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Abstract
Acceptance control charts, originally proposed by Freund, are the tools of
statistical process control (SPC) that combine features of classical control charts and
sampling plans used in acceptance sampling of products and services. In contrast to
classical Shewhart control charts, their design is based on the requirements typical for
acceptance sampling plans by variables. In the article, we present the design
principles of the acceptance control charts. The similarity between acceptance control

charts and acceptance sampling systems show that the latter might be used for the

purpose of SPC.




1 INTRODUCTION

Acceptance sampling and statistical process control (SPC) are the most frequently
used methodologies of statistical quality control (SQC). In acceptance sampling the
result of evaluation of a random sample taken from a group of products (a lot) or
services is used for making decisions about these products or services. Therefore,
acceptance sampling is aimed at product or service disposition decisions, based on
statistical testing of stated quality requirements. As opposed to classical acceptance
sampling, control charts, the best known tools of SPC, are used to find whether
monitored processes are in a “state of statistical control”. In other words, control
charts are primarily used as a management tool for the determination if a controlled
process is stable. For this application of control charts any quality requirements need
not be taken into account,

In acceptance control charts, introduced by Freund [1], [2], features of
acceptance sampling and control charts, are combined.; They are used not only to
monitor the stability of a process, but also to verify if product or service quality
requirements are satisfied. These requirements may be satisfied even in the presence
of small shifts of the process level around its target values. For example, if uniform
large batches of raw material are used during a production process, the differences
between the process levels related to between-batches variability may be tolerable.
Similarly, small infrequent and irregular shifts of the process levels that cannot be
eliminated because of economic or engineering (possibility of “over-control” of the
process) considerations may be tolerated if their impact on the quality of the product

1s negligible. Thus, in real applications quality requirements should be taken into




consideration on equal footing with striving to eliminate all possible sources of

process variation.

2 ACCEPTANCE CONTOL CHARTS. DESIGN AND OPERATION

The design principles, and the operation of acceptance control charts have been
described in the international standard ISO 7966 [3]. In this standard it is assumed that
there exist two characteristic process levels. The acceptable process level (4PL)
represents a process that should be accepted almost always, with probability 1-a. On
the other hand, the rejectable process level (RPL) represents a process that should
almost never be accepted. When the process operates at the RPL level, or worse, the
probability of its acceptance should be not greater than £ Thus, any process centered
between the target value and APL will have a risk smaller than « of not being
accepted. On the other hand, the risk of acceptance of processes located further away
from the target value than RPL is smaller than §. The process levels lying in a
“indifference zone” between the APL and RP/ yield products of borderline quality.
From a point of view of quality control this “indifference zone” should be as narrow
as possible. Unfortunately, the narrower this zone, the larger will the sample size have
to be. Therefore, some economic considerations have to be present in the design
process of acceptance control charts.

In order to operate an acceptance control chart it is necessary to define two
additional parameters: the sample size 5, and the action criterion or acceptance control
limit (4CL). If the sample average value of the quality characteristic X, plotted on an
acceptance control chart, falls beyond ACL (i.e. above the upper acceptance control

limit ACLy or below the lower acceptance limit ACL;, in case of double specification



limits) the process shall be considered non-acceptable. The location of the 4PL and

RPL levels, and the ACL limits is presented on Figure 1.

< Figure 1 near here>

Rejectable processes
RPL{!

ACLy
Indifference zone
APLy
target
e Acceptable processes
APLf
Indifference zone
AcLy

RPLL
Rejectable processes

Figure 1: Basic elements of the acceptance control chart

When the 4PL and o, and RPL and P are defined, the upper and lower

acceptance control limits are calculated as

ACL, = APL, +(y_y—‘+‘£y-—)(RPLL, - APL,)
I-a -8

and

ACL, = APL, _[;_h:y__](APLL ~RPL,),
1-a 1-8

respectively. The values of y,, and y,_, are the quantiles of the standard normal
distribution of order 1-«x and 1-5, respectively. For the calculation of the sample size n

it is necessary to know the value of the standard deviation o, within the sample

(rational sub-group). The value of »n is obtained by rounding-up to the nearest integer

the value calculated from the following expression

e [(yn_a typ k. ]2 _

(RPL - APL)





















