each of these equations can be solved for 7.
(4.86) = T=nu, +Z,_,o,n (4.90)
(4.87) = T =nu, +Z,0,Vn (4.91)
(4.88) = T =nyu, +Z,0,n (4.92)
(4.89)= T =nu, +Z,0,Jn (4.93)

If one of the four expressions for 7 is substituted into the other three equations, the result
is three equations for n. If equation (4.90) is used, then the following expressions for n

are obtained.
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Z,,,,al —-Z,0,

(4.91)= n= (4.94)
Z, ,0,-2,0,\"

(492):>n=[ “’#1 p J (4.95)

3 1

Z,_ o Z :

(493)=> n= ( “’#‘ p J (4.96)
N 4 i

If one of the three expressions for 7 is substituted into the other three, the result is two
expressions which can be rewritten as polynomial functions of v,, and v3. If equation

(4.94) is used, then the following expressions are obtained.

2 2
(4.95) = [Zl"’a‘ —Zﬁazj [ Zee —Z’G’J =0 (4.97)
Ha — His— Hy
2 2
(4.96) = (Zl—ao-l _Zﬁo-zj _(Zl—ao-l _Z”J4J -0 (4.98)
My —Hy My = Hy

The quality value function specification method for the 3-AS-S-G(n,7,1,v2,v3)
sampling plan works as follows. pi, p2, ps, ps, @, S, ¥ and 7 are specified. The
polynomial functions given in equations (4.97) and (4.98) are simultaneously solved for v,
and v;. If the expression does not provide a feasible solution for v, and v; (v3 > v, > 1),
then ps, ps, ¥ and 77 must be “re-specified.” Once a feasible solution for v; and v; has been
found, the parameter selection method defined in section 4.2 is used to find » and 7. The

capability of the method is evaluated by computing the adjusted values of «, £, 7, and 7,
and comparing them to the specified values. It is worthwhile to note that finding a feasible

solution for v, and v; can be very time-consuming.

4.4.3 Quality Value Function Specification for 4-Level Acceptance Sampling Plans

Consider first the 4-AS-S-2(n,7,v) sampling plan. To use this sampling plan,
values of n, 7, and v must be specified. In section 4.4.1, a method is developed for
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selecting n, T, and v for the 3-AS-S-1(n,7,v) and the 3-AS-S-2(n,7,v) sampling plans.
This method is directly applicable to the 4-AS-S-2(n,T,v) sampling plan.

Consider next the 4-AS-S-1(n,7T,v,v;) sampling plan. To use this sampling plan,
values of n, T, v|, and v, must be specified. In section 4.4.2, a method is developed for
selecting n, T, v,, and v; for the 3-AS-S-G(n,7,1,v,,v3) sampling plan. This method is
directly applicable to the 4-AS-S-1(n,7,v,,v;) sampling plan with one exception. In this

case, equations (4.97) and (4.98) are polynomial functions of v, and v,.

4.4.4 Quality Value Function Specification for the General 4-Level Case

Suppose the manufacturer does not even know which type of 4-level acceptance
sampling plan to use. In this case, the manufacturer may wish to select the quality value
function and the parameters for a 4-AS-S-G(n,7,v1,v,,V3,v4) acceptance sampling plan. To
use this type of sampling plan, values of n, 7, v, v, v3, and v4 must be specified. The
general 3-level quality value function selection method defined in section 4.4.2 is extended
to the 4-level case. The extension begins with the presentation of a corollary to Theorem

4.2.

Corollary 4.1: Every 4-level acceptance sampling plan (utilizing single sampling
and the summation decision rule) is equivalent to either a 4-AS-S-
1(n,T,v1,v2) sampling plan or a 4-AS-S-G(n,7,1,v,,v3,v4) sampling plan.

The extension to the method defined in section 4.4.2 begins with the specification of five
points on the O.C. curve, summarized by p; = [p11 P12 P13 P1al, P2 = [P21 P22 P23 pa), Ps =
[P31 P32 P33 P3a), P4 = [Par Paz Paz Pas], Ps = [Ps1 ps2 Ps3 Psal, @, B, 1, 17, and @, where Po(py)
= 1= @, Pdp2) = B, Pdps) = 7, Pdpa) = 1, and Pu(ps) = ¢. Let w, pir, p3, pis, and ps
denote the expected value of V; when p = ps, p = P2, P = Ps, P = Ps, and p = ps,
respectively, and let oy, 03, 03, 04, and o5 denote the standard deviation of V; when p = py,
P =P2 P = Ps, P = P+, and p = ps, respectively. This specification results in the following
system of five equations in five unknowns.
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T—-nu
Pa(pll’plz’puapm):P(ZS \/_lle-a
o,Vn
Pa(p215p223p233p24)= Pl Z< T =np, =f
7 oyn )
M( T —ny,
Pa(p31:p327P33,P34)= Z< .\/_ =y
o;vn
T-nu
Pa(P41,P4zaP43,P44)=P ZS J,.4 =77
\ o.n

T-n
P"(p“’pfvpsvl’m)zp(zs Jgs]=¢
osVn

This series of equations can be reduced as follows.

(4.99) = 7, =121
vn

T-nu

4.100)= Z, = 2
(4100 = 7, = =22
T-nu

4101)= Z, = 3
( T
(4.102) = Z, = =
oNn

(4.103) = 7, = L1
oNn

Each of these equations can be solved for 7.
o,n

(4.105) = T= nu, +Zﬂ0'2\/;l-

(4.104) = T = nul +Z

1-a

(4106) = T=nﬂ3 +ZVO'3\/;I-

(4107) = T= nu, +Z,’O'4\/;l‘
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(4.108) = T =nu, +Z,05Vn (4.113)

If one of the five expressions for T is substituted into the other four equations, the result is

four equations for n. If equation (4.109) is used, then the following expressions for n are

obtained.
Z, 0,-2,0,)
(4.110) = n=( a7l TF 2) (4.114)
Hy — By /
Z, o, -20o,)
(4.111) = n=( ““ﬂ ‘_ﬂ’ 3] (4.115)
3 1
Z_o.-Zo,\
(4.112) = n=( "“# ‘_#" “) (4.116)
4 1
Z_o,-Zo.)
(4.113):>n=[ "“ﬂ ‘_#q’ ’J (4.117)
5 1

If one of the four expressions for » is substituted into the other three, the result is three
expressions which can be rewritten as polynomial functions of v;, v3, and v4. If equation

(4.114) is used, then the following expressions are obtained.

(Z2_o,-Z,0, 2 Z o, -Z0.\
(4.115) = | —=- ﬂG*J -[ L M4 3] =0 (4.118)
N H Ty Hy— Hy
Z,.,0,-2,0,\ (Z_o0,-Z0,\
(4.116) = | 2= "G’] -( -1 "G“j =0 (4.119)
\ Ky — Hi— H
(2,,0,-240,) (Z_,0,-2,0,)
@.117) = | 2=t ”G’J -[ Sl *’G’J =0 (4.120)
Hy — Ky Hs — Ky

The quality value function specification method for the 4-AS-S-G(n,7T,1,v,,v3,v4) sampling
plan works as follows. pi, p2, Ps, Ps, Ps, @, 3, 7, 7, and @ are specified. The polynomial
functions given in equations (4.118), (4.119), and (4.120) are simultaneously solved for v,,
vs, and v4. If the expression does not provide a feasible solution for v,, vs, and v4 (v4 > v3

>y, > 1), then ps, p4, Ps, /, 77, and @ must be “re-specified.” Once a feasible solution for
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Va, v3, and v, has been found, the parameter selection method defined in section 4.3 is used
to find » and 7. The capability of the method is evaluated by computing the adjusted
values of «, f, 7, 77, and ¢, and comparing them to the specified values. It is worthwhile

to note that finding a feasible solution for v,, v3, and v, can be very time-consuming.
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CHAPTER 5: MULTILEVEL STATISTICAL PROCESS
CONTROL

The second area of multilevel statistical quality control addressed in this research is
multilevel statistical process control. The chapter begins with the definition of the
multilevel control charts that are considered. The second section contains the
development and evaluation of the O.C. function and the ARL function for each of the
defined multilevel control charts. In the third section, a method for selecting the
parameters of a multilevel control chart is defined, demonstrated, and evaluated. The
problem of quality value function specification is addressed in the fourth section. In each
section, the topic of interest is motivated using the general j-level case followed by

detailed discussions using the 3-level and 4-level cases.

5.1 MULTILEVEL CONTROL CHART OPERATION AND
SIGNALING RULES

In the preceding chapters, the scenario for which multilevel statistical process
control is most appropriate is defined. Suppose a manufacturer is interested in monitoring
the quality of a product generated by some part of a production process. Suppose in
addition, that the quality of this product is best described using three or more discrete
levels. In such a situation, the supplier may wish to utilize a multilevel control chart to
monitor the status of the process.

As with multilevel acceptance sampling plans, the initial decision required for
implementing a muitilevel control chart is the selection of a multilevel discrete product
quality measure X. As mentioned previously, the multilevel discrete product quality
measure used in this researchisxx =k, k=1, 2, ... , j. The next step in the implementation
of a multilevel control chart is the selection of a quality value function. The quality value

functions considered for multilevel SPC are the same as those considered for multilevel
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acceptance sampling. Once a quality value function is specified, the resulting multilevel
control chart can be implemented.

As described in Chapter 3, the sampling strategy utilized in the multilevel control
charts addressed here is fixed sampling interval single sampling. The sample statistic
considered in this research is the average quality value. The computation of this sample

statistic proceeds as follows.

At sample point ¢, inspect a random sample of » finished items from the process.
Let X,; = the quality measure of item 7, and let V;; = the quality value of item i.

— KV,
Compute the sample statistic /, = > —=.
=
The sample statistic is then plotted on the control chart (see Figure 5.1). If the value of
the sample statistic lies between the lower and upper control limits, LCLy and UCLy, then
the process is concluded to be in a state of statistical control. Otherwise, a signal of an
out-of-control situation is made, and a search for the cause of the out-of-control condition

is initiated. Note that CL refers to the center line of the control chart.

UCLV

CcL ;

LCLV

Figure 5.1
Layout of a Multilevel Control Chart

The multilevel control charts considered in this research are Shewhart control

charts. The implications for computing the control limits for the charts are as follows.
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Recall that in a statistical process control setting, the state of the process (as it relates to
product quality ) is assumed to be described by p = [p1 p: ... pj] where p; represents the
probability that a produced item falls into quality classification &, £ = 1, 2, ... , j. The
process is said to be in a state of statistical control if p = pe = [po1 poz ... po]. It is
commonly assumed that poi, poz, ... , Poj Tepresent target proportions for each of the
quality classifications. Let up denote the expected value of V,; when the process is in
control, and let oy denote the standard deviation of V,; when the process is in control.

Then

J
Hyo = kap()k (5.1),
k=1
L, 2
Opo = kapok ~ Hyo (5.2),
k=1
E(7,) = uy, (5.3),
and
Var(7;) = 220 (5.4).

Thus, the control limits for the multilevel control charts considered here are given by

o
UCL, = p,, +k, —22 5.5),
vy = Hyo v \/; ( )
and
LCL, = ty = ky <22 (5.6)

T
where ky is some positive constant. Note that if the lower control limit is negative, then it
is automatically set to zero and no sample points can fall below it. In addition, note that
CL = uw.

An example multilevel control chart is presented in Figure 5.1. Note that two
types of signals may occur when using such a control chart. The first signal is caused by a
sample statistic falling above the upper control limit. When this type of signal occurs, the
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conclusion is made that the quality of the process has degraded. Thus an attempt is made
to find and remove the cause of the degradation in quality. The second signal is caused by
a sample statistic falling below the lower control limit. This type of signal leads to the
conclusion that the quality of the process has improved. If this improvement is real, then
the manufacturer does not wish to remove the cause, but they do wish to discover,

understand, and benefit from the cause.

5.1.1 3-level Control Charts

In the preceding section, the general framework for multilevel statistical process
control is established. This framework is applicable to the 3-level case. In this section,
the specific quality value functions considered in the 3-level statistical process control
portion of the research are defined. As mentioned earlier, the choice of the quality value
function completes the definition of the multilevel control chart. Thus each quality value
function (or type of 3-level control chart) is given a reference code to be used in the
remainder of this research. This code is of the form j-SPC-AVG-Y(e) where ; indicates
the number of levels used by the multilevel discrete product quality measure, SPC
indicates that it is a Statistical Process Control chart, AVG indicates that the AVeraGe
quality value sample statistic is used, Y is a reference number or letter, and the control
chart parameters and quality value function assignments are specified within the
parentheses. When referring to 3-level control charts, the following descriptions are given
to the three quality classifications: conforming, marginal, nonconforming. The state of the
process is defined by p = [p: p. ps] where p, represents the probability that a produced
item is conforming, p, represents the probability that a produced item is marginal, and p;
represents the probability that a produced item is nonconforming. The process is said to
be in a state of statistical control when p = pe = [po1 Poz pos]. The 3-level control charts

considered are presented below.
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3-SPC-AVG-1(,k1,)
Quality Value Function Conditions: 0 <v <1

1 ifitemiis conforming

X, =42 ifitem /is marginal i=1,2,..

H
3 ifitem / is nonconforming

0 ifX,=1

Vn.= v ian.=2 i=1,2, ..
1 ifX, =3

Hyo =VPp, + Py3

Opy = \/Vzpm + Pos —("Poz +p03)2

3-SPC-AVG-2(n.ky,v)
Quality Value Function Conditions: v >1

1 ifitem /is conforming

X, =<2 ifitem i is marginal i=1,2,..

3 ifitem 7 is nonconforming

1 ifX, =1
v, =lv ifX,=2 i=1,2,..
v oifx, =

4t

Hyo = Poy TVPg, +V2P03

2
Opo = \/Pm +V’ po, +V* pys —(Pm + VP, +V2p03)
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3‘SPC-AVG-G(II ,k VsV14V2y V3)
Note that this is the general 3-level case.

Quality Value Function Conditions: 0 < v; <v, <vj

1 ifitem 7 is conforming

X, =42 ifitem /is marginal i=1,2,..,n
3 ifitem / is nonconforming
v, ifX, =1

V,=4qv, ifX,=2 i=1,2,..,n
v, ifX,=3

Hyg =ViPoy ¥ Vo Py TV3Pys

2 2 2 2
Oy = \/vx Po TV Py, V3P _(vlp()l V2P +v3po3)

5.1.2 4-level Control Charts

The general framework for multilevel statistical process control is also applicable
to the 4-level case. In this section, the specific quality value functions considered in the 4-
level statistical process control portion of the research are defined. The choice of the
quality value function completes the definition of the multilevel control chart, and thus
each quality value function (or type of 4-level control chart) is given a reference code to
be used in the remainder of this research. The form of the reference code is identical to
the form used for 3-level control charts. When referring to 4-level control charts, the
following descriptions are given to the four quality classifications: conforming, minor
nonconforming, major nonconforming, and critical nonconforming. The state of the
process is defined by p = [p1 p2 p3 ps] where p; represents the probability that a produced
item is conforming, p, represents the probability that a produced item is minor
nonconforming, p; represents the probability that a produced item is major

nonconforming, and p4 represents the probability that a produced item is critical
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nonconforming. The process is said to be in a state of statistical control when p = pe =

[Po1 poz Pos Pos]. The 4-level control charts considered are presented below.

MPC-AVGI(HJV,Vl,Vz)
Quality Value Function Conditions: 0 < v, <v, <1

1 ifitem 7 is conforming
2 ifitem / is minor nonconforming
X, = cps . . ] i=12,...,n
3 ifitem / is major nonconforming
4 ifitem / is critical nonconforming
0 ifX,=1
v, ifX,=2
V,= . i=1,2,...,n
v, ifX,=3
1 ifX,=4

f

Hyo =ViPy tVoPos + P

2 2 2
Oyg =\V1Po2 TV P0s T P —(v1p02 +V, Pos +p04)

4-SPC-AVG-2(n,ky,v)
Quality Value Function Conditions: v >1

1 ifitem 7 is conforming
2 ifitem 7 is minor nonconforming
Xn‘ = oo .. . « 1= 19 2, »n
3 ifitem i/ is major nonconforming
4 ifitem i is critical nonconforming
1 ifX, =1
v ifX,=2 '
de 2 . t=1,2,...,n
vi ifX, =3
v oifX, =4

2 3
Byo = Poy TVPy TV Doy +V Py,

2
2 4 6 2 3
Oy =\/p01 TV Py +V Py +V Doy —(p01+vpoz TV Py +V p‘”)
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4-SPC-AVG—G(n,kV,V1,V2,V3)
Note that this is the general 4-level case.

Quality Value Function Conditions: 0 < v; <v; <vz <y

1 ifitem i is conforming
2 ifitem ! is minor nonconforming
X, = e e . i=12,..,n
3 ifitem / is major nonconforming
4 ifitem i is critical nonconforming
v, ifX, =1
ifX, =2
V= & o i=12,..,n
v, ifX,=3
v, ifX,=4

HByo =V Doy ¥ VyPyy ¥ V3P0 +V, P

2 2 2 2 2
Opp = \/vl Per V2 Py tV3Po3 V4P _(vlp()l +V, P02 +V3Pos +V4P04)

5.2 MULTILEVEL CONTROL CHART O.C. FUNCTION AND
ARL FUNCTION BEHAVIOR

The most common measure used for evaluating the behavior of a fixed sampling
mnterval control chart is the ARL function. For control charts (such as those considered in
this research) having sample statistics that utilize only the information from the current
sample, the ARL function can easily be expressed in terms of the O.C. function. In this
section, the O.C. function and ARL function for the multilevel control charts defined in
section 5.1 are constructed and evaluated. The O.C. and ARL functions for the general j-
level case are considered first. Then the O.C. and ARL functions for each of the defined
3-level and 4-level control charts are constructed.

Before the construction of the O.C. and ARL functions for the general j-level case,
it is worthwhile to recall that the state of a process is described by p = [p, p, ... p;] where
pr represents the probability that a produced item falls into quality classification £, £ =1, 2,
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.., J. Let n denote the sample size for the muitilevel control chart, and let N denote the
number of items in the sample that fall into quality classification £, k=1, 2, ..., j. Then

n! n ny n .
J——.n—.l’x 'pep iy =n

P(N1=n1,N2=n2,...,Nj=nj) {nl!nz!. ‘!
0

(5.7).
Let m(ny, ny, ... , nj, p1, P2, ... , pj) = P(N1=ny, Ny=ny, ..., N;=n;). Recall that the O.C.
function is given by P,(p), where P (p) denotes the probability that the sample statistic
falls within the control limits given that the state of the process is p. The signaling rule
can be restated in terms of Ny, N, ..., N; and the assignments made by the quality value

function vy, v,, ..., v;. In particular, no signal is made if

J
ZNkvk

LCL, <*—<UCL, (5.8)
n
or equivalently if
J
nLCL, < ZN,,vk <nUCL, (5.9).

k=1
This relationship can be used to complete the construction of the O.C. function. For
specified values of n, ky, and ps let

ma(”nnz:---,nj,P,,pz,...,pj)=

J
m(n,,nz,...,nj,p,,pz,...,pj) if nLCL, <3 mv, <nUCL,
k=1
0 otherwise
(5.10).

This leads to the result that

Pa(p,,p._,,...,pj) = Zn: Z": ima(nl,nz,...,nj,pl,pz,...,pj) (5.11).

m=0n,=0  n;=0
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However, this expression can be simplified by recognizing that N, + N, + --- + N, =n.

Accounting for this fact leads to the following expression for the O.C. function for

multilevel control charts.

Pa(pl’pZ""’pj)

" DIDITEDY ma(nl,nz,...,nj_,,n—nl—nz— —nj_,,pl,pz,...,pj)

(5.12).

The ARL function, ARL(p), denotes the expected number of samples until a signal
given that the state of the process is constant at p. Since the multilevel control charts
considered in this research have sample statistics that only utilize the information from the
current sample, the number of samples until a signal given that the state of the process is
constant at p is a geometric random variable with probability, 1 — P,(p). Thus the ARL
function is given by

1

1- Pa(pl,pz,...,pj)
Thus specification of the O.C. function is sufficient for describing O.C. and ARL function

behavior.

(5.13).

ARL(pl,pz,...,pj)=

5.2.1 O.C. Function and ARL Function Behavior of 3-level Control Charts

If the development used in the preceding section is followed, the O.C. function and
ARL function for each of the 3-level control charts defined in section 5.1.1 can be
constructed. In this case, the state of the process is described by p = [p: p2 p3] where p;
denotes the probability that a produced item is conforming, p, denotes the probability that
a produced item is marginal, and p; denotes the probability that a produced item is
nonconforming. For a specified sample size n, N, denotes the number of sample items that

are conforming, N, denotes the number of sample items that are marginal, and N; denotes
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the number of sample items that are nonconforming. Since the sample data is
appropriately modeled using the multinomial distribution,

n!

m(nl’n‘Z’nJ)p[’pz’p}): nl!nz!n3!
0 otherwise

p"p,"p" ifn +n,+n,=n (5.14).

Thus given values for n, ky, and pe, each O.C. function and ARL function can be

constructed as follows.

3-SPC-AVG-1(n.k,v)
Signaling Rule: no signal if nLCLy < Npv + N3 < nUCLy

m(n,,n,,ny,p,,p,,p;) ifnLCL, <n,v+n, <nUCL,

ma(nl,nz,n3,p17p2’p3)={0 otherwise

3-SPC-AVG-2(n.ky,v)
Signaling Rule: no signal if nLCLy < Ny + Nyv + Nsv* < nUCLy
ma(”nnz 335 P15 P2 ’Pz) =

m(n,,n,,n,,p,,p,,p;) ifnLCL, <n +n,v+ny* <nUCL,
0 otherwise

3-SPC-AVG-G(n,ky,v1,v2,v3)
Signaling Rule: no signal if nLCLy < Nyv; + Nav, + N3vs S nUCLy
ma(n1>n2 N5 P15 P2 :Ps) =

m(n,,n,,n;,p,,p,,p,) ifnLCL, Snyv, +n,v, +nv, <nUCL,
0 otherwise

Having constructed the conditional multinomial expressions, the O.C. function for all the

3-level control charts can be written as

n n—m

Pa(Pnpz,Ps) = Z zma(nl’n2’n—nl —n,DP; ,Ps) (5.15),

ny =0n, =0

and the ARL function can be written as
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1
1- Pa(pl’pZ ’Ps)

ARL(p,,p;,p;) = (5.16).

Computation of O.C. and ARL function values for any of the 3-level control charts is
quite straightforward. However, presentation of this behavior in a meaningful way is not
so straightforward. As with 3-level acceptance sampling plans, there are three useful
methods of presenting the O.C. function (and thus ARL function) behavior of 3-level
control charts: (1) tables, (2) 3-dimensional O.C. (or ARL) curves, and (3) contour plots
of O.C. (or ARL) function values. Examples of each of these methods are provided for
the 3-SPC-AVG-1(46,2.5758,0.25) control chart having pe = [0.97 0.02 0.01]. In Table
5.1, a table of O.C. function and ARL function values for this control chart is given. In
Figure 5.2, the 3-dimensional O.C. curve for the control chart is given. Note that the
values on the x-axis correspond to values of p, and the values on the y-axis correspond to
the values of p;. Since p; is implied by the specification of p, and p; ( p1 = 1 — p2 - p3).
this is sufficient for describing the complete O.C. function. In Figure 5.3, the 3-
dimensional ARL curve for the control chart is given. In Figure 5.4, a contour plot of
O.C. function values for the control chart is given. As with Figure 5.2, the values on the
x-axis correspond to values of p, and the values on the y-axis correspond to the values of
p3. In Figure 5.5, a contour plot of ARL function values for the control chart is given.
Each of these methods has its own advantages and disadvantages. The tables provide
specific O.C. (or ARL) function values, but they provide only a limited description of
overall behavior. The 3-dimensional curves do not provide specific values, but they do
provide a basic description of overall control chart behavior. The contour plots can be
used to identify some specific values (however, not as easily as the tables), and to provide
a basic description of overall control chart behavior (but perhaps not as clearly as the 3-
dimensional O.C. or ARL curves). |

90



Table 5.1
0.C. and ARL Function Values for the 3-SPC-AV(-~1(46,2.5758,0.25) Control
Chart Having pe = [0.97 0.02 0.01]

P2 Ps | Pupiprps) | ARL(p1,p:p3)
0.02 | 0.01 0.9850 66.8
0.04 | 0.01 0.9709 34.4
0.04 | 0.02 0.8894 9.0
0.04 | 0.03 0.7734 4.4
0.06 | 0.01 0.9502 20.1
0.06 | 0.02 0.8418 6.3
0.06 | 0.03 0.7075 3.4
0.06 | 0.04 0.5706 2.3
0.06 | 0.05 0.4450 1.8
0.08 | 0.01 0.9219 12.8
0.08 | 0.02 0.7885 4.7
0.08 | 0.03 0.6402 2.8
0.08 | 0.04 0.4998 2.0
0.08 | 0.05 0.3782 1.6
0.10 | 0.01 0.8820 8.5
0.10 | 0.02 0.7272 3.7
0.10 | 0.03 0.5710 2.3
0.10 | 0.04 0.4323 1.8
0.10 | 0.05 0.3181 1.5

Figure 5.2
0.C. Curve for the 3-SPC-AVG-1(46,2.5758,0.25) Control Chart Having
pe = [0.97 0.02 0.01]
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Figure 5.3
ARL Curve for the 3-SPC-AVG-1(46,2.5758,0.25) Control Chart Having
po =[0.97 0.02 0.01]

Figure 5.4
Contour Plot of O.C. Function Values for the 3-SPC-AVG-1(46,2.5758,0.25) Control
Chart Having p, = [0.97 0.02 0.01]
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Figure 5.5
Contour Plot of ARL Function Values for the 3-SPC-AVG-1(46,2.5758,0.25) Control
Chart Having p, = [0.97 0.02 0.01]

5.2.2 0O.C. Function and ARL Function Behavior for 4-level Control Charts

In this section, the O.C. function and ARL function for each of the 4-level control
charts defined in section 5.1.2 is constructed. In the 4-level case, the state of the process is
given by p = [p1 p2 ps ps] where p, denotes the probability that a produced item is
conforming, p, denotes the probability that a produced item is minor nonconforming, D3
denotes the probability that a produced item is major nonconforming, and p, denotes the
probability that a produced item is critical nonconforming. For a specified sample size 7,
N1 denotes the number of sample items that are conforming, N, denotes the number of
sample items that are minor nonconforming, N; denotes the number of sample items that
are major nonconforming, and N, denotes the number of sample items that are critical

nonconforming. Using the multinomial model of sample data,
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{1y 1y 1y s Py D P3P ) (5.17)

n! moom omnmg
1 2 3 —
=D, P, ' Ps Py 1fn1+n2 +n, +n, =n
=sntinlnln,!
nytngin, !
0 otherwise

Given values for n, kv, and p,, each O.C. function and ARL function can be constructed as

follows.

4-SP C-AVG—l(n ,ky,vl, Vz)
Signaling Rule: no signal if nLCLy < Navy + N3vo + Na< nUCLy

ma(nl’nz ’n37n4’p1’p2 9p3 >P4)

_ m(nlsn2>n39n4 >p17p2>p33p4) if nLCL, <nyv, +nv, +n, <nUCL,
0 otherwise

4-SPC-AVG-2(n.ky,v)
Signaling Rule: no signal if nLCLy < N + Nyv + Nsv* + Nyv® < nUCLy

ma(nl’n2 7”33”4:P1’p2ap3,P4)

_ m(nl,nz,n3,n4,pl,p2,p3,p4) ifnLCL, <n, +n,v+ny* +n,v’ <nUCL,
0 otherwise

4‘SPC-AVG-G(II ,k VaV14V32y V3)
Slgnaling Rule: no 51gnal 1fnLCLV < N1V1 + Nsz + N3V3 + N4V4 < nUCLV

ma(nl’n2 ’n39n4’pl’p23p3 ,p4)

_ {m(nl,nz,n3,n4,p1,p2,p3,p4) if nLCL, < nyv, +nv, +n,v, +n,v, <nUCL,
0

otherwise
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Having constructed the conditional multinomial expressions, the O.C. function for all the

4-level control charts can be written as

n n—-nn—-m-n,

Pa(Pl:Pzap3>P4) = Z Z Zma(”vnz’”pn_nl —hn, _”3’p1’p2’P3’P4)

m=0n,=0 n;=0
(5.18),
and the ARL function can be written as

1
1—P,,(p,,p2,p3,p4)

ARL(p,,p,,P5.P,) = (5.19).

Computation of the O.C. function and ARL function for any of the 4-level control charts
is quite straightforward. However unlike 3-level control charts, presentation of the O.C.
and ARL function behavior for a 4-level control charts in a meaningful way is limited to

tables.

5.2.3 Computing the O.C. Function for 3-level and 4-level Control Charts

The current form of the O.C. function (and thus the ARL function) for multilevel
control charts is computationally inefficient. In this section, the computational efficiency
of the current form of the O.C. function is discussed, and a new equivalent form is

presented which is much more efficient.
The original form of the O.C. function for the multilevel control charts defined

here is given by
Pa(pl,pz,...,pj) =D Zma(nl,nz,...,nj,pl,pz,...,pj) (5.20).
n=0mny=0 n;=0

It is easy to recognize the computational inefficiency of this form of the O.C. function.
For a given value of n, (n + 1) evaluations of the function m, are required. However, a
simplified form of the O.C. function is presented. This simplification is based on the fact
that the number of observed sample items in each category, Ny, Na, ... , N; must sum to the
sample size n. The resulting final form of the O.C. function is given by
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P(p.Dss-P;)

n n-nm Ry —hy ey

=D D > ma(nl,nz,...,nj_l,n—nl—n,z— —nj_l,p,,pz,...,pj)
m=0n,=0 njA,=0
(5.21).
In the 3-level case, this form of the O.C. function is given by
Pa(pl7p2!p3) = Z Zma(nl 2y, =Ny =Ny, Dy, Dy ap3) (5.22),
m=0n,=0

and in the 4-level case, it is given by

n n-mn-n-—n,

Pa(p,,pz,p3,p4)= Z Z Zma(nvnz,na’n—nl -n, —n3,p1,p2,p3,p4)

"=0n,=0 =0
(5.23).

Although this form of the O.C. is more efficient than the previous, it is still
mefficient for relatively large sample sizes. In the 3-level case, computing the O.C.
function for a control chart having sample size n requires (1/2)(n + 1)(n + 2) evaluations
of the function m,. The computational inefficiency of the current O.C. function expression
lies in the order of summation (%, followed by N,, followed by N;). By taking advantage
of the signaling rule for the defined 3-level control charts, a more efficient form can be
created. Recall the general signal rule for the defined 3-level control charts:

no signal if nLCLy < Nyvi + Nova + N3vs < nUCLy (5.24).
The new form of the O.C. function is constructed by considering the implications of the
signaling rule for the allowed number of observed nonconforming and marginal sample
items. For nonconforming items in the sample, the signaling rule implies that

Nsv; < nUCLy (5.25).
Thus in order for their not to be a signal, the number of nonconforming items in the
sample must fall below some value. Specifically,

N, < nUCL, (5.26).

Vi
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Since Vs is an integer and cannot be larger than the sample size, a threshold value for N3

can be defined. This threshold value is

L
N = M(n,[nUC VD (5.27).
Vs

Given that N5 = n3, a limit can also be placed on the number of marginal sample items by
recognizing that

Nsz + n3v; < nUCLV (528),
which can be rewritten as

N, < nUCL, - nyv, _ (5.29).

Va

Since N, is an integer and the sum of N; and N; cannot exceed the sample size, a threshold
value for N; can be defined. This threshold vale is
NP = min(n-— n, ,{’M——MD (5.30).
v,
These thresholds can be used to define a new form of the O.C. function. For the 3-level
case, this revised version of the O.C. function is given by

el

P(p,,p,,p5)= 2, > m(n-n, -n;,n,,n,,p,,p,,P;) (5.31).

ny=0n,=0

These thresholds can be described specifically for each of the defined types of 3-level

control charts.

3-SPC-AVG-1(1,ks,v)
N = min(n,]_nUCL,, J)

nUCL, —n, D

Vv

N™ = min(n-—n:;,[
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3-SPC-AVG-2(n1,k1s»)

I
N = min| n,[”Uf VD

v

N™ = min n—m,[—nUCL’, —n3v2D
\

1%

The improvement in computational efficiency resulting from revising the form of
the O.C. function can be demonstrated using several examples. The improvements

obtained in these examples are presented in Table 5.2.

Table 5.2

Examples of Achieved Savings in 3-Level O.C. Function Computation

Control Chart Evaluations of | Evaluations of | Evaluations of
m, Required m, Required m, Required
by Equation by Equation by Equation
(5.20) (5.22) (5.31)
3-SPC-AVG-1(34,2.5758,0.25) 42875 630 12
pe = [0.975 0.02 0.005]
3-SPC-AVG-1(63,2.8782,0.5) 262144 2080 16
pe =[0.965 0.03 0.005]
3-SPC-AVG-1(22,2.8782,0.75) 12167 276 3
pe = [0.975 0.02 0.005]
3-SPC-AVG-2(44,2.5758,2) 91125 1035 182
pe = [0.965 0.03 0.005]
3-SPC-AVG-2(94,2.8782,5) 857375 4560 133
ps = [0.965 0.03 0.005]
3-SPC-AVG-1(162,2.8782,10) 4330747 13366 312
pe =[0.96 0.03 0.01]

In the 4-level case, computing the O.C. function for a control chart having sample

size n requires

n+l

> (1/2)j(+1)

k=1
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evaluations of the function m, Again by taking advantage of the signaling rule for the
defined 4-level control charts, a more efficient form of the O.C. function can be created
Recall the general signaling rule for the defined 4-level control charts:

no signal if nLCLy < Nyvi + Npve + N3vs + Nevy < nUCLy (5.33).
The new form of the O.C. function is constructed by considering the implications of the
signaling rule for the allowed number of observed critical, major, and minor
nonconforming sample items. For critical nonconforming items in the sample, the
signaling rule implies that

Ny <nUCLy (5.34).
Thus in order for their not to be a signal, the number of critical nonconforming items in

the sample must fall below some value. Specifically,
N < nUCL,

4 =

(5.35).

Va

Since N, is an integer and cannot be larger than the sample size, a threshold value for N,

can be defined. This threshold value is

N™ = mm(n,{”UCLVD (5.36).
\ Va
Given that Ny = n4, a limit can also be placed on the number of major nonconforming
sample items by recognizing that
N3vs + ngvy <nUCLy (5.37),
which can be rewritten as
N, < PUCLy vy (5.38).
\%

3
Since N; is an integer and the sum of N; and N, cannot exceed the sample size, a threshold
value for N; can be defined. This threshold value is

NE= = min(n - n[MD (5.39).

Vi

99



Given that N3 = n; and Ny = ny, a limit can also be placed on the number of minor
nonconforming sample items by recognizing that

Navy + n3vs + navy < nUCLy (5.40),
which can be rewritten as

N, < nUCL, -nv, —my, (5.41).

¢!

Since NV, is an integer and the sum of N,, N;, and N, cannot exceed the sample size, a

threshold value for N> can be defined. This threshold value is

nUCL, —nv, - n,, D (5.42).

N™ = m'm(n —-n, —n4,[
\ v,
These thresholds can be used to define a new form of the O.C. function. For the 4-level

case, this revised version of the O.C. function is given by

NN NT™

Pa(pl’pz’p3sp4) = Z Z Zma(n—nz —n3 —n4,n23n37n4’p13p2’p3,p4)

ng=0n;=0n,=0

(5.43).
These thresholds can be described specifically for each of the defined types of 4-level
control charts.

4—SPC-AVG-1(I!J(V,V1,V2)
NP> =min(n,| nUCL, |)

,
o« i |20z

V,

max __ b —- -
N =min| n—n, nM{
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4-SPC-AVG-2(n,kv,v)

I
e min(n,[nU(;'LVD
1%

— 3
Nm = min(n—nc‘,[—nUCLV 1Y D

vE

%

The improvement in computational efficiency resulting from revising the form of

the O.C. function can be demonstrated using several examples. The improvements

obtained in these examples are presented in Table 5.3.

Table 5.3
Examples of Achieved Savings in 4-Level O.C. Function Computation
Control Chart Evaluations Evaluations Evaluations
of m, of m, of m,
Required by | Required by | Required by
Equation Equation Equation
(5.20) (5.23) (5.43)
4-SPC-AVG-1(18,2.5758,0.25.0.5) 130321 1330 20
pe = [0.93 0.045 0.02 0.005]
4-SPC-AVG-1(77,2.8782,0.25,0.75) 37015056 82160 319
pe = [0.915 0.06 0.02 0.005] ‘
4-SPC-AVG-1(28,2.8782,0.5,0.75) 707281 4495 72
pe = [0.905 0.06 0.03 0.005]
4-SPC-AVG-2(48,2.5758,2) 5764801 20825 1050
pe =[0.915 0.06 0.02 0.005]
4-SPC-AVG-2(172,2.8782,5) 895745041 877975 12920
pe =[0.91 0.06 0.02 0.01]
4-SPC-AVG-1(2,2.8782,10) 81 10 6
pe =[0.93 0.045 0.02 0.005]
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5.3 MULTILEVEL CONTROL CHART PARAMETER
SELECTION

In many practical situations, the manufacturer knows the type of control chart that
they wish to use. In addition, it is assumed that the in-control state of the process (pe) is
known. However the manufacturer typically does not know what parameter values to use.
In the case of multilevel SPC, the manufacturer may know the quality value function (i.e.
the multilevel control chart) that they wish to use (e.g. 3-SPC-AVG-1(n,k,0.5) or 4-SPC-
AVG-2(n,ky,2)), but they do not necessarily know the values of 7 and 4y that they wish to
use. In this section, a method is defined for selecting » and %, based on some desired ARL
function behavior. The methods are then demonstrated using the 3-level and 4-level
control charts defined in section 5.1.

The problem of parameter selection is not unique to multilevel control charts. The
problem exists for all types of control charts. In most instances, parameter selection
methods are defined using some specified desirable ARL function behavior. Duncan[8]
provides a thorough discussion of such methods for attributes and variables control charts.
In general, if a control chart has b parameters, & ARL function objectives are specified.
This results in a system of 5 equations in 4 unknowns. The system of equations is then
solved for the unknown control chart parameters. Since multilevel control charts have
two parameters, » and ky, two ARL function objectives must be specified.

The first specification involves the in-control state of the process pe. The
manufacturer must specify some acceptable rate of false alarms (signals when the process
is actually in-control). Thus the manufacturer specifies

ARL(p) =1/« (5.44)
where

1 - a=PLAps) (5.45).

Note that o denotes the probability of a false alarm given that the process is in control.
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The implications of this ARL specification can be determined by considering the
O.C. function in additional detail. The O.C. function for the defined multilevel control
charts can be expressed in terms of the signaling rule. Specifically,

P(pysPyopy) = P(LCL, <V, SUCL|p,. p; ... 7)) (5.46).
Note also that
N N
V=) +==>7V, (5.47).
Thus,
P(pypyeesp)) = P(nLCL,, <>V, <nUCL, pl,pz,...,pjj (5.48).
Jj=1

Let uy denote the expected value of V,; and let ov denote the standard deviation of V.
These values can also be expressed in terms of the in-control mean and standard deviation
of Vi

Uy = 611w (5.49),

ov= 6,01 (5.50).
Note that if the process is in control then 6, = &, = 1.

The Central Limit Theorem approximation used in developing the parameter
selection methods for multilevel acceptance sampling plans can also be applied here. Since

Vi, Va, ... , Ven are assumed to be IID random variables, then as n — oo

nLCL, nUCL, —ny,,] 5.51)

—nyy,
P\p,,p,,.-.,0; )= P <Z<
(P12, ( " e
Ignoring the approximation for now, this expression can be simplified as follows.

P(py,Pysp)) = P[‘/;(LCGLV ~Hy) ¢ 5 In(UCL, - ”V)]

Oy
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\/—[,Uvo — Ky \/— Vj vn (anO +k, ‘/; /UVJ
P(p\,Psssp;) = P <7<
o, o'V
P(p.2sssp))
‘/_[IUVO v ‘/— 5, VO) '\/_(IUVO +k, \/“ =3 VO)
=P <Z<
3,0, 620,
1-8
Pa(pl’pZ"“’pj) [\/—ﬂm(l 5) ky <7< \/;ﬂVo( 1)+k_VJ (5.52)
0,0, 0, 0,0, 5,
If the process is in control (&, = 6, = 1), then
P(Dur:Pozr--Po;) = Pk, S Z<K,) (5.53).

The in-control ARL specification can now be used to select a value for &y.

P(Pors Pz Poy) = P~k SZSky)=1-a

k, =2Z,_., (5.54)

The second ARL specification is made for some likely out-of-control condition.
The state of the process in this out-of-control condition is denoted by pe = [pc1 P2 --- Pl
The manufacturer must specify an upper bound for the ARL in this out-of-control
condition. Specifically, the manufacturer must specify

1
ARL(p.) <ﬁ (5.55)
which implies that
Pdpo) < p (5.56).
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This second ARL specification is then used to select a value for n. The specification

requires that

_—

—
&”V0(1_51)—£':SZSVnﬂm(l—&l) kV]S,B
3,0, 0, 0,0, 0,

PpsPursspy) = P(
(5.57).
Given pe and p., uw, ow, 0 and & can be calculated, and &y has been selected using the
first ARL specification. Thus » is the only unknown in equation (5.57). The smallest
value of n that meets the second ARL specification is then selected.

The selected values of n and %y are then used to construct the control limits for the
multilevel control chart. However, if the lower control limit is zero, then the values of n
and kv must be selected again, this time assuming that the control chart is one-sided. In
this case the ARL specifications can be expressed as

P(Poss Pozsenro;) = P(Z S k) = 1- 2 (5.58),
and
Pa(Pcl’pd::pg):P(Zs’M'*ﬁJ S,B (559)
8,00 S,

The values of £y and »n can then be computed using

k,=Z (5.60),

l-ax

AN

The revised values of » and %, are used to compute the upper control limit, and the lower

and

control limit is set to zero.
A method is needed for evaluating the “goodness™ of the multilevel control chart
resulting from the parameter selection method defined above. The method used is similar

to the method used for evaluating the multilevel acceptance sampling plan parameter
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selection method defined in Chapter 4. The resulting control limits are used to compute
ARL(pe) and ARL(p.). The resulting values are then compared to the values specified by

the manufacturer.

5.3.1 Parameter Selection for 3-level Control Charts

In the preceding section, the method for selecting » and % for a multilevel control
chart is defined. In this section, the details required for implementing this method for the
3-level control charts defined in Section 5.1.1 are provided. The method requires that pe
= [Po1 Poz2 Po3] and p. = [p.1 pe2 D3] be specified, and that ARL function objectives for each
of these process states be specified.

For each of the defined 3-level control charts, expressions for 6; and o, are

provided below.

3-SPC-AVG-1(n,k1,v)

5 — vch +pc3
e
VPo: *+ Pos

2 2

5 _\/v Pt Ps "(vpcz +pc3)
, =

vzpoz + Pos "("poz +p03)2

3-SPC-AVG-2(n,k1,v)

6 = pcl +W¢2 +v2pc3
1
Poy + Py, +V’ Dy

2 4 2 2
pcl+v pc2 +v p,,-3 —(pcl+vp02 +v pc3)

o, = 2
Poy +V' Py +V' oy — (p(n VP +v2p03)
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3-SPC-AVG‘G(}‘! ,ky,v,,vz,v3)

5. = ViPa t Vol ¥V3D
ViDoy T V2P TV D0

2 2 2 2

5. = ViPaV2Peo TV3iPs _(vlpcl tV,Pn +V3Pe3)
2 7.2 2 2 2
ViPor TV2 P TVi Do -(lem +V,Pn +V3P03)

Appendix 3.1 contains the results obtained from implementing the parameter selection
method for the 3-SPC-AVG-1(n.ky,v) control chart. For the given examples, the
following information is provided: v, ps, p., the specified values of ARL(pe) and ARL(p.),
the selected values of # and %y, the resulting control limits and center line, and the
achieved values of ARL(ps) and ARL(p.). Appendix 3.2 contains similar results for the 3-
SPC-AVG-2(n,ky,v) control chart.

By studying the results of the examples, several conclusions can be made regarding
the approximate parameter selection method as it relates to the defined 3-level control
charts. The first conclusion is that the vast majority of the 3-level control charts selected
are one-sided (in other words, LCLy = 0). Of the 384 examples, 320 (82.9%) have LCLy
=0.

The second conclusion is that the Central Limit Theorem approximation does not
work as well for the 3-level control charts as it did for 3-level acceptance sampling plans.
The average percent error in the achieved value of ARL(ps) is 64.7% for the 192 example
3-SPC-AVG-1(n,ky,v) control charts, and 67.2% for the 192 example 3-SPC-AVG-
2(n,ky,v) control charts. However, the approximation does work better for the out-of-
control case. The average percent error in the achieved value of ARL(p.) for the 192
example 3-SPC-AVG-1(n,ky,v) control charts is 9.2%. The average percent error in the
achieved value of ARL(p.) for the 192 example 3-SPC-AVG-2(n,ky,v) control charts is
14.7%. This indicates that the approximation to the O.C. function degrades near the

extreme tails of the standard normal distribution.
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The third and final conclusion is that the parameter selection method does not
provide 3-level control charts that meet the ARL specifications established by the
manufacturer. Of the 384 examples, only 1 satisfies the in-control ARL objective. Only
85 satisfy the out-of-control ARL objective.

5.3.2 Parameter Selection for 4-level Control Charts

In this section, the details required for implementing the parameter selection
method for the 4-level control charts defined in Section 5.1.2 are provided. The method
requires that pe = [Po1 Poz Pos pos] and pe = [pc1 Pez Pe3 Pes] be specified, and that ARL
specifications for each of these process states be made.

For each of the defined 4-level control charts, expressions for &, and &, are

provided

4-SPC-AVG-1 (n ,k 12141 ,Vz)

5. = ViPeo TVoPo3s ¥ D
ViPor TV P03 + Doy

f

2 2 2
,{vl P tViPs t Dy "(lecz VP +Pc4)

o, = >
vlzpoz +v22P03 + Doy _(vlpoz +V, D3 +po4)

4-SPC-AVG-2(n,ky,v)

2 3
5 — pcl +vpc2 +v ch +v pc4
1 2 3
Poy TVPy, 1V Doy +V Dy,

2 4 6 2 3 2
PatV p,+tV p;+vpy, —(pcl +vp, +Vv Pty pc4)

6, = >
P +v2p02 +v4P03 +v6po4 _(pm + VP, +v2P03 +v3p04)
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4—SPC-AVG-G(." ,kV,Vl,Vz,V3,V4)

5 = ViPo TV Py T V3P TVl
=
ViPor T V2P T V3Pos TViPu

2 2 2 2 2
vlpclv2pc2 +v3p03 +v4pc4 —(vlpcl +v2p02 +v3pc3 +v4po4)

2 2 2 2 2
Vvl Poy TV2 Poa V3 Pos ViPos —(vlpm TV, P0 T V3P0 +V4p04)

0, =

Appendix 4.1 contains a sample of the results obtained from implementing the parameter
selection method for the 4-SPC-AVG-1(n,kv,v1,v;) control chart. For each of the given
examples, the following information is provided: vi, v;, pe, P., the specified values of
ARL(ps) and ARL(p.), the selected values of » and %y, the resulting control limits and
center line, and the achieved values of ARL(ps) and ARL(p.). Appendix 4.2 contains
similar results for the 4-SPC-AVG-2(n,kv,v) control chart. |

By studying the results of the examples, including those presented in Appendices
4.1 and 4.2, several conclusions can be made regarding the approximate parameter
selection method as it relates to the defined 4-level control charts. The first conclusion is
that the vast majority of the 4-level control charts selected are one-sided (in other words,
LCLy=0). Ofthe 1536 examples, 1486 (96.7%) have LCL, = 0.

The second conclusion is that the Central Limit Theorem approximation does not
work as well for the 4-level control charts as it did for 4-level acceptance sampling plans.
The average percent error in the achieved value of ARL(pe) is 72.8% for the 768 example
4-SPC-AVG-1(n,ky,v1,v2) control charts, and 76.5% for the 768 example 4-SPC-AVG-
2(n,kv,v) control charts. However, the approximation does work better for the out-of-
control case. The average percent error in the achieved value of ARL(p.) for the 768
example 4-SPC-AVG-1(n,kv,v,v2) control charts is 7.4%. The average percent error in
the achieved value of ARL(p.) for the 192 example 4-SPC-AVG-2(n,kv,v) control charts is
33.9%. As with the 3-level case, this indicates that the approximation to the O.C. function
degrades near the extreme tails of the standard normal distribution.
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The third and final conclusion is that the parameter selection method does not
provide 4-level control charts that meet the ARL objectives established by the
manufacturer. Of the 1536 examples, only 32 satisfy the in-control ARL objective. Only
396 satisfy the out-of-control ARL objective.

S.44 QUALITY VALUE FUNCTION SPECIFICATION

In this section, the problem of quality value function specification is addressed. In
section 5.3, the problem of selecting » and %y is considered. In that case, it is assumed
that the manufacturer knows the type of multilevel control chart they wish to use, as well
as the numerical values to be assigned to items by the quality value function. In this
section, it is assumed that the manufacturer only knows the type of multilevel control chart
that they wish to use. For example, the manufacturer may wish to use a 4-SPC-AVG-
2(nky,v) control chart, but they may not know what values of n, ky, and v to use. In this
section, a method is developed for selecting the parameters and specifying the quality
value function for a multilevel control chart.

Suppose the quality value function requires the specification of b values (in the
control charts defined in section 5.1, b is either one, two, three, or four). If 4 + 2 points
on the ARL curve are specified, then the result is a set of 4 + 2 equations in & +2
unknowns (the quality value function, n, and 4y). The quality value function specification
method defined here uses the Central Limit Theorem approximation to the O.C. function
that is used in the parameter selection method to approximately solve this set of equations.

The quality value function specification method is described for each of the defined
multilevel control charts in the sections that follow.
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5.4.1 Quality Value Function Specification for 3-Level Control Charts

Consider first the 3-SPC-AVG-1(n,kv,v) and the 3-SPC-AVG-2(n.kv,v) control
charts. To use either of these control charts, values of n, £y, and v must be specified. In
section 5.3.1, an approximate method is developed for selecting » and ky. This method
requires the specification of two points on the ARL curve, summarized by pe, p., ARL(pe)
= 1/a, and ARL(p.) = 1/(1 — ). This method is extended to address quality value function
specification. In section 5.3, examples of the multilevel control chart parameter selection
method are discussed. In the vast majority of these examples, the resulting control chart is
one-sided (LCLy = 0). Thus the quality value function specification method defined here
assumes that the control chart is one-sided.

The extension to the method begins with the specification of a third point on the
ARL curve, summarized by ps = [ps; ps; p33] and ARL(ps), where ARL(ps) = 1/(1 - ).
This additional specification results in the following system of three equations in three
unknowns:

Pa(ponpozapo;) = P(ZSk,,):l—a (5.62),
Pa(PmPﬂ,P.,3) P z< \/;ﬂyo(l—acl) + kV] =4 (5.63),
02010 O
and
np,(1-6,) &k
P (pssPrP) = P Z< 5 ll=0) | Ky | _ y (5.64),
83,00 O3

where &, = & given that p = p., &2 = & given that p = p., &1 = & given that p = p;, and
03 = &, given that p = ps. This series of equations can be reduced as follows.
(5.62)= k, =Z,_, (5.65)

2 2
k P
(5.63)= n= (zﬁ - ;J (ﬂ (‘ig )] (5.66)
c2 Vo cl
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P
rs

2
(5.64) = n=(Z - k”j ( 9200 J (5.67)
! 532 ﬂm(l—azl)

Equation (5.65) is used to find 4. Equations (5.66) and (5.67) are equated and the

resulting equation,

2 2 2 2
EZ _ kl’] ( 5020-1’0 ] "'(Z _ kV] [ 5320—V0 ] =0 (568)
g S ﬂvo(1—5c1) T Oy ﬂyo(l"’asl)
is a polynomial function of v.
As with the polynomial functions used in the quality value function specification

methods for multilevel acceptance sampling plans, the polynomial function given in
equation (5.68) does not always provide a feasible solution for v. Thus the quality value
function specification method for the 3-SPC-AVG-1(n,kv,v) control chart and the 3-SPC-
AVG-2(n,ky,v) control chart works as follows. pe, p., ps, ARL(ps), ARL(p.), and ARL(ps)
are specified. Equation (5.65) is used to find %y, and then equation (5.68) is solved for v.
If a feasible solution for v is not found, then ps and ARL(ps) must be “re-specified.” Once
a feasible solution for v has been found, equation (5.66) is used to find », and the upper
control limit of the chart is computed. The capability of the method is evaluated by
computing the values of ARL(ps), ARL(p.), and ARL(ps) and comparing them to the
specified target values.

5.4.2 Quality Value Function Specification for the General 3-Level Case

Suppose the manufacturer does not even know which type of 3-level control chart
to use. In this case, the manufacturer may wish to select the quality value function and the
parameters for a 3-SPC-AVG-G(n.kv,v,,v,,v3) control chart. To use this type of control
chart, values of n, ky, v, v;, and v; must be specified. The quality value function
specification method defined in section 5.4.1 is extended to consider this situation. The
extension begins with the presentation of two theorems corresponding to the two

theorems presented for 3-level acceptance sampling plans.
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Theorem 5.1: Let Vy(X) be a quality value function defined on a 3-level discrete
product quality measure X, and let V(X) be a quality value function defined
on X such that V3(X) = 6V(X) for all X where b is some positive constant.
Then a multilevel control chart (utilizing fixed sampling interval single
sampling and the average quality value sample statistic) using V7(X) and
having parameters n and &y and control limits UCL, = UCLy, and LCLy, =
LCLy, is equivalent to a multilevel control chart (utilizing fixed sampling
interval single sampling and the average quality value sample statistics)
using V»(X) and having parameters n and 4y and control limits UCL, =
UCLn = bUCLVl and LCLV = LCLV2 = bLCLm

Theorem 5.2: Every 3-level control chart (utilizing fixed sampling interval single
sampling and the average quality value sample statistic) is equivalent to
either a 3-SPC-AVG-1(n,ky,v) control chart or a 3-SPC-AVG-
G(n,ky,1,v,,v3) control chart.

Note that similar theorems could be defined for the product sample statistic given in
equation (3.14). As of result of Theorem 5.2, all that is necessary to complete the quality
value function specification method for 3-level control charts is to extend the method
defined in section 5.4.1 to the 3-SPC-AVG-G(n,kv,1,v,,v;) control chart.

The extension to the quality value function specification method defined in section
5.4.1 begins with the specification of an additional point on the ARL curve, summarized
by ps = [pa1 ps2 ps3] and ARL(p,), where ARL(ps) = 1/(1 - n). This additional

specification results in the following system of four equations in four unknowns:

Pa(p01’p029p03)= P(ZSkV) =l-a (5.69),
\/;,u,, (1—5 ) k)

P(p,,PaPs)=PlZ< - 2 L= 5.70),

(PetsPiasPes) o Vo) B (5.70)

\
‘/;l‘ Vo(l - 531) + k,
03,0 03,)

=y (5.71),

Pa(pn’pzz,pn) = P(\Z <

(5.72),

Pa(P41,P42,P43) Pl 7< ‘\/;,U Vo(1—541) + kV] =7

04000 Oun
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where 83, = &) given that p = p4, and Ss; = S&; given that p = ps. This series of equations

can be reduced as follows.

(5.69)= k, = Z,__ (5.73)
kY| 6 ’
(5.70) = n= (Z,, A ———2@—] (5.74)
502 /uVO(l_ 51:1)
2y 2
(5.71) = n= (Z, L7 B T (5.75)
O3/ \NV0(1_531)/
2 \ 2
(5.72) = n= (Z,, LA L (5.76)
04 /‘Vo(l" 541)/

Equation (5.73) is used to find kv. If one of the three expressions for 7 is substituted into
the other two, the result is two expressions which are polynomial functions of v; and v;. If

equation (5.74) is used, then the following expressions are obtained.

2 2 2 2
(5.75) = (Zﬂ _ kvj ( 82010 J —[Zr _ kv] ( 83200 ] -0
On ﬂVo(1"5c1) O3 ﬂVO(1—631)

(5.77)

2 2 2 2
(576) = (ZB - kV] ( 6020-5’0 ) _[Z _ kV) ( 5420-!’0 ] =0
0. luVO(l—gcl) g Ou /‘Vo(l_541)

The quality value function specification method for the 3-SPC-AVG-

(5.78)

G(n,kv,1,v2,v3) control chart works as follows. pe, pe, Ps, P4, ARL(ps), ARL(pc), ARL(p3),
and ARL(p,) are specified. First, equation (5.73) is used to find 4. The polynomial
functions given in equations (5.77) and (5.78) are then simultaneously solved for v, and vs.
If the expression does not provide a feasible solution for v, and vs; (v3 > v, > 1), then ps,
ps, ARL(ps), and ARL(p4) must be “re-specified.” Once a feasible solution for v, and v;
has been found, equation (5.74) is used to find 7, and the upper control limit of the chart is
computed. The capability of the method is evaluated by computing the values of ARL(ps),
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ARL(p.), ARL(ps), and ARL(p4) and comparing them to the specified target values. It is

worthwhile to note that finding a feasible solution for v, and v; can be very time-

consuming.

5.4.3 Quality Value Function Specification for 4-Level Control Charts

Consider first the 4-SPC-AVG-2(n,kv,v) control chart. To use this control chart,
values of n, ky, and v must be specified. In section 5.4.1, a method is developed for
selecting n, kv, and v for the 3-SPC-AVG-1(n,kv,v) and the 3-SPC-AVG-2(n,kv,v) control
charts. This method is directly applicable to the 4-SPC-AVG-2(n,ky,v) control chart.

Consider next the 4-SPC-AVG-1(n,ky,v1,v2) control chart. To use this control
chart, values of n, &y, v,, and v, must be specified. In section 5.4.2, a method is developed
for selecting n, ky, v2, and v for the 3-AS-S-G(n,kv,1,v,,v3) control chart. This method is
directly applicable to the 4-SPC-AVG-1(n,ky,v1,v;) control chart with one exception. In
this case, equations (5.77) and (5.78) are polynomial functions of v; and v,.

5.4.4 Quality Value Function Specification for the General 4-Level Case

Suppose the manufacturer does not even know which type of 4-level control chart
to use. In this case, the manufacturer may wish to select the quality value function and the
parameters for a 4-SPC-AVG-G(n,ky,v1,v2,V3,v4) control chart. To use this type of control
chart, values of n, kv, vi, v2, v3, and v, must be specified. The quality value function
specification method defined in section 5.4.2 is extended to the 4-level case. The

extension begins with the presentation of a corollary to Theorem 5.2.

Corollary 5.1: Every 4-level control chart (utilizing fixed sampling interval single
sampling and the average quality value sample statistic) is equivalent to
either a 4-SPC-AVG-1(nky,v,,v;) control chart or a 4-SPC-AVG-
G(n,ky,1,v4,v3,v4) control chart.
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The extension to the quality value function specification method defined in section
5.4.2 begins with the specification of five points on the ARL curve, summarized by py =
[Po1 Poz Po3 Pos], Pe = [Pe1 ez Pe3 Pes]s Ps = [P31 P32 P33 P3al, Pa = [Pa1 paz paz pasl, Ps = [psi
Ps2 Ds3 Psal, ARL(pe), ARL(pc), ARL(ps), ARL(p4), and ARL(ps), where ARL(ps) = 1/,
ARL(pc) = 1/(1 = ), ARL(ps) = 1/(1 - y), ARL(ps) = 1/(1 — 1), and ARL(ps) = 1/(1 - o).
This additional specification results in the following system of five equations in five
unknowns:

Pa(pOI’pOZ’pOZi’pM):P(ZSkV)=l_a (5.79),
/
1-6
Pa(pclﬁpc27pc3,pc4)=P Zs \/;1_#”0( CI)+ kV =ﬁ (580),
8200 Py,
( \/;,U V0(1-531) ky
Pa(P3hP32:P33>P34)=P Z< + =y (5.81),
8312010 01
Jnp,(1-6,) &,
P,,(P41,P42,P43,P44) =Pl Z< VO( 41) + =7 (5.82),
\ 800, P
and
1-6
P,(Ps1s Ps2s Psss Pss) = P(Z < Vst rol1- ) + k”] =¢ (5.83),
852010 P

where &, = 6 given that p = p., &2 = &, given that p = p., &1 = & given that p = ps, n
= &, given that p = ps, ou = ) given that p = ps, ds2 = &, given that p = p4, Js1 = &) given
that p = ps, and Js; = &, given that p = ps. This series of equations can be reduced as

follows.
(579 = k, = Z,_, (5.84)
Y[ s :
o
(5.80) = n=(Z - ”] [ 290 (5.85)
/ O /‘Vo(l_‘su))
2 \ 2
(5.81)= n= [Z, - kV] [ E) (5.86)
83, Hyo (1 - 531)/
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2 2
P -
(5.82) > n= (Z,, _J_VJ (M_] (5.87)
42

,uvo(l'541)
Y[ s :
(5.83) = n=(Z - J (&] (5.88)
? O ,uVo(l‘Ssx)

Equation (5.84) is used to find 4. If one of the four expressions for » is substituted into
the other three, the result is three expressions which are polynomial functions of v,, vs, and

vs. If equation (5.85) is used, then the following expressions are obtained.

2 2 2 2
(5.86) = (Zﬁ _ kVJ ( 8200 } —[Zr _ kv] ( 83300 J =0
Ou :uVO(l_é‘cl) Oy ,Uvo(l"é‘sl)

(5.89)
2 2 2 2
(5.87) = (Zﬂ _ kVJ ( 8200 ] —[Z” _ kV] ( 8500 J =0
O /‘Vo(l_é‘cl) Oun ﬂVo(l"‘szu)
(5.90)
(5 88) - (Z _ kV ]2( 5020V0 Jz _(Z _k_le[ 6520.V0 ]2 =0
. g O ﬂVo(l—acx) 7 Oy ﬂvo(l"551)
(5.91)

The quality value function specification method for the 4-SPC-AVG-
G(n,kv,1,v2,v3,v4) control chart works as follows. pe, Pe, Ps, Ps> Ps, ARL(pe), ARL(p.),
ARL(ps), ARL(p4), and ARL(ps) are specified. First, equation (5.84) is used to find %y.
The polynomial functions given i equations (5.89), (5.90), and (5.91) are then
simultaneously solved for v;, v; and v,. If the expression does not provide a feasible
solution for v,, v3, and vs (v4 > v3 > v, > 1), then ps, ps, ps, ARL(ps), ARL(ps), and
ARL(ps) must be “re-specified.” Once a feasible solution for v,, v;, and v, has been found,
equation (5.85) is used to find », and the upper control limit of the chart is computed. The
capability of the method is evaluated by computing the values of ARL(pe), ARL(p.),
ARL(ps), ARL(ps), and ARL(ps) and comparing them to the specified target values. It is
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worthwhile to note that finding a feasible solution for v,, v;, and v, can be very time-

consuming.
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CHAPTER 6: CONCLUSIONS AND FUTURE DIRECTIONS

In this research, a number of multiievel acceptance sampling plans and multilevel
control charts are developed. In this chapter, the advantages and disadvantages of these

methods are discussed and future research areas involving these techniques are described.

6.1 MULTILEVEL ACCEPTANCE SAMPLING

In this research, a number of multilevel acceptance sampling plans are defined. For
each of these defined plans, the O.C. function is constructed and used to develop
approximate methods (based on the Central Limit Theorem) for sampling plan parameter
selection and quality value function specification. The parameter selection method allows
a manufacturer to quickly select a multilevel acceptance sampling plan that closely meets
desired O.C. function behavior. The quality value function specification method is not as
efficient. However, when successful, this method allows the manufacturer to construct a
multilevel acceptance sampling plan that closely meets as many as four O.C. function
objectives (in the 3-level case -- five in the 4-level case). This is quite an improvement
over existing methods which typically allow a manufacturer to specify two O.C. function
objectives.

All the defined multilevel acceptance sampling plans utilize the summation decision
rule. Theorem 4.2 and Corollary 4.1 indicate that the entire set of such sampling plans can
be limited to two specific cases (3-AS-S-1(n,7,v) and 3-AS-S-G(n,T,1,v,,v;) in the 3-level
case -- 4-AS-S-1(n,7,v,,v;) and 4-AS-S-G(n,T,1,v;,v3,v4) in the 4-level case). As a result,
future study of the types of multilevel acceptance sampling plans defined in this research
can be limited to these two cases. Such future study might include additional numerical
study of the defined parameter selection and quality value function specification methods,

or the development of other methods (numerical or analytical, exact or approximate) for
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solving the sets of simultaneous equations resulting from the specification of O.C. function
objectives.

In addition to further study of the defined methods, there is also the possibility of
the development and evaluation of other types of multilevel acceptance sampling plans.
For example, any number of altermative decision rules can be explored. For each new
decision rule, a number of quality value functions may be considered and, for each quality
value function, parameter selection and quality value function specification methods must
be developed. In addition, sampling strategies other than single sampling may be

considered.

6.2 MULTILEVEL STATISTICAL PROCESS CONTROL

In this research, a number of multilevel control charts are defined. For each of
these defined control charts, the O.C. function and ARL function are constructed and used
to develop approximate methods (based on the Central Limit Theorem) for control chart
parameter selection and quality value function specification. The parameter selection
method allows a manufacturer to quickly select a multilevel control chart based on
desired ARL function behavior. The quality value function specification method is not as
efficient. However, when successful, this method allows the manufacturer to construct a
multilevel control chart based on as many as four ARL function objectives (in the 3-level
case -- five in the 4-level case). This is quite an improvement over existing methods which
typically allow a manufacturer to specify two ARL function objectives. However, the
Central Limit Theorem approximation is not sufficiently accurate for specified in-control
ARL function behavior. In addition, the quality value function specification method
assumes that the control chart should be one-sided. In order to achieve the full benefits of
the defined control charts, an alternative method (numerical or anmalytical, exact or

approximate) must be developed for overcoming these shortcomings.
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All the defined multilevel control charts utilize the average quality value sample
statistic. Theorem 5.2 and Corollary 5.1 indicate that the entire set of such control charts
can be limited to two specific cases (3-SPC-AVG-1(nkyv) and 3-SPC-AVG-
G(n,ky,1,v2,v3) in the 3-level case -- 4-SPC-AVG-1(n,ky,v,v;) and 4-SPC-AVG-
G(n,kv,1,v2,v3,v4) in the 4-level case). As a result, future study of the types of multilevel
control charts defined in this research can be limited to these two cases.

In addition to further study of the defined methods, there is also the possibility of
the development and evaluation of other types of multilevel control charts. For exampie,
any number of alternative sample statistics can be explored. For each new sample statistic,
a number of quality value finctions may be considered and, for each quality value
function, parameter selection and quality value function specification methods must be
developed. In addition, sampling strategies other than fixed sampling interval single
sampling may be considered.

6.3 SUMMARY

The quality of a large number of products, particularly those in the food and
chemical industries, can easily be evaluated using a multilevel discrete product quality
measure. The sampling plans, control charts, and the parameter selection and quality
value function specification methods defined in this research are the beginnings of a new
approach to multilevel statistical quality control. As these statistical quality control
techniques are explored in further detail and extended with new concepts and methods, the
result should be a set of tools that provide a manufacturer with greater flexibility in
designing acceptance sampling plans and control charts.
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APPENDIX 1

PARAMETER SELECTION EXAMPLES FOR 3-LEVEL
ACCEPTANCE SAMPLING PLANS
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APPENDIX 1.1

PARAMETER SELECTION EXAMPLES FOR THE 3-AS-S-1(n,T,v)
ACCEPTANCE SAMPLING PLAN
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Table Al.1.1 - Parameter Selection Examples for the 3-AS-S-1(n,T,0.25) Acceptance

Sampling Plan having « = 0.05 and g = 6.05

P12 P13 P P n T a B T a B
fix @ | adjusted | adjusted | fix § | adjusted | adjusted
fix a fix @ fix § fix §
0.03 0.01 0.10 | 0.05 91 3.28 0.0602 0.0409 3.29 0.0602 0.0409
0.03 0.01 0.15 | 0.05 62 2.48 0.0844 0.0288 2.48 0.0844 0.0288
0.03 | 0.01 0.10 | 0.08 52 2.19 0.0843 0.0321 2.21 0.0843 0.0321
0.03 0.01 0.15 0.08 40 1.82 0.0688 0.0366 1.84 0.0688 0.0366
0.05 0.01 0.10 | 0.05 112 448 0.0734 0.0338 4.48 0.0734 0.0338
0.05 0.01 0.15 0.05 74 3.25 0.0563 0.0431 3.26 0.0563 0.0431
0.05 0.01 0.10 | 0.08 60 2.78 0.0588 0.0408 2.81 0.0588 0.0408
0.05 | 001 0.15 | 0.08 45 2.25 0.0584 0.0433 2.25 0.0584 0.0433
0.03 0.02 0.10 | 0.05 165 7.61 0.0606 0.0409 7.62 0.0606 0.0409
0.03 0.02 0.15 | 0.05 105 5.34 0.0618 0.0399 5.35 0.0618 0.0399
0.03 0.02 | 0.10 | 0.08 80 4.34 0.0637 0.0398 436 0.0637 0.0398
0.03 | 002 | 0.15 | 0.08 59 3.46 0.0754 0.0338 3.46 0.0754 0.0338
005 002 | 010 ! 0.05 | 210 : 10.37 0.0593 0.0416 10.39 0.0593 0.0416
005 | 002 | 0.15 | 0.05 | 127 6.88 0.0624 0.0392 6.90 0.0624 0.0392
0.05 0.02 0.10 | 0.08 93 5.38 0.0638 0.0387 541 0.0638 0.0387
005 | 002 015 | 0.08 | 68 422 | 00733 0.0329 4.26 0.0547 0.0445

Table A1.1.2 - Parameter Selection Examples for the 3-AS-S-1(n,T,0.25) Acceptance

Sampling Plan having o = 0.05 and = 0.10

Pz P13 Pn P n T a p T a B
fix @ | adjusted | adjusted | fix # | adjusted | adjusted
fix fix @ fix g fix g
0.03 0.01 0.10 | 0.05 66 2.59 0.0645 0.0919 2.61 0.0645 0.0919
0.03 | 001 | 0.15 | 0.05 45 1.97 0.0873 0.0738 1.98 0.0873 0.0738
0.03 | 0.01 | 0.10 | 0.08 37 1.72 0.0774 0.0756 1.75 0.0774 0.0756
0.03 0.01 0.15 | 0.08 29 1.46 0.0796 0.0695 1.51 0.0453 0.1048
0.05 | 001 | 0.10 | 0.05 82 3.52 0.0574 0.0999 3.54 0.0574 0.0999
0.05 0.01 0.15 | 0.05 54 2.57 0.0641 0.0946 2.58 0.0641 0.0946
0.05 | 0.01 | 0.10 | 0.08 43 2.18 0.0787 0.0816 2.21 0.0787 0.0816
0.05 | 0.01 0.15 | 0.08 32 1.77 0.0570 0.1047 1.77 0.0570 0.1047
003 | 002 | 0.10 | 0.05 | 124 | 6.07 0.0595 0.0959 6.09 0.0595 0.0959
0.03 | 002 | 0.15 | 0.05 79 4.30 0.0608 0.0969 4.32 0.0608 0.0969
0.03 | 0.02 | 0.10 | 0.08 59 3.46 0.0754 0.0813 3.50 0.0754 0.0813
0.03 | 0.02 | 0.15 | 0.08 44 2.80 0.0641 0.0958 2.83 0.0641 0.0958
0.05 | 002 | 0.10 | 0.05 | 158 8.21 0.0654 0.0873 8.23 0.0654 0.0873
005 | 002 | 0.15 | 0.05 95 5.47 0.0701 0.0842 5.47 0.0701 0.0842
0.05 | 0.02 | 0.10 | 0.08 68 422 0.0733 0.0830 4,24 0.0733 0.0830
005 | 0.02 | 0.15 | 0.08 50 3.35 0.0666 0.0909 3.38 0.0666 0.0909
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Table Al.1.3 - Parameter Selection Examples for the 3-AS-S-1(n,7,0.25) Acceptance
Sampling Plan having a =0.10 and 8= 0.05

Pz | P13 | Pu | P n r a Y] T a B
fix # | adjusted | adjusted | fix 8 | adjusted | adjusted
fix o fix fix B fix #
003 | 001 | 0.10 | 0.05 | 79 2.61 0.1074 0.0350 2.64 0.1074 0.0350
003 | 001 | 0.15 | 0.05 | 54 1.96 0.1263 0.0271 1.98 0.1263 0.0271
0.03 | 0.01 0.10 | 0.08 46 1.74 0.1233 0.0270 1.77 0.0913 0.0418
0.03 | 0.01 0.15 | 0.08 35 1.43 0.1168 0.0291 1.44 0.1168 0.0291
0.05 | 0.01 | 0.10 | 0.05 | 96 3.57 0.1022 0.0398 3.57 0.1022 0.0398
005 | 001 | 0.15 | 0.05 | 64 2.59 0.1062 0.0360 2.61 0.1062 0.0360
005 | 0.01 | 0.10 | 0.08 53 2.24 0.1316 0.0288 2.28 0.0916 0.0415
0.05 | 0.01 | 0.15 | 0.08 40 1.81 0.0971 0.0366 1.84 0.0971 0.0366
1 003 | 002 | 0.10 | 0.05 | 138 | 5.98 0.1177 0.0349 6.00 0.0952 0.0449
1 0.03 | 002 | 0.15 | 005 | 88 4.17 0.1146 0.0345 4.19 0.1146 0.0345
003 002 | 0.10 | 0.08 68 3.41 0.1155 0.0362 3.42 0.1155 0.0362
0.03 | 0.02 | 0.15 | 0.08 51 2.73 0.1183 0.0298 2.76 0.0941 0.0432
005 | 002 | 0.10 | 0.05 | 174 | 8.17 0.1099 0.0396 8.17 0.1099 0.0396
005 002 | 0151 0.05 | 106 | 541 0.1109 0.0369 5.42 0.1109 0.0369
005 | 002 | 010 ; 0.08 | 79 4.26 0.0965 0.0433 4.29 0.0965 0.0433
0.05 | 0.02 | 0.15 | 0.08 58 3.33 0.1062 0.0380 3.37 0.1062 0.0380

Table Al.1.4 - Parameter Selection Examples for the 3-AS-S-1(n,T,0.25) Acceptance
Sampling Plan having a =0.10 and = 0.10

P12 P13 P2 P2 n T a ﬂ T a ﬂ
fix @ | adjusted | adjusted | fix § | adjusted | adjusted

- fix a fix fix § fix #
0.03 | 0.01 0.10 | 0.05 55 1.98 0.1310 0.0752 1.99 0.1310 0.0752
0.03 | 0.01 | 0.15 | 0.05 38 1.51 0.0820 0.1019 1.53 0.0820 0.1019
0.03 | 0.01 | 0.10 | 0.08 32 1.34 0.0976 0.0866 1.37 0.0976 0.0866
0.03 | 0.01 | 0.15 | 0.08 25 1.13 0.1290 0.0800 1.18 0.1290 0.0SOOJ
0.05 | 0.01 | 0.10 | 0.05 68 2.72 0.1260 0.0798 2.72 0.1260 0.0798 |
0.05 | 0.01 | 0.15 | 0.05 45 1.98 0.1280 0.0738 1.98 0.1280 0.0738
0.05 | 0.01 | 0.10 | 0.08 37 1.71 0.1248 0.0756 1.75 0.1248 0.0756
0.05 | 0.01 | 0.15 | 0.08 28 1.39 0.1188 0.0798 1.43 0.1188 0.0798
0.03 | 0.02 | 0.10 ; 0.05 100 4.61 0.1074 0.0929 4.62 0.1074 0.0929
0.03 | 002 | 0.15 | 0.05 64 3.25 0.1316 0.0754 3.27 0.0966 0.1028
0.03 | 0.02 | 0.10 | 0.08 49 2.65 0.1066 0.0846 2.68 0.1066 0.0846
0.03 | 002 | 0.15 | 0.08 36 2.11 0.1192 0.0916 2.12 0.1192 0.0916
0.05 | 002 | 010 | 005 | 127 6.27 0.0984 0.1010 6.28 0.0984 0.1010
0.05 | 002 | 0.15 | 0.05 77 417 0.1142 0.0861 418 0.1142 0.0861
0.05 | 0.02 | 0.10 | 0.08 56 3.24 0.1268 0.0805 3.25 0.1268 0.0805

I 005 | 002 | 0.15 | 0.08 41 2.55 0.0978 0.0983 2.56 0.0978 0.0983
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Table Al.1.5 - Parameter Selection Examples for the 3-AS-S-1(n,7,0.5) Acceptance
Sampling Pian having @ = 0.05 and # = 0.0S

P12 P P22 P2 n T a yi) T a B
fix @ | adjusted | adjusted | fix # | adjusted | adjusted
fix a fix fix g fix

0.03 | 0.01 | 0.10 | 0.05 72 3.61 0.0532 0.0449 3.64 0.0532 0.0449

0.03 | 0.01 | 0.15 | 0.05 43 2.48 0.0960 0.0261 2.48 0.0960 0.0261

0.03 | 001 | 0.10 | 0.08 | 45 2.56 0.0487 0.0485 2.57 0.0487 0.0485

0.03 | 001 | 0.15 | 0.08 | 31 1.96 0.1013 0.0242 2.01 0.0399 0.0556

0.05 | 001 | 0.10 | 0.05 | 103 | 6.04 0.0476 0.0504 6.04 0.0476 0.0504

0.05 | 001 | 0.15 | 0.05 58 3.86 0.0727 0.0335 3.89 0.0727 0.0335

0.05 | 001 { 0.10 | 0.08 59 3.91 0.0776 0.0328 3.92 0.0776 0.0328

0.05 { 001 | 0.15 | 0.08 | 39 2.86 0.0774 0.0316 2.90 0.0774 0.0316

003 | 002 | 0.10 | 0.05 | 112 | 6.74 0.0604 0.0413 6.76 0.0604 0.0413

0.03 | 0.02 | 0.15 | 0.05 62 4.27 0.0652 0.0393 4.28 0.0652 0.0393

003 | 002 | 0.10 | 0.08 | 64 4.37 0.0733 0.0338 4.41 0.0733 0.0338

003 | 002 | 0.15 | 0.08 | 42 3.20 0.0611 0.0399 3.25 0.0611 0.0399

0.05 | 0.02 | 0.10 | 0.05 | 166 | 11.17 | 0.0545 0.0452 11.20 | 0.0545 0.0452

005 | 002 | 0.15 | 0.05 83 6.35 0.0672 0.0378 6.36 0.0672 0.0378

0.05 | 0.02 | 0.10 | 0.08 84 6.41 0.0712 0.0350 6.45 0.0712 0.0350

0.05 | 0.02 | 0.15 | 0.08 | 52 441 | 0.0762 0.0331 4.43 0.0762 0.0331

Table A1.1.6 - Parameter Selection Examples for the 3-AS-S-1(n,T,0.5) Acceptance
Sampling Plan having a = 0.05 and = 0.10

Puz | P | Pz | Pn n T a B T a B
fix @ | adjusted | adjusted | fix # | adjusted | adjusted
fix x fix a fix g fix g

0.03 | 001 | 0.10 | 0.05 32 2.84 0.0756 0.0818 2.84 0.0756 0.0818

0.03 | 001 [ 0.15 | 0.05 32 2.01 0.0436 0.1187 2.06 0.0436 0.1187

0.03 | 001 | 0.10 | 0.08 33 2.05 0.0475 0.1094 2.10 0.0475 0.1094

0.03 | 001 | 0.15 | 0.08 | 22 1.55 0.0469 0.1180 1.57 0.0469 0.1180

0.05 | 001 | 0.10 | 0.05 76 4.75 0.0616 0.0932 4.75 0.0616 0.0932

0.05 | 001 | 0.15 | 0.05 43 3.08 0.0489 0.1074 3.12 0.0489 0.1074

005 | 0.01 | 0.10 | 0.08 | 43 3.08 0.0489 0.1090 3.10 0.0489 0.1090

0.05 | 001 } 0.15 | 0.08 | 28 2.25 0.0663 0.0899 2.27 0.0663 0.0899

003 | 0.02 | 0.10 | 0.05 84 5.38 0.0715 0.0815 5.41 0.0715 0.0815

003 | 002 | 0.15 | 0.05 | 46 3.42 0.0813 0.0757 3.42 0.0813 0.0757

003 | 002 { 0.10 | 0.08 | 47 3.47 0.0868 0.0707 3.50 0.0448 0.1187

0.03 | 002 | 0.15 | 0.08 | 31 2.57 0.0512 0.1079 2.62 0.0512 0.1079

005 | 0.02 | 0.10 | 0.05 | 125 | 8.84 0.0635 0.0887 8.85 0.0635 0.0887

005! 002 | 015 | 0.05 | 63 5.11 0.0528 0.1035 5.15 0.0528 0.1035

0.05 | 0.02 | 0.10 | 0.08 | 62 5.05 0.0490 0.1101 5.06 0.0490 0.1101

0.05 | 002 { 0.15 | 0.08 39 3.55 0.0483 0.1097 3.60 0.0483 0.1097
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Table A1.1.7 - Parameter Selection Examples for the 3-AS-S-1(n,T,0.5) Acceptance
Sampling Plan having o =0.10 and 3= 0.05

P12 P13 Pn P n r a B T a B
fix @ | adjusted | adjusted | fix § | adjusted | adjusted
fix fix ¢ fix 3 fix §

0.03 | 0.01 | 0.10 | 0.05 62 2.86 0.1251 0.0310 2.90 0.1251 0.0310

003 | 0.01 | 0.15 | 0.05 37 1.94 0.1470 0.0261 1.94 0.1470 0.0261

0.03 | 0.01 | 0.10 | 0.08 39 2.01 0.0745 0.0521 2.02 0.0745 0.0521

0.03 | 0.01 | 0.15 | 0.08 27 1.54 0.0748 0.0502 1.57 0.0748 0.0502

0.05 | 0.01 | 0.10 | 0.05 88 4.833 0.1160 0.0357 4.87 0.1160 0.0357

0.05 | 0.01 | 0.15 | 0.05 49 3.02 0.0784 0.0526 3.04 0.0784 0.0526

0.05 | 0.01 | 0.10 | 0.08 51 3.12 0.0900 0.0448 3.14 0.0960 0.0448

0.05 | 0.01 | 0.15 | 0.08 34 2.28 0.1133 0.0336 2.34 0.1133 0.0336

0.03 | 0.02 | 0.10 | 0.05 94 5.30 0.1124 0.0374 5.33 0.1124 0.0374

003 | 002 | 0.15 | 0.05 | 52 3.32 0.1173 0.0360 3.32 0.1173 0.0360

0.03 | 002 | 0.10 | 0.08 | 54 3.42 0.1307 0.0315 3.43 0.1307 0.0315

003 | 002 | 0.15 | 008 | 36 2.51 0.0784 0.0510 2.56 0.0784 0.0510

0.05 | 002 | 0.10 | 0.05 | 137 | 8.78 0.1079 0.0413 8.79 0.1079 0.0413

0.05 | 002 | 0.15 | 0.05 70 5.02 0.0847 0.0510 5.06 0.0847 0.0510

0.05 [ 0.02 | 0.10 | 0.08 71 5.08 0.0900 0.0471 5.12 0.0900 0.0471

005 | 0.02 | 0.15 | 0.08 | 44 3.46 0.1385 0.0294 3.48 0.1385 0.0294

Table A1.1.8 - Parameter Selection Examples for the 3-AS-S-1(n,T,0.5) Acceptance
Sampling Plan having ¢ =0.10 and = 0.10

Pz | Ps | Pn | P | n T a B T a B
fix @ | adjusted | adjusted | fix # | adjusted | adjusted
fix o fix fix g fix #

0.03 | 001 [ 010 | 005 | 44 2.20 0.1017 0.0927 2.23 0.1017 0.0927

003 | 001 | 0.15 | 0.05 27 1.54 0.0748 0.1151 1.59 0.0748 0.1151

0.03 | 001 | 0.10 | 0.08 | 28 1.58 0.0811 0.1070 1.63 0.0811 0.1070

0.03 | 001 | 0.15 | 0.08 19 1.20 0.0982 0.0918 1.24 0.0982 0.0918

0.05 | 001 | 0.10 | 0.05 63 3.69 0.0992 0.0967 3.71 0.0992 0.0967

0.05 | 001 | 0.15 | 0.05 | 35 2.33 0.1223 0.0803 2.34 0.1223 0.0803

0.05 | 001 | 0.10 | 0.08 | 36 2.38 0.1317 0.0760 2.40 0.1317 0.0760

005 | 001 | 0.15 | 0.08 | 24 1.76 0.1099 0.0845 1.80 0.1099 0.0845

0.03 | 002 | 0.10 | 0.05 68 4.09 0.0912 0.1068 4.11 0.0912 0.1068

0.03 | 002 | 0.15 | 0.05 38 2.61 0.0910 0.1066 2.63 0.0910 0.1066

003 : 002 | 0.10 | 0.08 | 39 2.66 0.0977 0.0981 2.69 0.0977 0.0981

0.03 | 002 | 0.15 | 0.08 | 25 1.91 0.1439 0.0712 1.92 0.1439 0.0712

0.05 | 0.02 | 0.10 | 0.05 { 101 | 6.79 0.1098 0.0895 6.82 0.1098 0.0895

0.05 | 0.02 | 0.15 | 0.05 51 3.89 0.1259 0.0769 3.92 0.1259 0.0769

0.05 | 0.02 | 0.10 | 0.08 | 51 3.89 0.1259 0.0790 391 | 0.1259 0.0790

F0.0S 0.02 X 0.15 | 0.08 | 32 2.71 0.1022 0.0933 2.74 | 0.1022 0.0933
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Table A1.1.9 - Parameter Selection Examples for the 3-AS-S-1(n,T,0.75) Acceptance

Sampling Plan having a = 0.05 and = 0.05

Pz P13 P2 P2 n T a p T a p
fix « | adjusted | adjusted | fix # | adjusted | adjusted
fix o fix a fix g fix S
0.03 | 0.01 | 0.10 | 0.05 68 4.39 0.0630 0.0406 442 0.0630 0.0406
0.03 0.01 0.15 0.05 39 2.92 0.0716 0.0328 2.96 0.0716 0.0328
0.03 0.01 0.10 | 0.08 45 3.24 0.0821 0.0320 3.28 0.0519 0.0459
0.03 | 001 | 0.15 | 0.08 29 2.37 0.0741 0.0372 2.42 0.0741 0.0372
0.05 0.01 0.10 | €¢.05 109 8.43 0.0626 0.0411 8.46 0.0626 0.0411
0.05 0.01 | 0.15 | 0.05 55 492 0.0627 0.0422 4.93 0.0627 0.0422
0.05 | 001 | 0.10 | 0.08 65 5.60 0.0580 0.0421 5.63 0.0580 0.0421
0.05 | 001 | 0.15 ; 0.08 39 3.80 0.0604 0.0423 3.84 0.0604 0.0423
0.03 0.02 | 0.10 | 0.05 95 7.04 0.0559 0.0456 7.05 0.0559 0.0456
0.03 0.02 | 0.15 | 0.05 50 4.30 0.0587 0.0450 4.30 0.0587 0.0450
003 : 002 | 0.10 | 0.08 59 4.87 0.0640 0.0400 491 0.0640 0.0400
0.03 | 002 | 0.15 | 0.08 36 3.38 0.0698 0.0430 3.41 0.0698 0.0430
005 { 002 ; 010 | 0.05 | 157 | 13.39 0.0579 0.0435 13.42 0.0579 0.0435
005 | 0.02 | 0.15 ; 0.05 72 7.09 0.0588 0.0444 7.11 0.0588 0.0444
005 | 0.02 | 0.10 | 0.08 86 8.17 | 0.0622 0.0407 822 0.0622 0.0407
0.05 | 002 | 0.15 | 0.08 48 5.17 0.0642 0.0423 5.17 0.0642 0.0423
Table A1.1.10 - Parameter Selection Examples for the 3-AS-S-1(n,T,0.75)
Acceptance Sampling Plan having « = 0.05 and 8 =10.10
Pz | P | Pn | Pn n T a B r a B
fix @ | adjusted | adjusted | fix § | adjusted | adjusted

fix a fix & fix S fix g
0.03 | 0.01 | 0.10 | 0.05 50 3.49 0.0726 0.0852 3.52 0.0535 0.1048
0.03 | 001 | 0.15 | 0.05 28 2.31 0.0680 0.1029 2.32 0.0680 0.1029
0.03 | 001 | 0.10 | 0.08 33 2.59 0.0576 0.0964 2.65 0.0576 0.0964
0.03 | 001 | 0.15 | 0.08 21 1.89 0.0594 0.0981 1.95 0.0594 0.0981
0.05 | 001 [ 0.10 [ 0.05 81 6.65 0.0615 0.0939 6.65 0.0615 0.0939
0.05 | 001 | 0.15 | 0.05 41 3.94 0.0721 0.0847 3.97 0.0721 0.0847
0.05 | 0.01 | 0.10 | 0.08 48 444 0.0695 0.0895 4.47 0.0695 0.0895
0.05 | 001 | 0.15 | 0.08 29 3.06 0.0615 0.0906 3.12 0.0615 0.0906
0.03 | 002 ! 0.10 | 0.05 71 5.61 0.0613 0.0944 5.62 0.0613 0.0944
0.03 | 0.02 | 0.15 | 0.05 37 3.45 0.0758 0.0944 3.45 0.0758 0.0944
0.03 | 0.02 | 0.10 | 0.08 43 3.85 0.0616 0.0956 3.85 0.0616 0.0956
0.03 | 002 | 0.15 | 0.08 27 2.75 0.0813 0.0832 2.82 0.0506 0.0991
0.05 | 002 | 0.10 | 0.05 | 119 | 10.64 0.0590 0.0939 10.67 0.0590 0.0939
0.05 | 0.02 | 0.15 | 0.05 54 5.66 0.0650 0.0930 5.68 0.0650 0.0930
005 | 0.02 | 0.10 | 0.08 64 6.47 0.0669 0.0882 6.49 0.0669 0.0882
| 005 ] 002 015|008 | 36 | 416 | 00669 | 00914 | 419 = 0.0669 | 0.0914
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Table Al.1.11 - Parameter Selection Examples for the 3-AS-S-1(n,T,0.75)
Acceptance Sampling Plan having ¢ = 0.10 and £ = 0.05

T

P12 P13 P22 P n T a s i T a B
fix « | adjusted | adjusted | fix 3 | adjusted | adjusted
fix a fix fix g fix g

0.03 | 001 | 0.10 | 0.05 | 58 3.45 0.1134 0.0334 3.48 0.1i34 0.0384

0.03 { 001 | 0.15 | 0.05 33 2.26 0.1009 0.0496 2.26 0.1009 0.0496

003 | 001 | 0.10 | 0.08 | 39 | 2.55 0.0905 0.0442 2.60 0.0905 0.0442

0.03 | 001 | 0.15 | 0.08 25 1.84 0.0882 0.0465 1.88 0.0882 0.0465

0.05 | 0.01 | 0.10 | 0.05 91 6.64 0.1070 0.0422 6.65 0.1070 0.0422

0.05 | 001 | 0.15 | 0.05 | 47 3.90 0.1141 0.0386 3.93 0.1141 0.0386

0.05 | 001 | 0.10 | 0.08 | 55 4.41 0.1151 0.0404 4.44 0.1151 0.0404

0.05 | 001 | 0.15 | 0.08 | 33 2.96 0.1344 0.0354 2.98 0.1344 0.0354

003 | 002 | 0.10 | 0.05 80 5.55 0.1003 0.0442 5.57 0.1003 0.0442

003 | 002 | 0.15 | 0.05 i 43 3.40 0.1170 0.0420 3.44 0.1170 0.0420

0.03 | 0.02 | 0.10 | 0.08 | 50 3.82 0.1020 0.0417 3.85 0.1020 0.0417

003 | 0.02 | 0.15 | 0.08 | 31 2.65 0.1142 0.0418 2.70 0.1142 0.0418

005 | 0.02 | 0.10 | 0.05 | 129 | 10.50 0.1138 0.0404 10.50 0.0969 0.0481

0.05 | 002 | 0.15 | 0.05 60 5.55 0.1015 0.0468 5.56 0.1015 0.0468

005 | 002 ; 0.10 | 0.08 72 6.44 0.1136 0.0393 6.48 0.1136 0.0393

0.05 | 002! 015 ] 008 | 41 4.09 0.1051 0.0432 4.13 0.1051 0.0432

Table A1.1.12 - Parameter Selection Examples for the 3-AS-S-1(n,T,0.75)
Acceptance Sampling Plan having o =0.10 and = 0.10

P12 P13 Pz | Pxn n T a B T a B
fix @ | adjusted | adjusted | fix § | adjusted | adjusted
fix @ fix & fix £ fix g

003 | 001 [ 0.10 | 0.05 | 41 2.65 0.1030 0.0985 2.65 0.1030 0.0985

003 | 001 | 0.15 | 0.05 | 24 1.79 0.0805 0.1094 1.84 0.0805 0.1094

0.03 | 0.01 | 0.10 | 0.08 27 1.95 0.1045 0.0965 1.95 0.1045 0.0965

003 | 001 | 0.15 | 0.08 18 1.46 0.1607 0.0577 1.52 0.0890 0.1103

005 | 001 | 0.10 | 0.05 | 66 5.11 0.1065 0.0972 5.12 0.1065 0.0972

0.05 | 001 | 0.15 | 0.05 | 34 3.03 0.0993 0.0991 3.07 0.0993 0.0991

0.05 | 001 | 0.10 | 0.08 | 40 3.44 0.1064 0.0845 3.48 0.1064 0.0845

005 | 001 | 0.15 | 0.08 | 24 2.33 0.1028 0.0901 2.38 0.1028 0.0901

003 | 002 | 0.10 | 0.05 | 58 4.29 0.0991 0.1018 431 0.0991 0.1018

003 | 0.02 | 0.15 | 0.05 | 31 2.65 0.1142 0.0961 2.69 0.1142 0.0961

003 | 0.02 | 0.10 | 0.08 | 36 2.97 0.1142 0.0854 3.00 0.0944 0.1009

0.03 | 0.02 | 0.15 | 0.08 | 22 2.06 0.0948 0.0897 2.09 0.0948 0.0897

0.05 | 002 | 0.10 | 0.05 | 95 §.11 0.1046 0.0963 8.11 0.1046 0.0963

005 | 002 | 0.15 | 005 | 44 433 0.1003 0.0958 4.36 0.1003 0.0958

0.05 | 002 | 0.10 | 0.08 | 52 4.95 0.1163 0.0867 4.96 0.1163 0.0867

005 | 002 | 0.15 | 0.08 | 30 3.21 0.1290 0.0773 3.27 0.0875 0.1104
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APPENDIX 1.2

PARAMETER SELECTION EXAMPLES FOR THE 3-AS-S-2(n,T,v)
ACCEPTANCE SAMPLING PLAN
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Table Al1.2.1 - Parameter Selection Examples for the 3-AS-S-2(n,T,2) Acceptance

Sampling Plan having o = 0.05 and 5= 0.05

Piz P13 Pn Pz n T a Y] T a B
fix @ | adjusted | adjusted | fix § | adjusted | adjusted
fix a fix ¢ fix g fix g
003 | 001l | 0.10 | 0.05 | 81 90.9 0.0804 0.0309 90.9 0.0804 0.0309
0.03 | 0.01 | 0.15 | 0.05 53 60.3 0.0606 0.0390 60.3 0.0606 0.0390
0.03 0.01 0.10 | 0.08 49 55.9 0.0869 0.0285 56.0 0.0869 0.0285
003 | 001 | 0.15 | 008 | 36 41.5 0.0733 0.0319 41.7 0.0733 0.0319
0.05 | 0.01 | 0.10 | 0.05 106 | 120.7 0.0675 0.0368 120.7 0.0675 0.0368
0.05 | 0.01 0.15 | 0.05 66 76.2 0.0555 0.0423 76.3 0.0555 0.0423
0.05 | 001 | 0.10 | 0.08 | 59 68.3 0.0609 0.0389 68.5 0.0609 0.0389
005 | 001 | 0.15 ] 008 | 42 49.3 0.0594 0.0399 49.3 0.0594 0.0399
003 | 002 | 0.10 | 0.05 | 140 | 161.3 | 0.0586 0.0421 161.4 | 0.0586 0.0421
0.03 | 002 | 0.15 | 0.05 84 98.3 0.0601 0.0404 98.4 0.0601 0.0404
0.03 | 0.02 | 0.10 | 0.08 72 84.8 0.0719 0.0357 84.8 0.0719 0.0357
0.03 | 002 | 0.15 | 008 | 51 60.9 0.0801 0.0313 60.9 0.0801 0.0313
0.05 | 0.02 | 0.10 | 0.05 | 188 | 219.2 | 0.0548 0.0452 | 219.3 | 0.0548 0.0452
0.05 | 0.02 : 0.15 | 0.05 105 | 1244 0.0601 0.0412 124.5 0.0601 0.0412
0.05 | 002 | 0.10 | 0.08 88 104.9 0.0717 0.0348 105.0 0.0717 0.0348
005 | 0.02 | 0.15 | 0.08 | 60 72.5 0.0659 0.0378 72.6 0.0659 0.0378

Table Al.2.2 - Parameter Selection Examples for the 3-AS-S-2(n,T,2) Acceptance

Sampling Plan having « = 0.05 and = 0.10

Pz | P | P | P» n r a B T a B
fix @ | adjusted | adjusted | fix # | adjusted | adjusted

fix a fix fix # fix 8
0.03 | 0.01 0.10 | 0.05 59 66.9 0.0819 0.0767 66.9 0.0819 0.0767
0.03 | 001 | 0.15 | 0.05 | 38 43.7 0.0826 0.0769 43.8 0.0826 0.0769
0.03 | 0.01 0.10 | 0.08 35 40.4 0.0689 0.0839 40.5 0.0689 0.0889
0.03 | 0.01 | 0.15 | 0.08 | 25 29.3 0.0586 0.0977 29.3 0.0586 0.0977
0.05 | 001 | 0.10 | 0.05 | 78 89.5 0.0661 0.0887 89.6 0.0661 0.0887
0.05 | 001 | 0.15 | 0.05 | 48 56.0 0.0511 0.1094 56.1 0.0511 0.1094
0.05 | 0.01 | 0.10 | 0.08 | 42 49.3 0.0594 0.0982 49.3 0.0594 0.0982
0.05 [ 001 | 0.15 ] 0.08 | 30 35.7 0.0788 0.0793 35.8 0.0788 0.0793
0.03 | 0.02 | 0.10 | 0.05 | 105 | 122.0 | 0.0534 0.1050 | 122.1 | 0.0534 0.1050
1 0.03 ' 002 | 0.15 | 0.05 63 74.5 0.0664 0.0871 74.6 0.0664 0.0871
003 | 002 | 0.10 | 0.08 | 53 63.2 0.0565 0.1027 63.2 0.0565 0.1027
003 | 002 0.15 ! 0.08 | 38 46.0 0.0831 0.0693 46.1 0.0536 0.1065
0.05 | 0.02 | 0.10 | 0.05 | 142 | 166.8 | 0.0653 0.0867 166.8 | 0.0653 0.0867
0.05 | 0.02 | 0.15 | 0.05 79 94.5 0.0635 0.0909 94.6 0.0635 0.0909
005 | 002 | 0.10 | 0.08 | 65 78.3 0.0602 0.0952 78.4 0.0602 0.0952
[ 005] 002 015 ] 008 | 44 53.9 | 0.0813 0.0769 54.0 0.0813 0.0769
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Table A1.2.3 - Parameter Selection Examples for the 3-AS-S-2(n,T,2) Acceptance
Sampling Plan having a = 0.1) and 5= 0.05

P12 P13 P2 P | n ' r ; a g T a i) !
i fixa ! adjusted | adjusted | fix # | adjusted | adjusted
; | fixa fix a fix A fix 5
0.03 | 0.01 C.10 | 0.05 70 i 779 | 0.1292 0.029€¢ 779 0.1293 0.0296
0.03 | 6.01 | 0.15 | 0.05 | 46 51.7 0.1246 0.0276 51.8 0.1246 0.0275
0.03 | 001 | 0.1C | 0.08 | 43 48.4 0.1079 0.0344 48.6 ©.1079 0.0344
0.03 | 0.01 0.15 | 0.08 31 353 0.0928 0.0379 | 353 0.0928 0.0379
0.05 | 001 0.10 | 0.05 91 102.7 0.1190 0.0338 | 102.8 0.1190 0.0338
005 ; 001 | 015 { 005 ! 56 | 64.0 0.1374 0.0272 | 64.0 0.6846 0.0470
005 ! 001 | 010 | 008 | 51 58.4 0.1056 0.0374 58.5 0.1056 0.0374
0.05 { 001 | 6.15 | 0.08 : 37 | 428 0.1301 0.0272 43.0 0.1301 0.0272
0.03 | 0.02 | 0.10 i 0.05 117 | 133.8 0.1161 0.0356 133.8 0.1161 0.0356
0.03 § 0.02 | 0.15 | 9.05 | 70 81.1 0.0945 0.0442 81.2 0.0945 0.0442
003 | 002 | 6.10 | 0.08 62 72.1 0.0540 0.0434 72.2 0.0940 0.0434
003 ] 0021 015 | 008 | 44 51.8 0.1213 0.0300 51.9 0.121 0.0300
i 005 | 0.02 ] 010 | C.05 | 156 | 180.6 0.1098 0.0397 180.7 0.1098 0.0397
0.05 | 002 | 015 | 0.05 | 88 | i03.2 | 0.1006 0.04!5 103.4 | 0.1006 0.0415
005 | 002 | 0.10 | 0.08 75 88.4 0.1056 0.0392 88.5 0.1056 0.0392
005 | 002 | 0.15 | 008 ! 51 60.9 | 0.1274 0.0313 60.9 0.1274 0.0313

Table Al.2.4 - Parameter Selection Examples for the 3-AS-S-2(n,7,2) Acceptance

Sampling Plan having ¢ =0.10 and 5= 0.10

pu | pis | pu | ps | n ! T a B | T a | B
fix @ | adjusted | adjusted | fix # | adjusted | adjusted

fix a fix a fix # fix B
0.03 | 0.01 | 0.10 | 0.05 56 56.1 0.0912 0.1035 56.2 0.0912 0.1035
003 | 001 | 0.15 | 0.05 | 32 36.4 0.0992 0.0913 36.4 0.0992 0.0913
0.03 | 0.01 0.10 | 0.08 30 34.2 0.0867 0.0982 34.3 0.0867 0.0982
0.03 | 0.01 | 0.15 { 0.08 22 25.4 0.1082 0.0882 25.5 0.1082 0.0882
0.05 | 0.01 | G.10 | 0.05 65 74.0 0.1245 0.0729 74.0 0.0854 0.1084
0.05 | 001 ; 0.15 | 0.05 40 46.2 0.0915 0.1027 46.2 0.0915 0.1027
0051 001 ¢ 010 | 0.08 36 41.7 0.1220 0.0753 41.8 0.1220 0.0793
005} 00i | 0.15 | 0.08 26 30.5 0.1078 0.0839 30.6 0.1078 0.0839
0.03 | 6.02 | 0.10 | 0.05 85 98.0 0.1265 0.0777 98.0 0.0903 0.1083
003 | 002 | 0.15 | 005 | 51 59.7 0.1195 0.0806 59.8 0.1195 0.0806
003 ! 002 | 010 | 0.08 | 44 51.8 0.1213 0.0799 51.8 0.1213 0.0799
003 | 002 | 0.15 | 0.08 J 31 37.0 0.1487 0.0685 37.0 0.0895 0.1115
0.05 | 002 | 010 | 005 | 114 | 1329 0.1209 0.0824 132.9 0.1209 0.0824
0.05 | 0.02 | 0.15 | 0.05 64 75.8 | 0.1223 0.0794 75.9 0.1223 0.0794
0.05 | 0.02Z | 0.10 | 0.08 33 63.2 0.0963 0.1027 63.2 0.0963 0.1027
[ 005 | 002 | 0.15 | 0.08 37 44.7 0.1210 0.0791 44.3 0.1210 0.0791
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Table A1.2.5 - Parameter Selection Examples for the 3-AS-S-2(n,T,5) Acceptance

Sampling Plan having a = 0.05 and 4 = 0.05

D1z Pis P22 P2 n ro & B T a B
fix @ | adjusted | adjusted | fix 8 | adjusted | adjusted
fix fix o fix 7 fix g
0.03 | 0.01 0.10 | 0.05 106 | 186.0 1.0647 0.0493 186.2 0.0647 0.0403
0.03 | 0.01 0.15 | 0.05 79 143.6 0.0572 0.0374 143.9 0.0572 0.0374
003 | 0.01 | 0.10 | 0.08 ; 37 | 1082 | 0.0950 0.0341 108.5 [ 0.0950 0.0341
003 | 001 | 0.15 | 0.08 | 47 91.8 0.0812 0.0361 92.2 0.0812 0.0361
005 | 001 | 0.106 [ 0.05 | 123 | 223.1 | 0.0596 0.0405 223.5 | 0.0596 0.0405
0.05 | 001 | 0.15 | 0.05 96 | 169.0 | 0.0717 0.0329 169.5 | 0.0717 0.0329
0.05 | 0.01 | 0.10 | 0.08 | 63 | 123.7 | 0.0651 0.0371 1243 | 0.0651 0.0371
005 | 001 | 0.15 | 0.08 | 51 | 103.1 | 0.0714 0.0404 103.3 | 0.0714 0.0404
0.03 | 002 | 0.10 [ 0.05 ! 205 | 4083 | 0.0637 0.0387 | 408.7 | 0.0637 0.0387
0.03 | 0.02 | 0.15 | 0.05 | 143 | 295.9 | 0.0621 0.0404 | 296.4 | 0.0621 0.0404
003 | 002 | 0.10 [ 0.08 | 9 {1972 | 0.0704 0.0374 197.3 | 0.0704 0.0374
0.03 | 0.02 | 0.15 | 008 | 72 | 1628 | 0.0636 0.0367 162.8 | 0.0636 0.0367
0.05 | 002 | 0.10 | 0.05 | 244 | 4984 | 0.0607 0.0408 | 498.8 | 0.0607 0.0408
005 | 0.02 | 0.15 | 0.05 | 165 | 3500 | 0.0594 0.0414 | 3503 | 0.0594 0.0414
005 | 002 | 0.10 | 0.08 | 100 | 2246 | 0.0600 0.0415 225.0 [ 0.0600 0.0415
0.05 | 0.02 ] 0.15 | 0.08 | 79 | 183.1 0.0626 0.0421 183.2 | 0.0626 0.0421

Table A1.2.6 - Parameter Selection Examples for the 3-AS-S-2(n,T,5) Acceptance

Sampling Plan having o = 0.05 and §=0.10

Pur | Pis Pz | P n T a B T a B
fix 2 | adjusted | adjusted | fix # | adjusted | adjusted
fix a fix a fix g fix g
0.03 | 0.01 | 0.10 | 0.05 77 140.4 0.0689 0.0815 140.9 | 0.0689 0.0815
0.03 | 001 | 0.15 | 0.05 | 57 | 1082 | 0.0950 0.0801 108.4 | 0.0950 0.0801
0.03 | 001 | 0.10 | 0.08 41 81.8 0.0653 0.0977 82.8 0.0653 0.0977
0.03 | 001 [ 0.15 | 0.08 33 68.2 0.0602 0.0750 68.4 0.0602 0.0750
0.05 | 0.01 | 0.10 | 0.05 | 89 | 167.3 | 0.0692 0.0886 | 167.6 | 0.0692 0.0886
0.05 | 001 | 0.15 | 0.05 65 127.1 0.0716 0.0883 127.4 0.0716 0.0883
005 | 001 | 0.10 | 0.08 45 92.6 0.0812 0.0837 93.5 0.0695 0.0985
005 | 001 [ 0.15 | 0.08 36 76.7 0.0580 0.0958 76.8 0.0580 0.0958
0.03 | 0.02 [ 0.10 [ 0.05 | 154 | 316.0 | 0.0625 0.0919 | 316.5 | 0.0625 0.0919
0.03 | 0.02 | 0.15 | 0.05 | 107 | 229.2 | 0.0665 0.0902 | 229.5 | 0.0665 0.0902
0.03 | 0.02 | 0.10 | 0.08 66 151.2 0.0564 0.0929 151.4 0.0564 0.0929
0.03 | 0.02 | 0.15 | 0.08 53 125.7 0.0756 0.0954 126.0 0.0756 0.0954
0.05 | 002 | 0.10 [ 0.05 183 | 384.1 0.0593 0.0958 384.3 0.0593 0.0958
1 0.05 | 002 | 0.15 | 0.05 124 | 2714 0.0665 0.0870 271.7 0.0665 0.0870
0.05 | 002 | 0.10 [ 0.08 73 171.0 0.0657 0.0927 171.1 0.0657 0.0927
L 005 ] 002 | 015 | 0.08 58 140.6 0.0730 0.0893 140.8 0.0730 0.0893
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Table A1.2.7 - Parameter Selection Examples for the 3-AS-S-2(n,T,S) Acceptance

Sampling Plan having a =0.10 and S = 0.05

Pz P13 Pn P n T a yij T a B
fix o | adjusted | adjusted | fix 8 | adjusted | adjusted
fix fix « fix g fix 8

0.03 | 001 | 0.10 | 0.05 92 155.5 0.1147 0.0318 156.0 0.1147 0.0318
003 | 001 | 0.15 | 0.05 | 68 | 118.6 | 0.1344 0.0310 118.7 | 0.1344 0.0310
003 | 001 | 0.10 | 0.08 | 51 92.0 0.0979 0.0363 92.9 0.0979 0.0363
003 [ 001 | 0.15 | 0.08 | 42 77.7 0.1016 0.0260 78.6 0.0759 0.0349
0.05 0.01 0.10 { 0.05 106 | 1859 0.1194 0.0323 186.2 0.0996 0.0403
0.05 | 001 | 0.15 | 0.05 77 139.3 0.1168 0.0338 139.3 0.1168 0.0338
0.05 | 0.01 | 010 | 0.08 | 55 | 1032 | 0.1053 0.0410 103.3 | 0.1053 0.0410
0.05 | 0.01 | 0.15 | 0.08 45 86.5 0.0948 0.0334 86.8 0.0948 0.0334
0.03 | 0.02 | 0.10 | 0.05 171 | 330.8 0.1158 0.0369 331.1 0.1006 0.0430
0.03 | 0.02 | 0.15 | 0.05 119 | 238.1 0.1091 0.0358 238.3 0.1091 0.0358
003 | 002 | 0.10 | 0.08 | 77 | 161.6 | 0.0940 0.0404 161.8 | 0.0940 0.0404
003 | 002 | 015 ]| 0.08 | 62 | 1336 | 0.1298 0.0323 1342 | 0.1134 0.0406
0.05 ( 002 | 0.1C | 0.05 | 203 | 403.9 0.1035 0.0422 404.1 0.1035 0.0422
005 | 002 | 0.15 | 0.05 138 | 283.7 0.1068 0.0388 284.2 0.1068 0.0388
0.05 | 002 | 0.10 | 0.08 | 85 | 183.5 | 0.1093 0.0378 183.6 | 0.1093 0.0378
005 | 002 | 0.15 | 0.08 | 68 | 1506 | 0.1192 0.0352 151.3 | 0.1192 0.0352

Table A1.2.8 - Parameter Selection Examples for the 3-AS-S-2(n,T,5) Acceptance

Sampling Plan having o =0.10 and £=0.10

Pu P13 P 2% n T a i) T a B
fix @ | adjusted | adjusted | fix # | adjusted | adjusted
fix @ fix a fix § fix g
003 |1 001 | 0.10 | 005 | 65 ! 1139 | 0.1232 0.0942 114.5 | 0.1232 0.0942
0.03 | 001 | 0.15 | 0.05 | 48 87.2 0.0995 0.0770 87.5 0.0995 0.0770
0.03 | 001 | 0.10 | 0.08 | 35 66.3 0.1164 0.0693 66.9 0.1164 0.0693
0.03 | 001 | 0.15 | 0.08 | 29 56.5 0.1604 0.0744 57.3 0.0795 0.0912
0.05 | 001 | 0.10 | 0.05 | 75 | 136.0 | 0.1086 0.0917 136.4 | 0.1086 0.0917
0.05 | 001 | 0.15 | 0.05 | 55 | 103.2 | 0.1053 0.0943 103.7 [ 0.1053 0.0943
005 | 0.01 | 0.10 | 0.08 | 38 74.7 0.0856 0.0999 74.8 0.0856 0.0999
0.05 | 0.01 | 0.15 | 0.08 | 31 62.6 0.1420 0.0730 62.8 0.1420 0.0730
003 | 0.02 | 0.10 | 0.05 | 124 | 247.1 | 0.1127 0.0889 | 247.1 | 0.1127 0.0889
0.03 [ 0.02 | 0.15 | 0.05 87 | 180.0 | 0.1042 0.0936 1804 | 0.1042 0.0936
0.03 | 002 | 0.10 | 0.08 | 55 | 1204 | 0.1024 0.0923 120.8 | 0.1024 0.0923
0.03 | 002 | 0.15 | 0.08 | 44 99.4 0.1177 0.0845 99.7 0.1177 0.0845
0.05 | 002 | 0.10 | 0.05 | 148 | 3023 | 0.1083 0.0916 | 302.5 | 0.1083 0.0916
005 | 002 | 0.15 | 0.05 | 100 | 212.1 | 0.1020 0.0985 | 212.2 | 0.1020 0.0985
005 | 002 | 010 | 0.08 | 61 | 1369 { 0.1255 0.0847 137.4 | 0.1077 0.0994
0.05 | 002 | 0.15 | 0.08 | 48 | 111.2 | 0.1081 0.0841 111.3 | 0.1081 0.0841
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Table A1.2.9 - Parameter Selection Examples for the 3-AS-S-2(n,T,10) Acceptance
Sampling Plag having o = 0.05 and 4= 0.05

Piz | Pi3s | Pz | P n T a B T @ B
fix a adjusted | adjusted fix g adjusted | adjusted
fix fix fix § fix g
0.03 | 0.01 | 0.10 | 0.05| 128 474.3 0.0578 0.0376 476.0 0.0578 0.0376
0.03 1001|015 005]| 106 407.9 0.087S 0.0331 409.6 0.0879 0.0331

0.03 10.01]0.10|0.08 | 64 275.5 0.0875 0.0317 276.8 0.0875 0.0317

003 {001 0.15008 | 57 2523 0.1114 0.0386 254.4 0.1114 0.0386

0.05]0.01 | 0.10 | 0.05 ] 139 533.1 0.0611 0.0345 534.5 0.0611 0.0345

0.05 | 0.01 { 0.15 | 0.05 | 1i4 453.8 0.0805 0.0350 454.5 0.0805 0.0350

0.05 001010008 | 68 301.5 0.0813 0.0274 305.2 0.0592 0.0323

0.05 001 | 0.1510.08] 60 273.8 0.1013 0.0364 276.6 0.0784 0.0388

0.03 1 0.02 { 0.10 | 0.05 | 263 | 1225.7 0.0632 0.0402 1227.0 0.0570 0.0428

0.03 10.020.15: 005! 207 | 1001.9 0.0593 0.0412 1002.2 0.0593 0.0412

0.03 | 0.02;0.10 1 0.08! 104 571.3 0.0594 0.0351 572.9 0.0586 0.0394

0.030.02 015 0.08 ! 91 514.0 0.0731 0.0370 516.4 0.0566 0.0417

0.05 1 0.02 {0.10 | 0.05 | 292 | 13932 0.0605 0.0420 1394.8 0.0605 0.0420

0.05 { 0.02  0.15 1005 i 227 i 11239 0.0615 0.0407 1124.1 0.0615 0.0407

0.05 { 0.02 | 0.10 | 0.08 | 110 617.7 0.0696 0.0423 619.1 0.0696 0.0423

0.05 { 0.02 0.15 | 0.08 L 96 553.8 0.0597 0.0384 556.4 0.0521 0.0413

Table A1.2.10 - Parameter Selection Examples for the 3-AS-S-2(n,T,10) Acceptance
Sampling Plan having a = 0.05 and #=0.10

Pz | Pis | P2 | P n T a B T a B
fix a adjusted | adjusted fix g adjusted | adjusted
fix @ fix @ fix fix

0.03 [ 0.01 | 0.10 |0.05]| 92 364.8 0.0656 0.0919 365.4 0.0656 0.0919

0.03 1001 | 015005 | 76 314.3 0.0510 0.0922 314.5 0.0510 0.0922

0.03 1001 | 0.10 | 0.08 | 45 211.4 0.0747 0.1062 212.1 0.0747 0.1062

0.03 |0.01 |0.15|0.08 | 40 193.8 0.0608 0.1030 194.8 0.0608 0.1030

0.05 | 0.01 | 0.10 | 0.05 | 100 408.5 0.0772 0.0997 409.0 0.0772 0.0997

0.050.01 | 0.15]0.05]| 82 349.0 0.0567 0.0832 349.0 0.0567 0.0832

0.0510.01 [ 0.10 | 0.08 | 48 231.1 0.0834 0.0924 234.0 0.0834 0.0924

0.05] 0.01 [ 0.15 | 0.08 | 42 209.1 0.0664 0.1017 210.0 0.0664 0.1017

0.03 1002 | 0.10 ] 0.05 | 197 961.3 0.0588 0.0910 962.0 0.0533 0.0975

0.03 | 0.02 | 0.15 | 0.05 [ 156 792.7 0.0656 0.0908 794.6 0.0656 0.0908

0.03 (0.02 | 0.10 | 0.08 )| 76 446.4 0.0663 0.1009 447.7 0.0663 0.1009

0.03 1 0.02 ] 0.15 | 0.08 | 66 400.3 0.0479 0.0924 400.3 0.0479 0.0924

0.05  0.02 | 0.10 1 0.05 | 219 | 10904 0.0652 0.0913 1091.7 0.0652 0.0913

0.05 [0.02 | 0.15} 0.05 ] 171 886.2 0.0603 0.0926 887.9 0.0603 0.0926

0.05)0.02  0.10[0.08 | 81 484.1 0.0787 0.0944 487.1 0.0745 0.0985

0.0510.02 | 0.15 0.081I 70 431.9 | 0.0542 0.0866 433.1 0.0542 0.0866
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Table A1.2.11 - Parameter Selection Examples for the 3-AS-S-2(n,T,10) Acceptance

Sampling Plan having « = 0.10 and #=0.05

P2 | P13 | P2 | P n r a B T a B
fix @ adjusted | adjusted fix # | adjusted | adjusted
fix fix « fix fix §

0.03 | 0.01 [ 0.10 ] 005 | 111 385.1 0.1019 0.6330 387.1 0.1015 0.0330
0.03|001]0.15]005]| 92 330.1 0.0887 0.0366 3323 0.0887 0.0366
0.03 1001 0.10 | 0.08 | 57 225.0 0.1115 0.0403 227.8 0.1115 0.0403
0.03 (001]0.15]|008 | 50 203.1 0.0896 0.0352 203.5 0.0896 0.0352
0.050.01]0.10]0.05| 120 433.2 0.1197 0.0376 4339 0.1197 0.0376
0.05 | 0.01 | 0.15]0.05]| 99 369.1 0.0879 0.0362 370.7 0.0879 0.0362
0.05]001 010|008 | 60 245.7 0.1215 0.0382 248.7 0.1215 0.0382
005001015008 ]| 53 222.6 0.1001 0.0326 225.2 0.0990 0.0409
0.03 | 002 0.10 | 0.05 | 219 975.5 0.1000 0.0416 975.9 0.1000 0.0416
0.03 [ 002015005 | 173 796.7 0.1168 0.0402 797.6 0.1168 0.0402
0.0310.02]0.10]0.08 ]| 89 4574 0.1043 0.0350 459.2 0.1038 0.0409
0030020151008 ]| 78 4109 0.0979 0.0372 413.9 0.0822 0.0403
0.05 | 0.02 | 0.10 | 0.05 | 243 1111.9 0.1100 0.0408 1112.3 0.1100 0.0408
0.05]0.02015]0.05]| 190 897.8 0.1027 0.0389 899.4 0.1027 0.0389
005 ]0.02|010]0.08]| 94 495.6 0.1197 0.0416 496.8 0.1197 0.0416
005 (002 015|008 | 82 443.0 0.0894 0.0369 4452 0.0894 0.0369

Table A1.2.12 - Parameter Selection Examples for the 3-AS-S-2(n,T,10) Acceptance
Sampling Plan having ¢ =0.10 and §=10.10

P2 | P | P2 | P» n T a /) r a Vi)
fix @ | adjusted | adjusted | fix § | adjusted | adjusted
fix fix fix fix 8

0.03 | 0.01 0.10 | 0.05 78 288.8 0.1381 0.0894 290.5 0.1381 0.0894
0.03 | 0.01 | 0.15 | 0.05 64 | 246.6 0.1346 0.0949 246.7 0.1346 0.0949
0.03 | 0.01 [ 0.10 [ 0.08 39 167.7 0.0654 0.0907 169.1 0.0654 0.0907
0.03 | 0.01 | 0.15 | 0.08 35 154.5 0.0685 0.0652 1 1574 0.0685 0.0652
0.05 | 0.01 | 0.10 [ 0.05 84 | 3224 0.1135 0.0798 322.4 0.1135 0.0798
0.05 | 0.01 | 0.15 [ 0.05 70 | 278.0 0.1387 0.0999 280.4 0.1387 0.0999
0.05 | 001 | 0.10 | 0.08 | 41 | 182.1 | 0.0771 0.0979 | 183.3 | 0.0771 0.0979
0.05 | 0.01 [ 0.15 | 0.08 36 164.7 0.0753 0.0738 164.8 0.0753 0.0738
0.03 | 0.02 | 0.10 | 0.05 160 | 745.4 0.1043 0.0937 746.8 0.1043 0.0937
0.03 | 0.02 | 0.15 | 0.05 | 126 | 609.5 0.1101 0.0919 610.4 0.1101 0.0919
0.03 | 0.02 | 0.10 | 0.08 63 346.2 0.1321 0.1018 346.8 0.1321 0.1018
0.03 | 0.02 | 0.15 | 0.08 55 310.9 0.0980 0.0838 311.5 0.0980 0.0838
0.05 | 002 | 0.10 | 005 | 177 | 844.7 0.1070 0.0969 845.2 0.1070 0.0969
005 | 002 | 0.15 | 005 | 138 | 683.1 0.1171 0.0902 683.6 0.1171 0.0902
0.05 | 002 | 0.10 | 0.08 | 67 | 376.0 | 0.1343 0.0876 | 377.6 | 0.1343 0.0876
0.05 | 0.02 | 0.15 | 0.08 58 334.9 0.1106 0.0902 335.5 0.1106 0.0902
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APPENDIX 1.3

PARAMETER SELECTION EXAMPLES FOR THE 3-AS-S-3(n,T,v)
ACCEPTANCE SAMPLING PLAN
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Table A1.3.1 - Parameter Selection Examples for the 3-AS-S-3(n,T,2) Acceptance

Sampling Plan havirg a = 0.05 and 8= 0.05

P12 P P2z P n T a J/] T a i

fix @ | adjusted | adjusted | fix § | adjusted | adjusted

fix @ fix fix g fix §

0.03 | 0.01 0.10 | 0.05 81 131.8 (.0804 0.0309 181.8 0.0804 0.0309
003 | 001 | 015 [ 005 | 53 | 120.5 | 0.0606 0.0390 | 120.7 | 0.0606 0.0390
003 | 001 | 0.10 | 008 | 49 | 111.7 | 0.0869 0.0285 112.0 | 0.0869 0.0285
0.03 0.01 | 0.15 | 0.08 36 83.1 0.0733 0.0319 83.4 0.0733 0.0319
0.05 0.01 0.10 | 0.05 106 | 241.3 0.0675 0.0368 241.4 0.0675 0.0368

1 005 { 001 | 015 | 0.05 | 66 | 152.3 | 0.0555 0.0423 152.5 | 0.0555 0.0423
 0.05 | 001 | 0.10 | 0.08 | 59 | 136.7 | 0.0609 0.0389 136.9 | 0.0609 0.0389
0.05 f 001 | 0.15 | 0.08 42 98.5 0.0594 0.0399 98.7 0.0594 0.0399
003 | 002 | 0.10 | 0.05 | 140 | 322.7 | 0.0586 0.0421 | 322.8 | 0.0586 0.0421
003 | 002 | 015 | 0.05 | 84 | 1967 | 0.0601 0.0404 | 1969 | 0.0601 0.0404
003 | 002 | 0.10 | 008 | 72 | 1695 | 0.0719 0.0357 169.5 [ 0.0719 0.0357
003 | 002 ! 0.15 | 008 | 51 | 121.7 | 0.0801 0.0313 121.9 | 0.0801 0.0313
0.05 | 0.02 | 0.10 | 0.05 188 | 438.4 0.0548 0.0452 438.5 0.0548 0.0452
005 | 002 | 0.15 | 0.05 105 | 248.8 0.0601 0.0412 248.9 0.0601 0.0412
005 | 002 | 010 | 0.08 | 8 | 2098 : 0.0717 0.0348 | 209.9 | 0.0717 0.0348

! 005 | 002 ; 015 | 008 | 60 | 1451 | 0.0659 0.0378 145.2 | 0.0659 0.0378

Table A1.3.2 - Parameter Selection Examples for the 3-AS-S-3(n,T,2) Acceptance

Sampling Plan having a = 0.05 and = 0.10

P pi3 P2 P n T a B T a B
fix @ | adjusted | adjusted | fix # | adjusted | adjusted

fix fix o fix g fix §
003 ] 001 [ 010005 59 [1337] 00819 | 00767 | 133.8 [ 0.0819 0.0767
003 | 001 [ 015 [ 005 | 38 | 875 | 00826 | 0.0769 | 87.5 | 0.0826 0.0769
003 ] 001 [ 010 008 35 [ 808 | 00689 | 0.0889 | 81.1 | 0.0689 0.0389
003 | 001 | 015 | 0.08 | 25 | 586 | 0.058 | 0.0977 | 58.6 | 0.0586 0.0977
005 | 001 | 010 | 005 | 78 | 179.1 | 0.0661 0.0887 | 179.2 | 0.0661 0.0887
005 | 001 | 015 | 005 | 48 | 112.0 | 0.0511 0.1094 | 112.1 | 0.0511 0.1094
005 | 001 | 010 [ 008 | 42 [ 985 | 00594 | 00982 | 986 [ 0059 0.0982
005 ] 001 [ 015 008 | 30 [ 71.4 | 00788 0.0793 | 71.5 | 0.0788 0.0793
003 ] 002 010 ] 005 | 105 [ 2440 | 00534 | 0.1050 | 2442 [ 0.0534 0.1050
003 | 002 ] 015 ] 005 ] 63 | 1491 | 00664 | 00871 | 1493 | 0.0664 | 0.0871
003 | 002 [ 010 | 008 | 53 | 1263 | 0.0565 0.1027 | 126.4 | 0.0565 0.1027
0.03 | 002 | 0.15 | 008 | 38 | 920 | 0.0831 0.0693 | 923 | 0.0536 0.1065
0.05 | 002 | 0.10 | 005 | 142 | 3335 | 0.0653 0.0867 | 333.7 | 0.0653 0.0867
005 | 002 | 015 ] 005 | 79 | 189.0 | 0.0635 0.0909 | 189.1 | 0.0635 0.0909
0.05 ] 002 | 010 | 0.08 | 65 | 156.7 | 0.0602 0.0952 | 156.9 | 0.0602 0.0952
[ 0.05] 002 | 015 | 0.08 | 44 | 107.9 | 00813 0.0769 | 107.9 | 0.0813 0.0769
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Table A1.3.3 - Parameter Selection Examples for the 3-AS-S-3(n,T,2) Acceptance

Sampling Plan having a = 0.10 and 3= 0.05

P12 P13 P P2 n T a B T a B
fix @ | adjusted | adjusted | fix § | adjusted | adjusted
fix a fix a fix g fix S
0.03 0.01 0.10 | 0.05 70 155.7 0.1293 0.0296 155.8 0.1293 0.0296
003 | 00L | 0.15 | 0.05 | 46 | 103.5 | 0.1246 0.0276 103.7 | 0.1246 0.0276
0.03 | 0.01 0.10 | 0.08 43 96.9 0.1079 0.0344 97.1 0.1079 0.0344
003 | 001 | 0.15 ] 0.08 | 31 70.6 0.0928 0.0379 70.7 0.0928 0.0379
0.05 | 0.01 0.10 | 0.05 91 205.5 0.1190 0.0338 205.6 0.1190 0.0338
0.05 | 0.01 0.15 | 0.05 56 128.0 0.1374 0.0272 128.0 0.0849 0.0470
005 | 001 | 0.10 | 0.08 | 51 | 1169 | 0.1056 0.0374 117.0 | 0.1056 0.0374
005 ] 001 | 015 | 0.08 | 37 85.6 0.1301 0.0272 85.9 0.1301 0.0272
003 | 002 | 0.10 | 0.05 | 117 | 267.5 | 0.1161 0.0356 | 267.7 | 0.1161 0.0356
0.03 0.02 | 0.15 | 0.05 70 162.2 0.0945 0.0442 162.3 0.0945 0.0442
003 | 002 | 0.10 | 0.08 | 62 | 1442 | 0.0940 0.0434 144.4 | 0.0940 0.0434
003 | 002 | 0.15 | 008 | 44 | 103.6 | 0.1213 0.0300 103.8 | 0.1213 0.0300
0.05 | 0.02 0.10 | 0.05 156 | 361.3 0.1098 0.0397 361.3 0.1098 0.0397
0.05 | 002 | 0.15 | 0.05 88 206.6 0.1006 0.0415 206.8 0.1006 0.0415
0.05 0.02 | 0.10 { 0.08 75 176.9 0.1056 0.0392 177.1 0.1056 0.0392
005 002 | 015} 008 | 51 | 1218 | 0.1274 0.0313 121.9 { 0.1274 0.0313

Table A1.3.4 - Parameter Selection Examples for the 3-AS-S-3(n,T,2) Acceptance

Sampling Plan having & =0.10 and S = 0.10

P P13 Pz | Pn n T a B T a Y]
fix @ | adjusted | adjusted | fix § | adjusted | adjusted
fix a fix a fix 8 fix 8
0.03 | 001 | 0.10 | 005 | 50 | 1122 | 0.0912 0.1035 112.3 | 0.0912 0.1035
0.03 | 0.01 | 0.15 | 0.05 | 32 72.8 0.0992 0.0913 72.8 0.0992 0.0913
003 | 0.01 [ 0.10 | 0.08 | 30 68.4 0.0867 0.0982 68.6 0.0867 0.0982
003 | 001 | 0.15 | 0.08 | 22 50.7 0.1082 0.0882 51.0 0.1082 0.0882
0.05 | 001 | 0.10 | 005 | 65 | 148.0 | 0.1345 0.0729 148.1 | 0.0854 0.1084
005 | 001 | 0.15 | 0.05 | 40 92.3 0.0915 0.1027 92.4 0.0915 0.1027
0.05 | 001 | 0.10 | 0.08 | 36 83.4 0.1220 0.0793 83.6 0.1220 0.0793
0.05 | 001 | 0.15 | 0.08 | 26 60.9 0.1078 0.0839 61.2 0.1078 0.0839
0.03 | 002 | 0.10 | 005 | 85 | 1959 | 0.1265 0.0777 196.0 | 0.0903 0.1083
003 | 002 | 0.15 | 005 | 51 | 1194 | 0.1195 0.0806 119.5 | 0.1195 0.0806
003 | 0.02 | 0.10 | 0.08 | 44 | 103.6 | 0.1213 0.0799 103.7 | 0.1213 0.0799
003 | 0.02 | 0.15 | 0.08 | 31 74.0 0.1487 0.0685 74.1 0.0895 0.1115
005 | 0.02 | 0.10 | 0.05 | 114 | 2659 | 0.1209 0.0824 | 265.9 | 0.1209 0.0824
005 | 002 | 0.15 | 0.05 | 64 | 151.7 | 0.1223 0.0794 151.8 | 0.1223 0.0794
005 | 002 | 0.10 | 0.08 | 53 | 1264 | 0.0963 0.1027 126.4 | 0.0963 0.1027
0.05 | 0.02 | 0.15 | 0.08 | 37 89.4 | 0.1210 |r 0.0791 89.7 0.1210 0.0791
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Table A1.3.5 - Parameter Selection Examples for the 3-AS-S-3(n,T,5) Acceptance

Sampling Plan having = 0.05 and 5= 0.05

Pz | P3| Pn | P3| N T f a | B r a B
fix @ | adjusted | adjusted fix § | adjusted | adjusted
fix a fix a fix g fix §

0.03 1001 ]| 0.10 ] 0.05 | 106 930.1 0.0647 0.0403 931.2 0.0647 0.0403
0.03 1001 ]0.15]005] 79 717.9 0.0572 0.0374 719.5 0.0572 0.0374
0.03 1001 ]0.10 | 0.08 | 57 541.1 0.0950 0.0341 542.4 0.0950 0.0341
0.03 1001 ]0.15]| 0.08 | 47 459.0 0.0812 0.0361 461.2 0.0812 0.0361
0.05 | 0.01 | 0.10 | 0.05 | 123 1115.7 0.0596 0.0405 1117.7 0.0596 0.0405
0051001 ]015{005| 90 344 9 0.0717 0.0329 847.4 0.0717 0.0329
0.05 1 0.01 1 0.10] 008 | 63 618.3 0.0651 0.0371 621.3 0.0651 0.0371
0.05]001[0.15)008 ! 51 515.4 0.0714 0.0404 516.4 0.0714 0.0404
0.03 | 0.02 ] 0.10 ] 0.05 | 205 | 2041.8 0.0637 0.0387 2043.7 0.0637 0.0387
0.03 | 0.02 ]| 0.15| 0.05 | 143 1479.5 0.0621 0.0404 1482.0 0.0621 0.0404
0.0310.02)0.10| 0.08 | 90 986.2 0.0704 0.0374 986.6 0.0704 0.0374
0.03 1002]015]|008] 72 814.1 0.0636 0.0367 8§14.2 0.0636 0.0367
0.05 1002 ] 0.10 ] 0.05 )| 244 | 24920 0.0607 0.0408 2494.2 0.0607 0.0408
0.05 | 0.02 | 0.15 | 0.05 | 165 1749.8 0.0594 0.0414 1751.4 0.0594 0.0414
0.05]0.02 | 0.10 ] 0.08 | 100 1123.2 0.0600 0.0415 1125.1 0.0600 0.0415
0050020151008 79 915.3 0.0626 0.0421 915.9 0.0626 0.0421

Table A1.3.6 - Parameter Selection Examples for the 3-AS-S-3(n,T,5) Acceptance

Sampling Plan having a = 0.05 and = 0.10

Pz | P13 | P | P n T a B T a B
fix @ | adjusted | adjusted fix § | adjusted | adjusted

fix a fix o fix B fix £
0031001 010|005 | 77 702.0 0.0689 0.0815 704.3 0.0689 0.0815
0.03 | 001]|0.15]|005| 57 541.1 0.0950 0.0801 542.2 0.0950 0.0801
0.03 | 0.01 | 0.10 | 0.08 | 41 409.0 0.0653 0.0977 413.8 0.0653 0.0977
0.03 1001 | 0.15 | 0.08 | 33 341.2 0.0602 0.0750 341.9 0.0602 0.0750
0.05 1001 {010 |005| 89 836.6 0.0692 0.0886 838.0 0.0692 0.0886
0.05 001 ]0.15|0.05| 65 635.3 0.0716 0.0883 636.8 0.0716 0.0883
0.051001]0.10|0.08| 45 463.2 0.0812 0.0837 467 4 0.0695 0.0985
0.05 001015008 | 36 383.7 0.0580 0.0958 384.1 0.0580 0.0958
0.03 | 0.02 | 0.10 {005 | 154 | 1580.2 0.0625 0.0919 1582.4 0.0625 0.0919
0.031002}0.15]005| 107 | 1146.3 0.0665 0.0902 1147.5 0.0665 0.0902
0.03 | 0.02 1 0.10: 008 | 66 756.0 0.0564 0.0929 757.0 0.0564 0.0929
003 /002015008 | 53 628.3 0.0756 0.0954 630.0 0.0756 0.0954
0.05 002|010 0.05| 183 1920.3 0.0593 0.0958 1921.6 0.0593 0.0958
0.05 002 | 0.15| 005 | 124 | 1357.0 0.0665 0.0870 1358.7 0.0665 0.0870
0.05]0.02]0.10 | 0.08 | 73 855.2 0.0657 0.0927 855.7 0.0657 0.0927
\ 0.05 002015008 | 58 702.9 0.0730 0.0893 704.1 0.0730 0.0893
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Table A1.3.7 - Parameter Selection Examples for the 3-AS-S-3(n,T,S) Acceptance

Sampling Plan having = 0.10 and 3= 0.05

Pz | P3| Pn | P3| n T a B i T a B
fix & | adjusted | adjusted ;| fix # | adjusted | adjusted
fix a fixa | fix fix 8

0.03 1001|010 | 0.05| 92 777.5 0.1147 0.0318 779.8 0.1147 0.0318
0.03 1001 | 0.15] 0.05| 68 593.0 0.1344 0.0310 593.4 0.1344 0.0310
0.03 001|010 0.08 | 51 4599 0.0979 0.0363 464.6 0.0979 G.0363
0.03 1001 |015]|008 | 42 388.3 0.1016 0.0260 393.2 0.0759 0.0345
0.05 (001|010 | 005 | 106 929.7 0.1194 0.0323 931.2 0.0996 0.0403
005 0.0l | 0.15]005| 77 696.3 0.1168 0.0338 696.4 0.1168 0.0338
0.05(001|010]008]| 55 515.9 0.1053 0.0410 516.3 0.1053 0.0410
0.05 1 0.01 | 0.15 ] 0.08 | 45 4325 0.0948 0.0334 433.9 0.0948 0.0334
0.03 1002|010 ] 0.05 | 171 1653.9 0.1158 0.0369 1655.6 0.1006 0.0430
0.03 10020151005 119 | 1190.5 0.1091 0.0358 1191.6 0.1091 0.0358
0.03 0020101008 | 77 807.8 0.0940 0.0404 808.8 0.0940 0.0404
0.031002!:015!008! 62 668.1 0.1298 0.0323 670.9 0.1134 0.0406
005002010 ] 005} 203 2019.6 0.1035 0.0422 2020.7 0.1035 0.0422
0.05]002|0.15 005 138 1418 4 0.1068 0.0388 1421.1 0.1068 0.0388
0.05]002,010 008 | 85 917.4 0.1093 0.0378 917.9 0.1093 0.0378
0.05]002] 015|008 | 68 753.2 0.1192 0.0352 756.6 0.1192 0.0352

Table A1.3.8 - Parameter Selection Examples for the 3-AS-S-3(n,T,5) Acceptance

Sampling Plan having o =0.10 and #=0.10

Pz | P | Pn | Ps | n T a B T a B
fix o adjusted | adjusted fix B adjusted | adjusted
fix a fix fix fix g
0.03(0.01 ]010]005| 65 569.7 0.1232 0.0942 572.4 0.1232 0.0942
0.03 1 0.01 | 0.15| 0.05| 48 436.1 0.0995 0.0770 4373 0.0995 0.0770
0.03 | 001|010 ]| 008 | 35 331.7 0.1164 0.0693 334.5 0.1164 0.0693
003 |001]0.15| 008 | 29 282.5 0.1604 0.0744 286.4 0.0795 0.0912
0.05 001010005 ]| 75 680.0 0.1086 0.0917 682.2 0.1086 0.0917
0.05|001|0.15|005]| 55 515.9 0.1053 0.0943 518.7 0.1053 0.0943
0.05 1001 ]0.10] 008 | 38 373.3 0.0856 0.0999 373.9 0.0856 0.0999
0.05|001]0.15 | 008 | 31 313.2 0.1420 0.0730 314.0 0.1420 0.0730
0.03 1002 ] 010|005 | 124 | 12354 0.1127 0.0889 1235.5 0.1127 0.0889
0.03 1002015005 87 899.9 0.1042 0.0936 902.0 0.1042 0.0936
0.03 002010008 55 602.1 0.1024 0.0923 603.9 0.1024 0.0923
0.03 002015 008 | 44 497.0 0.1177 0.0845 498.5 0.1177 0.0845
0.05]0.02]0.10,005| 148 15116 0.1083 0.0916 1512.7 0.1083 0.0916
0.0510.0210.15|0.05| 100 | 1060.7 0.1020 0.0985 1061.2 0.1020 0.0985
0.0510.020.10 | 0.08 | 61 684.7 0.1255 0.0847 687.1 0.1077 0.0994
005|002 015|008 | 48 556.1 0.1081 0.0841 556.6 0.1081 0.0841
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Table A1.3.9 - Parameter Selection Examples for the 3-AS-S-3(n,T,10) Acceptance
Sampling Plan having o = 0.05 and 8= 0.05

Puz | P3| Pn | P | N r a B | T a B
fix o 3 adjusted | adjusted fix 8 adjusted | adjusted
| fixa | fixa fix B fix B

0.03 1001 | 0.10 | 0.05 | 128 | 4743.0 0.0578 0.0376 4759.7 0.0578 0.0376
0.03 |1 0.01 | 0.15|0.05]| 106 | 40793 0.0879 0.0331 4096.0 0.0879 0.0331
0.03 | 0.01 | 0.10 { 0.08 | 64 2754.7 0.0875 0.0317 2767.7 0.0875 0.0317
0.03 | 0.01 | 0.15 | 0.08 | 57 2522.9 0.1114 0.03%6 2544.2 0.1114 0.0386
0.05 1001 {0.10 | 0.05 | 139 | 5330.7 0.0611 0.0345 5344.6 0.0611 0.0345
0.05]001 015|005 114 | 4537.7 0.0805 0.0350 4545.1 0.0805 0.0350
10.05[0.01010]0.08][ 68 3015.5 0.0813 0.0274 3052.3 0.0592 0.0323
0.05 {0.01 | 0.15 | 0.08 | 60 2738.0 0.1013 0.0364 2766.4 0.0784 0.0388
0.03 [ 0.02 {0.10 | 0.05 | 263 | 12257.0 | 0.0632 0.0402 | 12270.0 | 0.0570 0.0428
0.03 | 0.02 | 0.15 | 0.05 | 207 | 10018.5 | 0.0593 0.0412 | 10021.5 | 0.0593 0.0412
0.03]002]0.1010.08 | 104 | 5712.7 0.0594 0.0351 57294 0.0586 0.03%4
0.03 | 0.02 | 0.15 | 0.08 | 91 5139.5 0.0731 0.0370 5163.9 0.0566 0.0417
0.05 | 0.02 | 0.10 | 0.05 | 292 | 13932.2 | 0.0605 0.0420 [ 13948.0 | 0.0605 0.0420
0.05 (002 ]0.15|0.05| 227 | 112393 | 0.0615 0.0407 | 11241.3 | 0.0615 0.0407
0.05]002]0.10 (0.08 | 110 | 6176.9 0.0696 0.0423 6191.1 0.0696 0.0423
0.05|0.020.15]0.08| 96 5538.5 0.0597 0.0384 5564.0 0.0521 0.0413

Table A1.3.10 - Parameter Selection Examples for the 3-AS-S-3(n,7,10) Acceptance
Sampling Plan having a =0.05 and = 0.10

Pz | Ps | P | P» n T a B T a B
fix o adjusted | adjusted fix # | adjusted | adjusted
fix a fix o fix § fix g

0.03 1001010 005)| 92 3647.8 0.0656 0.0919 3654.4 0.0656 0.0919
003 1001}015(005]| 76 31433 0.0510 0.0922 31453 0.0510 0.0922
0.03 | 0.01 | 0.10 [ 0.08 | 45 2114.1 0.0747 0.1062 2121.2 0.0747 0.1062
0.03 1001 [ 0.15(0.08 | 40 1938.3 0.0608 0.1030 1947.83 0.0608 0.1030
0.05 001 )0.10 | 0.05| 100 | 4084.7 0.0772 0.0997 4089.7 0.0772 0.0997
0.05 | 0.01 | 0.15 | 0.05 | 82 3490.2 0.0567 0.0832 3490.2 0.0567 0.0832
0.05 1001 | 0.10 | 0.08 | 48 2310.7 0.0834 0.0924 2340.5 0.0834 0.0924
0.05{0.01 [ 0.15 | 0.08 | 42 2090.7 0.0664 0.1017 2099.9 0.0664 0.1017
0.03 1002 10.10 | 0.05 | 197 | 9613.0 0.0588 0.0910 9620.2 0.0533 0.0975
0.03 1002 | 0.15 | 0.05 | 156 | 7927.0 0.0656 0.0908 7945.6 0.0656 0.0908
0.03 { 0.02 | 0.10 | 0.08 | 76 4464.1 0.0663 0.1009 4477.1 0.0663 0.1009
0.03 {0.02]0.15]0.08] 66 4003.3 0.0479 0.0924 4003.4 0.0479 0.0924
0.05 [ 0.02 | 0.10 | 0.05 | 219 | 10903.5 | 0.0652 0.0913 10916.6 | 0.0652 0.0913
0.0510.02 | 0.15)| 005 | 171 | 8862.5 0.0603 0.0926 8878.9 0.0603 0.0926
0.05 [ 0.02 | 0.10 | 0.08 | 81 4841.1 0.0787 0.0944 4871.4 0.0745 0.0985
o.ojo. 02015008 | 70 | 43186 0.0542 0.0866 4331.4 0.0542 0.0866
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Table A1.3.11 - Parameter Selection Examples for the 3-AS-S-3(n,T,10) Acceptance

Sampling Plan having a =0.10 and S = 0.05

Pz | P | Pn | P n T a B r a y:]
I fix « adjusted | adjusted fix g adjusted | adjusted

fix fix o fix g fix §
0.03 1001 |0.10] 005 | 111 | 38510 0.1019 0.0330 3870.9 0.1019 0.0330
0.03 001 |0.15]005| 92 3301.4 0.0887 0.0366 3323.0 0.0887 0.0366
0.03 {0.01 | 0.10 | 0.08 | 57 2250.2 0.1115 0.0403 2278.2 0.1115 0.0403
0.03 ! 0.01 ] 0.15] 0.08 | 50 2031.0 0.0896 0.0352 2035.2 0.0896 0.0352
0.05 1 0.01 | 0.10 | 0.05 | 120 | 4331.8 0.1197 0.0376 4339.0 0.1197 0.0376
005,001 | 0.15{005] 99 3690.6 0.0879 0.0362 3707.3 0.0879 0.0362
0.05]0010.10]| 0.08 | 60 | 2456.6 0.1215 0.0382 2486.6 0.1215 0.0382
0.05 1 0.01 | 0.15] 0.08 | 53 2226.1 0.1001 0.0326 2251.7 0.0990 0.0409
0.03 /0.02]0.10| 0.05| 219 | 97549 0.1000 0.0416 9758.6 0.1000 0.0416
0.03 | 0.02 | 0.15] 0.05 | 173 | 7966.6 0.1168 0.0402 7976.2 0.1168 0.0402
0.03 1002010 0.08 | 89 | 4573.8 0.1043 0.0350 45923 0.1038 0.0409
0.03 0.02]0.15]008] 78 | 4109.0 0.0979 0.0372 4139.0 0.0822 0.0403
0.05!0.02 010|005 | 243 | 111186 | 0.1100 0.0408 11122.7 | 0.1100 0.0408
0.05:0.02 | 0.15]| 0.05| 190 | 8978.5 0.1027 0.0389 8994.0 0.1027 0.0389
0.05(002)0.10]0.08| 94 4955.6 0.1197 0.0416 4968.4 0.1197 0.0416
1005002015008 | 82 4429.7 0.0894 0.0369 4451.7 0.0894 0.0369

Table A1.3.12 - Parameter Selection Examples for the 3-AS-S-3(n,T,10) Acceptance

Sampling Plan having @ =0.10 and = 0.10

Pz | P | Pn | P3| n T a B r a B
fix @ adjusted | adjusted fix # | adjusted | adjusted
fix o fix a fix § fix g
0.03 | 0.01 | 0.10 ] 0.05 | 78 2888.1 0.1381 0.0894 2905.1 0.1381 0.0894
003001 ]0.15]|005| 64 2465.7 0.1346 0.0949 2467.1 0.1346 0.0949
0.03 | 0.01 ] 0.10 | 0.08 | 39 1677.1 0.0654 0.0907 1690.7 0.0654 0.0907
0.03 1001 | 0.15]0.08 | 35 1544.8 0.0685 0.0652 1573.9 0.0685 0.0652
0.05 {001 ]|0.10]0.05| 84 3224.1 0.1135 0.0798 3224.1 | 0.1135 0.0798
0.05 /001 1 0.15]0.05| 70 2780.2 0.1387 0.0999 2804.1 0.1387 0.0999
0.05 {001 ]0.10] 0.08 | 41 1820.9 0.0771 0.0979 1832.9 0.0771 0.0979
0.05 ] 0.01 | 0.15| 0.08| 36 1647.3 0.0753 0.0738 1647.9 0.0753 0.0738
0.03 002|010 | 0.05| 160 | 74543 0.1043 0.0937 7468.4 0.1043 0.0937
0.03 1 0.02]0.15| 0.05| 126 | 6095.5 0.1101 0.0919 6104.3 0.1101 0.0919
0.0310.02]0.10| 0.08 | 63 3462.1 0.1321 0.1018 3467.8 0.1321 0.1018
0.03 ] 0.02]0.15] 008 | 55 3109.2 0.0980 0.0838 3115.5 0.0980 0.0838
0.05]0.02]0.10 | 0.05| 177 | 8446.9 0.1070 0.096% 8452.1 0.1070 0.0969
0.05 002 )0.15| 005 | 138 | 6831.2 0.1171 0.0902 6836.3 0.1171 0.0902
0.05,0.02 | 0.10 | 0.081 67 | 3759.8 0.1343 0.0876 3775.6 0.1343 0.0876
0.05 002|015 | 008 | 58 3349.4 0.1106 0.0902 3355.4 0.1106 0.0902
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APPENDIX 2

PARAMETER SELECTION EXAMPLES FOR 4-LEVEL
ACCEPTANCE SAMPLING PLANS
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APPENDIX 2.1

PARAMETER SELECTION EXAMPLES FOR THE
4-AS-S-1(n,T,v,v;) ACCEPTANCE SAMPLING PLAN
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Table A2.1.1 - Parameter Selection Examples for the 4-AS-S-1(n,T,0.25,0.5)
Acceptance Sampling Plan having py; = 0.07, p13 = 0.03, p14 = 0.01,

a =0.05 and S = 0.05

P2z | P | Pu n T a 3 adjusted T a B adjusted
fix a adjusted fix a fix S adjusted fix 8
fix a fix g
0.20 | 0.10 | 0.05 | 37 2.99 0.0792 0.0305 3.00 0.0792 0.0305
0.30 | 0.10 | 0.05 | 24 2.16 0.0729 0.0321 2.18 0.0729 0.0321
0.20 | 0.15 | G.0O5 | 26 2.29 0.0576 0.0411 2.34 0.0576 0.0411
030 | 0.15 | 0.05 | 18 1.75 0.0534 0.0440 1.80 0.0534 0.0440
0.20 { 0.10 | 0.08 | 27 2.36 0.0652 0.0382 2.37 0.0652 0.0382
0301 0.10 | 0.08 | 19 1.82 0.0622 0.0383 1.85 0.0622 0.0383
0.20 | 0.15 | 0.08 | 20 1.89 0.0717 0.0343 1.92 0.0717 0.0343
030 | 0.15 ] 008 | 15 1.54 0.0573 0.0376 1.61 0.0573 0.0376

Table A2.1.2 - Parameter Selection Examples for the 4-AS-S-1(n,T,0.25,0.5)
Acceptance Sampling Plan having py; = 0.10, py3 = 0.05, py4 = 0.02,

a=0.05 and S = 0.05

Pz | P | Pu n T a B adjusted T a B adjusted
fix o adjusted fix a fix § adjusted fix §
fix @ fix 8
0.20 | 0.10 | 0.05 | 82 8.48 0.0656 0.0372 8.50 0.0509 0.0485
0.30 | 0.10 | 0.05 | 47 5.36 0.0606 0.0399 5.39 0.0606 0.0399
0.20 |1 0.15] 0.05 | 50 5.64 0.0622 0.0388 5.69 0.0622 0.0388
0.30 | 0.15 | 0.05 | 32 3.95 0.0708 0.0321 4.01 0.0488 0.0501
0.20 | 0.10 | 0.08 | 51 5.73 0.0694 0.0355 5.75 0.0510 0.0481
030 | 0.10 | 0.08 | 33 4.05 0.0564 0.0441 4.06 0.0564 0.0441
0.20 | 0.15 | 0.08 | 35 4.24 0.0739 0.0323 4.29 0.0517 0.0468
030 ] 0.15,0.08 | 24 3.16 0.0690 0.0349 3.19 0.0690 0.0349

Table A2.1.3 - Parameter Selection Examples for the 4-AS-S-1(n,T,0.25,0.5)
Acceptance Sampling Plan having p;; = 0.07, p,s = 0.03, p14 = 0.01,

a=0.05 and = 0.10

Pn | P | Pu | R r a B adjusted r . a B adjusted
fix a adjusted fix a fix § adjusted fix g
fix fix 8
0.20 | 0.10 | 0.05 | 28 2.42 0.0733 0.0774 247 0.0733 0.0774
030|010 ]0.05]| 18 1.75 0.0534 0.1073 1.78 0.0534 0.1073
0.20 | 0.15 | 0.05 19 1.82 0.0622 0.0947 1.85 0.0622 0.0947
030 0.15] 005, 13 1.39 0.0763 0.0812 1.41 0.0763 0.0812
0.20 | 0.10 | 0.08 | 20 1.89 0.0717 0.0829 1.93 0.0717 0.0829
0.30 [ 0.10 [ 0.08 | 14 1.47 0.0898 0.0670 1.50 0.0898 0.0670
0.20 1 0.15]| 008 | 15 1.54 0.0573 0.0951 1.60 0.0573 0.0951
0.30 | 0.15 [ 0.08 | 11 1.24 0.0981 0.0558 1.30 0.0524 0.1059
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Table A2.1.4 - Parameter Selection Examples for the 4-AS-S-1(n,T,0.25,0.5)

Acceptance Sampling Plan having py; = 0.10, p;; = 0.05, pys = 0.02,

a=0.05 and S=0.10

P | P3| Pu n T a B adjusted T a £ adjusted |
fix a adjusted fix fix 3 adjusted fix 3
fix a fix 8
0.20 | 0.10 | 0.05 | 62 6.72 0.0672 0.0851 6.73 0.0672 0.0851
0.30 | 0.10 | 0.05 | 36 4.34 0.0593 0.0939 4.37 0.0593 0.0939
0.20 [ 0.15 | 0.05 | 38 4.53 0.0543 01008 4.57 0.0543 0.1008
0.30 | 0.15 ] 0.05 | 24 3.16 0.0690 0.0839 3.18 0.0690 0.0839
0.20 | 0.10 | 0.08 | 38 4.53 0.0543 0.1038 4.54 0.0543 0.1038
0.30 | 0.10 | 0.08 | 25 3.26 0.0538 0.1043 3.29 0.0538 0.1043
020 | 0.15 | 0.08 | 26 3.36 0.0632 0.0915 3.39 0.0632 0.0915
0.30 | 0.15 | 0.08 | 18 2.54 0.0573 0.1015 2.57 0.0573 0.1015

Table A2.1.5 - Parameter Selection Examples for the 4-AS-S-1(»,T,0.25,0.5)
Acceptance Sampling Plan having p;; = 0.07, py; = 0.03, pys = 0.01,
a=0.10 and 8= 0.05

Pz | P | Pu | N T a [ adjusted T a f adjusted
fix a adjusted fix fix g adjusted fix g
fix a fix #
020 | 0.10 | 0.05 | 32 2.39 0.1114 0.0334 2.43 0.1114 0.0334
0.30 | 0.10 | 0.05 | 21 1.72 0.1329 0.0226 1.78 0.0820 0.0442
0.20 ] 0.15 1 0.05 | 22 1.79 0.0930 0.0422 1.82 0.0930 0.0422
0300.15] 005! 15 1.34 0.1043 0.0365 1.36 0.1043 0.0365
0.20 | 0.10 1 0.08 | 24 1.91 0.1172 0.0301 1.97 0.1172 0.0301
030 ] 0.10 | 0.08 | 17 1.47 0.1362 0.0214 1.55 0.0791 0.0423
0.20 | 0.15 | 0.08 | 17 1.47 0.1362 0.0284 1.47 0.1362 0.0284
0.30 | 0.15 | 0.08 | 13 1.21 0.1346 0.0214 1.28 0.0763 0.0458

Table A2.1.6 - Parameter Selection Examples for the 4-AS-S-1(n,7,0.25,0.5)

Acceptance Sampling Plan having p;; = 0.10, py; = 0.05, py4 = 0.02,
a=0.10 and = 0.05

Pn | P | Pu n T a B adjusted T a B adjusted
fix @ adjusted fix fix g adjusted fix 8
fix a fix §
0.20 | 0.10 | 0.05 | 68 6.70 0.1145 0.0363 6.74 0.1145 0.0363
0.30 | 0.10 | 0.05| 39 420 0.1181 0.0324 424 0.1181 0.0324
020 0.15 ] 0.05 | 41 438 0.1079 0.0396 4.40 0.1079 0.0396
0.30 | 0.15 ] 005 | 26 3.02 0.0932 0.0466 3.04 0.0932 0.0466
0.20 1 0.10 | 0.08 | 43 4.56 0.0986 0.0425 4.59 0.0986 0.0425
0.30 | 0.10 | 0.08 | 28 3.21 0.1217 0.0308 3.25 0.0850 0.0483
020 [ 0.15 | 0.08 | 29 3.30 0.0973 0.0442 3.32 0.0973 0.0442
030 0.15]| 0.08 ] 20 2.45 0.1244 0.0309 2.48 0.1244 0.0309

149



Table A2.1.7 - Parameter Selection Examples for the 4-AS-S-1(»,T,0.25,0.5)
Acceptance Sampling Plan having p;; = 0.07, pys = 0.03, py4 = 0.01,

a=0.10 and #=0.10

P | P | pu | N T a B adjusted T a B adjusted
fix a adjusted fix a fix adjusted fix g
fix o fix
0.20 | 0.10 | 0.05 [ 23 1.85 0.1047 0.0884 1.88 0.1047 0.0884
030|010 | 005 | 15 1.34 0.1043 0.0865 1.38 0.1043 0.0865
0.20 | 0.15 | 0.05 16 1.41 0.1198 0.0760 1.45 0.1198 0.0760
030]0.15 005 | 11 1.07 0.0981 0.0920 1.11 0.0981 0.0920
0.20 | 0.10 | 0.08 | 17 1.47 0.1362 0.0673 1.52 0.0791 0.1094
030] 0.10 | 0.08 | 12 1.14 0.1158 0.0744 1.19 0.1158 0.0744
0.20 | 0.15 | 0.08 { 12 1.14 0.1158 0.0863 1.14 0.1158 0.0863
0.30 | 0.15 | 0.08 9 0.93 0.1361 0.0680 0.96 0.1361 0.0680

Table A2.1.8 - Parameter Selection Examples for the 4-AS-S-1(n,T,0.25,0.5)
Acceptance Sampling Plan having p;; = 0.10, py3 = 0.05, p1s = 0.02,

a=0.10 and #=0.10

Pz | P | Pu n T a B adjusted T a B adjusted
fix a adjusted fix a fix g adjusted fix g
fix @ fix B
0.20 | 0.10 | 0.05 | S0 5.17 0.1119 0.0870 5.19 0.1119 0.0870
030 | 0.10 | 0.05 | 29 3.30 0.0973 0.0969 3.34 0.0973 0.0969
0.20 | 0.15 | 0.05 | 30 3.39 0.1106 0.0897 3.40 0.1106 0.0897
030 ] 0.15]0.05| 19 2.36 0.1066 0.0938 2.36 0.1066 0.0938
0.20 | 0.10 | 0.08 | 31 3.48 0.1249 0.0789 3.50 0.1249 0.0789
0.30 | 0.10 | 0.08 | 20 2.45 0.1244 0.0785 2.46 0.1244 0.0785
0.20 | 0.15 | 0.08 | 21 2.55 0.0969 0.1021 2.56 0.0969 0.1021
030 ] 0.15]0.08 | 15 1.96 0.1293 0.0682 2.02 0.0816 0.1122

Table A2.1.9 - Parameter Selection Examples for the 4-AS-S-1(n,T,0.25,0.75)
Acceptance Sampling Plan having p,, = 0.07, p13 = 0.03, p14 = 0.01,
a =0.05 and = 0.05

Pa | P | pu n T a F adjusted T a p adjusted
fix a adjusted fix fix g adjusted fix g
fix a fix g
0.20 | 0.10 | 0.05 | 38 3.62 0.0641 0.0398 3.64 0.0641 0.0398
0.30 | 0.10 | 0.05 | 26 2.72 0.0788 0.0308 2.75 0.0517 0.0487
0.20 | 0.15]0.05 [ 25 2.64 0.0698 0.0369 2.69 0.0698 0.0369
0301(0.15]005| 18 2.08 0.0630 0.0418 2.10 0.0630 0.0418
020]0.10 | 0.08 | 28 2.88 0.0666 0.0391 2.90 0.0666 0.0391
0.30 | 0.10 | 0.08 | 20 2.25 0.0844 0.0305 2.25 0.0844 0.0305
0.20 ] 0.15 | 0.08 | 20 2.25 0.0844 0.0289 2.32 0.0541 0.0450
030 /015|008 | 15 1.83 0.0652 0.0396 1.88 0.0652 0.0396
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Table A2.1.10 - Parameter Selection Examples for the 4-AS-S-1(n,T,0.25,0.75)

Acceptance Sampling Plan having p,, = 0.10, p,5 = 0.05, p,4 = 0.02,

a =0.05 and = 0.05

Pz | P | Pu n T a p adjusted T a B adjusted
fix @ adjusted fix o fix g adjusted fix g
fix a fix B
020]0.10| 005 | 84 10.22 0.0630 0.0404 10.22 0.0630 0.0404
030 [0.10 [ 0.05 | 51 6.77 0.0537 0.0482 6.78 0.0537 0.0482
0.20 | 0.15 | 0.05 | 47 6.34 0.0580 0.0431 6.39 0.0580 0.0431
0.30 | 0.15 | 0.05 32 4.67 0.0660 0.0383 471 0.0660 0.0383
0.20 1 0.10 | 0.08 | 54 7.09 0.0578 0.0436 7.12 0.0578 0.0436
0.30]0.10 | 0.08 | 36 5.12 0.0616 0.0423 5.13 0.0616 0.0423
0.20 | 0.15 | 6.08 | 34 4.90 0.0638 0.0398 4.95 0.0638 0.0398
0.30]0.151 008 | 25 3.86 0.0620 0.0389 3.94 0.0620 0.0389

Table A2.1.11 - Parameter Selection Examples for the 4-AS-S-1(»,T,0.25,0.75)

Acceptance Sampling Plan having py; = 0.07, ps3 = 0.03, p14 = 0.01,
a=0.05 and £=0.10

Pn | P | Pu | N T a S adjusted T a S adjusted
fix a adjusted fix a fix § adjusted fix g
fix o fix £
0.20 | 0.10 | 0.05 | 28 2.88 0.0666 0.0919 2.89 0.0666 0.0919
0.30 | 0.10 | 0.05 | 19 2.17 0.0733 0.0853 2.17 0.0733 0.0853
0.20]0.15 005 | 18 2.08 0.0630 0.0991 2.09 0.0630 0.0991
030 (015|005 14 1.74 0.0939 0.0623 1.83 0.0545 0.1011
0.2010.10 { 0.08 | 21 2.33 0.0626 0.0921 2.39 0.0626 0.0921
0.30 [ 0.10 [ 0.08 | 15 1.83 0.0652 0.0947 1.86 0.0652 0.0947
0.20 | 0.15]0.08 | 14 1.74 0.0939 0.0771 1.75 0.0939 0.0771
030 [ 0.15 0.08 | 11 1.48 0.0880 0.0695 1.52 0.0551 0.1142

Table A2.1.12 - Parameter Selection Examples for the 4-AS-S-1(n,7,0.25,0.75)
Acceptance Sampling Plan having py; = 0.10, p;5 = 0.05, p14 = 0.02,
a=0.05 and #=0.10

Pn | P | Pu n r a B adjusted T a S adjusted
fixa adjusted fix @ fix 8 adjusted fix 8
fix fix g
0.20 | 0.10 | 0.05 | 64 8.15 0.0606 0.0933 8.16 0.0606 0.0933
030 | 0.10 ] 0.05 | 39 5.46 0.0677 0.0857 5.47 0.0677 0.0857
0.20]0.15]|0.05| 35 5.01 0.0536 0.1068 5.02 0.0536 0.1068
030 (0.15] 005 24 3.74 0.0751 0.0807 3.75 0.0751 0.0807
0.20 1 0.10 | 0.08 | 41 5.68 0.0651 0.0868 5.72 0.0651 0.0868
0.30 | 0.10 | 0.08 | 28 421 0.0705 0.0790 427 0.0501 0.1070
0.20 | 0.15 | 0.08 | 25 3.86 0.0620 0.0974 3.86 0.0620 0.0974
030 | 0.15] 008 | 19 3.13 0.0657 0.0840 3.22 0.0657 0.0840

151




Table A2.1.13 - Parameter Selection Examples for the 4-AS-S-1(»,T,0.25,0.75)
Acceptance Sampling Plan having p;; = 0.07, p;5 = 0.03, py4 = 0.01,

a=0.10 and = 0.05

Pa | Ps | Pu | n T a B adjusted T a B adjusted

fix adjusted fix @ fix § adjusted fix 5
fix a fix 8

0.20 [ 0.10 [ 0.05 | 32 2.83 0.1028 0.0421 2.84 0.1028 0.0421
030 [0.10 | 0.05 | 22 2.12 0.1089 0.0362 2.15 0.1089 0.0362
0.20 [ 0.15 | 0.05 | 21 2.05 0.0963 0.0452 2.06 0.0963 0.0452
0.30 | 0.15 ] 0.05| 16 1.67 0.1247 0.0292 1.75 0.0768 0.0509
0.20 ] 0.10 | 0.08 | 24 2.26 0.0924 0.0456 2.29 0.0924 0.0456
1030010008 | 18 1.82 0.1027 0.0356 1.91 0.1027 0.0356
020] 015008 | 17 1.75 0.1414 0.0290 1.79 0.0893 0.0469
0.30 | 0.15 | 0.08 | 13 1.43 0.1229 0.0293 1.50 0.1229 0.0293

Table A2.1.14 - Parameter Selection Examples for the 4-AS-S-1(n,T,0.25,0.75)
Acceptance Sampling Plan having p;; = 0.10, py3 = 0.05, p14 = 0.02,

a=0.10 and = 0.05

P2 | P | Pu | n T a B adjusted T a S adjusted
fix a adjusted fix fix § adjusted fix §
fix a fix g
0.20 1 0.10 | 0.05 | 69 8.01 0.0962 0.0481 8.02 0.0962 0.0481
0.30 ] 0.10 | 0.05 | 42 5.28 0.0965 0.0469 5.29 0.0965 0.0469
0.20 | 0.15]0.05 ! 39 4,96 0.1177 0.0363 5.01 0.0899 0.0495
030 0.15]| 0.05 | 27 3.68 0.1162 0.0344 3.75 0.0846 0.0508
0.20 | 0.10 | 0.08 | 45 5.59 0.1029 0.0430 5.62 0.1029 0.0430
0.30 | 0.10 | 0.08 | 30 401 0.0936 0.0482 4.02 0.0936 0.0482
0.20 | 0.15 | 0.08 | 28 3.79 0.0974 0.0474 3.80 0.0974 0.0474
0.30 | 0.15 | 0.08 | 21 3.01 0.0933 0.0439 3.10 0.0933 0.0439

Table A2.1.15 - Parameter Selection Examples for the 4-AS-S-1(n,T,0.25,0.75)

Acceptance Sampling Plan having p,; = 0.07, py; = 0.03, p14 = 0.01,
a=0.10 and £=0.10

Pz | Ps | Pu n T a p adjusted T a p adjusted
fix @ adjusted fix fix 8 adjusted fix §
fix a fix g
0.20 [ 0.10 [ 0.05 | 23 2.19 0.1222 0.0824 2.20 0.1222 0.0824
0.30 [ 0.10 | 0.05 | 16 1.67 0.1247 0.0781 1.71 0.1247 0.0781
0.20(0.15 [ 005 | 15 1.59 0.1089 0.0971 1.60 0.1089 0.0971
030]015]005| 11 1.27 0.0880 0.1103 1.29 0.0880 0.1103
0.20]0.10 | 0.08 | 17 1.75 0.1414 0.0745 1.76 0.0893 0.1114
0.30 | 0.10 | 0.08 | 13 1.43 0.1229 0.0694 1.51 0.0799 0.1132
020 0.15] 008 | 12 1.35 0.1049 0.0935 1.38 0.1049 0.0935
030 [0.151008| 9 1.10 0.0990 0.0932 1.12 0.0990 0.0932

152




Table A2.1.16 - Parameter Selection Examples for the 4-AS-S-1(n,T,0.25,0.75)
Acceptance Sampling Plan having p;; = 0.10, py3 = 0.05, p14s = 0.02,

a=10.10 and #=0.10

Pa | P | P n T a B adjusted T a B adjusted
fix @ adjusted fix fix g adjusted fix g
fix @ fix §
0.20 1 0.10 | 0.05 51 6.20 0.1147 0.0880 6.21 0.1147 0.0880
0.30 [ 0.10 | 0.05 | 31 411 0.1065 0.0949 4.12 0.1065 0.0949
020 | 0.15 [ 005 | 29 3.90 0.1112 0.0861 3.96 0.1112 0.0861
030]0.15]005| 20 2.90 0.1136 0.0825 2.97 0.1136 0.0825
0.20 ] 0.10 | 0.08 | 33 433 0.1021 0.0965 4.36 0.1021 0.0955
030|010 | 0.08 | 22 3.13 0.1091 0.0923 3.14 0.1091 0.0923
020 | 015 0.08 | 21 3.01 0.0933 0.1018 3.07 0.0933 0.1018
030 | 0.15 | 008 | 15 2.32 0.1011 | 0.0981 2.35 0.1011 0.0981

Table A2.1.17 - Parameter Selection Examples for the 4-AS-S-1(n,T,0.5,0.75)

Acceptance Sampling Plan having p,; = 0.07, py; = 0.03, py4 = 0.01,
a = 0.05 and £ =0.05

P2 | P | Pu n T a B adjusted T a S adjusted
fix a adjusted fix a fix g adjusted fix g
fix @ fix §
0.20 [ 0.10 [ 0.05 | 31 3.92 0.0665 0.0373 4.00 0.0665 0.0373
0.30 | 0.10 | 0.05 | 18 2.61 0.0634 0.0417 2.68 0.0634 0.0417
020 | 0.15] 005 | 21 2.92 0.0697 0.0397 2.95 0.0697 0.0397
0.30 | 0.15] 005 | 13 2.06 0.0592 0.0508 2.08 0.0592 0.0508
0.20 | 0.10 | 0.08 | 24 3.23 0.0748 0.0335 3.31 0.0504 0.0477
0.30 ) 0.10 | 0.08 | 15 2.28 0.0560 0.0429 2.38 0.0560 0.0429
020 0.15 ,0.08 | 17 2.50 0.0523 0.0515 '2.54 0.0523 0.0515
0.30 | 0.15 ) 0.08 | 11 1.83 0.0630 0.0467 1.86 0.0630 0.0467

Table A2.1.18 - Parameter Selection Examples for the 4-AS-S-1(»,7,0.5,0.75)

Acceptance Sampling Plan having py; = 0.10, p;; = 0.05, p14 = 0.02,
a = 0.05 and #=0.05

P | P | P | N T a S adjusted T a B adjusted
fix adjusted fix a fix g adjusted fix g
fix o fix 8
0.20 | 0.10 | 0.05 | 65 10.28 0.0522 0.0485 10.32 0.0522 0.0485
030 (0.10 ] 0.05| 32 5.75 0.0689 0.0384 5.78 0.0510 0.0524
0.20 | 0.15 ] 0.05 | 39 6.74 0.0667 0.0405 6.75 0.0667 0.0405
0.30 | 0.15 ] 0.05 | 22 4.28 0.0534 0.0527 4.30 0.0534 0.0527
0.20 | 0.10 | 0.08 | 45 7.58 0.0552 0.0454 7.63 0.0552 0.0454
0.30 | 0.10 | 0.08 | 25 473 0.0694 0.0368 4.80 0.0496 0.0512
0.20 | 0.15 | 0.08 | 30 5.46 0.0663 0.0379 5.54 0.0486 0.0509
0.30 | 0.15 | 0.08 | 18 3.67 0.0662 0.0406 3.73 0.0662 0.0406
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Table A2.1.19 - Parameter Selection Examples for the 4-AS-S-1(n,T,0.5,0.75)
Acceptance Sampling Plan having p;; = 0.07, py; = 0.03, p1s = 0.01,

a =0.05 and f=0.10

P2 | P | Pu | B r a f adjusted T a p adjusted
fix a adjusted fix a fix g adjusted fix g
fix a fix g
0.20 [ 0.10 | 0.05 | 23 3.13 0.0641 0.0902 3.18 0.0641 0.0902
030 010] 005 | 13 2.06 0.0592 0.1090 2.07 0.0592 0.1090
020 0.15]|0.05| 16 2.39 0.0685 0.0860 2.46 0.0685 0.0860
030 | 0.15 1 0.05| 10 1.71 0.0826 0.0769 1.77 0.0436 0.1175
0200101008 ] 18 2.61 0.0634 | 0.0882 2.70 0.0634 0.0882
030010008 ! 11 1.83 0.0630 | 0.0903 1.89 0.0630 0.0903
0.20 | 0.15 | 0.08 | 13 2.06 0.0592 0.0951 2.14 0.0592 0.0951
0.30 | 0.15 | 0.08 8 1.47 0.0905 0.0782 1.47 0.0905 0.0782

Table A2.1.20 - Parameter Selection Examples for the 4-AS-S-1(n,T,0.5,0.75)
Acceptance Sampling Plan having py; = 0.10, pys = 0.05, p1s = 0.02,
a=0.05 and = 0.10

P2 | P | Pu | N r a B adjusted T a B adjusted
fix a adjusted fix o fix g adjusted fix §
fix fix B
0.2010.10 | 0.05 | 50 8.26 0.0515 0.1032 8.30 0.0515 0.1032
0.30 | 0.10 | 0.05 | 25 4.73 0.0694 0.0804 4.79 0.0496 0.1075
0.20 | 0.15 | 0.05 | 30 5.46 0.0663 0.0869 5.49 0.0663 0.0869
0.30 | 0.15 | 0.05 | 17 3.51 0.0521 0.1097 3.55 0.0521 0.1097
0.20 | 0.10 | 0.08 | 34 6.03 0.0532 0.1026 6.07 0.0532 0.1026
0.30 {0.10 | 0.08 | 19 3.82 0.0571 0.0976 3.87 0.0571 0.0976
0.20 { 0.15 | 0.08 | 23 4.43 0.0657 0.0831 4.52 0.0463 0.1095
0.30 | 0.15 | 0.08 14 3.03 0.0542 0.1001 3.12 0.0542 0.1001

Table A2.1.21 - Parameter Selection Examples for the 4-AS-S-1(n,7,0.5,0.75)
Acceptance Sampling Plan having p;; = 0.07, p1; = 0.03, p;4 = 0.01,
a=0.10 and S =0.05

Pz | P | Pu n T a B adjusted T a B adjusted
fix a adjusted fix a fix g adjusted fix g
fix o fix 5
0.20 [ 0.10 | 0.05 | 26 3.06 0.0989 0.0436 3.12 0.0989 0.0436
0.30 | 0.10 | 005 | 15 2.00 0.0888 0.0527 2.05 0.0888 0.0527
0.20 | 0.15 | 0.05 | 18 2.30 0.0974 0.0458 2.35 0.0974 0.0458
0.30 1015|005 11 1.59 0.1032 0.0482 1.61 0.1032 0.0482
0.20 | 0.10 | 0.08 | 20 2.49 0.1311 0.0326 2.54 0.0889 0.0500
0.30 ] 0.10 | 0.08 | 12 1.70 0.1256 0.0411 1.70 0.1256 0.0411
0.20 | 0.15 | 0.08 | 15 2.00 0.0888 0.0465 2.10 0.0888 0.0465
0.30 | 0.15 | 0.08 | 10 1.48 0.1416 0.0257 1.61 0.0826 0.0497
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Table A2.1.22 - Parameter Selection Examples for the 4-AS-S-1(n,T,0.5,0.75)

Acceptance Sampling Plan having p;; = 0.10, p;3 = 0.05, py4 = 0.02,
a=0.10 and = 0.05

Pz | D3 | Pu n T a [ adjusted T a B adjusted

fix adjusted fix a fix g adjusted fix 8
fix ¢ fix

0201] 010|005 | 53 8.01 0.0952 0.0498 8.03 0.0952 0.0498
0301010 ] 005 | 26 442 0.1122 0.0429 442 0.1122 0.0429
020]015]005]| 33 5.37 0.1061 0.0419 5.45 0.1061 0.0419
030015005 | 18 3.28 0.0953 0.0533 3.29 0.0953 0.0533
020 0.10 | 0.08 | 37 5.91 0.1098 0.0416 5.95 0.1098 0.0416
030 | 0.10 | 0.08 | 21 3.71 0.1205 0.0350 3.81 0.0872 0.0500
020 | 0.15 ] 0.08 | 25 4.28 0.0951 0.0467 4.36 0.0951 0.0467
| 030015008 | 15 2,84 0.1040 0.0441 2.91 0.1040 0.0441

Table A2.1.23 - Parameter Selection Examples for the 4-AS-S-1(n,T,0.5,0.75)
Acceptance Sampling Plan having p; = 0.07, p1s = 0.03, py4 = 0.01,

a=0.10 and #=0.10

Pz | P | Pu | n T a B adjusted T a B adjusted
fix adjusted fix fix adjusted fix g
fix a fix g
0.20 | 0.10 | 0.05 19 2.40 0.1137 0.0844 2.46 0.1137 0.0844
030 0.10 | 0.05| 11 1.59 0.1032 0.0994 1.64 0.1032 0.0994
020]0.15]005]| 13 1.80 0.0973 0.1022 1.84 0.0973 0.1022
0.30 | 0.15 | 0.05 8 1.26 0.0905 0.1139 1.29 0.0905 0.1139
0.20 1 0.10 [ 0.08 | 15 2.00 0.0888 0.1018 2.10 0.0888 0.1018
0.30 | 0.10 | 0.08 9 1.37 0.1150 0.0814 1.42 0.1150 0.0814
0.20 | 0.150.08 | 11 1.59 0.1032 0.0879 1.69 0.1032 0.0879
030 | 0.15 ] 008 | 7 1.15 0.1176 0.0884 1.21 0.1176 0.0884

Table A2.1.24 - Parameter Selection Examples for the 4-AS-S-1(n,T,0.5,0.75)
Acceptance Sampling Plan having py; = 0.10, py5 = 0.05, p14 = 0.02,
a=0.10 and £=0.10

Pz | P | Pu n T @ B adjusted T a B adjusted
fix adjusted fix ¢ fix § adjusted fix
fix a fix S
0.20 ] 0.10 | 0.05 | 40 6.31 0.0992 0.0980 6.37 0.0992 0.0980
0.30 | 0.10 [ 0.05 [ 20 3.57 0.1004 0.0967 3.64 0.1004 0.0967
020 | 0.15|0.05 | 24 4.14 0.1088 0.0930 4.17 0.1088 0.0930
030 015|005 14 2.69 0.1209 0.0789 2.77 0.0824 0.1147
020 | 0.10 | 0.08 | 27 4.55 0.0984 0.1033 4.57 0.0984 0.1033
0.30 | 0.10 1 0.08 | 15 2.84 0.1040 0.0973 2.87 0.1040 0.0973
0.20 ]| 0.15 | 0.08 | 18 3.28 0.0953 0.1055 3.31 0.0953 0.1055
0.30 | 0.15 | 0.08 | 11 2.24 0.1319 0.0771 2.28 0.0870 0.1140
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APPENDIX 2.2

PARAMETER SELECTION EXAMPLES FOR THE
4-AS-S-2(n,T,v) ACCEPTANCE SAMPLING PLAN
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Table A2.2.1 - Parameter Selection Examples for the 4-AS-S-2(n,T,2) Acceptance

Sampling Plan having p;, = 0.07, py3 = 0.03, p1s = 0.01,
o =005 and £=0.05

Pz | P | Pu | n r a G adjusted T a £ adjusted
fix a adjusted fix fix g adjusted fix £
fix fix 7
0.20 | 0.10 | 0.05 | 47 67.8 0.0712 0.0321 68.0 0.0712 00321
0.30 ] 0.10 [ 0.05 | 34 50.3 0.0655 0.0347 50.4 0.0655 0.0347
0.20 ] 0.1510.05 | 32 47.6 0.0707 0.0317 479 0.0707 0.0317
030 10.15,005| 24 36.6 0.0729 0.0304 36.7 0.0729 0.0304
0.20 | 0.10 | 0.08 | 33 48.9 0.0774 0.0288 493 0.0598 0.0378
0.30 | 0.10 | 0.08 | 25 38.0 0.0810 0.0282 38.0 0.0622 0.0392
0.20 | 0.15 ]| 0.08 | 24 36.6 0.6729 0.0311 36.9 0.0729 0.0311
0.30 | 0.15({0.08 | 19 29.7 0.0788 0.0292 29.8 0.0788 0.0292

Table A2.2.2 - Parameter Selection Examples for the 4-AS-S-2(n,T,2) Acceptance

Sampling Plan having p;; = 0.10, py3 = 0.05, p14 = 0.02,
a=0.05 and £=0.05

Pz | P | Pu n T a f adjusted T a p adjusted

fix o adjusted fix fix g adjusted fix S

fix o fix §

0.20 | 0.10 | 0.05 | 105 165.7 0.0619 0.0392 165.9 0.0619 0.0392 |
0.30 ] 0.10 ] 0.05 | 70 113.5 0.0613 0.0382 113.7 0.0613 0.0382j
0.20 [ 0.15 | 0.05 | 62 101.4 0.0612 0.0400 101.6 0.0612 0.0400 |
030 | 0.15 | 0.05 | 45 75.5 0.0642 0.0364 75.7 0.0642 0.0364
0.20 | 0.10 | 0.08 | 60 98.4 0.0610 0.0407 98.5 0.0610 0.0407
0.30 | 0.10 | 0.08 | 45 75.5 0.0642 0.0367 75.8 0.0642 0.0367
0.20 | 0.15 | 0.08 | 41 69.4 0.0628 0.0394 69.5 0.0628 0.0394
0.30 { 0.15 | 0.08 | 32 55.4 0.0647 0.0365 55.7 0.0647 0.0365

Table A2.2.3 - Parameter Selection Examples for the 4-AS-S-2(n,7,2) Acceptance

Sampling Plan having p,; = 0.07, p1; = 0.03, p14 = 0.01,
a=0.05 and #=0.10

P2 | P | Pu n T a B adjusted T a £ adjusted
fix adjusted fix a fix § adjusted fix g
fix a fix S
0.20 | 0.10 | 0.05 | 34 50.3 0.0655 0.0929 50.3 0.0655 0.0929
0.30 | 0.10 | 0.05 | 25 38.0 0.0810 0.0720 38.1 0.0622 0.0971
0.20 | 0.15]0.05 | 23 35.2 0.0653 0.0924 354 0.0653 0.0924
0.30 | 0.15 ] 0.05 | 18 28.3 0.0696 0.0849 28.6 0.0696 0.0849
0.20 | 0.10 | 0.08 | 23 35.2 0.0653 0.0951 35.2 0.0653 0.0951
0.30 | 0.10 | 0.08 | 18 28.3 0.0696 0.0934 28.3 0.0696 0.0934
0.20 | 0.15 | 0.08 | 17 26.9 0.0874 0.0773 27.0 0.0874 0.0773
0.30 | 0.15]0.08 | 14 22.6 0.0785 0.0760 22.9 0.0785 0.0760
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Table A2.2.4 - Parameter Selection Examples for the 4-AS-S-2(n,T,2) Acceptance
Sampling Plan having p;; = 0.10, pys = 0.05, py4 = 0.02,
«a =0.05 and S=0.10

H

P2 | P3| Pu n T «a F adjusted ' T a B adjusted
fix @ adjusted fix a fix § adjusted fix g
fix a fix 8
020[0.10]0.05]| 79 127.0 0.0658 0.0874 127.0 0.0658 0.0874
0.30(0.10 005 | 53 87.7 0.0659 0.0859 87.9 0.0659 0.0859
020 { 0.15 | 0.05 | 47 78.6 0.0647 0.0883 78 8 0.0647 0.0883
030015005 34 58.5 0.0661 0.0874 58.7 0.0661 0.0874
020 10.10 | 0.08 | 45 75.5 0.0642 0.0896 75.7 0.0642 0.0896
030 (0.10] 0.68 | 33 57.0 0.0728 0.0834 57.0 0.0728 0.0834
0.20 | 0.15 ] 0.08 | 31 53.8 0.0714 0.0801 542 0.0572 0.0974
030 |0.15] 0.08 | 24 42.8 0.0734 0.0789 43.1 0.0573 0.0996

Table A2.2.5 - Parameter Selection Examples for the 4-AS-S-2(n,T,2) Acceptance
Sampling Plan having p,, = 0.07, p15 = 0.03, p14 = 0.01,
a=0.10 and S=0.05

Pz | ps | pPu n T a B adjusted T a B adjusted
fix a adjusted fix a fix g adjusted fix §
fix a fix g
0.20 | 0.10 | 0.05 | 40 56.3 0.1067 0.0348 56.5 0.1067 0.0348
0.30 | 0.10 | 0.05 | 29 41.8 0.1176 0.0274 41.9 0.1176 0.0274
0.20 | 0.15] 0.05 | 27 39.1 0.0984 0.0377 39.2 0.0984 0.0377
030015005 | 21 31.0 0.0988 0.0342 31.3 0.0988 0.0342
0.20 | 0.10 | 0.08 | 28 40.4 0.1078 0.0345 40.5 0.1078 0.0345
0.30 | 0.10 | 0.08 | 22 32.4 0.1095 0.0319 32.5 0.1095 0.0319
0.20 | 0.15 | 0.08 | 21 31.0 0.0988 0.0362 31.3 0.0988 0.0362
0.30 | 0.15 | 0.08 | 17 25.6 0.1154 0.0258 26.0 0.1154 0.0258

Table A2.2.6 - Parameter Selection Examples for the 4-AS-S-2(n,T,2) Acceptance
Sampling Plan having p;; = 0.10, pys = 0.05, py4 = 0.02,
a=0.10 and 8= 0.05

Pz | Ps | Pu n T a f adjusted T a B adjusted
fix adjusted fix fix S8 adjusted fix §
fix a fix g
0.20(0.10 [ 0.05 | 87 135.0 0.1134 0.0364 135.2 0.0992 0.0430
0.30 | 0.10 | 0.05 | 58 92.1 0.1008 0.0397 92.3 0.1008 0.0397
020 (015|005 51 81.6 0.1106 0.0380 81.7 0.1106 0.0380
0.30 | 0.151]0.05 | 37 60.6 0.1109 0.0352 60.7 0.1109 0.0352
0.20 1 0.10 | 0.08 | 51 81.6 0.1106 0.0367 81.9 0.1106 0.0367
030 | 0.10 | 0.08 | 38 62.1 0.1011 0.0386 62.4 0.1011 0.0386
020 {0.15| 008 | 35 57.5 0.1105 0.0353 57.9 0.1105 0.0353
0.30 | 0.15 | 0.08 | 27 453 0.1068 0.0357 45.6 0.1068 0.0357
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Table A2.2.7 - Parameter Selection Examples for the 4-AS-S-2(n,T,2) Acceptance
Sampling Plan having p+; = 0.07, py; = 0.03, p1¢ = 0.01,

a=0.i10 and £=0.10

Pz | P3| pu | T a B adjusted T a B adjusted

fix o adjusted fix fix g adjusted fix 8

fix a ! fix g

0.20 | 0.10 | 0.05 | 29 41.8 0.1176 00762 | 42.0 0.0919 0.0692
0.30 [ 0.10 | 0.05 | 21 31.0 0.0988 0.0941 31.2 0.0988 0.0941
0201 0.15 | 0.05 19 28.3 0.1093 0.0923 283 (.1093 0.0923
0.30 | 0.15 | 0.05 S 22.8 0.1331 0.0666 23.1 0.0902 0.0998
0.20 { 0.10 | 0.08 | 20 297 0.1211 0.0798 29.9 0.1211 0.0798
0.30 ] 0.10 | 0.08 | 16 24.2 0.1025 0.0856 24.6 0.1025 0.0856
020 [ 0.15]0.08 | 15 22.8 0.1331 0.0709 23.2 0.0902 0.0969
030 0.15 1 0.08 | 12 18.7 0.1404 0.0708 19.0 0.0913 0.1043

Table A2.2.8 - Parameter Selection Examples for the 4-AS-S-2(n,T,2) Acceptance
Sampling Plan having p; = 0.10, py3 = 0.05, p14 = 0.02,
a=0.10 and #=0.10

Pz | P | Pu n T a S adjusted T a f adjusted
fix adjusted fix a fix B adjusted fix 4
fix a fix §
0.20 | 0.10 | 0.05 | 64 101.0 0.1159 0.0836 101.2 0.0995 0.0979
0.30 [ 0.10 | 0.05 | 42 68.1 0.1017 0.0979 68.1 0.1017 0.0979
0.20 | 0.15] 005 | 38 62.1 0.1011 0.0953 62.3 0.1011 0.0953
0.30 | 0.15 | 0.05 | 27 453 0.1068 0.0927 454 0.1068 0.0927
0.20 | 0.10 | 0.08 | 37 60.6 0.1109 0.0868 60.8 0.1109 0.0868
0.30]0.10 | 0.08 | 27 453 0.1068 0.0930 454 0.1068 0.0930
0.20 { 0.15 | 0.08 | 25 423 0.1058 0.0930 42.4 0.1058 0.0930
0.3010.15 1008 | 20 34.5 0.1125 0.0800 | 349 0.1125 0.0800

Table A2.2.9 - Parameter Selection Examples for the 4-AS-S-2(n,T,5) Acceptance

a = 0.05 and B =0.05

Sampling Plan having p;; = 0.07, p13 = 0.03, p14 = 0.01,

Pn | P | Pu n T a F adjusted T a £ adjusted
fix @ adjusted fix a fix 5 adjusted fix 8
fix a fix §
0.20 | 0.10 [ 0.05 | 86 475.8 0.0673 0.0343 479.1 0.0647 0.0359
0.30 | 0.10 | 0.05 | 76 431.6 0.0668 0.0332 432.0 0.0636 0.0351
0.20 | 0.15 | 0.05 | 63 372.9 0.0744 0.0322 374.2 0.0744 0.0322
030 0.15[0.05 | 57 345.2 -0.0767 0.0322 346.4 0.0767 0.0322
0.20] 0.10 | 0.08 [ 50 312.4 0.0822 0.0333 317.0 0.0783 0.0353
030 | 0.10 | 0.08 | 46 293.3 0.0810 0.0308 296.3 0.0798 0.0328
020 | 0.15 | 0.08 | 40 264.1 0.0672 0.0327 265.5 0.0672 0.0327
0.30 | 0.15 ] 0.08 | 38 254.2 0.0627 0.0303 260.4 0.0618 0.0322
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Table A2.2.10 - Parameter Selection Examples for the 4-AS-S-2(n,T,5) Acceptance
Sampling Plan having p1; = 0.10, p13 = 0.05, py; = 0.02,

a=0.05 and f=0.05

T

T

Pz | P | Pu n r a 5 adjusted . a B adjusted
fix a adjusted fix fix 3 adjusted fix g
fix @ fix £
0.20 | 0.10 | 0.05 | 195 1402.3 0.0612 0.0406 1402.7 0.0612 0.0406
030 0.10 [ 0.05 | 168 1235.6 0.0621 0.0395 1236.3 0.0604 0.0407
0.20 | 0.15 | 0.05 | 131 1002.9 0.0635 C.0378 1005.4 0.0616 0.0391
030 | 0.15|0.05 | 115 900 .4 0.0632 0.0385 900.5 0.0632 0.0385
020 0.10 | 0.08 | 88 723.6 0.0658 0.0380 726.5 0.0634 0.0354
0.30 | 0.10 | 0.08 | 80 670.1 0.0668 0.0381 671.5 0.0663 0.0381
0.20 { 0.15 ]| 0.08 | 68 588.6 0.0636 0.0386 588.9 0.0636 0.0386
0.30 | 0.15] 0.08 | 63 554.1 0.0658 0.0360 556.4 0.0627 0.0376

Table A2.2.11 - Parameter Selection Examples for the 4-AS-S-2(n,T,S) Acceptance
Sampling Plan having p;; = 0.07, p15 = 0.03, pys = 0.01,

a=0.05 and £=0.10

pn | P | Pu | n T @ B adjusted T a A adijusted |

fix a adjusted fix a fix 8 adjusted fix g
fix a fix g

0.20 | 0.10 | 0.05 | 62 368.3 0.0768 0.0879 370.1 0.0709 0.0920
0.30 | 0.10 | 0.05 | 55 335.9 0.0819 0.0873 336.3 0.0819 0.0873
0.20 | 0.15 | 0.05 | 46 2933 0.0810 0.0814 296.2 . 0.0798 0.0858
030 015|005 | 42 273.9 0.0723 0.0798 278.2 0.0693 0.0886
0.20 | 0.10 | 0.08 | 35 239.2 0.0589 0.0864 240.6 0.0589 0.0864
1030 | 0.10 | 0.08 | 33 229.1 0.0590 0.0781 233.9 0.0553 0.0825
0.20 | 0.15] 0.08 | 29 208.5 0.0650 0.0783 213.9 0.0493 0.0852
030 ]0.15 ] 0.08 | 27 198.0 0.0690 0.0813 203.1 0.0545 0.0890

Table A2.2.12 - Parameter Selection Examples for the 4-AS-S-2(n,T,5) Acceptance

Sampling Plan having p;; = 0.10, py3 = 0.05, p14 = 0.02,
a=0.05 and £=0.10

Pz | P | pu n T a f adjusted T a F adjusted
fix a adjusted fix a fix g adjusted fix
fix @ fix g
020 [ 0.10 | 0.05 | 147 | 1104.2 0.0617 0.0929 1105.8 0.0617 0.0929
0.30 | 0.10 | 0.05 | 127 977.4 0.0628 0.0909 980.0 0.0609 0.0934
0.20 | 0.15 | 0.05 | 98 789.7 0.0647 0.0903 790.3 0.0626 0.0933
0.30 | 0.15 | 0.05 | 87 717.0 0.0649 0.0898 719.0 0.0625 0.0929
020 ] 0.10 1 0.08 | 65 567.9 0.0650 0.0881 572.2 0.0626 0.0909
0.30]0.10 | 008 | 59 526.2 0.0683 0.0901 528.8 0.0647 0.0932
0.20 | 0.15 | 0.08 | 50 462.5 0.0708 0.0913 463.5 0.0708 0.0913
0.30 | 0.15 | 0.08 | 46 433.6 0.0702 0.0887 434.2 0.0676 0.0921
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Table A2.2.13 - Parameter Selection Examples for the 4-AS-S-2(n,T,5) Acceptance
Sampling Plan having p,; = 0.07, py; = 0.03, p,s = 0.01,

a=0.10 and 7= 0.08

T

P2 | P | Pu n T ‘Y «a & adjusted a £ adjusted
fix o ! adjusted fix o fix g adjusted fix 8
| fix fix 8
020|010 | 005 | 74 3823 | C.1170 0.0335 324 .4 0.1170 0.0335
030|010 005 66 348.4 0.1251 0.0307 350.5 0.1188 0.0326
0.20 | 0.15 | 0.05 55 301.1 0.1137 0.0298 304.8 0.1121 0.0318
0301 0.15 1! 0.05 49 2747 0.1022 0.0307 275.0 0.1022 0.0307
020010008 | 44 252.5 0.0930 0.0307 256.3 0.0881 0.0327
030 0.10 1008 | 41 238.9 0.0962 0.0288 244.5 0.0911 0.0304
0.20 [ 0.15 | 0.08 | 36 216.1 0.0948 0.0308 222.0 0.0838 0.0325
0.30 | 0.15| 008 | 33 202.1 0.1056 0.0323 204.7 0.1056 0.0323

Table A2.2.14 - Parameter Selection Examples for the 4-AS-S-2(n,T,5) Acceptance
Sampling Plan having p,; = 0.10, p1; = 0.05, p14 = 0.02,

a=0.10 and S =0.05

P | P | pu n T a S adjusted T a B adjusted
fix o adjusted fix fix g adjusted fix §
fix a fix g
0.20 | 0.10 | 0.05 | 163 | 1121.3 0.1076 0.0393 1123.5 0.1049 0.0406
0.30 | 0.10 | 0.05 | 140 983.0 0.1084 0.0384 984.3 0.1054 0.0397
0.20 | 0.15 | 0.05 | 109 793.5 0.1068 0.0379 795.3 0.1068 0.0379
0.30 {1 0.15 ] 0.05 | 96 712.7 0.1090 0.0370 713.9 0.1090 0.0370
0.20 | 0.10 | 0.08 | 75 579.9 0.1071 0.0379 582.5 0.1071 0.0379
0.30 | 0.10 | 0.08 | 68 534.9 0.1133 0.0372 535.5 0.1133 0.0372
0.20 | 0.15 | 0.08 | 58 469.6 0.1148 0.0358 470.3 0.1109 0.0375
030|015 0.08! 54 443.1 0.1079 0.0351 447.2 0.1045 0.0368

Table A2.2.15 - Parameter Selection Examples for the 4-AS-S-2(n,T,5) Acceptance

Sampling Plan having p,; = 0.07, py3 = 0.03, p14 = 0.01,
a=0.10 and f=0.10 ’

P2 | Ps | Pu n T a B adjusted T a B adjusted
fix adjusted fix fix g adjusted fix
fix a fix g
0201]0.10] 0.05 | 52 288.0 0.1085 0.0814 289.2 0.1055 0.0859
0.30 ] 0.10 | 0.05 | 47 265.9 0.0984 0.0797 269.4 0.0960 0.0836
0.20 | 0.15 [ 0.05 | 39 229.8 0.0934 0.0819 233.8 0.0892 0.0865
030 (015|005 35 211.4 0.1017 0.0884 213.9 0.1017 0.0884
0.20 | 0.10 | 0.08 | 30 187.9 0.1132 0.0799 188.8 0.1132 0.0799
0.30 | 0.10 | 0.08 | 28 178.4 0.1416 0.0833 180.7 0.1190 0.0862
0.20 | 0.15 ] 0.08 | 25 163.8 0.1372 0.0845 169.1 0.1290 0.0940
0.30{0.15]0.08 | 23 154.0 0.1581 0.0912 157.3 0.1328 0.0962
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Table A2.2.16 - Parameter Selection Examples for the 4-AS-S-2(n,T.,5) Acceptance
Sampling Plan having p,; = 0.10, pys = 0.0S, p14 = 0.02,

a =0.16 and #=10.10

Pz | P3| DPu n T | @ 7 adjusted T a P adjusted
fixa :© adjusted fix a fix 8 adjusted fix 8
U fixa fix g
0201010 0051 119 855.1 6.1067 0.0926 857.0 0.1067 0.0926
0.30 | 0.10 | 0.05 | 102 750.2 0.1074 0.0927 750.7 0.1074 0.0927
0.20 [ 0.15 | 0.05 | 80 611.9 0.1093 0.0869 614.9 0.1059 0.0901
0.30 | 0.15 | 0.05 70 547.8 0.1104 0.0897 548.5 0.1104 0.0897
0201010008 | 54 4431 0.1079 0.0883 4475 0.1045 0.0919
0301010 | 008 | 49 409.7 0.1031 0.0876 412.6 0.1031 0.0876
0.20] 0.15 | 0.08 | 42 362.2 0.1074 0.0895 366.2 0.1028 0.0934
0.30 | 0.15 | 0.08 | 38 334.6 0.1185 0.0925 334.8 0.1185 0.0925

Table A2.2.17 - Parameter Selection Examples for the 4-AS-S-2(n,T,10) Acceptance
Sampling Plan having p,, = 0.07, p1s = 0.03, pys = 0.01,

a=0.05 and #=0.05

P | P | Pu n T a S adjusted T a B adjusted
fix a adjusted fix fix g adjusted fix S
fix o fix §
0.20] 0.10 | 0.05 | 119 | 3539.0 0.0719 0.0379 3561.4 0.0694 0.0388
0.30 [ 0.10 | 0.05 | 114 | 34278 0.0801 0.0360 3437.6 0.0794 0.0365
0.20 | 0.15 | 0.05 | 97 3042.9 0.0742 0.0356 3047.0 0.0742 0.0356
030]0.15]005] 94 2973.8 0.0691 0.0359 2987.6 0.0690 0.0367
0.20]0.10 | 0.08 | 61 | 2180.8 0.1022 0.0367 2192.1 0.0965 0.0369
0.30 [ 0.10 | 0.08 | 60 2155.5 0.1047 0.0379 2185.7 0.0928 0.0386
0.20 | 0.15 | 0.08 | 54 2002.3 0.1018 0.0370 2025.4 0.1018 0.0388
0.30 | 0.15| 0.08 | 53 1976.4 0.0987 0.0343 2009.5 0.0987 0.0382

Table A2.2.18 - Parameter Selection Examples for the 4-AS-S-2(n,T,10) Acceptance

Sampling Plan having p,, = 0.10, py; = 0.05, p,4 = 0.02,
a = 0.05 and 8= 0.05

Pn | P | Pu n T @ S adjusted T a B adjusted
fix adjusted fix fix g adjusted fix S
fix a fix S
0.20 [ 0.10 | 0.05 | 270 | 11046.4 0.0590 0.0417 11050.1 0.0590 0.0417
0.30 ] 0.10 | 0.05 | 257 | 10604.9 0.0614 0.0414 10616.2 0.0606 0.0420
020 | 0.15 | 0.05 | 208 | 89179 0.0612 0.0406 8920.6 0.0610 0.0409
0.30]0.15| 005 | 199 | 8603.5 0.0591 0.0402 8609.8 0.0587 0.0406
0.20 | 0.10 | 0.08 [ 105 | 5188.3 0.0623 0.0388 5188.6 0.0623 0.0388
03010.10| 0.08 | 103 | S111.9 0.0596 0.0363 5144 4 0.0590 0.0377
020 0.15] 008 | 91 4648.9 0.0658 0.0395 4668.5 0.0622 0.0404
030 (0.15] 0.08 | 89 | 45709 0.0693 0.0373 4604.8 0.0648 0.0390
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Table A2.2.19 - Parameter Selection Examples for the 4-AS-S-2(n,T,10) Acceptance
Sampling Plan having py; = 9.07, p:s = 0.93, p14 = 0.01,

¢ =0.05 and 5= 0.10

T

Pz | P | P n T a S adjusted T a S adjusted

fix adjusted fix 2 fix 3 adjusted fix g
fix fix g

020010 ] 005 | 86 2787.3 0.0577 0.0800 2808.8 0.0574 0.0817
0.30]0.10[ 0.05] 82 2692.9 0.0543 0.0826 2695.4 0.0543 0.0826
0.2010.15/005| 70 2404.0 0.0637 0.0970 2408.7 0.0637 0.0970
0.30 | 0.15 | 0.05 | 68 23549 0.0691 0.0952 2370.9 0.0688 0.0966
020 0.0 | 0.08 | 43 1711.1 0.0690 0.1066 1720.8 0.0690 0.1088
030010008 | 42 1683.8 0.0663 0.1065 1694.9 0.0662 0.1077
0.20 | 0.15 | 0.08 | 38 1573.2 0.0558 0.0790 1587.9 0.0557 0.0833
030015} 008 | 37 1545.1 0.0537 | 0.0768 1554.1 0.0534 0.0796

Table A2.2.20 - Parameter Selection Examples for the 4-AS-S-2(n,T,10) Acceptance

Sampling Plan having p;; = 0.10, py3 = 0.05, p14 = 0.02,
a=0.05 and £=0.10

P | P53 | P n T a B adjusted T a B adjusted

fix a adjusted fixx fix g adjusted fix
fix fix S

0.20 | 0.10 | 0.05 | 203 | 8743.4 0.0597 0.0938 8755.4 0.0589 0.0949
0.30 | 0.10 [ 0.05 | 193 8392.9 0.0603 0.0927 8405.7 -0.0598 0.0933
0.20 | 0.15 | 0.05 | 156 | 7075.7 0.0630 0.0930 7077.3 0.0621 0.0936
030 ] 0.15] 0.05 | 150 | 6858.5 0.0669 0.0924 6878.1 0.0653 0.0937
0.20 | 0.10 | 0.08 | 77 4096.4 0.0694 0.0981 4105.0 0.0693 0.0993
030 | 0.10 | 0.08 | 75 4016.2 0.0648 0.0933 4030.1 0.0645 0.0953
0.20 | 0.15 | 0.08 | 67 3691.7 0.0560 0.0871 3722.4 0.0520 0.0890
0.30 1 0.15] 0.08 | 65 3609.6 0.0576 0.0916 3631.3 0.0527 0.0933

Table A2.2.21 - Parameter Selection Examples for the 4-AS-S-2(n,T,10) Acceptance
Sampling Plan having p,; = 0.07, p1; = 0.03, p14 = 0.01,

a=0.10 and B=0.05

Pz | P | Pu | N T a B adjusted T a B adjusted
fix @ adjusted fix a fix g adjusted fix 8
fix fix
0.20 | 0.10 | 0.05 | 103 | 2809.6 0.0917 0.0327 2830.2 0.0908 0.0335
030 | 0.10 ] 0.05 | 99 2725.6 0.0905 0.0348 2743.7 0.0883 0.0353
020]0.15]0.05| 84 2405.7 0.1198 0.0338 2411.9 0.1165 0.0345
0.30 | 0.15| 0.05 | 81 2340.7 0.1187 0.0326 2344.7 0.1187 0.0326
0.20 | 0.10 | 0.08 | 54 1734.1 0.1022 0.0382 1748.2 0.1022 0.0405
030 | 0.10 | 0.08 | 53 1710.7 0.0990 0.0363 1737.1 0.0990 0.0389
0200151008 | 48 1592.4 0.0845 0.0258 1625.5 0.0843 0.0282
0.30 | 0.15 [ 0.08 | 47 1568.5 0.0822 0.0248 1605.8 0.0812 0.0274
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Table A2.2.22 - Parameter Selection Examples for the 4-AS-S-2(n,T,10) Acceptance
Sampling Plan having p;; = 0.10, py; = 0.05, p14 = 0.02,
a =0.10 and g=0.05

P2 | P23 | Pu n T a B adjusted r a S adjusted
fix o ; adjusted fix a fix 8 adjusted fix 8
fix @ fix §
0.20 [ 0.10 | 0.05 | 225 8741.1 0.1038 0.0412 8741.9 0.1038 0.0412
030 (010 | 005 | 214 8379.0 0.1084 0.0405 8383.6 0.1084 0.0405
020 0.15| 005 | 174 7046.6 0.1118 0.0393 7061.0 0.1101 0.0400
030 | 0.15 | 0.05 | 166 | 6776.6 0.1125 0.0389 67845 0.1118 0.0392
0201010 | 008 | 90 4125.1 0.1087 0.0394 41359 0.1085 0.0400
030 | 0.10 | 0.08 | 838 4052.3 0.1034 0.0361 4081.3 0.1025 0.0376
020015008 | 78 3685.0 0.0967 0.0381 3712.5 0.0945 0.0392
0.30 015|008 | 76 3610.8 0.1045 0.0390 3640.5 0.0938 0.0404

Table A2.2.23 - Parameter Selection Examples for the 4-AS-S-2(n,T,10) Acceptance
Sampling Plan having p;; = 0.07, p13 = 0.03, p14 = 0.01,
a=0.10 and 8= 0.10

P | P | Pu n T a B adjusted T a B adjusted
fix adjusted fix a fix g adjusted fix g
fix a fix g
0.20]0.10 | 0.05| 72 2143.1 0.1486 0.099%4 2150.9 0.1486 0.0994
0.30 ] 0.10 | 0.05 | 69 2076.3 0.1512 0.1019 2077.3 0.1512 0.1019
020 [ 0.15]0.05| 59 1849.9 0.1181 0.0779 1855.4 0.1181 0.079%
030]0.15]0.05| 57 1803.8 0.1115 0.0757 1810.5 0.1115 0.0757
0.20 | 0.10 | 0.08 | 37 1323.1 0.0773 0.0735 1328.8 0.0773 0.0761
030 [ 0.10 | 0.08 | 36 1297.8 0.0730 0.0652 1299 4 0.0730 0.0652
0.20 1 0.15] 008 | 33 1221.2 0.1035 0.0674 1244 4 0.0885 0.0679
030 0.15 008 | 32 1195.3 0.0974 0.0700 1208.0 0.0973 0.0703

Table A2.2.24 - Parameter Selection Examples for the 4-AS-S-2(n,T,10) Acceptance
Sampling Plan having p,; = 0.10, p,5 = 0.05, p14 = 0.02,
a=0.10 and £=0.10

Pz | P | Pu n T a B adjusted T a B adjusted
fix a adjusted fix a fix £ adjusted fix 5
fix fix §
0.20 [ 0.10 | 0.05 | 164 | 6709.0 0.1105 0.0916 6713.0 0.1105 0.0916
030 ]0.10 | 0.05 | 156 | 6437.3 0.1035 0.0933 6444.0 0.1030 0.0939
020 ] 0.15 [ 0.05 | 127 | 5439.2 0.1117 0.0925 5455.8 0.1109 0.0939
030 ] 0.15| 005 | 121 | 52296 0.1023 0.0922 5237.6 0.1019 0.0931
020 [ 0.10 | 0.08 | 64 3159.4 0.1329 0.0970 3168.2 0.1328 0.0976
0.30 1 0.10 [ 0.08 | 62 3083.1 0.1276 0.1018 3085.2 0.1276 0.1018
020 | 0.15 | 0.08 | 55 2812.7 0.0991 0.0844 2816.1 0.0991 0.0844
030]0.15/008 | 54 2773.7 0.0963 0.0800 2793.3 0.0955 0.0826
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Table A3.1.1 - Parameter Selection Examples for the 3-SPC-AVG-1(n,k,0.25)

Control Chart haviog 4ARL(pe) =200 ARL(p;) <2

Poz Pos Pz Pes ky n | UCL,| CL | LCL, | ARL(po) | ARL(pJ)
.i adjusted | adjusted
0.020 | 0.005 | 0.040 | C.015 | 25758 | 182 } 0 025G, 0.0100 | 0.0000 71.3 22
0.020 | 6.005 | 0.060 | 0.015 | 2.5758 | 103 : 70299 | 0.0100 | 0.0000 56.2 22
0.020 | 0.005 | 0.040 | 0.030 | 2.5758 | 46 | 0.0398 | 0.0100 | 0.0000 40.5 23
0.020 | 0.005 [ 0.060 | 0.030 | 2.5758 | 34 ! 0.0446 | 0.0100 | 0.0000 59.9 2.5
0.030 | 0.005 | 0.040 | 0.015 | 2.5758 286 3.0220 | 0.0125 | 0.0000 75.7 2.1
0.030 | 0.005 | 0.060 | 0.015 | 2.5758 | 146 | 0.0390 | 0.0125 | 0.0000 62.9 2.1
0.030 | 0.005 | 0.040 | 0.030 | 25758 | 59 | 0.0400 | 0.0125 | 0.0000 46.2 22
0.030 | 0.005 | 0.060 | 0.030 | 2.5758 | 43 | 0.0447 | 0.0125 | 0.0000 38.1 2.1
0.020 | 0.010 | 0.040 | 0.015 | 2.8070 | 869 | 0.0250 | 0.0150 | 0.0050 162.6 2.0
0.020 | 0.010 | 0.060 | 0.015 | 2.5758 | 326 | 0.0300 | 0.0150 | 0.0000 96.7 22
0.020 | 0.010 | 0.040 | 0.030 | 2.5758 | 118 | 0.0399 | 0.0150 | 0.0000 57.0 2.0
0.020 | 0.010 | 0.060 | 0.030 | 2.5758 | 82 | ©.0449 | 0.0150 | 0.0000 55.0 2.1
0.030 | 0.010 | 0.040 | 0.015 | 2.8070 | 1621 | 00250 | 0.0175 | 0.0100 | 200.0 2.1
0.030 | 0.010 | 0.060 | 0.015 | 2.8070 | 584 | 0.0300 | 0.0175 | 0.0050 184.0 2.1
0.030 | 0.010 | 0.040 | 0.030 | 2.5758 | 152 | 0.0400 | 0.0175 | 0.0000 77.1 22
0.030 | C.010 | 0.060 | 0.030 | 2.5758 | 102 | (.0449 | 0.0175 | 0.0000 67.3 22

Table A3.1.2 - Parameter Selection Examples for the 3-SPC-AVG-1(n,ky 0.25)

Control Chart having ARL(pe) =200 ARL(p.) <5

Pz P P Dex ky n UCLy CL LCLy | ARL(po) | ARL(p.)
adjusted | adjusted
0.020 | 0.005 { 0.040 | 0.015 ; 2.5758 | 39 | 0.0423 | 0.0100 | 0.0000 43.6 5.5
0.020 | 9.005 | 0.060 | 0.015 { 25758 | 21 0.0541 | 0.0100 | 0.0000 27.3 4.7
0.020 | 0.005 | 0.040 | 0.030 | 2.5758 4 0.1110 | 0.0100 | 0.0000 45.1 8.1
0.020 | 0.005 | 0.060 | 0.030 ; 2.5758 3 0.1266 | 0.0100 | 0.0000 62.1 10.3
0.030 | 0.005 | 0.040 | 0.015 | 2.5758 | 67 | 0.0383 | 0.0125 | 0.0000 553 5.6
0.030 | 0.005 | 0.060 | 0.015 [ 2.5758 | 32 | 0.0498 | 0.0125 | 0.0000 49.3 5.8
0.930 | 0.005 | 0.040 | 0.030 | 2.5758 6 0.0987 | 0.0125 | 0.0000 33.2 5.9
0.030 | 0.005 | 0.060 | 0.030 | 2.5758 4 0.1181 | 0.0125 | 0.0000 40.0 7.5
0.020 | 0.010 | 0.040 | 0.015 [ 2.5758 | 260 | 0.0318 | 0.0150 | 0.0000 92.8 5.5
0.020 | 0.010 | 0.060 | 0.015 | 2.5758 | 111 | 0.0407 | 0.0150 [ 0.0000 75.0 5.7
0.020 | 0.010 | 0.040 [ 0.030 | 2.5758 | 25 | 0.0691 | 0.0150 [ 0.0000 35.5 5.0
0.020 | 0.010 | 0.060 | 0.030 | 2.5758 17 | 0.0806 | 0.0150 | 0.0000 55.0 5.8
0.030 | 0.010 | 0.040 | 0.015 | 2.8070 | 660 | 00293 | 0.0175 | 0.0057 178.0 5.2
0.030 | 0.010 | 0.060 | 0.015 | 2.5758 | 174 | 0.0385 | 0.0175 | 0.0000 68.3 4.9
0.030 | 0.010 | 0.040 | 0.030 | 2.5758 | 33 0.0657 | 0.0175 | 0.0000 34.8 4.7
0.030 | 0.010 | 0.060 | 0.030 | 2.5758 | 22 | 0.0766 | 0.0175 | 0.0000 40.6 5.3

167







Table A3.1.3 - Parameter Selection Examples for the 3-SPC-AVG-1(n,k,,0.25)

Control Chart having ARL(ps) = 500 ARL{p.) <2

Poz Pos P Pe3 ky n UcL, CL LCLy | ARL(po) | ARL(p.)
adjusted | adjusted
0.020 | 0.005 | 0.040 [ 0.015 | 2.8782 | 227 | 0.0250 | 0.0100 { 0.0000 107.8 2.1
0.020 | 0.005 [ 0.060 | 0.015 | 2.8782 | 128 | 0.0300 | 0.0100 | 0.0000 99.1 2.2
0.020 | 0.005 | 0.040 | 0.030 | 2.8782 | 57 | 0.0399 | 0.0100 | 0.0000 80.8 2.3
0.020 | 0.005 | 0.060 | 0.030 | 2.8782 | 42 | 0.0448 | 0.0100 | 0.0000 49.0 22
0.030 | 0.005 | 0.040 | 0.015 | 2.8782 | 357 | 0.0250 | 0.0125 | 0.0000 142.4 2.1
0.030 | 0.005 | 0.060 | 0.015 | 2.8782 | 182 | 0.0300 | 0.0125 | 0.0000 100.8 2.0
0.030 | 0.005 | 0.040 | 0.030 | 2.8782 | 74 | 0.0399 | 0.0125 | 0.0000 67.8 2.1
0.030 | 0.005 | 0.060 | 0.030 | 2.8782 | 53 | 0.0449 | 0.0125 | 0.0000 64.2 2.2
0.020 | 0.010 | 0.040 | 0.015 | 3.0902 | 1053 | 0.0250 | 0.0150 | 0.0050 392.0 2.1
0.020 | 0.010 | 0.060 | 0.015 | 2.8782 | 406 | 0.0300 | 0.0150 | 0.0000 164.5 2.0
0.020 | 0.010 | 0.040 | 0.030 | 2.8782 | 147 | 0.0399 | 0.0150 | 0.0000 119.6 2.1
0.020 | 0.010 | 0.060 { 0.030 | 2.8782 | 102 | 0.0449 | 0.0150 | 0.0000 110.6 2.2
0.030 | 0.010 ! 0.040 | 0.015 | 3.0902 | 1965 | 0.0250 | 0.0175 | 0.0100 438.6 2.0
0.030 | 0.010 | 0.060 | 0.015 | 3.0902 | 708 | 0.0300 | 0.0175 | 0.0050 322.5 2.0
0.030 | 0.010 | 0.040 | 0.030 | 2.8782 | 190 | 0.0400 | 0.0175 | 0.0000 143.3 2.1
0.030 | 0.010 | 0.060 | 0.030 | 2.8782 | 127 | 0.0450 | 0.0175 | 0.0000 102.2 2.0

Table A3.1.4 - Parameter Selection Examples for the 3-SPC-AVG-1(n,k, 0.25)

Control Chart having ARL(pe) = 500 ARL(p.) <5

Poz Pos Dz Pes ky n UCLy CL LCLy | ARL(po) | ARL(p.)

adjusted | adjusted
0.020 | 0.005 | 0.040 | 0.015 | 2.8782 | 61 | 0.0389 | 0.0100 | 0.0000 65.6 5.1
0.020 | 0.005 | 0.060 | 0.015 | 2.8782 | 33 | 0.0493 | 0.0100 | 0.0000 64.2 5.4
0.020 | 0.005 | 0.040 | 0.030 | 2.8782 7 0.0953 | 0.0100 | 0.0000 28.8 5.2
0.020 | 0.005 | 0.060 | 0.030 | 2.8782 | 5 0.1109 | 0.0100 [ 0.0000 40.3 7.0
0.030 | 0.005 | 0.040 | 0.015 | 2.8782 | 103 | 0.0357 | 0.0125 | 0.0000 80.6 4.9
0.030 | 0.005 | 0.060 | 0.015 | 2.8782 | 50 | 0.0459 | 0.0125 | 0.0000 76.9 5.8
0.030 | 0.005 | 0.040 | 0.030 | 2.8782 | 11 | 0.0836 | 0.0125 | 0.0000 18.6 3.5
0.030 | 0.005 | 0.060 | 0.030 | 2.8782 8 0.0959 | 0.0125 | 0.0000 25.4 4.6
0.020 | 0.010 | 0.040 | 0.015 | 2.8782 | 373 | 0.0306 | 0.0150 | 0.0000 159.0 5.0
0.020 | 0.010 | 0.060 | 0.015 | 2.8782 | 161 | 0.0388 | 0.0150 | 0.0000 103.2 4.7
0.020 | 0.010 | 0.040 | 0.030 | 2.8782.| 39 0.0634 | 0.0150 | 0.0000 63.4 4.7
0.020 | 0.010 | 0.060 | 0.030 | 2.8782 | 26 | 0.0743 | 0.0150 | 0.0000 35.7 4.3
0.030 | 0.010 | 0.040 | 0.015 | 3.0902 | 885 | 0.0287 | 0.0175 | 0.0063 375.9 5.1
0.030 | 0.010 | 0.060 | 0.015 | 2.8782 | 249 | 0.0371 | 0.0175 | 0.0000 132.4 4.8
0.030 | 0.010 | 0.040 | 0.030 | 2.8782 | 52 | 0.0604 | 0.0175 | 0.0000 72.6 5.0
| 0.030 | 0.010 | 0.060 | 0.030 | 2.8782 | 34 | 0.0706 | 0.0175 | 0.0000 66.1 5.0

168




Table A3.1.5 - Parameter Selection Examples for the 3-SPC-AVG-1(n,k,0.5)

Control Chart having 4ARL(pa) = 200 ARL(p.) £2

pn | Ps | Pa | Ps | kv | m [ UCLy | CL | LCLy | ARL(py) | ARL(po)

! i adjusted | adjusted
0.020 | 0.005 | 0.040 | 0.015 | 2.5758 | 163 | 0.0349 | 0.0150 | 0.0000 85.1 2.1
0.020 | 0.005 | 0.060 | 0.015 | 2.5758 | 73 0.0448 | 0.0150 | 0.0000 59.2 2.1
0.020 | 0.005 | 0.040 | 0.030 | 2.5758 | 53 0.0500 | 0.0150 | 0.0000 69.2 2.3
0.020 | 0.005 | 0.060 | 0.030 | 2.5758 | 33 0.0593 | 0.0150 | 0.0000 29.0 1.9
0.030 | 0.005 | 0.040 | 0.015 | 2.8070 | 424 | 0.0350 | 0.0200 ! 0.0050 157.3 2.0
0.030 | 0.005 | 0.060 | 0.015 | 2.5758 | 129 | 0.0449 | 0.0200 | 0.0000 76.5 2.0
0.030 | 0.005 | 0.040 | 0.030 | 2.5758 90 0.0499 | 0.0200 | 0.0000 49.6 1.9
0.030 | 0.005 | 0.060 | 0.030 | 2.5758 51 0.0597 | 0.0200 | 0.0000 96.9 2.4
0.020 | 0.010 | 0.040 | 0.015 | 2.8070 | 512 | 0.0350 | 0.0200 | 0.0050 149.8 2.0
0.020 | 0.010 | 0.060 | 0.015 | 2.5758 | 155 | 0.0450 | 0.0200 | 0.0000 62.0 1.9
0.020 | 0.010 | 0.040 | 0.030 | 2.5758 | 108 | 0.0499 | 0.0200 | 0.0000 60.2 2.0
0.020 | 0.010 | 0.060 | 0.030 | 2.5758 61 0.0599 | 0.0200 | 0.0000 73.8 2.2
0.030 | 0.010 | 0.040 | 0.015 | 2.8070 | 1330 | 0.0350 | 0.0250 | 0.0150 218.6 2.1
0.030 | 0.010 | 0.060 | 0.015 | 2.8070 | 333 | 0.0450 | 0.0250 | 0.0050 138.2 1.9
0.030 | 0.010 | 0.040 | 0.030 | 2.5758 | 180 | 0.0499 | 0.0250 | 0.0000 70.5 1.9
0.030 | 0.010 | 0.060 | 0.030 | 2.5758 92 0.0599 | 0.0250 | 0.0000 110.7 2.3

Table A3.1.6 - Parameter Selection Examples for the 3-SPC-AVG-1(n,k1,0.5)

Control Chart having ARL(ps) = 200 ARL(p,) < 5

Poz Pos Pa Pes ky n UCL, CL LCLy, | ARL(po) | ARL(p.)

adjusted | adjusted
0.020 | 0.005 | 0.040 | 0.015 | 2.5758 39 0.0558 | 0.0150 [ 0.0000 60.4 5.8
0.020 | 0.005 | 0.060 | 0.015 | 2.5758 15 0.0808 | 0.0150 | 0.0000 44.1 5.7
0.020 | 0.005 | 0.040 | 0.030 | 2.5758 7 0.1113 | 0.0150 | 0.0000 23.7 4.6
0.020 | 0.005 | 0.060 | 0.030 | 2.5758 4 0.1423 | 0.0150 | 0.0000 45.1 7.5
0.030 | 0.005 | 0.040 | 0.015 | 2.5758 | 105 | 0.0477 | 0.0200 | 0.0000 117.2 6.3
0.030 | 0.005 { 0.060 | 0.015 | 2.5758 | 33 | 0.0693 | 0.0200 | 0.0000 50.0 5.0
0.030 | 0.005 | 0.040 | 0.030 | 2.5758 | 17 | 0.0887 | 0.0200 | 0.0000 90.7 7.3
0.030 | 0.005 | 0.060 | 0.030 | 2.5758 8 0.1202 | 0.0200 | 0.0000 16.4 3.5
0.020 | 0.010 | 0.040 | 0.015 | 2.5758 | 147 | 0.0457 | 0.0200 | 0.0000 84.9 5.3
0.020 | 0.010 | 0.060 | 0.015 | 2.5758 | 47 | 0.0654 | 0.0200 | 0.0000 80.3 6.3
0.020 | 0.010 | 0.040 | 0.030 | 2.5758 | 25 | 0.0822 | 0.0200 | 0.0000 74.9 6.7
0.020 | 0.010 | 0.060 | 0.030 | 2.5758 13 0.1063 | 0.0200 | 0.0000 29.4 4.4
0.030 | 0.010 | 0.040 | 0.015 | 2.8070 | 552 | 0.0405 | 0.0250 | 0.0095 167.9 4.9
0.030 | 0.010 | 0.060 | 0.015 | 2.5758 | 94 | 0.0595 | 0.0250 | 0.0000 97.8 5.8
0.030 | 0.010 | 0.040 | 0.030 | 2.5758 | 48 | 0.0733 | 0.0250 | 0.0000 97.8 6.4
0.030 | 0.010 | 0.060 | 0.030 | 2.5758 | 22 | 0.0963 | 0.0250 | 0.0000 67.8 6.2
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Table A3.1.7 - Parameter Selection Examples for the 3-SPC-AVG-1(n,k;,0.5)

Control Chart having ARL(pe) =500 ARL(p.) <2

Poz Pos P Pes ky n UCLy CL LCLy | ARL(p,) | ARL(p.)

adjusted | adjusted
0.020 | 0.005 | 0.040 | 0.015 | 2.8782 [ 203 | 0.0350 | 0.0150 ; 0.0000 189.2 2.2
0.020 | 0.005 | 0.060 | 0.015 | 2.8782 | 90 | 0.0450 | 0.0150 | 0.0000 162.4 2.4
0.020 | 0.005 | 0.040 | 0.030 | 2.8782 67 0.0498 | 0.0150 | 0.0000 82.8 2.0
0.020 | 0.005 | 0.060 | 0.030 | 2.8782 | 40 | 0.0600 | 0.0150 | 0.0000 56.0 2.0
0.030 | 0.005 | 0.040 | 0.015 | 3.0902 | 514 | 0.0350 | 0.0200 | 0.0050 297.8 1.9
0.030 | 0.005 | 0.060 | 0.015 | 2.8782 | 161 | 0.0450 | 0.0200 | 0.0000 164.5 2.1
0.030 | 0.005 | 0.040 | 0.030 | 2.8782 | 112 | 0.0499 | 0.0200 | 0.0000 185.1 2.2
0.030 | 0.005 | 0.060 | 0.030 | 2.8782 | 63 0.0599 | 0.0200 | 0.0000 107.7 2.1
0.020 | 0.010 | 0.040 | 0.015 | 3.0902 | 620 | 0.0350 | 0.0200 [ 0.0050 392.7 2.1
0.020 | 0.010 | 0.060 | 0.015 | 2.8782 | 194 | 0.0450 | 0.0200 | 0.0000 166.9 2.1
0.020 | 0.010 | 0.040 | 0.030 | 2.8782 | 135 | 0.0499 | 0.0200 | 0.0000 143.1 2.1
0.020 | 0.010 | 0.060 | 0.030 | 2.8782 | 76 | 0.0599 | 0.0200 | 0.0000 158.3 2.3
0.030 | 0.010 | 0.040 | 0.015 | 3.0902 | 1612 | 0.0350 | 0.0250 | 0.0150 4227 2.0
0.030 | 0.010 | 0.060 | 0.015 | 3.0902 | 403 | 0.0450 | 0.0250 | 0.0050 401.0 2.1
0.030 | 0.010 | 0.040 | 0.030 | 2.8782 | 224 | 0.0500 | 0.0250 | 0.0000 200.3 2.1
0.030 | 0.010 | 0.060 | 0.030 | 2.8782 | 115 | 0.0599 | 0.0250 | 0.0000 122.6 2.0

Table A3.1.8 - Parameter Selection Examples for the 3-SPC-AVG-1(n,k1,0.5)

Control Chart having ARL(ps) = 500 ARL(p;) <5

Poz Pos P2 Pes kv n UCL, CL LCLy | ARL(po) | ARL(p.)

adjusted | adjusted
0.020 | 0.005 | 0.040 | 0.015 | 2.8782 60 0.0517 | 0.0150 | 0.0000 128.6 6.1
0.020 | 0.005 | 0.060 | 0.015 | 2.8782 23 0.0743 | 0.0150 | 0.0000 70.3 5.7
0.020 | 0.005 | 0.040 | 0.030 | 2.8782 13 0.0939 | 0.0150 | 0.0000 58.9 5.8
0.020 [ 0.005 | 0.060 | 0.030 | 2.8782 7 0.1226 | 0.0150 | 0.0000 23.7 4.1
0.030 | 0.005 | 0.040 | 0.015 | 2.8782 | 156 | 0.0453 | 0.0200 | 0.0000 208.4 5.8
0.030 | 0.005 | 0.060 | 0.015 | 2.8782 50 0.0648 | 0.0200 | 0.0000 105.4 52
0.030 [ 0.005 | 0.040 | 0.030 | 2.8782 27 0.0809 | 0.0200 [ 0.0000 95.1 5.6
0.030 [ 0.005 | 0.060 | 0.030 | 2.8782 14 0.1046 | 0.0200 [ 0.0000 323 3.9
0.020 | 0.010 | 0.040 | 0.015 | 2.8782 | 212 | 0.0439 | 0.0200 | 0.0000 156.5 4.9
0.020 | 0.010 | 0.060 | 0.015 | 2.8782 69 0.0619 | 0.0200 | 0.0000 104.9 5.1
0.020 | 0.010 | 0.040 | 0.030 | 2.8782 38 0.0764 | 0.0200 | 0.0000 61.3 4.5
0.020 | 0.010 [ 0.060 | 0.030 | 2.8782 20 0.0978 | 0.0200 | 0.0000 37.7 4.0
0.030 | 0.010 [ 0.040 | 0.015 | 3.0902 | 738 | 0.0398 | 0.0250 | 0.0102 379.0 49
0.030 | 0.010 | 0.060 | 0.015 | 2.8782 | 136 | 0.0571 | 0.0250 | 0.0000 156.0 5.1
0.030 | 0.010 | 0.040 | 0.030 | 2.8782 72 0.0691 | 0.0250 | 0.0000 85.8 4.3
0.030 | 0.010 | 0.060 | 0.030 | 2.8782 34 0.0891 | 0.0250 | 0.0000 148.0 6.5
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Table A3.1.9 - Parameter Selection Examples for the 3-SPC-AVG-1(n,k,,0.75)

Control Chart having ARL(p,) = 260 ARL(p.) <2

Poz Do P Pe3 ky n UCL, CL LCLy | ARL(po) | ARL(p.)
adjusted | adjusted
0.020 | 0.005 | 0.040 | 0.015 | 2.5758 | 169 | 0.0449 | 0.0200 | 0.0000 89.1 2.1
0.020 | 0.005 | 0.060 | 0.015 | 2.5758 | 66 | 0.0599 | 0.0200 | 0.0000 53.2 2.0
0.020 | 0.005 | 0.040 | 0.030 | 2.5758 | 66 | 0.0599 | 0.0200 [ 0.0000 53.2 2.0
0.020 | 0.005 | 0.060 | 0.030 | 25758 | 35 0.0748 | 0.0200 | 0.5000 63.5 2.2
0.030 | 0.005 [ 0.040 | 0.015 | 2.8070 | 544 | 0.0450 | 0.0275 | 0.0100 176.3 2.0
0.030 | 0.005 | 0.060 | 0.015 | 2.5758 | 133 | 0.0600 | 0.0275 | 0.0000 80.6 2.0
0.030 | 0.005 | 0.040 | 0.030 | 2.5758 | 133 | 0.0600 | 0.0275 | 0.0000 80.6 2.0
0.030 | 0.005 | 0.060 | 0.030 | 2.5758 | 63 0.0747 | 0.0275 | 0.0000 61.0 2.0
0.020 | 0.010 | 0.040 | 0.015 [ 2.8070 | 407 | 0.0450 | 0.0250 | 0.0050 187.7 2.1
0.020 | 0.010 | 0.060 | 0.015 | 2.5758 | 112 | 0.0600 | 0.0250 | 0.0000 71.6 2.0
0.020 | 0.010 | 0.040 | 0.030 | 2.5758 | 112 | 0.0600 | 0.0250 | 0.0000 71.6 2.0
0.020 | 0.010 | 0.060 | 0.030 | 2.5758 | 55 0.0749 | 0.0250 | 0.0000 62.7 2.1
0.030 | 0.010 | 0.040 | 0.015 | 2.8070 | 1302 | 0.0450 | 0.0325 | 0.0200 194.2 2.0
0.030 | 0.010 | 0.060 | 0.015 | 2.8070 | 270 | 0.0599 | 0.0325 | 0.0051 171.2 2.0
0.030 | 0.010 | 0.040 | 0.030 | 2.8070 | 269 | 0.0600 | 0.0325 | 0.0050 177.7 2.1
0.030 | 0.010 | 0.060 | 0.030 | 2.5758 | 95 0.0750 | 0.0325 | 0.0000 84.5 2.1

Table A3.1.10 - Parameter Selection Examples for the 3-SPC-AVG-1(nk,,0.75)

Control Chart having ARL(pe) =200 ARL(p) <5

Poz Po3 P Pes ky n UCLy, CL LCLy | ARL(p,) | ARL(p.)

adjusted | adjusted
0.020 [ 0.005 | 0.040 | 0.015 | 2.5758 44 0.0689 | 0.0200 | 0.0000 62.2 5.4
0.020 | 0.005 | 0.060 | 0.015 | 2.5758 14 0.1067 | 0.0200 | 0.0000 21.5 3.5
0.020 | 0.005 | 0.040 | 0.030 | 2.5758 12 0.1136 | 0.0200 | 0.0000 28.6 4.9
0.020 | 0.005 | 0.060 | 0.030 | 2.5758 5 0.1650 | 0.0200 | 0.0000 35.0 5.9
0.030 | 0.005 | 0.040 | 0.015 | 2.5758 | 153 | 0.0578 | 0.0275 | 0.0000 98.2 52
0.030 | 0.005 | 0.060 | 0.015 | 2.5758 37 0.0890 | 0.0275 | 0.0000 82.8 5.9
0.030 | 0.005 [ 0.040 | 0.030 | 2.5758 34 0.0917 | 0.0275 | 0.0000 57.9 5.0
0.030 [ 0.005 | 0.060 | 0.030 | 2.5758 14 0.1275 | 0.0275 | 0.0000 76.0 6.6
0.020 [ 0.010 | 0.040 | 0.015 | 2.5758 | 112 | 0.0600 [ 0.0250 [ 0.0000 71.6 4.8
0.020 [ 0.010 | 0.060 | 0.015 | 2.5758 30 0.0925 | 0.0250 | 0.0000 73.1 5.4
0.020 | 0.010 | 0.040 | 0.030 | 2.5758 28 0.0949 | 0.0250 | 0.0000 49.9 5.0
0.020 | 0.010 | 0.060 | 0.030 | 2.5758 12 0.1318 | 0.0250 | 0.0000 34.3 4.9
0.030 | 0.010 | 0.040 | 0.015 | 2.8070 | 548 | 0.0518 | 0.0325 | 0.0132 183.6 5.1
0.030 | 0.010 | 0.060 | 0.015 | 2.5758 74 0.0806 | 0.0325 | 0.0000 70.9 4.3
0.030 | 0.010 | 0.040 | 0.030 | 2.5758 | 69 | 0.0823 | 0.0325 | 0.0000 70.3 4.9
0.030 | 0.010 | 0.060 | 0.030 | 2.5758 25 0.1153 | 0.0325 | 0.0000 57.3 5.2
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Table A3.1.11 - Parameter Selection Examples for the 3-SPC-AVG-1(n,k, 0.75)

Control Chart having ARL(ps) = 500 ARIL(p.) <2

Pz | Ppos P2 | Pas ky m | UCL,| CL | LCLy | ARL(py) | ARL(po
i adjusted | adjusted
0.020 | 0.005 | 0.040 | 0.015 | 2.8782 | 211 | 0.0449 | 0.0200 | 0.0000 | 151.2 2.0
0.020 | 0.005 | 0.060 | 0.015 | 2.8782 | 83 | 0.0598 | 0.0200 | 0.0000 | 106.7 2.0
0.020 | 0.005 | 0.040 | 0.030 | 2.8782 | 83 | 0.0598 | 0.0200 | 0.0000 | 106.7 2.0
0.020 | 0.005 | 0.060 | 0.030 | 2.8782 | 44 | 0.0746 | 0.0200 | 0.0000 | 122.0 2.2
0.030 | 0.005 | 0.040 | 0.015 | 3.0902 | 659 | 0.0450 | 0.0275 | 0.0100 | 421.0 2.0
0.030 | 0.005 | 0.060 | 0.015 | 2.8782 | 166 | 0.0600 | 0.0275 | 0.0000 | 164.0 2.0
0.030 | 0.005 | 0.040 | 0.030 | 2.8782 | 166 | 0.0600 | 0.0275 | 0.0000 | 164.0 2.0
0.030 | 0.005 | 0.060 | 0.030 | 2.8782 | 78 | 0.0749 | 0.0275 | 0.0000 | 145.6 2.1
0.020 | 0.010 | 0.040 | 0.015 | 3.0902 | 493 | 0.0450 | 0.0250 | 0.0050 | 375.6 2.0
0.020 | 0.010 | 0.060 | 0.015 | 2.8782 | 140 | 0.0599 | 0.0250 | 0.0000 | 155.6 2.1
0.020 | 0.010 | 0.040 | 0.030 | 2.8782 | 140 | 0.0599 | 0.0250 | 0.0000 | 155.6 2.1
0.020 | 0.010 | 0.060 | 0.030 | 2.8782 | 69 | 0.0748 | 0.0250 | 0.0000 | 114.4 2.1
0.030 | 0.010 | 0.040 | 0.015 | 3.0902 [ 1578 | 0.0450 | 0.0325 | 0.0200 | 485.0 2.1
0030 | 0.010 | 0.060 [ 0.015 | 3.0902 | 327 | 0.0600 | 0.0325 | 0.0050 | 385.1 2.1
0.030 | 0.010 | 0.040 [ 0.030 | 3.0902 | 327 | 0.0600 | 0.0325 | 0.0050 | 385.1 2.1
0.030 | 0.010 | 0.060 | 0.030 | 2.8782 | 119 | 0.0749 | 0.0325 | 0.0000 | 161.2 2.0

Table A3.1.12 - Parameter Selection Examples for the 3-SPC-AVG-1(n,k1,0.75)

Control Chart having ARL(ps) =500 ARL(pc) <5

Poz Pos P P ky n UcL, CL LCLy | ARL(po) | ARL(p.)
adjusted | adjusted
|
0.020 | 0.005 | 0.040 | 0.015 | 2.8782 | 67 | 0.0643 | 0.0200 | 0.0000 128.8 5.5
0.020 | 0.005 | 0.060 | 0.015 | 2.8782 | 22 | 0.0973 | 0.0200 | 0.0000 59.3 4.4
0.020 | 0.005 | 0.040 { 0.030 | 2.8782 | 20 | 0.1010 | 0.0200 | 0.0000 77.2 6.2
0.020 | 0.005 | 0.060 | 0.030 | 2.8782 9 0.1408 | 0.0200 | 0.0000 50.0 5.2
0.030 | 0.005 | 0.040 | 0.015 | 2.8782 | 221 | 0.0556 [ 0.0275 | 0.0000 216.4 5.3
0.030 | 0.005 | 0.060 | 0.015 | 2.8782 | 55 | 0.0839 | 0.0275 | 0.0000 115.5 5.0
0.030 | 0.005 | 0.040 | 0.030 | 2.8782 | 52 | 0.0855 | 0.0275 | 0.0000 99.8 4.8
0.030 | 0.005 | 0.060 | 0.030 | 2.8782 | 21 0.1188 | 0.0275 | 0.0000 59.9 4.2
0.020 | 0.010 | 0.040 | 0.015 | 2.8782 | 163 | 0.0574 | 0.0250 | 0.0000 172.7 5.1
0.020 | 0.010 | 0.060 | 0.015 | 2.8782 | 45 | 0.0866 | 0.0250 | 0.0000 97.8 4.9
0.020 | 0.010 | 0.040 | 0.030 | 2.8782 | 43 | 0.0880 | 0.0250 | 0.0000 118.0 5.6
0.020 | 0.010 | 0.060 | 0.030 | 2.8782 | 18 | 0.1224 | 0.0250 | 0.0000 63.6 4.6
0.030 | 0.010 | 0.040 | 0.015 | 3.0902 | 732 | 0.0509 | 0.0325 | 0.0141 415.7 4.9
0.030 | 0.010 | 0.060 | 0.015 | 2.8782 | 107 | 0.0772 | 0.0325 | 0.0000 189.0 5.4
0.030 | 0.010 | 0.040 | 0.030 | 2.8782 | 101 | 0.0785 | 0.0325 | 0.0000 147.9 4.9
0.030 | 0.010 | 0.060 | 0.030 | 2.8782 | 38 | 0.1075 | 0.0325 | 0.0000 115.5 5.2
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Table A3.2.1 - Parameter Selection Examples for the 3-SPC-AVG-2(n,k,2) Control
Chart having ARL(p,) =200 ARL(p,) <2

Poz Po3 P Pe3 ky n UCLy CL LCLy | ARL(po) | ARL(po)

adjusted | adjusted
0.020 | 0005 | 0.040 | 0.015 | 2.5758 | 170 | 1.0849 | 1.0350 | 0.0000 70.4 2.1
0.020 | 0.005 | 0.060 | 0.015 | 2.5758 37 1.1047 | 1.0350 | 0.0000 70.0 2.3
0.020 | 0.005 | 0.040 | 0.030 | 2.5758 | 47 1.1299 | 1.0350 | 0.0000 58.1 2.4
0.020 | 0.005 | 0.060 | 0.030 | 2.5758 32 1.1500 | 1.0350 | 0.0000 343 2.1
0.030 | 0.005 [ 0.040 | 0.015 | 2.5758 | 303 | 1.0850 ; 1.0450 | 0.0000 79.7 2.0
0.030 | 0.005 | 0.060 | 0.015 [ 2.5758 | 135 | 1.1049 | 1.0450 | 0.0000 84.1 2.2
0.030 | 0.005 | 0.040 | 0.030 | 2.5758 68 1.1294 | 1.0450 | 0.0000 455 2.0
0.030 | 0.005 | 0.060 | 0.030 | 2.5758 | 44 1.1499 | 1.0450 | 0.0000 44.1 2.1
0.020 | 0.010 | 0.040 | 0.015 | 2.8070 | 692 | 1.0850 | 1.0500 | 1.0150 159.7 2.0
0.020 | 0.010 | 0.060 | 0.015 | 2.5758 | 236 | 1.1050 | 1.0500 | 0.0000 75.2 2.0
0.020 | 0.010 | 0.040 | 0.030 | 2.5758 | 112 | 1.1298 | 1.0500 | 0.0000 65.5 2.1
0.020 | 0.010 [ 0.060 | 0.030 | 2.5758 72 1.1495 | 1.0500 | 0.0000 50.2 2.0
0.030 | 0.010 | 0.040 | 0.015 | 2.8070 | 1468 | 1.0850 | 1.0600 | 1.0350 179.9 2.0
0.030 | 0.010 | 0.060 | 0.015 | 2.8070 | 453 | 1.1050 | 1.0600 | '1.0150 165.2 2.1
0.030 | 0.010 | 0.040 | 0.030 | 2.5758 | 158 | 1.1299 | 1.0600 | 0.0000 77.7 2.1
0.030 | 0.010 | 0.060 | 0.030 | 2.5758 96 1.1497 | 1.0600 | 0.0000 72.2 22

Table A3.2.2 - Parameter Selection Examples for the 3-SPC-AVG-2(n,k1,2) Control
Chart having ARL(pe) =200 ARL(p;) <5

Poz Pos P Pes ky n UCLy CL LCLy, | ARL(po) | ARL(p.)

adjusted | adjusted
0.020 | 0.005 | 0.040 | 0.015 | 2.5758 | 38 [ 1.1405 | 1.0350 | 0.0000 46.1 5.7
0.020 | 0.005 | 0.060 | 0.015 | 2.5758 | 18 | 1.1883 | 1.0350 | 0.0000 35.6 5.5
0.020 [ 0.005 | 0.040 | 0.030 | 2.5758 5 1.3259 | 1.0350 | 0.0000 35.0 6.5
0.020 [ 0.005 | 0.060 | 0.030 | 2.5758 3 1.4106 | 1.0350 | 0.0000 62.1 10.3
0.030 | 0.005 | 0.040 | 0.015 | 2.5758 | 78 | 1.1238 | 1.0450 | 0.0000 52.6 4.9
0.030 | 0.005 | 0.060 | 0.015 | 2.5758 | 32 | 1.1680 | 1.0450 | 0.0000 48.7 5.6
0.030 | 0.005 | 0.040 | 0.030 | 2.5758 8 1.2910 | 1.0450 | 0.0000 24.6 4.6
0.030 | 0.005 | 0.060 | 0.030 | 2.5758 5 1.3562 | 1.0450 | 0.0000 30.2 5.9
0.020 | 0.010 | 0.040 | 0.015 | 2.5758 | 204 | 1.1091 | 1.0500 | 0.0000 88.1 5.4
0.020 | 0.010 [ 0.060 | 0.015 | 2.5758 [ 78 | 1.1456 | 1.0500 [ 0.0000 64.5 5.4
0.020 | 0.010 | 0.040 | 0.030 | 2.5758 | 24 | 1.2224 | 1.0500 | 0.0000 38.6 5.4
0.020 | 0.010 | 0.060 | 0.030 | 2.5758 [ 15 | 1.2681 | 1.0500 | 0.0000 72.7 7.3
0.030 | 0.010 | 0.040 | 0.015 | 2.8070 | 601 | 1.0991 | 1.0600 | 1.0209 173.3 5.1
0.030 | 0.010 | 0.060 | 0.015 | 2.5758 | 133 | 1.1362 | 1.0600 | 0.0000 89.4 5.7
0.030 | 0.010 | 0.040 | 0.030 | 2.5758 | 37 | 1.2045 | 1.0600 | 0.0000 48.5 5.2
0.030 | 0.010 | 0.060 | 0.030 | 2.5758 | 21 1.2518 | 1.0600 | 0.0000 45.0 5.8
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Table A3.2.3 - Parameter Selection Examples for the 3-SPC-AVG-2(n,k1,2) Control
Chart having ARL(pe) = 500 ARL(p.) < 2

Poz Pos P Pes &y n UCL, CcL LCLy | ARL(py) | ARL(p.)
adjusted | adjusted
0.020 | 0.005 | 0.040 | 0.015 | 2.8782 | 212 | 1.0849 | 1.0350 | 0.0000 163.6 23
0.020 | 0.005 | 0.060 | 0.015 | 2.8782 | 108 | 1.1049 | 1.0350 | 0.0000 106.5 2.2
0.020 | 0.005 | 0.040 | 0.030 | 2.8782 | 59 | 1.1296 | 1.0350 | 0.0000 67.0 2.1
0.020 | 0.005 | 0.060 [ 0.030 | 2.8782 | 40 | 1.1499 | 1.035G | 0.0000 40.9 2.0
0.030 | 0.005 | 0.040 | 0.015 | 3.0902 | 436 | 1.0850 | 1.0450 | 1.0050 357.0 22
0.030 | 0.005 | 0.060 | 0.015 | 2.8782 | 168 | 1.1050 |{ 1.0450 | 0.0000 120.9 2.1
0.030 | 0.005 | 0.040 | 0.030 | 2.8782 | 84 | 1.1298 | 1.0450 | 0.0000 74.6 2.0
0.030 | 0.005 { 0.060 | 0.030 | 2.8782 | 55 1.1498 | 1.0450 | 0.0000 99.9 23
0.020 { 0.010 | 0.040 i 0.015 | 3.0902 | 839 | 1.0850 | 1.0500 | 1.0150 397.6 2.1
0.020 i 0.010 | 0.060 | 0.015 | 2.8782 | 295 | 1.1049 | 1.0500 | 0.0000 139.3 2.0
0.020 | 0.010 { 0.040 | 0.030 | 2.8782 | 140 | 1.1298 | 1.0500 | 0.0000 145.9 2.2
0.020 | 0.010 | 0.060 | 0.030 | 2.8782 | 90 | 1.1495 | 1.0500 | 0.0000 106.3 2.1
0.030 | 0.010 | 0.040 | 0.015 | 3.0902 | 1779 | 1.0850 | 1.0600 | 1.0350 459.4 2.1
0.030 { 0.010 | 0.060 | 0.015 | 3.0902 | 549 | 1.1050 | 1.0600 | 1.0150 336.6 2.0
0.030 | 0.010 | 0.040 | 0.030 | 2.8782 | 197 | 1.1300 | 1.0600 | 0.0000 146.4 2.1
0.030 | 0.010 | 0.060 | 0.030 | 2.8782 | 120 | 1.1496 | 1.0600 | 0.0000 100.4 2.0

Table A3.2.4 - Parameter Selection Examples for the 3-SPC-AVG-2(n,k1,2) Control
Chart having ARL(ps) = 500 ARL(p.) < 5

Poz Pos P P ky n UCLy, CL LCL, | ARL(po) | ARL(p.)
adjusted | adjusted
0.020 | 0.005 | 0.040 | 0.015 | 2.8782 59 1.1296 | 1.0350 | 0.0000 67.0 4.9
0.020 | 0.005 | 0.060 | 0.015 | 2.8782 | 28 | 1.1724 | 1.0350 | 0.0000 46.9 4.5
0.020 | 0.005 | 0.040 | 0.030 | 2.8782 9 1.2773 | 1.0350 | 0.0000 224 4.1
0.020 | 0.005 | 0.060 | 0.030 | 2.8782 6 1.3317 | 1.0350 | 0.0000 284 4.8
0.030 | 0.005 | 0.040 | 0.015 | 2.8782 | 118 | 1.1166 | 1.0450 { 0.0000 96.7 4.8
0.030 | 0.005 | 0.060 | 0.015 | 2.8782 | 49 | 1.1561 | 1.0450 | 0.0000 69.0 4.9
0.030 | 0.005 | 0.040 | 0.030 | 2.8782 | 15 | 1.2458 | 1.0450 | 0.0000 |  36.1 49
0.030 | 0.005 | 0.060 | 0.030 | 2.8782 9 1.3042 | 1.0450 | 0.0000 21.7 4.0
0.020 | 0.010 | 0.040 | 0.015 | 2.8782 | 293 | 1.1051 | 1.0500 | 0.0000 147.2 4.8
0.020 | 0.010 | 0.060 | 0.015 | 2.8782 | 113 | 1.1388 | 1.0500 | 0.0000 103.4 4.9
0.020 | 0.010 | 0.040 | 0.030 | 2.8782 | 38 ! 1.2031 | 1.0500 | 0.0000 67.7 4.9
0.020 | 0.010 | 0.060 | 0.030 | 2.8782 23 1.2468 | 1.0500 | 0.0000 42.1 4.9
0.030 | 0.010  0.040 ! 0.015 | 3.0902 | 806 | 1.0971 | 1.0600 | 1.0229 409.5 5.2
0.030 | 0.010 | 0.060 | 0.015 ' 2.8782 | 191 | 1.1311 | 1.0600 | 0.0000 185.2 5.7
0.030 | 0.010 | 0.040 @ 0.030 | 2.8782 57 1.1901 | 1.0600 | 0.0000 75.0 4.7
0.030 | 0.010 | 0.060 | 0.030 | 2.8782 ; 33 | 1.2309 | 1.0600 | 0.0000 69.8 5.0
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Table A3.2.5 - Parameter Sclection Examples for the 3-SPC-AVG-2(nk;,S) Control
Chart having ARL(pa) = 200 ARL(p,) < 2

Pz | Pos | Pa | Ps | Hv n | UCLy | CL | LCLy | ARL(po) | ARL(p)
' adjusted | adjusted
0.020 | 0.005 | 0.040 | 0.015 | 2.5758 | 205 1.5168 | 1.200G | 0.0000 55.8 2.1
0.020 | 0.005 | 0.060 | 0.015 | 2.5758 132 1.5985 | 1.2000 | 0.0000 43.2 2.1
0.020 | 0.005 | 0.040 | 0.030 | 2.5758 46 1.8751 | 1.2000 | 0.0000 44.0 2.4
0.020 | 0.005 | 0.060 | 0.030 | 2.5758 37 1.9528 | 1.2000 | 0.0000 493 2.2
0.030 | 0.005 | 0.040 | 0.015 | 2.5758 | 280 1.5197 | 1.2400 | 0.0000 70.7 2.1
0.030 | 0.005 | 0.060 | 0.015 | 2.5758 170 1.5990 | 1.2400 | 0.0000 60.7 2.1
0.030 | 0.005 | 0.040 | 0.030 | 2.5758 54 1.8770 | 1.2400 | 0.0000 32.1 2.0
0.030 | 0.005 | 0.060 | 0.030 | 2.5758 43 1.9538 | 1.2400 | 0.0000 472 2.4
0.020 | 0.010 | 0.040 | 0.015 | 2.8070 | 1178 | 1.5200 | 1.3200 | 1.1200 184.8 2.1
0.020 | 0.010 | 0.060 | 0.015 | 2.8070 | 601 1.6000 | 1.3200 | 1.0401 167.5 2.1
0.020 | 0.010 | 0.040 | 0.030 | 2.5758 127 1.8788 | 1.3200 | 0.0000 60.7 2.0
0.020 | 0.010 { 0.060 | 0.030 | 2.5758 97 1.9594 | 1.3200 | 0.0000 57.7 2.2
0.030 | 0.010 | 0.040 | 0.015 | 2.8070 | 18381 | 1.5200 | 1.3600 | 1.2000 184.3 2.0
0.030 | 0.010 | 0.060 | 0.015 | 2.8070 | 836 1.6000 | 1.3600 | 1.1200 172.4 2.1
0.030 | 0.010 | 0.040 | 0.030 | 2.5758 150 1.8799 | 1.3600 | 0.0000 58.5 2.0
0.030 | 0.010 | 0.060 | 0.030 | 2.5758 113 ( 1.9590 | 1.3600 { 0.0000 66.8 2.2

Table A3.2.6 - Parameter Selection Examples for the 3-SPC-AVG-2(n,k,5) Control
Chart having ARL(p,) =200 ARL(p.) <5

Poz Po3 P D3 ky n UCLy CL LCL, | ARL(po) | ARL(p.)
adjusted | adjusted
0.020 | 0.005 | 0.040 | 0.015 | 2.5758 42 1.9065 | 1.2000 | 0.0000 49.0 6.3
0.020 | 0.005 | 0.060 | 0.015 | 2.5758 26 2.0980 | 1.2000 | 0.0000 56.3 5.6
0.020 | 0.005 | 0.040 | 0.030 | 2.5758 3 3.8436 | 1.2000 | 0.0000 67.0 11.4
0.020 | 0.005 | 0.060 | 0.030 | 2.5758 3 3.8436 | 1.2000 | 0.0000 67.0 11.4
0.030 | 0.005 | 0.040 | 0.015 | 2.5758 60 1.8443 | 1.2400 | 0.0000 31.9 4.6
0.030 | 0.005 | 0.060 | 0.015 | 2.5758 35 2.0312 | 1.2400 | 0.0000 62.2 6.9
0.030 | 0.005 | 0.040 | 0.030 | 2.5758 4 3.5805 | 1.2400 | 0.0000 50.1 8.7
0.030 | 0.005 | 0.060 | 0.030 | 2.5758 3 3.9425 | 1.2400 | 0.0000 66.9 114
0.020 | 0.010 | 0.040 | 0.015 | 2.5758 | 356 1.6538 | 1.3200 | 0.0000 89.8 53
0.020 | 0.010 | 0.060 | 0.015 | 2.5758 179 1.7907 | 1.3200 | 0.0000 75.1 52
0.020 | 0.010 | 0.040 | 0.030 | 2.5758 26 2.5551 | 1.3200 | 0.0000 36.0 54
0.020 | 0.010 | 0.060 | 0.030 | 2.5758 20 2.7282 | 1.3200 | 0.0000 55.9 6.4
0.030 | 0.010 | 0.040 | 0.015 | 2.8070 | 761 1.6115 | 1.3600 | 1.1085 173.0 51
0.030 | 0.010 | 0.060 | 0015 | 2.5758 | 252 1.7611 | 1.3600 { 0.0000 71.9 49
0.030 | 0.010 | 0.040 | 0.030 | 2.5758 31 2.5036 | 1.3600 | 0.0000 26.0 42
0.030 | 0.010 | 0.060 | 0.030 | 2.5758 2 2.6877 | 1.3600 | 0.0000 44.0 6.0
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Table A3.2.7 - Parameter Selection Examples for the 3-SPC-AVG-2(n,ky,5) Control
Chart having ARL(ps) = S00 ARL(p.) <2

P Po3 P P ky n UCLy CL LCL, | ARL(p,) | ARL(p.)

adjusted | adjusted
0.020 | 0.005 | 0.040 | 0.015 | 2.8782 | 256 | 1.5198 | 1.2000 | 0.0000 113.2 2.2
0.020 | 0.005 | 0.060 | 0.015 | 2.8782 | 164 | 1.5995 | 1.2000 | 0.0000 89.7 2.1
0.020 | 0.005 | 0.040 | 0.030 | 2.8782 57 1.8777 | 1.2000 | 0.0000 42.8 2.0
0.020 | 0.005 | 0.060 | 0.030 | 2.8782 46 1.9544 | 1.2000 | 0.0000 44.0 2.2
0.030 | 0.005 | 0.040 | 0.015 | 2.8782 | 349 | 1.5200 | 1.2400 | 0.0000 133.5 2.1
0.030 | 0.005 | 0.060 | 0.015 | 2.8782 | 212 | 1.5992 | 1.2400 | 0.0000 99.2 2.1
0.030 | 0.005 | 0.040 | 0.030 | 2.8782 67 18790 | 1.2400 | 0.0000 58.1 2.1
0.030 | 0.005 | 0.060 | 0.030 | 2.8782 53 1.9584 | 1.2400 | 0.0000 422 2.1
0.020 | 0.010 | 0.040 | 0.015 | 3.0902 | 1428 | 1.5199 | 1.3200 | 1.1201 393.0 2.0
0.020 | 0.010 | 0.060 | 0.015 | 3.0902 | 729 | 1.5998 | 1.3200 | 1.0402 337.3 2.1
0.020 | 0.010 | 0.040 | 0.030 | 2.8782 | 158 | 1.8798 | 1.3200 | 0.0000 114.8 2.1
0.020 | 0.010 | 0.060 | 0.030 | 2.8782 | 121 | 1.9597 | 1.3200 | C.0000 118.0 2.2
0.030 | 0.010 | 0.040 | 0.015 | 3.0902 | 2280 | 1.5200 | 1.3600 | 1.2000 432.6 2.0
0.030 | 0.010 | 0.060 | 0.015 | 3.0902 | 1014 | 1.5999 | 1.3600 | 1.1201 390.1 2.1
0.030 | 0.010 | 0.040 | 0.030 | 2.8782 | 188 | 1.8789 | 1.3600 | 0.0000 130.1 2.1
0.030 | 0.010 | 0.060 | 0.030 | 2.8782 | 141 1.9592 | 1.3600 | 0.0000 99.9 2.1

Table A3.2.8 - Parameter Selection Examples for the 3-SPC-AVG-2(n,k,5) Control
Chart having ARL(pe) =500 ARL(p;) <5

Poz Pos P Pes ky n UCLy CL LCLy | ARL(po) | ARL(p)

adjusted | adjusted
0.020 | 0.005 | 0.040 | 0.015 | 2.8782 66 1.8298 | 1.2000 | 0.0000 52.9 4.7
0.020 | 0.005 | 0.060 | 0.015 | 2.8782 | 41 1.9990 | 1.2000 | 0.0000 54.9 6.3
0.020 [ 0.005 | 0.040 | 0.030 | 2.8782 6 3.2887 | 1.2000 | 0.0000 33.7 6.0
0.020 | 0.005 | 0.060 | 0.030 | 2.8782 5 3.4881 | 1.2000 | 0.0000 40.4 7.1
0.030 | 0.005 | 0.040 | 0.015 | 2.8782 | 94 | 1.7795 | 1.2400 | 0.0000 78.3 5.4
0.030 | 0.005 | 0.060 | 0.015 | 2.8782 | 56 | 1.9389 | 1.2400 | 0.0000 58.1 5.3
0.030 | 0.005 | 0.040 | 0.030 | 2.8782 8 3.0892 | 1.2400 | 0.0000 25.4 4.6
0.030 | 0.005 | 0.060 | 0.030 | 2.8782 6 3.3753 | 1.2400 | 0.0000 33.7 6.0
0.020 | 0.010 | 0.040 | 0.015 | 3.0902 | 633 | 1.6203 | 1.3200 | 1.0197 328.6 5.2
0.020 | 0.010 | 0.060 0.015 | 2.8782 | 256 | 1.7598 | 1.3200 | 0.0000 137.7 5.1
0.020 | 0.010 | 0.040 | 0.030 | 2.8782 | 41 | 2.4190 | 1.3200 | 0.0000 95.6 5.8
0.020 | 0.010 | 0.060 | 0.030 | 2.8782 | 31 | 2.5839 | 1.3200 | 0.0000 52.2 4.7
0.030 | 0.010 | 0.040 | 0.015 | 3.0902 | 1021 | 1.5991 | 1.3600 | 1.1209 354.1 5.0
0.030 | 0.010 | 0.060 | 0.015 | 2.8782 | 361 | 1.7345 | 1.3600 | 0.0000 168.0 5.2
0.030 | 0.010 | 0.040 | 0.030 | 2.8782 | 49 | 2.3764 | 1.3600 | 0.0000 71.0 5.2
0.030 | 0.010 | 0.060 | 0.030 | 2.8782 | 37 | 2.5296 | 1.3600 | 0.0000 98.1 5.7
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Table A3.2.9 - Parameter Selection Examples for the 3-SPC-AVG-2(n,k1,10) Control
Chart having 4RL{p.) = 200 ARL(p.) <2

Poz Po3 Pa Pes ky n ucL, | CL LCL, | ARL(po) | ARL(p.)
adjusted | adjusted
0.020 | 0.005 | 0.040 | 0.015 | 2.5753 | 244 | 2.8430 | 1.6750 | 0.0000 56.7 2.0
0.020 | 0.005 | 0.060 | 0.015 | 2.5758 | 183 | 3.0237 | 1.6750 | 0.0000 68.9 2.1
0.020 | 0.005 | 0.040 | 0.030 | 2.5758 | 48 | 4.3084 | 1.6750 | 0.0000 413 2.4
0.020 [ 0.005 | 0.060 | 0.030 | 2.5758 42 4.4902 | 1.6750 | 0.0000 53.0 2.7
0.030 | 0.005 | 0.040 | 0.015 | 2.5758 | 290 | 2.8436 | 1.7650 | 0.0000 63.2 2.2
0.030 | 0.005 | 0.060 | 0.015 | 2.5758 | 213 | 3.0236 | 1.7650 | 0.0000 48.1 2.2
0.030 | 0.005 | 0.040 | 0.030 | 2.5758 | 52 | 4.3122 | 1.7650 | 0.0000 35.6 2.2
0.030 | 0.005 | 0.060 | 0.030 | 2.5758 | 45 | 4.5031 | 1.7650 | 0.0000 46.5 2.5
0.020 | 0.010 | 0.040 | 0.015 | 2.8070 | 1700 | 2.8449 | 2.1700 | 1.4951 184.0 2.1
0.020 | 0.010 | 0.060 | 0.015 | 2.8070 | 1060 | 3.0246 | 2.1700 | 1.3154 173.3 2.1
0.020 | 0.010 | 0.040 | 0.030 | 2.5758 | 140 | 4.3280 | 2.1700 | 0.0000 71.4 2.2
0.020 | 0.010 | 0.060 | 0.030 | 2.5758 | 120 | 4.5009 | 2.1700 | 0.0000 55.4 2.1
0.030 | 0.010 | 0.040 | 0.015 ; 2.8070 | 2276 | 2.8450 | 2.2600 | 1.6750 187.8 2.0
0.030 | 0.010 | 0.060 | 0.0i5 | 2.8070 | 1331 | 3.0250 | 2.2600 | 1.4950 179.2 2.1
0.030 | 0.010 | 0.040 | 0.030 | 25758 | 154 | 4.3237 | 2.2600 | 0.0000 52.5 2.0
0.030 | 0.010 | 0.060 | 0.030 | 2.5758 | 130 | 4.5062 | 2.2600 | 0.0000 76.4 2.1

Table A3.2.10 - Parameter Selection Examples for the 3-SPC-AVG-2(n,k,,10)

Control Chart having ARL(pe) =200 ARL(p.) <5

Poz Pos Pez Pe3 ky n UCLy CL LCLy | ARL(po) | ARL(p.)
adjusted | adjusted
0.020 | 0.005 | 0.040 | 0.015 | 2.5758 | 48 4.3084 | 1.6750 | 0.0000 41.3 6.1
0.020 | 0.005 | 0.060 | 0.015 | 2.5758 | 36 4.7158 | 1.6750 | 0.0000 67.3 6.5
0.020 | 0.005 | 0.040 | 0.030 | 2.5758 3 12.2086 | 1.6750 | 0.0000 67.0 11.5
0.020 | 0.005 | 0.060 | 0.030 | 2.5758 2 14.5759 | 1.6750 | 0.0000 100.3 16.9
0.030 | 0.005 | 0.040 | 0.015 | 2.5758 | 58 4.1768 | 1.7650 | 0.0000 29.1 4.6
0.030 | 0.005 | 0.060 | 0.015 | 2.5758 | 42 4.5992 | 1.7650 | 0.0000 52.4 7.0
0.030 [ 0.005 | 0.040 | 0.030 | 2.5758 3 12.3698 | 1.7650 | 0.0000 67.0 11.5
0.030 [ 0.005 | 0.060 | 0.030 | 2.5758 3 12.3698 | 1.7650 | 0.0000 67.0 11.5
0.020 | 0.010 | 0.040 | 0.015 | 2.8070 | 682 | 3.2355 | 2.1700 | 1.1045 167.0 5.1
0.020 | 0.010 | 0.060 | 0.015 | 2.5758 | 321 [ 3.5951 | 2.1700 | 0.0000 71.7 5.1
0.020 | 0.010 | 0.040 | 0.030 | 2.5758 | 28 6.9954 | 2.1700 | 0.0000 31.4 4.9
0.020 | 0.010 | 0.060 | 0.030 | 2.5758 | 24 7.3820 | 2.1700 | 0.0000 41.9 6.2
0.030 | 0.010 | 0.040 | 0.015 | 2.8070 | 917 | 3.1816 | 2.2600 | 1.3384 172.8 5.1
0.030 | 0.010 | 0.060 | 0.015 | 2.8070 | 534 | 3.4677 | 2.2600 | 1.0523 149.8 5.1
0.030 | 0.010 | 0.040 | 0.030 | 2.5758 | 31 6.8597 | 2.2600 | 0.0000 26.0 4.2
0.030 | 0.010 | 0.060 | 0.030 | 2.5758 | 26 7.2826 | 2.2600 | 0.0000 36.1 5.5
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Table A3.2.11 - Parameter Selection Examples for the 3-SPC-AVG-2(n,k1,10)

Control Chart having ARL(pe) = 500 ARL(p.) <2

Pz | Pos Pz | Pa Ay m | UCLy . CL | LCLy | ARL(po) | ARL(p.)

i ; adjusted | adjusted

j

[
0.020 | 0.005 | 0.040 | 0.015 | 2.8782 | 304 | 2.8442 | 1.6750 | 0.0000 119.6 2.1
0.020 | 0.005 | 0.060 | 0.015 | 2.8782 | 229 | 3.0222 | 1.6750 ; 0.0000 122.1 2.1
0.020 | 0.005 | 0.040 | 0.030 | 2.8782 59 4.3291 | 1.6750 | 0.0000 28.2 1.9
0.020 | 0.005 { 0.060 ; 0.030 | 2.8782 52 4.5021 { 1.6750 | 0.0000 35.6 2.1
0.030 | 0.005 | 0.040 | 0.015 | 2.8782 | 362 | 2.8437 | 1.7650 | 0.0000 116.0 2.1
0.030 | 0.005 | 0.060 | 0.015 | 2.8782 | 266 | 3.0234 | 1.7650 | 0.0000 93.3 2.1
0.030 | 0.005 | 0.040 | 0.030 | 2.8782 65 43107 | 1.7650 | 0.0000 38.5 2.0
0.030 | 0.005 | 0.060 | 0.030 | 2.8782 56 4.5076 | 1.7650 { 0.0000 31.0 2.0
0.020 | 0.010 | 0.040 | 0.015 | 3.0902 | 2060 | 2.8449 | 2.1700 | 1.4951 420.8 2.1
0.020 | 0.010 | 0.060 | 0.015 | 3.0902 | 1284 | 3.0249 | 2.1700 | 1.3151 369.7 2.0
0.020 | 0.010 | 0.040 | 0.030 | 2.8782 175 4.3267 | 2.1700 | 0.0000 113.5 2.2
0.020 | 0.010 | 0.060 | 0.030 H 2.8782 | 149 | 45073 | 2.1700 | 0.0000 117.0 2.1
0.030 | 0.010 | 0.040 | 0.015 | 3.0902 | 2759 | 2.8449 | 2.2600 | 1.6751 437 .4 2.0
0.030 | 0.010 | 0.060 | 0.015 | 3.0902 | 1614 | 3.0248 | 2.2600 | 1.4952 409 8 2.1
0.030 | 0.010 | 0.040 | 0.030 | 2.8782 | 192 | 4.3252 | 2.2600 | 0.0000 99 4 2.0
0.030 | 0.010 | 0.060 | 0.030 | 2.8782 | 162 | 4.5083 | 2.2600 | 0.0000 142.8 2.1

Table A3.2.12 - Parameter Selection Examples for the 3-SPC-AVG-2(n,k,10)

Control Chart having ARL(ps) = 500 ARL(p,) < 5

Poz Po3 P P ky n UCLy CL LCLy | ARL(po) | ARL(p.)

adjusted | adjusted
0.020 | 0.005 | 0.040 | 0.015 | 2.8782 76 4.0135 1.6750 | 0.0000 102.5 5.5
0.020 | 0.005 | 0.060 | 0.015 | 2.8782 | 57 43752 | 1.6750 @ 0.0000 30.1 4.7
0.020 | 0.005 | 0.040 | 0.030 | 2.8782 6 9.9976 | 1.6750 | 0.0000 33.8 6.0
0.020 | 0.005 | 0.060 | 0.030 | 2.8782 5 10.7919 | 1.6750 | 0.0000 40.4 7.1
0.030 | 0.005 | 0.040 | 0.015 | 2.8782 92 3.9048 1.7650 | 0.0000 85.7 6.0
0.030 | 0.005 | 0.060 | 0.015 | 2.8782 | 67 4.2724 | 1.7650 | 0.0000 58.2 4.5
0.030 | 0.005 | 0.040 | 0.030 | 2.8782 7 9.5223 | 1.7650 | 0.0000 29.0 5.2
0.030 | 0.005 | 0.060 | 0.030 | 2.8782 6 10.1438 | 1.7650 | 0.0000 33.8 6.0
0.020 | 0.010 | 0.040 | 0.015 | 3.0902 | 917 3.1816 | 2.1700 | 1.1584 348.0 5.1
0.020 | 0.010 | 0.060 | 0.015 | 2.8782 | 459 | 3.5017 | 2.1700 | 0.0000 154.5 5.1
0.020 | 0.010 | 0.040 | 0.030 | 2.8782 | 44 6.4711 | 2.1700 | 0.0000 101.5 6.6
0.020 | 0.010 | 0.060 | 0.030 | 2.8782 | 38 6.7982 | 2.1700 | 0.0000 121.2 5.4
0.030 | 0.010 | 0.040 | 0.015 | 3.0902 | 1231 3.1357 | 2.2600 | 1.3843 385.9 5.1
0.030 | 0.010 | 0.060 | 0.015 | 3.0902 | 718 | 3.4066 | 2.2600 | 1.1134 307.8 5.0
0.030 | 0.010 | 0.040 | 0.030 | 2.8782 49 6.3480 | 2.2600 | 0.0000 76.4 5.5
0.030 | 0.010 | 0.060 | 0.030 | 2.8782 | 41 6.7291 | 2.2600 | 0.0000 119.4 6.9
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Table A4.1.1 - Parameter Selection Examples for the 4-SPC-AVG-1(n,k,0.25,0.5)

Control Chart having pe; = 0.045, pes = 0.020, pes = 0.005,
ARL(pe) =200 and ARL(p.) <2

Pa Pes Pt ky n UCL, CL LCLy ARL(po) ARL(p.)

adjusted adjusted
0.090 | 0.050 | 0.020 | 2.5758 | 48 0.0672 0.0263 0.0000 51.0 2.0
0.120 | 0.050 | 0.020 | 2.5758 | 34 0.0749 0.0263 0.0000 68.3 2.3
0.090 | 0.075 | 0.020 [ 2.5758 | 28 0.0798 0.0263 0.0000 40.0 2.0
0.120 | 0.075 | 0.020 | 2.5758 | 22 0.0867 0.0263 0.0000 4.2 2.1
0.090 | 0.050 | 0.040 | 2.5758 | 22 0.0867 0.0263 0.0000 4.2 2.1
0.120 | 0.050 | 0.040 | 2.5758 18 0.0931 0.0263 0.0000 40.3 2.0
0.090 | 0.075 | 0.040 | 2.5758 15 0.0995 0.0263 0.0000 29.4 2.0
0.120 | 0.075 | 0.040 | 2.5758 13 0.1049 0.0263 0.0000 41.0 2.2

Table A4.1.2 - Parameter Selection Examples for the 4-SPC-AVG-1(n,k1,0.25,0.5)

Control Chart having py; = 0.060, pes = 0.030, pes = 0.010,
ARL(po) =200 and ARL(p.) <2

P Des Pes ky n UCL, CL LCL, ARL(po) ARL(p.)

adjusted adjusted
0.090 [ 0.050 | 0.020 | 2.8070 | 205 0.0675 0.0400 0.0125 174.4 2.1
0.120 | 0.050 | 0.020 | 2.8070 | 127 | 0.0749 0.0400 0.0051 177.4 2.2
0.090 | 0.075 | 0.020 | 2.5758 | 82 0.0799 0.0400 0.0000 94.6 2.2
0.120 | 0.075 | 0.020 | 2.5758 | 38 0.0874 0.0400 0.0000 83.7 2.2
0.090 | 0.050 | 0.040 | 2.5758 | 58 0.0874 0.0400 0.0000 83.7 2.2
0.120 | 0.050 | 0.040 [ 2.5758 | 44 0.0944 0.0400 0.0000 66.0 2.1
0.090 | 0.075 | 0.040 | 2.5758 | 37 0.0994 0.0400 0.0000 59.7 2.0
0.120 | 0.075 | 0.040 | 2.5758 | 29 0.1071 0.0400 0.0000 63.9 2.1

Table A4.1.3 - Parameter Selection Examples for the 4-SPC-AVG-1(n,k,0.25,0.5)

Control Chart having pe; = 0.045, pes = 0.020, pes = 0.005,
ARL(po) =200 and ARL(p:) <5

Pa P P ky n UCL, CL LCLy, ARL(po) ARL(p.)

adjusted adjusted
0.090 | 0.050 | 0.020 | 2.5758 | 10 0.1159 0.0263 0.0000 34.0 5.0
0.120 | 0.050 | 0.020 | 2.5758 7 0.1334 0.0263 0.0000 21.9 4.6
0.090 | 0.075 | 0.020 | 2.5758 5 0.1531 0.0263 0.0000 33.7 6.5
0.120 | 0.075 | 0.020 | 2.5758 4 0.1681 0.0263 0.0000 31.0 5.3
0.090 | 0.050 | 0.040 | 2.5758 3 0.1900 0.0263 0.0000 46.9 6.8
0.120 | 0.050 | 0.040 | 2.5758 2 0.2268 0.0263 0.0000 19.5 5.4
0.090 | 0.075 | 0.040 | 2.5758 2 0.2268 0.0263 0.0000 19.5 44
0.120 | 0.075 | 0.040 | 2.5758 2 0.2268 0.0263 0.0000 19.5 4.3




Table A4.1.4 - Parameter Selection Examples for the 4-SPC-AVG-1(n,k,,0.25,0.5)

Control Chart having P02 = 0.060, Pe3z = 0.030, Doa = 0.010,
ARL(ps) = 200 and ARL(po) < 5

Pa Pes Pes ky n ucLy CL LCLy | ARL(py) | ARL(p)

adjusted adjusted
0.090 | 0.050 | 0.020 | 2.5758 | 57 | 0.0878 | 0.0400 | 0.0000 93.2 5.7
0.120 | 0.050 | 0.020 { 2.5758 | 35 | 0.1010 | 0.0400 | 0.0000 77.9 5.7
0.090 | 0.075 | 0.020 | 2.5758 | 25 | 01122 | 0.0400 | 0.0000 68.0 5.6
0.120 | 0.075 | 0.020 | 2.5758 | 17 | 0.1276 | 0.0400 | 0.0000 46.0 4.9
0.090 | 0.050 | 0.040 | 2.5758 | 14 | 0.1365 | 0.0400 | 0.0000 42.6 4.8
0.120 | 0.050 | 0.040 | 2.5758 | 10 | 0.1542 | 0.0400 | 0.0000 58.2 6.1
0.090 | 0.075 | 0.040 | 25758 | 8 | 0.1677 | 0.0400 | 0.0000 42.6 53
0.120 | 0.075 | 0.040 | 2.5758 | 6 | 0.1874 | 0.0400 | 0.0000 37.7 5.3

Table A4.1.5 - Parameter Selection Examples for the 4-SPC-AVG-1(n,k1,0.25,0.5)

Control Chart having pg; = 0.045, pe; = 0.020, pes = 0.005,
ARL(pe) =500 and ARL(p.) <2

P | P | Pes ky n UCL, CL LCL, | ARL(po) | ARL(p.)

adjusted adjusted
0.090 | 0.050 | 0.020 | 2.8782 60 0.0672 0.0263 0.0000 141.3 2.2
0.120 | 0.050 | 0.020 | 2.8782 43 0.0746 0.0263 0.0000 83.0 2.0
0.090 | 0.075 | 0.020 | 2.8782 35 0.0798 0.0263 0.0000 112.4 2.3
0.120 | 0.075 | 0.020 | 2.8782 | 27 0.0872 0.0263 0.0000 86.0 2.2
0.090 | 0.050 | 0.040 | 2.8782 7 0.0872 0.0263 0.0000 86.0 2.2
0.120 | 0.050 | 0.040 | 2.8782 22 0.0938 0.0263 0.0000 89.7 2.2
0.090 | 0.075 | 0.040 | 2.8782 19 0.0990 0.0263 0.0000 68.5 2.1
0.120 | 0.075 | 0.040 | 2.8782 16 0.1055 0.0263 0.0000 55.9 2.0

Table A4.1.6 - Parameter Selection Examples for the 4-SPC-AVG-1(n,k,0.25,0.5)

Control Chart having pe; = 0.060, pes = 0.030, pes = 0.010,
ARL(ps) = 500 and ARL(p.) < 2

Pa Pes Pos ky n UCL, CL LCLy ARL(po) ARL(p.)

adjusted adjusted
0.090 | 0.050 | 0.020 | 3.0902 | 249 0.0675 0.0400 0.0125 3952 2.1
0.120 | 0.050 | 0.020 | 3.0902 | 154 0.0749 0.0400 0.0051 348.6 2.1
0.090 | 0.075 | 0.020 | 2.8782 | 102 | 0.0799 0.0400 0.0000 159.5 2.0
0.120 | 0.075 | 0.020 | 2.8782 | 73 0.0872 0.0400 0.0000 149.0 2.1
0.090 | 0.050 | 0.040 | 2.8782 | 73 0.0872 0.0400 0.0000 149.0 2.1
0.120 | 0.050 | 0.040 | 2.8782 54 0.0949 0.0400 0.0000 130.7 2.1
0.090 | 0.075 | 0.040 | 2.8782 46 0.0995 0.0400 0.0000 134.6 2.1
0.120 | 0.075 | 0.040 | 2.8782 | 36 0.1072 0.0400 0.0000 113.9 2.1
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Table A4.1.7 - Parameter Selection Examples for the 4-SPC-AVG-1(n,k,0.25,0.5)
Control Chart having pe; = 0.045, pe; = 0.020, psy = 0.005,
ARL(ps) =500 and ARL(p.) <5

Pa | Ps | Pt ky n UCLy CL LCLy | ARL(po) | ARL(p)

adjusted adjusted
0.090 | 0.050 | 0.020 | 2.8782 16 0.1055 0.0263 0.0000 55.9 4.7
0.120 | 0.050 | 0.620 | 2.8782 11 0.1218 0.0263 0.0000 60.7 5.6
0.090 | 0.075 | 0.020 | 2.8782 9 0.1319 0.0263 0.0000 423 4.6
0.120 | 0.075 | 0.020 | 2.8782 7 0.1460 0.0263 0.0000 72.1 6.4
0.090 | 0.050 | 0.040 | 2.8782 5 0.1680 0.0263 0.0000 33.7 4.7
0.120 | 0.050 | 0.040 | 2.8782 4 0.1847 0.0263 0.0000 31.0 4.5
0.090 | 0.075 | 0.040 | 2.8782 3 0.2092 0.0263 0.0000 46.9 6.0
0.120 | 0.075 | 0.040 | 2.8782 3 0.2092 0.0263 0.0000 46.9 5.7

Table A4.1.8 - Parameter Selection Examples for the 4-SPC-AVG-1(n,k,,0.25,0.5)
Control Chart having pe; = 0.060, pes = 0.030, pes = 0.010,
ARL(po) =500 and ARL(p.) <5

P P Pea ky n UCL, CL LCL, ARL(po) ARL(p.)

adjusted adjusted
0.090 | 0.050 | 0.020 | 2.8782 | 83 0.0843 0.0400 0.0000 127.5 4.6
0.120 | 0.050 | 0.020 | 2.8782 | 50 0.0971 0.0400 0.0000 132.1 53
0.090 | 0.075 | 0.020 | 2.8782 [ 36 0.1072 0.0400 0.0000 113.9 5.2
0.120 | 0.075 | 0.020 | 2.8782 | 26 0.1191 0.0400 0.0000 102.9 5.2
0.090 | 0.050 | 0.040 | 2.8782 | 21 0.1280 0.0400 0.0000 75.5 4.8
0.120 | 0.050 | 0.040 | 2.8782 | 16 0.1409 0.0400 0.0000 106.9 5.9
0.090 | 0.075 | 0.040 | 2.8782 | 12 0.1565 0.0400 0.0000 66.1 5.1
0.120 | 0.075 | 0.040 | 2.8782 | 10 0.1676 0.0400 0.0000 58.2 4.7

Table A4.1.9 - Parameter Selection Examples for the 4-SPC-AVG-1(n,k1,0.25,0.75)
Control Chart having pe; = 0.045, pes = 0.020, pes = 0.005,
ARL(po) =200 and ARL(p;) <2

P Pe3 Pes ky n UcL, CL LCLy ARL(po) ARL(p.)

adjusted adjusted
0.090 | 0.050 | 0.020 | 2.5758 | 51 0.0798 0.0313 0.0000 75.2 22
0.120 | 0.050 | 0.020 | 2.5758 | 38 0.0874 0.0313 0.0000 68.2 2.2
0.090 | 0.075 | 0.020 | 2.5758 | 27 0.0979 0.0313 0.0000 52.2 2.1
0.120 | 0.075 | 0.020 | 2.5758 | 22 0.1051 0.0313 0.0000 58.8 2.2
0.090 | 0.050 | 0.040 | 2.5758 | 26 0.0992 0.0313 0.0000 59.6 2.2
0.120 | 0.050 | 0.040 | 2.5758 | 21 0.1068 0.0313 0.0000 39.3 2.0
0.090 | 0.075 | 0.040 | 2.5758 16 0.1179 0.0313 0.0000 45.6 2.1
0.120 | 0.075 | 0.040 | 2.5758 14 0.1238 0.0313 0.0000 30.5 1.9
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Table A4.1.10 - Parameter Selection Examples for the 4-SPC-AVG-1(n,k1,0.25,0.75)

Control Chart having pe; = 0.060, pes = 0.030, pes = 0.010,
ARL(pe) =200 and ARL(p.) <2

P Pes Pes ky n UCLy CL LCLy ARL(po) ARL(p)

adjusted adjusted
0.090 | 0.050 | 0.020 | 2.8070 | 212 | 0.0800 0.0475 0.0150 166.9 2.
0.120 | 0.050 | 0.020 | 2.8070 | 140 | 0.0875 0.0475 0.0075 144.8 2.0
0.090 | 0.075 | 0.020 | 2.5758 | 72 0.0986 0.0475 0.0000 89.2 2.1
0.120 | 0.075 | 0.020 | 2.5758 | 55 0.1060 0.0475 0.0000 85.6 2.1
0.090 | 0.050 | 0.040 | 2.5758 | 69 0.0997 0.0475 0.0000 84.5 2.1
0.120 | 0.050 | 0.040 | 2.5758 | 53 0.1071 0.0475 0.0000 73.1 2.0
0.090 | 0.075 [ 0.040 | 2.5758 | 38 0.1179 0.0475 0.0000 59.7 2.0
0.120 | 0.075 | 0.040 | 25758 | 31 0.1254 0.0475 0.0000 65.6 2.1

Table A4.1.11 - Parameter Selection Examples for the 4-SPC-AVG-1(n,k1,0.25,0.75)

Control Chart having pe; = 0.045, pes = 0.020, pes = 0.00S,
ARL(po) =200 and ARL(p;)) £ 5

P Pes Pea ky n UCLy CL LCLy ARL(po) ARL(p.)

adjusted adjusted
0.090 | 0.050 [ 0.020 | 2.5758 12 0.1312 0.0313 0.0000 43.6 53
0.120 | 0.050 | 0.020 | 2.5758 9 0.1467 0.0313 0.0000 44.4 5.8
0.090 | 0.075 | 0.020 | 2.5758 5 0.1862 0.0313 0.0000 22.7 4.4
0.120 | 0.075 | 0.020 | 2.5758 4 0.2045 0.0313 0.0000 31.3 5.4
0.090 | 0.050 [. 0.040 | 2.5758 4 0.2045 0.0313 0.0000 31.3 49
0.120 | 0.050 | 0.040 | 2.5758 4 0.2045 0.0313 0.0000 31.3 4.6
0.090 | 0.075 | 0.040 | 2.5758 2 0.2762 0.0313 0.0000 20.3 4.6
0.120 | 0.075 | 0.040 | 2.5758 2 0.2762 0.0313 0.0000 20.3 4.6

Table A4.1.12 - Parameter Selection Examples for the 4-SPC-AVG-1(n,k,0.25,0.75)

Control Chart having pe; = 0.060, pes = 0.030, pes = 0.010,
ARL(po) =200 and ARL(p.) <5

P Pes Pes ky n UCL, CL LCL, ARL(po) ARL(p.)

adjusted adjusted
0.090 | 0.050 | 0.020 | 2.5758 | 60 0.1035 0.0475 0.0000 72.3 4.8
0.120 | 0.050 | 0.020 | 2.5758 39 0.1170 0.0475 0.0000 80.3 5.4
0.090 | 0.075 | 0.020 | 2.5758 | 21 0.1422 0.0475 0.0000 473 45
0.120 | 0.075 | 0.020 | 2.5758 16 0.1560 0.0475 0.0000 40.6 44
0.090 | 0.050 | 0.040 | 2.5758 18 0.1498 0.0475 0.0000 472 4.7
0.120 | 0.050 | 0.040 | 2.5758 14 0.1635 0.0475 0.0000 62.4 5.7
0.090 | 0.075 | 0.040 | 2.5758 9 0.1921 0.0475 0.0000 30.2 4.1
0.120 | 0.075 | 0.040 | 2.5758 7 0.2115 0.0475 0.0000 30.5 45
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Table A4.1.13 - Parameter Selection Examples for the 4-SPC-AVG-1(n,k,0.25,0.75)

Control Chart having ps; = 0.045, pe; = 0.020, pes = 0.005,
ARL(pe) =500 and ARL(p.) <2

P P Dot ky n UcL, CL LCL, ARL(po) ARL(p.)

adjusted adjusted
0.090 | 0.050 | 0.020 | 2.8782 | 64 0.0796 0.0313 0.0000 133.7 2.1
0.120 | 0.050 | 0.020 | 28782 | 4§ 0.0871 0.0313 0.0000 101.4 2.0
0.090 | 0.075 | 0.020 | 2.8782 | 33 0.0986 0.0313 0.0000 125.1 2.3
0.120 { 0.075 | 0.020 | 2.8782 | 27 0.1057 0.0313 0.0000 93.7 2.1
0.090 | 0.050 | 0.040 | 2.8782 | 32 0.0997 0.0313 0.0000 83.2 2.0
0.120 | 0.050 | 0.040 | 2.8782 | 26 0.1072 0.0313 0.0000 108.6 2.3
0.090 | 0.075 | 0.040 | 2.8782 | 20 0.1178 0.0313 0.0000 80.2 2.1
0.120 | 0.075 | 0.040 | 2.8782 | 17 0.1251 0.0313 0.0000 75.2 2.1

Table A4.1.14 - Parameter Selection Examples for the 4-SPC-AVG-1(1,k,,0.25,0.75)

Control Chart having pe; = 0.060, pes = 0.030, pes = 0.010,
ARL(po) =500 and ARL(p;) <2

P Pe3 Pes ky n UCL, CL LCL, ARL(po) ARL(p.)

adjusted adjusted
0.090 | 0.050 | 0.020 | 3.0902 | 257 | 0.0800 0.0475 0.0150 415.6 2.1
0.120 | 0.050 | 0.020 | 3.0902 | 170 | 0.0874 0.0475 0.0076 352.6 2.1
0.090 | 0.075 | 0.020 | 2.8782 | 90 0.0986 0.0475 0.0000 172.9 2.1
0.120 | 0.075 | 0.020 | 2.8782 | 69 0.1059 0.0475 0.0000 174.3 2.1
0.090 | 0.050 | 0.040 | 2.8782 | 86 0.0998 0.0475 0.0000 180.6 2.1
0.120 | 0.050 | 0.040 | 2.8782 | 66 0.1072 0.0475 0.0000 166.8 2.1
0.090 | 0.075 | 0.040 | 2.8782 | 47 0.1182 0.0475 0.0000 152.4 2.1
0.120 | 0.075 | 0.040 | 2.8782 | 38 0.1261 0.0475 0.0000 144.7 2.2

Table A4.1.15 - Parameter Selection Examples for the 4-SPC-AVG-1(n,k,,0.25,0.75)

Control Chart having pe; = 0.045, pe; = 0.020, pes = 0.005,
ARL(pe) =500 and ARL(p.) £ 5

Pa Pes Pes ky n UCLy CL LCL, | ARL(ps) | ARL(p.)

adjusted adjusted
0.090 | 0.050 | 0.020 | 2.8782 18 0.1225 0.0313 0.0000 63.0 47
0.120 | 0.050 | 0.020 | 2.8782 13 0.1386 0.0313 0.0000 82.2 5.8
0.090 | 0.075 | 0.020 | 2.8782 8 0.1681 0.0313 0.0000 57.1 52
0.120 | 0.075 | 0.020 | 2.8782 6 0.1893 0.0313 0.0000 61.0 5.6
0.090 | 0.050 | 0.040 | 2.8782 7 0.1775 0.0313 0.0000 437 4.5
0.120 | 0.050 | 0.040 | 2.8782 6 0.1893 0.0313 0.0000 61.0 5.1
0.090 | 0.075 | 0.040 | 2.8782 4 0.2248 0.0313 0.0000 31.3 4.2
0.120 | 0.075 | 0.040 | 2.8782 3 0.2547 0.0313 0.0000 47.1 5.7
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Table A4.1.16 - Parameter Selection Examples for the 4-SPC-AVG-1(n,k,0.25,0.75)
Control Chart having pe; = 0.060, pes = 0.030, pss = 0.010,
ARL(pe) =500 and ARL(p;) <5

P P Pes ky n UCL, CL LCL, | ARL(po) ARL(p.)

adjusted adjusted
0.090 | 0.050 | 0.020 | 2.8782 | 387 0.0995 0.0475 G.0000 164.0 5.0
0.120 | 0.050 | 0.020 | 2.8782 | 57 0.1117 0.0475 0.0060 147.8 5.1
0.090 | 0.075 | 0.020 | 2.8782 | 31 0.1346 0.0475 0.0000 104.9 43
0.120 | 0.075 | 0.020 | 2.8782 | 23 0.1486 0.0475 0.0009 92.0 4.9
0.090 | 0.050 | 0.040 | 2.8782 | 27 0.1408 0.0475 0.0000 1263 5.5
0.120 | 0.050 | 0.040 | 2.8782 | 21 0.1533 0.0475 0.0000 80.1 4.6
0.090 | 0.075 | 0.040 | 2.8782 13 0.1820 0.0475 0.0000 79.6 5.2
0.120 | 0.075 | 0.040 | 2.8782 | 11 01937 0.0475 0.0000 71.5 5.1

Table A4.1.17 - Parameter Selection Examples for the 4-SPC-AVG-1(n,k,,0.5,0.75)
Control Chart having py; = 0.045, pes = 0.020, pes = 0.005,
ARL(pe) =200 and ARL(p.) <2

P Pes Pes ky n UCL, @~ CL LCL, | ARL(po) | ARL(p)

adjusted adjusted
0.090 | 0.050 | 0.020 | 2.5758 | 48 | 0.1021 | 0.0425 | 0.0000 76.6 2.0
0.120 | 0.050 | 0.020 | 2.5758 | 31 | 0.1167 | 0.0425 | 0.0000 71.4 2.1
0.090 | 0.075 | 0.020 | 2.5758 | 28 | 0.1205 | 0.0425 | 0.0000 68.0 2.1
0.120 | 0.075 | 0.020 | 2.5758 | 20 | 0.1348 | 0.0425 [ 0.0000 51.8 2.0
0.090 | 0.050 | 0.040 | 25758 | 27 | 0.1220 [ 0.0425 | 0.0000 79.9 22
0.120 [ 0.050 | 0.040 [ 2.5758 | 19 [ 0.1372 | 0.0425 | 0.0000 62.6 2.1
0.090 | 0.075 | 0.040 | 25758 | 18 | 0.1398 | 0.0425 | 0.0000 76.6 2.2
0.120 | 0.075 | 0.040 | 2.5758 | 14 | 0.1528 | 0.0425 | 0.0000 52.2 2.0

Table A4.1.18 - Parameter Selection Examples for the 4-SPC-AVG-1(n,k1,0.5,0.75)
Control Chart having pe; = 0.060, pe; = 0.030, pes = 0.010,
ARL(pe) =200 and ARL(p;) <2

Pz Pes Pea ky n UCL, CL LCLy ARL(po) ARL(p.)
adjusted adjusted
0.090 | 0.050 | 0.020 | 2.8070 | 187 | 0.1025 0.0625 0.0225 183.7 2.0
0.120 | 0.050 | 0.020 | 2.8070 | 99 0.1175 0.0625 0.0075 174.7 2.0
0.090 | 0.075 | 0.020 | 2.5758 | 73 0.1212 0.0625 0.0000 104.1 2.1
0.120 | 0.075 | 0.020 | 2.5758 | 47 0.1357 0.0625 0.0000 89.6 2.0
0.090 | 0.050 | 0.040 | 2.5758 | 70 0.1225 0.0625 0.0000 106.7 2.1
0.120 | 0.050 | 0.040 | 2.5758 | 45 0.1373 0.0625 0.0000 81.9 2.0
0.090 | 0.075 | 0.040 | 2.5758 | 41 0.1409 0.0625 0.0000 101.7 2.2
0.120 | 0.075 | 0.040 | 2.5758 | 29 0.1557 0.0625 0.0000 96.0 22
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Table A4.1.19 - Parameter Selection Examples for the 4-SPC-AVG-1(nk;,0.5,0.75)
Control Chart having pe; = 0.045, pes = 0.020, pes = 0.005,
ARL(pe) =200 and ARL(p.) <5

Pz Pes Pea ky n UCLy CL LCLy ARL(po) ARL(pJ)

adjusted adjusted
0.090 | 0.050 | 0.020 | 2.5758 | 12 0.1617 0.0425 0.0000 43.0 4.7
0.120 | 0.050 | 0.020 | 2.5758 8 0.1885 0.0425 0.0000 65.7 6.0
0.090 | 0.075 | 0.020 | 2.5758 6 0.2111 0.0425 0.0000 55.9 6.1
0.120 | 0.075 | 0.020 | 2.5758 4 0.2489 0.0425 0.0000 23.4 4.1
0.090 | 0.050 | 0.040 | 2.5758 6 0.2111 0.0425 0.0000 55.9 5.6
0.120 | 0.050 | 0.040 | 2.5758 4 0.2489 0.0425 0.0000 23.4 3.6
0.090 | 0.075 | 0.040 | 2.5758 3 0.2809 0.0425 0.0000 37.1 5.4
0.120 | 0.075 | 0.040 | 2.5758 3 0.2809 0.0425 0.0000 37.1 438

Table A4.1.20 - Parameter Selection Examples for the 4-SPC-AVG-1(#n,k;,0.5,0.75)
Control Chart having pe; = 0.060, pe3 = 0.030, pes = 0.010,
ARL(po) =200 and ARL(p.) <5

Pa P Pes ky n UCL, CL LCLy ARL(po) ARL(p,)

adjusted adjusted
0.090 | 0.050 | 0.020 | 2.5758 | 55 0.1302 0.0625 0.0000 89.4 4.5
0.120 | 0.050 | 0.020 | 2.5758 | 28 0.1574 0.0625 0.0000 73.6 4.9
0.090 | 0.075 | 0.020 | 2.5758 | 23 0.1672 0.0625 0.0000 77.9 5.2
0.120 | 0.075 | 0.020 | 2.5758 | 14 0.1966 0.0625 0.0000 83.5 5.9
0.090 | 0.050 | 0.040 | 2.5758 | 21 0.1720 0.0625 0.0000 73.2 5.1
0.120 | 0.050 | 0.040 | 2.5758 | 13 0.2017 0.0625 0.0000 61.8 5.1
0.090 | 0.075 | 0.040 | 2.5758 | 11 0.2138 0.0625 0.0000 61.3 52
0.120 | 0.075 | 0.040 | 2.5758 8 | 0.2400 | 0.0625 0.0000 46.0 4.5

Table A4.1.21 - Parameter Selection Examples for the 4-SPC-AVG-1(n,k1,0.5,0.75)
Control Chart having pe; = 0.045, pe3 = 0.020, pes = 0.005,
ARL(po) =500 and ARL(p.) <2

Pa Pes Pea ky n ucL, CL LCLy ARL(po) ARL(p.)

adjusted adjusted
0.090 | 0.050 | 0.020 | 2.8782 | 60 0.1021 0.0425 0.0000 157.4 2.1
0.120 | 0.050 | 0.020 | 2.8782 | 38 0.1173 0.0425 0.0000 112.2 2.0
0.090 | 0.075 | 0.020 | 2.8782 | 35 0.1205 0.0425 0.0000 106.4 2.0
0.120 | 0.075 | 0.020 | 2.8782 | 25 0.1348 0.0425 0.0000 113.0 2.1
0.090 | 0.050 | 0.040 | 2.8782 | 34 0.1216 0.0425 0.0000 123.8 2.1
0.120 | 0.050 | 0.040 | 2.8782 | 24 0.1367 0.0425 0.0000 136.3 22
0.090 | 0.075 | 0.040 | 2.8782 | 22 0.1409 0.0425 0.0000 112.5 2.1
0.120 | 0.075 | 0.040 | 2.8782 17 0.1544 0.0425 0.0000 95.1 2.1
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Table A4.1.22 - Parameter Selection Examples for the 4-SPC-AVG-1(n,k1,0.5,0.75)

Control Chart having ps; = 0.060, pes = 0.030, pes = 0.010,
ARL(po) =500 and ARL(p.) <2

Pa | Pe Pes ky n UCLy, CL LcLy ARL(po) ARL(p.)

adjusted adjusted
0.090 | 0.050 | 0.020 | 3.0902 | 227 | 0.1025 0.0625 0.0225 468.2 2.1
0.120 | 0.050 | 0.020 | 3.0902 | 120 | 0.1175 0.0625 00075 391.0 2.1
0.090 | 0.075 | 0.020 | 28782 | 92 0.1210 0.0625 0.0000 210.0 2.0
0.120 | 0.075 | 0.020 | 2.8782 | 58 0.1361 0.0625 0.0000 176.2 2.0
0.090 | 0.050 | 0.040 | 2.8782 | 88 0.1223 0.0625 0.0000 240.8 2.1
0.120 | 0.050 | 0.040 | 2.8782 | 56 0.1374 0.0625 0.0000 161.3 2.0
0.090 | 0.075 | 0.040 | 2.8782 | S1 0.1410 0.0625 0.0000 156.6 2.0
0.120 | 0.075 | 0.040 | 2.8782 | 36 0.1560 0.0625 0.0000 156.2 2.1

Table A4.1.23 - Parameter Selection Examples for the 4-SPC-AVG-1(n,k1,0.5,0.75)

Control Chart having py; = 0.045, pes = 0.020, pes = 0.005,
ARL(ps) =500 and ARL(p.) < 5

Pez Pes Pea ky n UCLy CL LCL, ARL(po) ARL(p.)

adjusted adjusted
0.090 | 0.050 | 0.020 | 2.8782 | 19 0.1483 0.0425 0.0000 114.3 5.3
0.120 | 0.050 | 0.020 | 2.8782 11 0.1816 0.0425 0.0000 55.4 43
0.090 | 0.075 | 0.020 | 2.8782 10 0.1884 0.0425 0.0000 73.4 4.8
0.120 | 0.075 | 0.020 | 2.8782 7 0.2169 0.0425 0.0000 94 .4 5.8
0.090 | 0.050 | 0.040 | 2.8782 9 0.1963 0.0425 0.0000 101.0 5.7
0.120 | 0.050 | 0.040 | 2.8782 6 0.2308 0.0425 0.0000 55.9 4.7
0.090 | 0.075 | 0.040 | 2.8782 5 0.2488 0.0425 0.0000 38.2 43
0.120 | 0.075 | 0.040 | 2.8782 4 0.2732 0.0425 0.0000 61.7 5.4

Table A4.1.24 - Parameter Selection Examples for the 4-SPC-AVG-1(n,4,,0.5,0.75)

Control Chart having pe; = 0.060, pes = 0.030, pes = 0.010,
ARL(po) =500 and ARL(p.) < 5

Pa Pes Pos ky n UCL, CL LCL, ARL(po) ARL(p.)

adjusted adjusted
0.090 | 0.050 | 0.020 | 2.8782 79 0.1256 0.0625 0.0000 189.1 49
0.120 | 0.050 | 0.020 | 2.8782 40 0.1512 0.0625 0.0000 182.3 54
0.090 | 0.075 | 0.020 | 2.8782 34 0.1587 0.0625 0.0000 144.9 49
0.120 | 0.075 | 0.020 | 2.8782 21 0.1849 0.0625 0.0000 122.8 49
0.090 | 0.050 | 0.040 | 2.8782 31 0.1632 0.0625 0.0000 163.9 5.3
0.120 | 0.050 | 0.040 | 2.8782 19 0.1912 0.0625 0.0000 118.1 5.0
0.090 | 0.075 | 0.040 | 2.8782 17 0.1985 0.0625 0.0000 114.7 49
0.120 | 0.075 | 0.040 | 2.8782 12 0.2244 0.0625 0.0000 83.8 4.5
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APPENDIX 4.2

PARAMETER SELECTION EXAMPLES FOR THE
4-SPC-AVG-2(n,ky,v) CONTROL CHART
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Table A4.2.1 - Parameter Selection Examples for the 4-SPC-AVG-2(n,k1,2)

Control Chart having ps; = 0.045, pes = 0.020, pes = 0.005,
ARL(pe) =200 and ARL(p.) <2

P2 Pes Pos ky n UcLy CL LCLy | ARL(po) ARL(p.)

adjusted adjusted
0.090 | 0.050 | 0.020 | 2.5758 52 1.3797 1.1400 0 0000 50.4 2.1
0.120 | 0.050 | 0.020 | 2.5758 41 1.4100 1.1400 0.0000 447 2.1
0.090 | 0.075 | 0.020 | 2.5758 31 1.4505 1.1400 0.0000 37.7 2.0
0.120 | 0.075 | 0.020 | 2.5758 26 1.4790 1.1400 0.0000 44.5 2.2
0.090 | 0.050 | 0.040 | 2.5758 21 1.5172 1.1400 0.0000 34.6 2.1
0.120 | 0.050 | 0.040 | 2.5758 18 1.5475 1.1400 0.0000 30.3 2.1
0.090 | 0.075 | 0.040 | 2.5758 15 1.5863 1.1400 0.0000 33.0 2.1
0.120 | 0.075 | 0.040 | 2.5758 13 1.6195 1.1400 0.0000 45.0 2.4

Table A4.2.2 - Parameter Selection Examples for the 4-SPC-AVG-2(n,k1,2)

Control Chart having pe; = 0.060, pe; = 0.030, pes = 0.010,
ARL(p,y) =200 and ARL(p.) <2

P Pes Pes ky n UCL, CL LCLy ARL(po) ARL(p.)

adjusted adjusted
0.090 | 0.050 | 0.020 | 2.8070 | 238 1.3798 1.2200 1.0602 160.9 2.1
0.120 | 0.050 | 0.020 | 2.8070 | 169 | 1.4097 1.2200 1.0303 152.0 2.1
0.090 | 0.075 | 0.020 | 2.5758 93 1.4546 1.2200 0.0000 80.0 2.1
0.120 | 0.075 | 0.020 | 2.5758 73 1.4848 1.2200 0.0000 72.5 2.1
0.090 | 0.050 | 0.040 | 2.5758 57 1.5197 1.2200 0.0000 63.3 2.1
0.120 | 0.050 | 0.040 | 2.5758 48 1.5466 1.2200 0.0000 66.4 2.2
0.090 | 0.075 | 0.040 | 2.5758 37 1.5920 1.2200 0.0000 50.3 2.1
0.120 | 0.075 | 0.040 | 2.5758 32 1.6200 1.2200 0.0000 48.9 2.1

Table A4.2.3 - Parameter Selection Examples for the 4-SPC-AVG-2(nk,,2)

Control Chart having pe; = 0.045, pes = 0.020, pes = 0.005,
ARL(po) =200 and ARL(p.) <5

Pa P Pes ky n UCL, CL LCLy ARL(po) ARL(p.)

’ adjusted adjusted
0.090 | 0.050 | 0.020 | 2.5758 10 1.6867 1.1400 0.0000 18.4 44
0.120 | 0.050 | 0.020 | 2.5758 3 1.7512 1.1400 0.0000 23.7 5.5
0.090 | 0.075 | 0.020 | 2.5758 5 1.9131 1.1400 0.0000 33.8 6.5
0.120 | 0.075 | 0.020 | 2.5758 4 2.0043 1.1400 0.0000 442 8.5
0.090 | 0.050 | 0.040 | 2.5758 2 2.3624 1.1400 0.0000 20.3 5.8
0.120 | 0.050 | 0.040 | 2.5758 2 2.3624 1.1400 0.0000 20.3 5.8
0.090 | 0.075 | 0.040 | 2.5758 1 2.8687 1.1400 0.0000 40.0 8.7
0.120 | 0.075 | 0.040 | 2.5758 1 2.8687 1.1400 0.0000 40.0 8.7
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Table A4.2.4 - Parameter Selection Examples for the 4-SPC-AVG-2(nk.,2)

Control Chart having py; = 0.060, pes = 0.030, pes = 0.010,
ARL{po) =200 and ARL(p.) <5

Pa P Pes ky n ucLy CL LCLy | ARL(po) | ARL(p.)

adjusted adjusted
0.090 | 0.050 | 0.020 | 2.5758 64 1.5028 1.2200 0.6000 73.4 5.4
0.120 | 0.050 | 0.020 | 2.5758 45 1.5573 1.2200 0.0000 67.9 5.5
0.090 | 0.075 | 0.020 | 2.5758 27 1.6554 1.2200 0.0000 47.1 5.0
0.120 | 0.075 | 0.020 | 2.5758 | 22 1.7024 1.2200 0.0000 48.6 5.2
0.090 [ 0.050 | 0.040 | 2.5758 12 1.8732 1.2200 0.0000 41.3 5.3
0.120 | 0.050 | 0.040 | 2.5758 10 1.9355 1.2200 0.0000 35.1 5.3
0.090 [ 0.075 | 0.040 | 2.5758 7 2.0752 1.2200 0.0000 31.2 5.2
0.120 | 0.075 | 0.040 | 2.5758 6 2.1437 1.2200 0.0000 16.2 4.1

Table A4.2.5 - Parameter Selection Examples for the 4-SPC-AVG-2(n,k1,2)

Control Chart having pe; = 0.045, pe; = 0.020, pes = 0.005,
ARL(py) =500 and ARL(p,) < 2

Pz | Ps | Pes ky n | UCL, CL LCL, | ARL(py) | ARL(p.)

adjusted adjusted
0.090 | 0.050 | 0.020 | 2.8782 | 65 1.3796 1.1400 0.0000 90.5 2.1
0.120 | 0.050 | 0.020 | 2.8782 | 52 1.4079 1.1400 0.0000 953 2.2
0.090 | 0.075 | 0.020 | 2.8782 38 1.4533 1.1400 0.0000 822 2.2
0.120 | 0.075 | 0.020 | 2.8782 32 1.4815 1.1400 0.0000 73.2 2.2
0.090 | 0.050 | 0.040 | 2.8782 | 26 1.5188 1.1400 0.0000 61.8 2.2
0.120 | 0.050 | 0.040 | 2.8782 | 23 1.5428 1.1400 0.0000 62.2 2.2
0.090 | 0.075 | 0.040 | 2.8782 19 1.5831 1.1400 0.0000 76.0 2.3
0.120 | 0.075 | 0.040 | 2.8782 16 1.6229 1.1400 0.0000 38.8 2.1

Table A4.2.6 - Parameter Selection Examples for the 4-SPC-AVG-2(n,k,2)

Control Chart having P2 = 0.060, Pes = 0.030, P = 0.010,
ARL(py) = 500 and ARL(p.) < 2

Pa | P | Pes kv n | UCL, CL LCL, | ARL(po) | ARL(p)

adjusted adjusted
0.090 | 0.050 | 0.020 | 3.0902 | 288 | 1.3800 1.2200 1.0601 333.1 2.1
0.120 | 0.050 | 0.020 | 3.0902 | 205 1.4096 1.2200 1.0304 267.3 2.0
0.090 | 0.075 | 0.020 | 2.8782 | 116 1.4547 1.2200 0.0000 139.6 2.1
0.120 | 0.075 | 0.020 | 2.8782 | 92 1.4836 1.2200 0.0000 134.7 2.1
0.090 | 0.050 | 0.040 | 2.8782 | 72 1.5180 1.2200 0.0000 128.1 2.1
0.120 | 0.050 | 0.040 | 2.8782 | 59 1.5491 1.2200 0.0000 115.0 2.1
0.090 | 0.075 | 0.040 | 2.8782 46 1.5928 1.2200 0.0000 107.5 2.2
0.120 | 0.075 | 0.040 | 2.8782 | 39 1.6243 1.2200 0.0000 97.1 2.2
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Table A4.2.7 - Parameter Selecticn Examples for the 4-SPC-AVG-2(nk,2)
Control Chart haviag pe; = 0.045, pys = 0.020, pes = 0.005,
ARL(pe) =500 and ARL(p.) <5

P Pes Pos ky n UCLy, CL LcLy ARL(p,y) ARL(p.)

adjusted adjusted
0.090 | 0.050 | 0.020 | 2.8782 | 16 1.6229 1.1400 0.0000 38.8 4.6
0.120 | 0.050 | 0.020 | 2.8782 | 13 1.6757 1.1400 0.0000 45.0 4.8
0.090 | 0.075 | 0.020 | 2.8782 8 1.8229 1.1400 0.0000 23.7 4.8
0.120 | 0.075 | 0.020 | 2.8782 7 1.8701 1.1400 0.0000 27.5 5.5
0.090 | 0.050 | 0.040 | 2.8782 4 2.1058 1.1400 0.0000 44.2 6.0
0.120 | 0.050 | 0.040 | 2.8782 3 2.2552 1.1400 0.0000 47.1 6.5
0.090 | 0.075 | 0.040 | 2.8782 2 2.5058 1.1400 0.0000 82.1 10.3
0.120 | 0.075 | 0.040 | 2.8782 2 2.5058 1.1400 0.0000 82.1 9.8

Table A4.2.8 - Parameter Selection Examples for the 4-SPC-AVG-2(n,k.,2)
Control Chart having pe; = 0.060, pys = 0.030, pes = 0.010,
ARL(pe) = 500 and ARL(p:) <5

P Pe3 Pes ky n UCLy CL LCL, ARL(po) ARL(p.)

adjusted adjusted
0.090 | 0.050 | 0.020 | 2.8782 | 93 1.4822 1.2200 0.0000 124.9 4.9
0.120 | 0.050 | 0.020 | 2.8782 | 66 1.5312 1.2200 0.0000 131.3 5.4
0.090 | 0.075 | 0.020 | 2.8782 | 40 1.6197 1.2200 0.0000 86.6 4.9
0.120 | 0.075 | 0.020 | 2.8782 | 32 1.6669 1.2200 0.0000 90.6 5.3
0.090 | 0.050 | 0.040 | 2.8782 | 18 1.8159 1.2200 0.0000 61.7 5.0
0.120 | 0.050 | 0.040 | 2.8782 | 15 1.8728 1.2200 0.0000 66.1 5.6
0.090 | 0.075 | 0.040 | 2.8782 | 11 1.9823 1.2200 0.0000 51.5 4.9
0.120 | 0.075 | 0.040 | 2.8782 | 10 2.0195 1.2200 0.0000 66.0 5.5

Table A4.2.9 - Parameter Selection Examples for the 4-SPC-AVG-2(n,k1,5)
Control Chart having pe; = 0.045, pes = 0.020, pes = 0.005,
ARL(po) =200 and ARL(p.) <2

Pz Pes Pes ky n UCLy, CL LCLy, ARL(po) ARL(p.)

adjusted adjusted
0.090 | 0.050 | 0.020 | 2.5758 | 77 5.0256 2.2800 0.0000 449 22
0.120 | 0.050 | 0.020 | 2.5758 70 5.1596 2.2800 0.0000 39.2 2.2
0.090 | 0.075 | 0.020 | 2.5758 | 52 5.6210 2.2800 0.0000 34.6 2.3
0.120 | 0.075 | 0.020 | 2.5758 | 48 5.7574 2.2800 0.0000 39.3 2.3
0.090 | 0.050 | 0.040 | 2.5758 | 22 7.4165 2.2800 0.0000 25.0 2.1
0.120 | 0.050 | 0.040 | 2.5758 21 7.5373 2.2800 0.0000 26.7 2.1
0.090 | 0.075 | 0.040 | 2.5758 18 7.9586 2.2800 0.0000 16.6 2.0
0.120 | 0.075 | 0.040 | 2.5758 17 8.1232 2.2800 0.0000 12.2 2.0
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Table A4.2.10 - Parameter Selection Examples for the 4-SPC-AVG-2(nk.,5)

Control Chart having pe> = 0.060, pe; = 6.030, pes = 0.010,
ARL{po) =200 and ARL{p.) <2

Pa Pes Pes ky n | UCL, CL LCL, | ARL(po) ARL(p.)

adjusted adjusted
0.090 | 0.050 | 0.020 | 2.8070 | 390 | 50377 | 3.2000 | 13823 145.5 2.1
0.120 | 0.050 | 0.020 | 2.8070 | 343 | 5.1596 | 3.2000 | 12404 139.3 2.1
0.090 | 0.075 | 0.020 | 2.5758 | 187 | 5.6354 | 32000 | 0.0000 72.7 2.1
0.120 | 0.075 | 0.020 | 2.5758 | 170 | 57542 | 3.2600 | 0.0000 73.1 2.1
0.090 | 0.050 | 0.040 | 2.5758 | 60 | 7.4994 | 32000 | 0.0000 47.4 2.2
0.120 | 0.050 | 0.040 | 2.5758 | 57 | 7.6111 3.2000 | 0.0000 48.0 2.2
0.090 | 0.075 | 0.040 | 2.5758 | 46 | 8.1103 | 3.2000 | 0.0000 52.3 2.1
0.120 | 0.075 | 0.040 | 2.5758 | 44 | 82206 | 3.2000 | 0.0000 53.7 2.1

Table A4.2.11 - Parameter Selection Examples for the 4-SPC-AVG-2(nk1,5)

Contrel Chart having py; = 0.045, pes = 0.020, pes = 0.005,
ARL(pe) =200 and ARL(pc) <5

Pz | P Pes ky n UCL, CcL LCL, | ARL(po) | ARL(p)

adjusted adjusted
0.090 | 0.050 | 0.020 | 2.5758 | 11 9.5441 2.2800 0.0000 18.6 5.0
0.120 | 0.050 | 0.020 | 2.5758 10 9.8986 2.2800 0.0000 204 5.4
0.090 | 0.075 | 0.020 | 2.5758 7 11.3860 2.2800 0.0000 29.0 7.3
0.120 | 0.075 | 0.020 | 2.5758 7 11.3860 2.2800 0.0000 29.0 73
0.090 | 0.050 | 0.040 | 2.5758 1 26.3721 2.2800 0.0000 200.0 25.0
0.120 | 0.050 | 0.040 | 2.5758 1 26.3721 2.2800 0.0000 200.0 25.0
0.090 | 0.075 | 0.040 | 2.5758 1 26.3721 2.2800 0.0000 200.0 25.0
0.120 | 0.075 | 0.040 | 2.5758 1 | 26.3721 2.2800 0.0000 200.0 25.0

Table A4.2.12 - Parameter Selection Examples for the 4-SPC-AVG-2(nk1,5)

Control Chart having py; = 0.060, pe; = 0.030, pes = 0.010,
ARL(ps) = 200 and ARL(p)) < 5

P Ps Pes ky n UCL, CL LCL, ARL(po) ARL(p.)

adjusted adjusted
0.090 | 0.050 | 0.020 | 2.5758 | 98 6.5641 3.2000 0.0000 59.1 5.3
0.120 | 0.050 | 0.020 | 2.5758 87 6.7705 3.2000 0.0000 60.0 5.1
0.090 | 0.075 | 0.020 | 2.5758 55 7.6906 3.2000 0.0000 49.6 52
0.120 | 0.075 | 0.020 | 2.5758 | 50 7.9098 3.2000 0.0000 55.1 52
0.090 | 0.050 | 0.040 | 2.5758 9 14.3010 3.2000 0.0000 11.6 33
0.120 | 0.050 | 0.040 | 2.5758 9 14.3010 3.2000 0.0000 11.6 33
0.090 | 0.075 | 0.040 | 2.5758 7 15.7873 3.2000 0.0000 14.7 4.0
0.120 | 0.075 | 0.040 | 2.5758 7 15.7873 3.2000 0.0000 14.7 4.0
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Table A4.2.13 - Parameter Selection Examples for the 4-SPC-AVG-2(n,k1,5)
Control Chart having pe; = 0.045, pes = 0.020, pes = 0.005,
ARL(pe) =500 and ARL(p.) <2

P Pes Pes ky n UCL, CL LCLy | ARL(py) ARL(p) |
adjusted adjusted
0.09¢ | 0.050 | 0.020 | 2.8782 | 96 | 5.0275 | 2.2800 | 0.0000 72.9 2.2
0.120 | 0.050 | 0.020 | 2.8782 | 88 | 51497 | 2.2800 | 0.0000 79.4 22
0.090 | 0.075 | 0.020 | 28782 | 65 | 56190 | 22800 | 00000 61.4 2.2
0.120 | 0.075 | 0.020 | 2.8782 | 60 | 57554 | 2.2800 | 0.0000 57.0 23
0.090 | 0.050 | 0.040 | 2.8782 | 27 | 7.4607 | 2.2800 | 0.0000 61.2 23
0.120 | 0.050 | 0.040 | 2.8782 | 26 | 7.5594 | 2.2800 | 0.0000 56.2 23
0.090 | 0.075 | 0.040 | 2.8782 | 22 | 80193 | 22800 | 0.0000 54.1 2.1
0.120 | 0.075 | 0.040 | 2.8782 | 21 | 8.1544 | 22800 | 0.0000 38.4 2.0

Table A4.2.14 - Parameter Selection Examples for the 4-SPC-AVG-2(n,k.,5)
Control Chart having pe; = 0.060, pos = 0.030, pes = 0.010,
ARL(pe) =500 and ARL(p.) <2

Pz Pes Pes ky n UCL, CL LCL, | ARL(po) ARL(p.)

adjusted adjusted
0.090 | 0.050 | 0.020 | 3.0902 | 472 | 5.0390 3.2000 1.3610 2919 2.1
0.120 | 0.050 | 0.020 | 3.0902 | 416 5.1589 3.2000 1.2411 277.6 2.1
0.090 | 0.075 | 0.020 | 2.8782 | 233 5.6378 3.2000 0.0000 142.3 2.1
0.120 | 0.075 | 0.020 | 2.8782 | 212 | 5.7557 3.2000 0.0000 137.9 2.1
0.090 | 0.050 | 0.040 | 2.8782 75 7.4969 3.2000 0.0000 93.9 2.1
0.120 | 0.050 | 0.040 | 2.8782 71 7.6162 3.2000 0.0000 93.8 2.1
0.090 | 0.075 | 0.040 | 2.8782 58 8.0862 3.2000 0.0000 69.7 2.1
0.120 | 0.075 | 0.040 | 2.8782 55 8.2177 3.2000 0.0000 66.5 2.2

Table A4.2.15 - Parameter Selection Examples for the 4-SPC-AVG-2(n,k.,5)

ARL(po) = 500 and ARL(p.) < 5

Control Chart having pe; = 0.045, pe; = 0.020, pes = 0.005,

Pez DPe3 Pes ky n UCLy, CcL LCL, ARL(po) ARL(p.)

adjusted adjusted
0.090 | 0.050 | 0.020 | 2.8782 19 8.4559 2.2800 0.0000 32.6 4.6
0.120 | 0.050 | 0.020 | 2.8782 17 8.8090 2.2800 0.0000 37.1 4.5
0.090 | 0.075 | 0.020 | 2.8782 | 12 | 10.0511 2.2800 0.0000 17.1 4.6
0.120 | 0.075 | 0.020 | 2.8782 | 12 | 10.0511 2.2800 0.0000 17.1 4.6
0.090 | 0.050 | 0.040 | 2.8782 2 21.3152 2.2800 0.0000 96.4 12.4
0.120 | 0.050 | 0.040 | 2.8782 2 21.3152 | 2.2800 0.0000 96.4 12.4
0.090 | 0.075 | 0.040 | 2.8782 2 21.3152 | 2.2800 0.0000 96.4 11.9
0.120 | 0.075 | 0.040 | 2.8782 2 21.3152 | 2.2800 0.0000 96.4 11.9
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Table A4.2.16 - Parameter Selection Examples for the 4-SPC-AVG-2(n,k1,5)
Control Chart having P2 = 0.060, Pos = 0.6390, Peos = 0.010,
ARL(ps) = 500 and ARL(p.) <5

Pe De3 Pes ky n UCL, CL LCL, ARL(p,) ARL(p,)

adjusted adjusted
0.080 | 0.050 | 0.020 | 287382 | 145 6.2903 32000 0.0000 114.4 5.1
0.120 | 0.050 | 0.020 | 2.8782 | 128 6.4891 3.2000 0.0000 108.0 5.1
0.090 | 0.075 | 0.020 | 2.8782 81 7.3347 3.2000 0.0600 942 5.2
0.120 | 0.075 | 0.020 | 2.8782 74 7.5258 3.2000 0.0000 931 5.1
0.090 | 0.050 | 0.040 | 28782 15 12.8081 3.2000 0.0000 83.8 6.9
0.120 | 0.050 | 0.040 | 2.8782 14 13.1453 3.2000 0.0000 64.7 6.5
0.090 | 0.075 | 0.040 | 2.8782 12 13.9421 3.2000 0.0000 71.4 5.7
0.120 | 0.075 | 0.040 | 2.8782 11 14.4198 3.2000 0.0000 31.7 43

Table A4.2.17 - Parameter Selection Examples for the 4-SPC-AVG-2(n,k1,10)

ARL(ps) = 200 and ARL(p.) < 2

Control Chart having pe; = 0.045, pes = 0.020, pes = 0.005,

P Pes Pes ky n UcCL, CL LCL, ARL(po) ARL(p.)

adjusted adjusted
0.090 | 0.050 | 0.020 | 2.5758 | 102 | 26.6566 8.3800 0.0000 62.8 2.2
0.120 | 0.050 | 0.020 | 2.5758 | 99 | 26.9315 8.3800 0.0000 67.5 2.2
0.090 | 0.075 | 0.020 | 2.5758 | 79 | 29.1474 8.3800 0.0000 413 2.1
0.120 | 0.075 | 0.020 | 2.5758 | 77 | 29.4154 8.3800 0.0000 34.0 2.2
0.090 | 0.050 | 0.040 | 2.5758 | 24 | 46.0582 8.3800 0.0000 21.6 1.9
0.120 | 0.050 | 0.040 | 2.5758 | 23 | 46.8686 8.3800 0.0000 23.3 2.0
0.090 | 0.075 | 0.040 | 2.5758 | 21 | 48.6597 8.3800 0.0000 13.3 1.8
0.120 | 0.075 | 0.040 | 2.5758 | 21 | 48.6597 8.3800 0.0000 13.3 1.7

Table A4.2.18 - Parameter Selection Examples for the 4-SPC-AVG-2(n,k1,10)

ARL(po) = 200 and ARL(p.) < 2

Control Chart having pe; = 0.060, pes = 0.030, pes = 0.010,

Pz Pes Pos ky n UCL, CL LCLy, ARL(po) ARL(po)

adjusted adjusted
0.090 | 0.050 | 0.020 | 2.8070 | 531 | 26.7402 | 14.5000 2.2598 149.9 2.1
0.120 | 0.050 | 0.020 | 2.8070 | 509 | 27.0019 14.5000 1.9981 150.9 2.1
0.090 | 0.075 | 0.020 | 2.5758 | 310 | 292003 14.5000 0.0000 77.7 2.1
0.120 | 0.075 | 0.020 | 2.5758 | 299 | 29.4682 | 14.5000 | 0.0000 81.5 2.1
0.090 | 0.050 | 0.040 | 2.5758 | 65 | 46.6033 | 14.5000 | 0.0000 36.2 2.1
0.120 | 0.050 | 0.040 | 2.5758 | 64 | 46.8531 14.5000 | 0.0000 37.7 2.1
0.090 | 0.075 | 0.040 | 2.5758 56 49,0869 14.5000 0.0000 53.2 2.4
0.120 | 0.075 | 0.040 | 2.5758 55 49.3999 14.5000 0.0000 55.8 2.4
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Table A4.2.19 - Parameter Selection Examples for the 4-SPC-AVG-2(n,k;,10)
Control Chart having pe: = 0.045, pe; = 0.020, pes = 0.005,
ARL{(pe) =200 and ARL(p.) £ 5

Per Pes Post ks n UCLy CL | LCLy, | ARL(po) | ARL(p)
adjusted adjusted
0.090 | 0.050 | 0.020 | 2.5758 | 13 | 59.5746 | 8.3800 | 0.0000 15.9 43
0.120 | 0.050 [ 0.020 | 2.5758 | 13 [ 59.5746 | 83800 [ 0.0000 15.9 43
0.090 | 0.075 | 0.020 | 2.5758 | 10 | 66.7508 | 8.3800 | 0.0000 20.5 5.5
0.120 [ 0.075 | 0.020 | 2.5758 | 10 | 66.7508 | 8.3800 | 0.0000 20.5 55
0.090 | 0.050 | 0.040 | 2.5758 | 1 [ 192.9650 | 83800 | 0.0000 200.0 25.0
0.120 | 0.050 | 0.040 | 2.5758 | 1 [ 192.9650 | 83800 | 0.0000 200.0 25.0
0.090 | 0.075 | 0.040 | 2.5758 | 1 | 192.9650 | 8.3800 | 0.0000 200.0 25.0
0.120 [ 0.075 | 0.040 | 25758 | 1 [ 192.9650 | 83800 | 0.0000 200.0 25.0

Table A4.2.20 - Parameter Selection Examples for the 4-SPC-AVG-2(nk,10)
Control Chart having pe; = 0.060, po; = 0.030, pss = 0.010,
ARL(pe) =200 and ARL(p) <5

Pz Pes Pes ky n UCL, CL LCLy ARL(po) ARL(p.)

adjusted adjusted
0.090 | 0.050 | 0.020 | 2.5758 | 132 | 37.0278 14.5000 | 0.0000 76.1 5.1
0.120 | 0.050 | 0.020 | 2.5758 | 127 | 37.4670 14.5000 0.0000 71.0 49
0.090 | 0.075 | 0.020 | 2.5758 | 91 | 41.6322 14.5000 | 0.0000 69.8 5.1
0.120 | 0.075 | 0.020 | 2.5758 | 88 | 42.0908 14.5000 | 0.0000 71.9 4.9
0.090 | 0.050 | 0.040 | 2.5758 9 | 100.7750 | 14.5000 | 0.0000 11.6 3.3
0.120 | 0.050 | 0.040 | 2.5758 9 100.7750 14.5000 0.0000 11.6 33
0.090 | 0.075 | 0.040 | 2.5758 8 106.0080 14.5000 0.0000 12.9 3.6
0.120 | 0.075 | 0.040 | 2.5758 8 | 106.0080 | 14.5000 | 0.0000 12.9 3.6

Table A4.2.21 - Parameter Selection Examples for the 4-SPC-AVG-2(n,k,10)
Control Chart having pe; = 0.045, pes = 0.020, pes = 0.005,
ARL(pe) =500 and ARL(p.) <2

P Pes Pt ky n UCLy CL LCL, ARL(po) ARL(p.)

adjusted adjusted
0.090 | 0.050 | 0.020 | 2.8782 | 127 | 26.6817 8.3800 0.0000 65.2 2.1
0.120 | 0.050 | 0.020 | 2.8782 | 123 ! 26.9769 8.3800 0.0000 55.5 2.2
0.090 | 0.075 | 0.020 | 2.8782 98 | 29.2144 8.3800 0.0000 74.5 2.2
0.120 | 0.075 | 0.020 | 2.8782 96 | 29.4303 8.3800 0.0000 78.4 2.1
0.090 | 0.050 | 0.040 | 2.8782 29 | 46.6797 8.3800 0.0000 104.0 2.8
0.120 | 0.050 | 0.040 | 2.8782 29 | 46.6797 8.3800 0.0000 104.0 2.8
0.090 | 0.075 | 0.040 | 2.8782 26 | 438.8290 8.3800 0.0000 110.5 2.5
0.120 | 0.075 | 0.040 | 2.8782 26 | 48.8290 83800 0.0000 110.5 2.5
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Table A4.2.22 - Parameter Selection Examples for the 4-SPC-AVG-2(n.k,.10)
Control Chart having ps; = 0.060, pes = 0.030, pes = 0.010,
ARL(ps) =500 and ARL(p.) <2

Pe Pe3 Pes ky n UCLy CL LCL, ARL(po) ARL{p,)

adjusted adjusted
0.090 | 0.050 | 0.020 | 3.0902 | 644 | 26.7359 | 14.5000 2.2641 308.5 2.1
0.120 | 0.050 | 0.020 | 3.0902 | 617 | 27.0008 14.5000 1.9992 299.5 2.1
0.090 | 0.075 | 0.020 | 2.8782 | 387 | 29.2011 14.5000 ¢.0000 1574 2.1
0.120 | 0.075 | 0.020 | 2.8782 | 373 | 29.4744 | 14.5000 0.0000 162 4 2.1
0.090 | 0.050 | 0.040 | 2.8782 | 81 | 46.6337 | 14.5000 0.0600 106.3 2.3
0.120 | 0.050 | 0.040 | 2.8782 | 80 [ 46.8340 | 14.5000 0.0000 110.9 2.2
0.090 | 0.075 | 0.040 | 2.8782 | 70 | 49.0665 14.5000 0.0000 102.8 2.0
0.120 | 0.075 | 0.040 | 2.8782 | 69 | 49.3160 | 14.5000 0.0000 93.4 2.0

Table A4.2.23 - Parameter Selection Examples for the 4-SPC-AVG-2(nk,10)

ARL(pe) =500 and ARL(p.) <5

Control Chart having ps; = 0.045, pe; = 0.020, pes = 0.005,

P P Pos ky n UCL, CL LCLy, ARL(ps) ARL(p)

adjusted adjusted
0.09G | 0.050 | 0.020 | 2.8782 | 23 51.3861 8.3800 0.0000 75.4 5.9
0.120 | 0.050 | 0.020 | 2.8782 | 23 51.3861 8.3800 0.0000 75.4 5.9
0.090 | 0.075 | 0.020 | 2.8782 | 18 56.9936 8.3800 0.0000 16.6 3.4
0.120 { 0.075 | 0.020 | 2.8782 | 18 56.9936 8.3800 0.0000 16.6 3.3
0.090 | 0.050 | 0.040 | 2.8782 2 154.2210 8.3800 0.0000 100.3 12.8
0.120 | 0.050 | 0.040 | 2.8782 2 154.2210 8.3800 0.0000 100.3 12.8
0.090 | 0.075 | 0.040 | 2.8782 2 154.2210 8.3800 0.0000 100.3 12.8
0.120 | 0.075 | 0.040 | 2.8782 2 154.2210 8.3800 0.0000 100.3 12.8

Table A4.2.24 - Parameter Selection Examples for the 4-SPC-AVG-2(n,k1,10)

ARL(po) = 500 and ARL(p.) < 5

Control Chart having P = 0.060, Pes = 0.030, Pu= 0.010,

P2 | Ps | pes ky n | UCL, CL LCL, | ARL(py) | ARL(p)

adjusted | adjusted
0.090 [ 0.050 | 0.020 [ 2.8782 | 195 | 35.2103 | 14.5000 | 0.0000 115.3 5.1
0.120 | 0.050 | 0.020 | 2.8782 | 187 | 35.6487 | 14.5000 | 0.0000 103.5 53
0.090 [ 0.075 | 0.020 | 2.8782 | 135 | 39.3907 | 14.5000 | 0.0000 38.8 5.2
0.120 [ 0.075 [ 0.020 [ 2.8782 | 130 | 39.8648 | 14.5000 | 0.0000 97.4 5.1
0.090 [ 0.050 [ 0.040 [ 2.8782 | 15 | 89.1721 | 14.5000 | 0.0000 102.7 8.2
0.120 | 0.050 | 0.040 | 2.8782 | 15 | 89.1721 | 14.5000 | 0.0000 102.7 8.2
0.090 | 0.075 | 0.040 | 2.8782 | 13 | 94.7107 | 14.5000 | 0.0000 126.1 8.6
0.120 | 0.075 | 0.040 | 2.8782 | 13 | 94.7107 | 14.5006 | 0.0000 126.1 8.3

198




VITA

Charles Richard Cassady was born August 21, 1970, in Martinsville, Virginia. He
graduated as valedictorian from Bassett High School in Bassett, Virginia in June, 1988. In
August, 1992, he received a Bachelor of Science summa cum laude in Industrial and
Systems Engineering (ISE) from Virginia Polytechnic Institute and State University
(Virginia Tech) in Blacksburg, Virginia. While completing his bachelor’s degree, he was
inducted into Tau Beta Pi, Alpha Pi Mu, Kappa Theta Epsilon, Phi Kappa Phi, Phi Eta
Sigma, and the Golden Key National Honor society. In addition, he participated in the
Cooperative Education Program as an employee of the Management Systems Department
of Carilion Health System in Roanoke, Virginia.

In December, 1993, he received a Master of Science in ISE also from Virginia
Tech, and in August, 1996, he will receive his Doctor of Philosophy in ISE from Virginia
Tech. During his graduate study, he served the ISE department as a graduate teaching
assistant and as an instructor, teaching ten undergraduate courses in statistical quality
control, industrial quality control, probabilistic operations research, and discrete-event
computer simulation. He also received the 1994-1995 American Society for Quality
Control (ASQC) Reliability Division Scholarship and the 1994-1995 Institute of Industrial
Engineers (IIE) Gilbreth Memorial Fellowship. In addition, he worked/volunteered as a
consultant for Elizabeth Arden, Co. and Meridium, Inc. both in Roanoke, Virginia. His
thesis research area was availability modeling, and his dissertation research area was
statistical quality control. Beginning August 16, 1996, he will be an Assistant Professor in
the Department of Industrial Engineering at Mississippi State University in Mississippi
State, Mississippi.

Richard’s primary research interests are in the applications of probability, statistics,
simulation, and optimization to problems involving product quality and reliability. He is a

member of the Institute of Industrial Engineers, the Institute for Operations Research and

the Management Sciences, and the American Society for QuaW
199 /



