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Abstract: One of the most widely used tools in the rapid detection of assignable
causes is control charts. Given the importance of economic costs, Duncan proposed
the first economic model in the presence of multiple assignable causes in order to
reduce the economic costs of the quality cycle. In his model and all the economic
designs derived from that, assumed that after the occurrence of an assignable
cause, process is free from the occurrence of other assignable causes. In this paper,
after criticizing previous models for incorrect and unrealistic use of this
assumption to calculate the average cost per unit of quality cycle time, a realistic
economic-statistical design in the presence of multiple assignable causes for
economic-statistical design of X control chart is presented. The numerical results
of our model show well that in the previous models; the average cost per unit time
of the quality cycle is severely underestimated compared to the actual value and
with increasing the Weibull distribution shape parameter, the probability of this
assumption is greatly reduced. Therefore, it is suggested that in order to eliminate
the shortcomings of the economic design of various types of control charts with
multiple assignable causes in future research, they should be redesigned based on
our model.

Keywords: Economic-Statistical Design, X Control Chart, Multiple Assignable causes,
Weibull Shock Model.

1.Introduction

Control charts are one of the most useful tools for statistical process control (SPC) to
improve quality and save on production costs. Control chart X is one of the most widely
used and important skill control charts for monitoring the average process. The control

limits in the control diagram X are u, + L% where p, and o are the mean and standard

deviation of the process, respectively, n and L are the sample size obtained and the
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coefficient of the control limits, respectively. Occurrence of an assignable cause the
change of the mean of the process from u, to uy + 6o, where 6 is the shift parameter.
Therefore, to monitor the mean of the process, assuming that the standard deviation of
the process (o) is constant over time, each time n samples of the process are taken at a
given time interval (h) and the observed value of the statistic X on control chart is
drawn, if a point is outside the control range we will see a true alarm that the process is
out of statistical control. The statistical efficiency of any control chart, such as the
control chart X and the costs of monitoring the quality of the products produced by each
process with it, depend on the specified value of the parameters (n, L, h), which are
known as the control chart design parameters.

The concept of economic design was first proposed by Grishick and Rubin [1].
Although the calculations used by them were very complex, their study became the
basis for later work. Duncan [2] was one of the first to design an economic design for
the X control chart using the shock model. In Duncan's paper [2], it is assumed that only
one assignable cause affects the process. There are conditions in the industry where the
model will be affected by several assignable causes. Accordingly, Duncan [3] in his
paper proposed an economic design for the X control chart with taking into account
multiple assignable causes. Considering that the economic design did not pay attention
to the optimal statistical features of control charts, Saniga [4] proposed the economic-
statistical design of the X — R control chart and examined the advantages and
disadvantages of each statistical, economic and economic-statistical design. For a
comprehensive review of previous research based on Duncan's economic model [2], see
Montgomery [5], Ho and Case [6], and Woodall and Montgomery [7].

In practice, many production processes are affected by multiple assignable causes, and
processes that are affected by one assignable cause are rare. Therefore, many
researchers are interested in presenting a cost model in this context. Duncan [3]
developed his single assignable cause model into a model under the influence of
multiple assignable causes. Yu et al. [8] presented an economic-statistical model for the
X control chart under the influence of multiple assignable causes for the Duncan model.
Because calculating the expected amount of time (E'(T)) and cost (E (C)) of each quality
cycle in the presence of m is a theoretically and computationally complex reason,
Duncan seeks to simplify the calculation of E(C) and E(T). , Accepted the following
two basic assumptions along with other assumptions:

1. The time of occurrence of the assignable causes are independent of each other (first
assumption),

2. Once an assignable cause occurs, no other assignable cause occurs until it is
identified (second assumption).

Clearly, if the assumptions (1) and (2) are not established in the face of a manufacturing
or service process, then the optimal values obtained from Duncan's model [3] and other
research based on it will be non-optimal in practice. According to Duncan [3] and his
two main assumptions, Chen and Yang [9] provided a generalization of the Banerjee
and Rahim [10] model in the presence of multiple assignable causes under the Weibull
shock model. Contrary to Duncan's model [3], they assumed that the production process
would stop after the control chart alert occurred. They express the second premise in
such a way that after the occurrence of an assignable cause until the issuance of the true
alarm, no other assignable cause occurs.

Based on Duncan's economic model, Yu et al. [11] developed the economic design of
the X adaptive control chart in the presence of multiple assignable causes, which is
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more efficient than the X control chart. Pasha et al. [12] generalized the Chen and Yang
model [9] under the arbitrary shock model belonging to the proportional hazard rate
family in the presence of m of assignable cause. Saadatmelli et al. [13] conducted a
study on the economic and economic-statistical design of the X control chart in the
presence of multiple assignable causes under the Shock Burr XII model. In economic
and economic-statistical design, various types of control charts in the presence of
multiple assignable causes, some of which were mentioned, the first and second
assumptions have always been used to simplify the calculations.

The important point about these two assumptions is that if the second assumption is
inherent in a process (physically), then the occurrence of one of the assignable causes
and the absence of other assignable causes will mean that the assignable causes are
dependent. However, in the first assumption, it is stated that the assignable causes are
independent of each other. Therefore, if it is assumed that in a process, independent
assignable causes occur, then the second assumption is that an event of all possible
states occurred. Other assignable causes after the occurrence will be an assignable cause
in the quality cycle. Study it and the effect of design parameters on it.

Thus, in theory, the average time out of control and the average cost out of control
calculated by Duncan [3] and all other models based on it such as Chen and Yang [9],
Pasha et al. [12] and Naderi et al. [14] and Saadatmelli et al. [13] need to be reviewed.
Because in their designs, the second assumption is used as the assumption that must
happen. In other words, in their calculations, the probability of the second assumption
occurring as an event must be considered. Therefore, in this paper, considering that the
occurrence of the second assumption is not definite, we examine and express the
weaknesses of previous economic and statistical-economic designs and calculate the
probability of the occurrence of the second assumption in the results of Chen and Yang
[9]. We also propose a model that is more practical and realistic in practice than
previous models in order to modify economic models in the presence of multiple
assignable causes.

The structure of this paper is as follows: In Section 2, the definitions and assumptions
used are presented. In Section 3, the probability of the occurrence of a assignable cause
and the absence of other assignable causes until the issuance of the alarm is calculated
and a review of the results presented in Chen and Yang [9] is presented. In Section 4, a
redesign of the Chen and Yang economic-statistical model [9] for the economic-
statistical design of the X J_iS control chart is presented. In Section 5, in addition to
determining the optimal value of the design parameters, a comparison is made between
our proposed model and Chen and Yang [9], and finally, the conclusion is presented in
Section 6.
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