BRITISH STANDARD BS 7785:1994
ISO 8258:1991

Shewhart control
charts

UDC 658.562.012.7:519.233

W, A, @
LA W =—
B e

NO COPYING WITHOUT BSI PERMISSION EXCEPT AS PERMITTED BY COPYRIGHT LAW
Y\ W

Document Sharing Hub

Full document details: BS 7785:1994


http://www.avadocuments.com/doc/bs-7785-1994
http://www.avadocuments.com/doc/bs-7785-1994

BS 7785:1994

Committees responsible for this
British Standard

The preparation of this British Standard was entrusted by the Management
Systems Sector Board to Technical Committee QMS/14, upon which the
following bodies were represented:

Clay Pipe Development Association Limited

Gauge and Tool Makers’ Association

Institute of Quality Assurance

Mercury Communications Limited

Ministry of Defence

Peratec Limited

Royal Statistical Society

Society of Motor Manufacturers and Traders Limited

This British Standard, having
been prepared under the
direction of the Management
Systems Sector Board, was
published under the authority
of the Standards Board and
comes into effect on

15 November 1994 Amendments issued since publication

© BSI 03-2000 Amd. No. Date Comments

The following BSI references
relate to the work on this
standard:

Committee reference QMS/14
Draft for comment 89/97210 DC

ISBN 0 580 23476 2 Documents

| — A~ A~A“ 1N !

Document Sharing Hub

Full document details: BS 7785:1994


http://www.avadocuments.com/doc/bs-7785-1994
http://www.avadocuments.com/doc/bs-7785-1994

BS 7785:1994

Contents
Page
Committees responsible Inside front cover
National foreword i
Introduction 1
1  Scope 1
2 Symbols 1
3 Nature of Shewhart control charts 3
4  Types of control charts 4
5 Variables control charts 5
6  Control procedure and interpretation for variables control charts 8
7  Pattern tests for assignable causes of variation 8
8  Process control and process capability 9
9  Attributes control charts 10
10  Preliminary considerations before starting a control chart 12
11  Steps in the construction of control charts 13
12 Illustrative examples: Variables control charts 14
13  Illustrative examples: Attributes control charts 23
Annex A (informative) Bibliography 31
Figure 1 — Outline of a control chart 3
Figure 2 — Tests for assignable causes 9
Figure 3 — Strategy for process improvement 11
Figure 4 — General format of a control chart 14
Figure 5 — Average and range chart for data given in Table 6 15
Figure 6 — Average and range charts for data given in Table 7 19
Figure 7 — Revised X and R charts for data given in Table 7 19
Figure 8 — Control charts for individuals, X, for data given in Table 8 21
Figure 9 — Median chart and range chart for data given in Table 9 23
Figure 10 — p chart for data given in Table 10 24
Figure 11 — np chart for data given in Table 10 25
Figure 12 — Revised p chart for data given in Table 11 27
Figure 13 — ¢ chart for data given in Table 12 29
Figure 14 — u chart for data given in Table 13 30
Table 1 — Control limit formulae for Shewhart variables
control charts 6
Table 2 — Factors for computing control chart lines 6
Table 3 — Control limit formulae for control charts for individuals 7
Table 4 — Values of A, 7
Table 5 — Control limit formulae for Shewhart attributes
control charts 11
Table 6 — Tea packing process 16
Table 7 — Production data on the outside radius of a plug 18
Table 8 — Percent moisture for 10 successive samples of skim
milk powder 21
Table 9 — Control data for thickness of mica discs 23
Table 10 — Preliminary data: Switches 25
Table 11 — Radio transistors: p chart (initial data) 28
Table 12 — Preliminary data: Video tape 29
Table 13 — Tyre manufacturing plant: Number of
nonconformities per unit (units inspected per subgroup, n = 15) 30
List of references Inside back cover
Documents

Document Sharing Hub
© BSI 03-2000 1

Full document details: BS 7785:1994


http://www.avadocuments.com/doc/bs-7785-1994
http://www.avadocuments.com/doc/bs-7785-1994

BS 7785:1994

National foreword

This British Standard has been prepared under the direction of the Management
Systems Sector Board. This standard is identical with ISO 8258:1991 Shewhart
control charts, published by the International Organization for Standardization
(IS0). It incorporates Technical Corrigendum No. 1 which was published on 15
April 1993. The Technical Corrigendum is indicated by a vertical rule in the
margin.

During the preparation of ISO 8258 the United Kingdom contributed numerous
comments to assist in clarification and correction of the text. However, the
national committee wishes to bring to the attention of the users of this standard
the following points.

First, ISO 8258 uses the term control limit in the sense of a control line drawn
onto a control chart. In contrast, the national committee differentiates between
the terms control limit, a calculated numerical value, and control line, which is
the line drawn on the control chart, graphically representing the control limit.
This distinction will also be made in other related British Standards.

Secondly, in several places the text uses the phrase “30 limits”. As is explained in
clause 3 paragraph 2, o refers here to the standard deviation of the statistic being
plotted, i.e. it represents the standard deviation of the distribution of subgroup
means and not that of the distribution of individual values of the characteristic,
for which it might easily be mistaken.

NOTE Typographical error. In 6.2, last line, “in” should read “it”.

Cross-references

International Standard Corresponding British Standard

ISO 7870:1993 BS 7782:1994 Control charts — General guide and
introduction
(Identical)

ISO 7966:1993 BS 7783:1994 Acceptance control charts
(Identical)

The Technical Committee has reviewed the provisions of ISO 7873, to which
normative reference is made in the text, and has decided that they are acceptable
for use in conjunction with this British Standard.

A British Standard does not purport to include all the necessary provisions of a
contract. Users of British Standards are responsible for their correct application.

Compliance with a British Standard does not of itself confer immunity
from legal obligations.

Summary of pages

This document comprises a front cover, an inside front cover, pages 1 and 11,
pages 1 to 32, an inside back cover and a back cover.

This standard has been updated (see copyright date) and may have had
amendments incorporated. This will be indicated in the amendment table on the

inside front cover. Documents
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Introduction

The traditional approach to manufacturing is to depend on production to make the product and on quality
control to inspect the final product and screen out items not meeting specifications. This strategy of
detection is often wasteful and uneconomical because it involves after-the-event inspection when the
wasteful production has already occurred. Instead, it is much more effective to institute a strategy of
prevention to avoid waste by not producing unusable output in the first place. This can be accomplished by
gathering process information and analysing it so that action can be taken on the process itself.

The control chart as a graphical means of applying the statistical principles of significance to the control of
a production process was first proposed by Dr. Walter Shewhart in 1924[1]. Control chart theory recognizes
two kinds of variability. The first kind is random variability due to “chance causes” (also known as “common
causes”). This is due to the wide variety of causes that are consistently present and not readily identifiable,
each of which constitutes a very small component of the total variability but none of which contributes any
significant amount. Nevertheless, the sum of the contributions of all of these unidentifiable random causes
1s measurable and is assumed to be inherent to the process. The elimination or correction of common causes
requires a management decision to allocate resources to improve the process and system.

The second kind of variability represents a real change in the process. Such a change can be attributed to
some identifiable causes that are not an inherent part of the process and which can, at least theoretically,
be eliminated. These identifiable causes are referred to as “assignable causes” or “special causes” of
variation. They may be attributable to the lack of uniformity in material, a broken tool, workmanship or
procedures or to the irregular performance of manufacturing or testing equipment.

Control charts aid in the detection of unnatural patterns of variation in data resulting from repetitive
processes and provide criteria for detecting a lack of statistical control. A process is in statistical control
when the variability results only from random causes. Once this acceptable level of variation is determined,
any deviation from that level is assumed to be the result of assignable causes which should be identified
and eliminated or reduced.

The object of statistical process control is to serve to establish and maintain a process at an acceptable and
stable level so as to ensure conformity of products and services to specified requirements. The major
statistical tool used to do this is the control chart, which is a graphical method of presenting and comparing
information based on a sequence of samples representing the current state of a process against limits
established after consideration of inherent process variability. The control chart method helps first to
evaluate whether or not a process has attained, or continues in, a state of statistical control at the proper
specified level and then to obtain and maintain control and a high degree of uniformity in important
product or service characteristics by keeping a continuous record of quality of the product while production
1s in progress. The use of a control chart and its careful analysis leads to a better understanding and
improvement of the process.

1 Scope

This International Standard establishes a guide to the use and understanding of the Shewhart control
chart approach to the methods for statistical control of a process.

This International Standard is limited to the treatment of statistical process control methods using only
the Shewhart system of charts. Some supplementary material that is consistent with the Shewhart
approach, such as the use of warning limits, analysis of trend patterns and process capability is briefly
introduced. There are, however, several other types of control chart procedures, a general description of
which can be found in ISO 7870.

2 Symbols

n Subgroup size; the number of sample observations per subgroup
k Number of subgroups

X Value of measured quality characteristic (individual values are expressed as (X;, X;, X, ..).
Sometimes the symbol Y is used instead of X.
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>l

(X bar) Subgroup average value:

DX

X ==

X (X double bar) Average value of the subgroup averages
u True process mean value
M

e Median value of a subgroup. For a set of n numbers X;, X,, ...X, arranged in ascending or descending
order of magnitude, the median is the middle number of the set if n is odd and the mean of the two
middle numbers if n is even

Me Average value of the subgroup medians

R Subgroup range: difference between the largest and smallest observations of a subgroup.

NOTE 1 In the case of charts for individuals, R represents the moving range, which is the absolute value of the difference
between two successive values | X; — X, |, | X, — X;|, etc.

R Average value of the R values for all subgroups

S Sample standard deviation:

s Average value of the subgroup sample standard deviations
o True within-subgroup process standard deviation value
; Estimated within-subgroup process standard deviation value
p Proportion or fraction of nonconforming units in a subgroup:
p = number of nonconforming units in a subgroup/subgroup size
D Average value of the proportion or fraction nonconforming:

P = number of nonconforming units in all subgroups/total number of inspected units

np  Number of nonconforming units in a subgroup

c Number of nonconformities in a subgroup
c Average value of the ¢ values for all subgroups
u Number of nonconformities per unit in a subgroup
u Average value of the u values:
u = number of nonconformities in all units/total number of inspected units
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3 Nature of Shewhart control charts

A shewhart control chart requires data obtained by sampling the process at approximately regular
intervals. The intervals may be defined in terms of time (for example hourly) or quantity (every lot).
Usually, each subgroup consists of the same product or service with the same measurable units and the
same subgroup size. From each subgroup, one or more subgroup characteristics are derived, such as the
subgroup average, X, and the subgroup range, R, or the standard deviation, s. A Shewhart control chart
1s a graph of the values of a given subgroup characteristic versus the subgroup number. It consists of a
central line (CL) located at a reference value of the plotted characteristic. In evaluating whether or not a
state of statistical control exists, the reference value i1s usually the average of the data being considered.
For process control, the reference value is usually the long-term value of the characteristic as stated in the
product specifications or a nominal value of the characteristic being plotted based on past experience with
the process or from implied product or service target values. The control chart has two statistically
determined control limits, one on either side of the central line, which are called the upper control limit
(UCL) and the lower control limit (LCL) (see Figure 1.)

Upper control Uimlt (UCL)

N N Central Une {CU)

(

| Lower controlumitc)

1 2 3 & s 6 7
Subgroup number

Figure 1 — Outline of a control chart

The control limits on the Shewhart charts are at a distance of 30 on each side of the central line, where o
is the population within-subgroup standard deviation of the statistic being plotted. The within-subgroup
variability is used as a measure of the random variation. Sample standard deviations or appropriate
multiples of sample ranges are computed to give an estimate of 0. This measure of 0 does not include
subgroup-to-subgroup variation but only the within-subgroup components. The 30 limits indicate that
approximately 99,7 % of the subgroup values will be included within the control limits, provided the
process is in statistical control. Interpreted another way, there is approximately a 0,3 % risk, or an average
of three times in a thousand, of a plotted point being outside of either the upper or lower control limit when
the process 1s in control. The word “approximately” is used because deviations from underlying
assumptions such as the distributional form of the data will affect the probability values.

It should be noted that some practitioners prefer to use the factor 3,09 instead of 3 to provide a nominal
probability value of 0,2 % or an average of one spurious observation per thousand, but Shewhart
selected 3 so as not to lead to attempts to consider exact probabilities. Similarly, some practitioners use
actual probability values for the charts based on non-normal distributions such as for ranges and fraction
nonconforming. Again, the Shewhart control chart used + 30 limits, instead of the probabilistic limits, in
view of the emphasis on empirical interpretation.

The possibility that a violation of the limits is really a chance event rather than a real signal is considered
so small that when a point appears outside of the limits, action should be taken. Since action is required at
this point, the 30 control limits are sometimes called the “action limits”.

Many times, it is advantageous to mark 20 limits on the chart also. Then, any sample value falling beyond
the 20 limits can serve as a warning of an impending out-of-control situation. As such, the 20 control limits
are sometimes called “warning limits”.

Two types of error are possible when control charts are applied. The first is referred to as a type 1 error,
which occurs when the process involved remains in control but a point falls outside the control limits due
to chance. As a result, it is incorrectly concluded that the process is out of control, and a cost is then
incurred in an attempt to find the cause of a non-existent problem.
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The second error is referred to as a type 2 error. It occurs when the process involved is out of control but
the point generated falls within the control limits due to chance. In this case, it is incorrectly concluded that
the process is in statistical control, and there is a cost associated with failing to detect an increase in
nonconforming output. The risk of a type 2 error, however, is a function of three things: the width of the
control limits, the degree to which the process is out of control, and the sample size. The nature of these
items is such that only a generalization can be made about the size of the risk of a type 2 error.

The Shewhart system takes into account only the type 1 error and the size of this error is 0,3 % with 30
limits. Since it is generally impractical to make a meaningful estimate of the cost of a type 2 error in a given
situation, and since it is convenient to arbitrarily select a small subgroup size, such as 4 or 5, it is
appropriate and feasible to use 30 limits and focus attention on controlling and improving the performance
of the process itself.

When a process is in statistical control, the control chart provides a method for continuously testing a
statistical null hypothesis that the process has not changed and remains in statistical control. Since the
specific departures of the process characteristic from the target value that may be of concern are not
usually defined in advance, along with the risk of a type 2 error, and the sample size is not calculated to
satisfy appropriate risk levels, the Shewhart control chart should not be considered in the sense of a test
of hypothesis. (See ISO 7966 and ISO 7870). Shewhart emphasized the empirical usefulness of the control
chart for recognizing departures from an “in-control” process and de-emphasized probabilistic
interpretation. Some users do examine operating characteristic curves as a means of making a hypothesis
test interpretation.

When a plotted value falls outside of either control limit or a series of values reflect unusual patterns such
as discussed in clause 7, the state of statistical control can no longer be accepted. When this occurs, an
investigation is initiated to locate the assignable cause and the process may be stopped or adjusted. Once
the assignable cause i1s determined and eliminated, the process is ready to continue. As discussed above,
for a type 1 error, on rare occasions, no assignable cause can be found and it must be concluded that the
point outside the limits represents the occurrence of a very rare event, a random cause which has resulted
in a value outside of the control limits even through the process is in control.

When control charts are first set up for a process, it frequently occurs that the process will be found to be
out of control. Control limits calculated from data from an out-of-control process would lead to erroneous
conclusions because they would be too far apart. Consequently, it is always necessary to bring an
out-of-control process into control before permanent control chart parameters are established. The
procedure for establishing control charts for a process will be discussed in the following clauses.

4 Types of control charts

Shewhart control charts are basically of two types: variables control charts and attributes control charts.
For each of the control charts, there are two distinct situations:

a) when no standard values are given, and

b) when standard values are given.
The standard values are some specified requirement or target values.
4.1 Control charts where no standard values are given

The purpose here is to discover whether observed values of the plotted characteristics, such as X, R or any
other statistic, vary among themselves by an amount greater than that which should be attributed to
chance alone. Control charts based entirely on the data collected from samples are used for detecting those
variations caused other than by chance.

4.2 Control charts with respect to given standard values

The purpose here is to identify whether the observed values of X, etc., for several subgroups of n
observations each, differ from the respective standard values X, (or U,), etc. by amounts greater than that
expected to be due to chance causes only. The difference between charts with standards given and those
where no standards are given is the additional requirement concerning the location of the centre and
variation of the process. The specified values may be based on experience obtained by using control charts
with no prior information or specified standard values. They may also be based on economic values
established upon consideration of the need for service and cost of production or be nominal values
designated by the product specifications.
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Preferably, the specified values should be determined through an investigation of preliminary data that is
supposed to be typical of all future data. The standard values should be compatible with the inherent
process variability for effective functioning of the control charts. Control charts based on such standard
values are used particularly during manufacture to control processes and to maintain product uniformity
at the desired level.

4.3 Types of variables and attributes control charts
The following control charts are considered.
a) Variables control charts:
1) average (X ) chart and range (R) or standard deviation (s) chart;
2) charts for individuals (X) and moving range (R);
3) median (Me) chart and range (R) chart.
b) Attributes control charts:
1) fraction nonconforming (p) chart or number of nonconforming units (np) chart;
2) number of nonconformities (¢) chart or non-conformities per unit («) chart.

5 Variables control charts

Variables data represent observations obtained by measuring and recording the numerical magnitude of a
characteristic for each of the units in the subgroup under consideration. Examples of variables
measurements are length in metres, resistance in ohms, noise in decibels, etc. Variables charts — and
especially their most customary forms, the X and R charts — represent the classic application of control
charting to process control.

Control charts for variables are particularly useful for several reasons.

a) Most processes and their output have characteristics that are measurable, so the potential
applicability is broad.

b) A measurement value contains more information than a simple yes — no statement.

¢) The performance of a process can be analysed without regard to the specification. The charts start with
the process itself and give an independent picture of what the process can do. Afterwards, the process
may or may not be compared with the specification.

d) Although obtaining one piece of measured data is generally more costly than obtaining one piece of
go/no go data, the subgroup sizes for variables are almost always much smaller than those for attributes,
and so are more efficient. This helps to reduce the total inspection cost in some cases and to shorten the
time gap between the production of parts and corrective action.

A normal (Gaussian) distribution is assumed for within-sample variability for all variables control chart
applications considered in this International Standard and departures from this assumption will affect the
performance of the charts. The factors for computing control limits were derived using the assumption of
normality. Since most control limits are used as empirical guides in making decisions, reasonably small
departures from normality should not cause concern. In any case, because of the central limit theorem,
averages tend to be normally distributed even when individual observations are not; this makes it
reasonable to assume normality for X charts, even for sample sizes as small as 4 or 5 for evaluating
control. When dealing with individual observations for capability study purposes, the true form of the
distribution is important. Periodic checks on the continuing validity of such assumptions are advisable,
particularly for ensuring that only data from a single population are being used. It should be noted that the
distribution of the ranges and standard deviations are not normal, although approximate normality was
assumed in the estimation of the constants for the calculation of control limits, which is satisfactory for an
empirical decision procedure.

5.1 Mean (X ) chart and range (R) or standard deviations (s) chart

Variables charts can describe process data in terms of both spread (piece-to-piece variability) and location
(process average). Because of this, control charts for variables are almost always prepared and analysed in
pairs — one chart for location and another for spread. The most commonly used pair is the X and R
charts. Table 1 and Table 2 give the control limit formulae and the factors for variables control charts
respectively.
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Table 1 — Control limit formulae for Shewhart variables

control charts

No standard values given Standard values given
Statistic
Central line UCL and LCL Central line UCL and LCL

T = = = = _ | X,or X, £ Ao
X X X +A,Ror X +A,5 |“0OH 0= /100
R o) 2] 2] R, or d,0 D,o,, D,o

R D;R, D,R 0 200 100, 20y
S s Bss, Bys Sp Or €40, B;0,, Bsoy
NOTE X,, Ry, s, 4 and 0, are given standard values.
Table 2 — Factors for computing control chart lines

Observations Factors for control limits Factors for central line

in subgroup

n A A, A, B, B, B; By D, D, D, D, C, 1/C, d, 1/d,

2 2,121 | 1,880 | 2,659 | 0,000 | 3,267 | 0,000 |2,606 | 0,000 | 3,686 | 0,000 |3,267 [0,7979 1,253 31,128 | 0,886 5

3 1,732 | 1,023 | 1,954 | 0,000 | 2,568 | 0,000 | 2,276 | 0,000 4,358 {0,000 |2,574 {0,886 21,1284 (1,693 | 0,590 7

4 1,500 | 0,729 | 1,628 | 0,000 | 2,266 | 0,000 | 2,088 |0,000 |4,698 {0,000 |2,282 {0,921 3|1,0854|2,059 |0,485 7

5 1,342 0,577 | 1,427 {0,000 | 2,089 | 0,000 | 1,964 | 0,000 |4,918 {0,000 |2,114 {0,94001,063 82,326 | 0,429 9

6 1,225 (0,483 | 1,287 {0,030 | 1,970 | 0,029 | 1,874 | 0,000 | 5,078 {0,000 | 2,004 [0,9515|1,0510(2,534 |0,394 6

7 1,134 (0,419 (1,182 {0,118 | 1,882 | 0,113 | 1,806 | 0,204 | 5,204 {0,076 | 1,924 {0,959 41,042 3|2,704 | 0,369 8

8 1,061 (0,373 {1,099 | 0,185 | 1,815 | 0,179 | 1,751 | 0,388 | 5,306 {0,136 | 1,864 [0,9650 1,036 3|2,847 | 0,351 2

9 1,000 (0,337 {1,032 {0,239 | 1,761 | 0,232 | 1,707 | 0,547 | 5,393 {0,184 | 1,816 {0,969 3|1,031 7|2,970 | 0,336 7
10 0,949 | 0,308 | 0,975 | 0,284 | 1,716 {0,276 | 1,669 | 0,687 | 5,469 | 0,223 | 1,777 |0,972 71,028 1| 3,078 | 0,324 9
11 0,905 | 0,285 | 0,927 | 0,321 | 1,679 {0,313 | 1,637 | 0,811 | 5,635 | 0,256 | 1,744 |0,9754|1,0252 3,173 | 0,3152
12 0,866 | 0,266 | 0,886 | 0,354 | 1,646 |0,346 | 1,610 | 0,922 | 5,594 | 0,283 1,717 |0,977 61,022 9 | 3,258 | 0,306 9
13 0,832 10,249 | 0,850 | 0,382 | 1,618 {0,374 | 1,585 | 1,025 | 5,647 | 0,307 [ 1,693 |0,9794|1,0210 (3,336 | 0,299 8
14 0,802 | 0,235 | 0,817 | 0,406 | 1,594 {0,399 | 1,563 | 1,118 | 5,696 | 0,328 | 1,672 0,981 01,0194 (3,407 | 0,293 5
15 0,775 10,223 | 0,789 | 0,428 1,572 {0,421 | 1,544 | 1,203 | 5,741 | 0,347 | 1,653 0,982 31,018 03,472 | 0,288 0
16 0,750 | 0,212 | 0,763 | 0,448 | 1,552 {0,440 | 1,526 | 1,282 | 5,782 10,363 | 1,637 0,983 51,016 83,532 | 0,283 1
17 0,728 10,203 | 0,739 | 0,466 | 1,534 {0,458 | 1,511 | 1,356 | 5,820 | 0,378 | 1,622 0,984 51,0157 |3,588 | 0,278 7
18 0,707 10,194 | 0,718 | 0,482 | 1,518 {0,475 | 1,496 | 1,424 | 5,856 | 0,391 | 1,608 |0,9854 (1,014 83,640 | 0,274 7
19 0,688 | 0,187 | 0,698 | 0,497 | 1,503 [ 0,490 | 1,483 | 1,487 | 5,891 | 0,403 | 1,597 |0,986 21,0140 (3,689 | 0,271 1
20 0,671 | 0,180 | 0,680 | 0,510 | 1,490 {0,504 |1,470 | 1,549 |5,921 |0,415 |1,585 0,986 91,013 33,735 | 0,267 7
21 0,655 0,173 | 0,663 | 0,523 | 1,477 {0,516 | 1,459 | 1,605 | 5,951 | 0,425 | 1,575 |0,987 61,0126 3,778 | 0,264 7
22 0,640 | 0,167 | 0,647 | 0,534 | 1,466 | 0,528 | 1,448 | 1,659 | 5,979 | 0,434 | 1,566 0,988 21,0119|3,819 |0,261 8
23 0,626 | 0,162 | 0,633 | 0,545 | 1,455 {0,539 | 1,438 | 1,710 | 6,006 | 0,443 | 1,557 | 0,988 71,0114 | 3,858 | 0,259 2
24 0,612 | 0,157 | 0,619 | 0,555 | 1,445 | 0,549 | 1,429 | 1,759 | 6,031 | 0,451 | 1,548 0,989 21,0109 (3,895 | 0,256 7
25 0,600 | 0,153 | 0,606 | 0,565 | 1,435 | 0,559 | 1,420 | 1,806 | 6,056 | 0,459 | 1,541 |0,9896|1,0105 (3,931 | 0,254 4
Source: ASTM, Philadelphia, PA, USA.

5.2 Control chart for individuals (X)

In some process control situations, it is either impossible or impractical to take rational subgroups. The

time or cost required to measure a single observation is so great that repeat observations cannot be

considered. This would typically occur when the measurements are expensive (e.g. in a destructive test) or
when the output at any time is relatively homogeneous. In other situations there is only one possible value,
e.g. an instrument reading or a property of a batch of input material. In such situations, it is necessary for
process control to be based on individual readings.

In the case of charts for individuals, since there are no rational subgroups to provide an estimate of

within-batch variability, control limits are based on a variation measure obtained from moving ranges of,
often, two observations. A moving range is the absolute difference between successive pairs of
measurements in a series; i.e. the difference between the first and second measurements, then between the
second and third, and so on. From the moving ranges, the average moving range R is calculated and used
for the construction of control charts. Also, from the entire data, the overall average X is calculated.

Table 3 gives the control limit formulae for control charts for individuals.

Some caution should be exercised with respect to control charts for individuals.

a) The charts for individuals are not as sensitive to process changes as are the X and R charts.

6
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b) Care shall be taken in the interpretation of charts for individuals if the process distribution is not
normal.

c) Charts for individuals do not isolate the piece-to-piece repeatability of the process and, therefore, it
may be better in some applications to use a conventional X and R chart with small subgroup sample
sizes (2 to 4) even if this requires a larger period between subgroups.

Table 3 — Control limit formulae for control charts for individuals

No standard values given Standard values given
Statistic
Central line | UCL and LCL | Central line | UCL and LCL
Individual, X X X+ E,R Xyor u X, £ 30,
Moving range, R | R D,R, D;R R, or d,o, |D.0,, D0,

NOTE 1 X, R,, u and g, are given standard values.

NOTE 2 R denotes the average moving range of n = 2 observations.

NOTE 3 The values of the factors d,, D,, D,, D,, D, and, indirectly, E, (= 3/d,) can be obtained
from Table 2 for n = 2

5.3 Control charts for medians (Me)

Median charts are alternatives to X and R charts for the control of a process with measured data; they yield
similar conclusions and have several specific advantages. They are easy to use and do not require as many
calculations. This can increase shop floor acceptance of the control chart approach. Since individual values
(as well as medians) are plotted, the median chart shows the spread of process output and gives an ongoing
picture of the process variation.

Control limits for median charts are calculated in two ways: by using the median of the subgroup medians
and the median of the ranges; or by using the average of the subgroup medians and the average of the
ranges. Only the latter approach, which is easier and more convenient, is considered in this International
Standard.

The control limits are calculated as follows.

5.3.1 Median chart

Central line = Me = average of the subgroup medians

UCLy. = Me+ A R

LCLy, = Me—A,R
The range chart is constructed in the same way as for the case of the X and R charts in 5.1.

The values of the constant A, are given in Table 4.
Table 4 — Values of 4,

n 2 3 4 5 6 7 8 9 10
A, |1,88 |1,19 |0,80 |0,69 |0,55 |0,51 |0,43 |0,41 |0,36

It should be noted that the median chart with 30 limits gives a slower response to out-of-control conditions
than an X chart.

5.3.2 Range chart

Central line = R = average value of the R values for all subgroups
UCLg =D,R
LCLg =D;R

The values of the constants Dy and D, are given in Table 2.
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6 Control procedure and interpretation for variables control charts

The Shewhart system of charts stipulates that if the process piece-to-piece variability and the process
average were to remain constant at their present levels (as estimated by R and X respectively), the
individual subgroup ranges (R) and averages (X ) would vary by chance alone and they would seldom go
beyond the control limits. Likewise, there would be no obvious trends or patterns in the data, beyond what
would probably occur due to chance.

The X chart shows where the process average is centred and indicates the stability of the process. The X
chart reveals undesirable variations between subgroups as far as their average is concerned. The R chart
reveals any undesirable variation within subgroups and is an indicator of the magnitude of the variability
of the process under study. It is a measure of process consistency or uniformity. The R chart stays in control
if the within-subgroup variations are essentially the same. This happens only if all the samples receive the
same treatment. If the R chart does not remain in control, or if its level rises, it may indicate that either
different subgroups are being subjected to different treatments or several different cause-effect systems are
operating on the process.

X charts can also be affected by out-of-control conditions on the R chart. Since the ability to interpret either
the subgroup ranges or the subgroup averages depends on the estimate of piece-to-piece variability, the R
chart is analysed first. The following control procedure should be followed.

6.1 Gather and analyse data, calculating averages and ranges.

6.2 Plot the R chart first. Check the data points against the control limits for points out of control or for
unusual patterns or trends. For each indication of an assignable cause in the range data, conduct an
analysis of the operation of the process to determine the cause; correct that condition and prevent in from
recurring.

6.3 Exclude all subgroups affected by an identified assignable cause; then recalculate and plot the new
average range (R) and control limits. Confirm that all range points show statistical control when compared
to the new limits, repeating the identification/correction/recalculation sequence if necessary.

6.4 If any subgroups are dropped from the R chart because of identified assignable causes, they shall also
be excluded from the X chart. The revised R and X values shall be used to recalculate the trial
control limits for averages, X £ A,R

NOTE 2 The exclusion of subgroups representing out-of-control conditions is not just “throwing away bad data”. Rather, by
excluding the points affected by known assignable causes, we have a better estimate of the background level of variation due to chance
causes. This, in turn, gives the most appropriate basis for the control limits used to detect most efficiently future occurrences of
assignable causes of variation.

6.5 When the ranges are in statistical control, the process spread (the within-subgroup variation) is
considered to be stable. The averages can then be analysed to see if the process location is changing with
time.

6.6 Now plot the X chart and check the data points against the control limits for points out of control or for
unusual patterns or trends. As for the R chart, analyse any out-of-control condition and take corrective and
preventive action. Exclude any out-of-control points for which assignable causes have been found;
recalculate and plot the new process average (X ) and control limits. Confirm that all data points show
statistical control when compared to the new limits, repeating the identification/correction/recalculation
sequence if necessary.

6.7 When the initial data to establish control limit reference values are consistently contained within the
trial limits, extend the limits to cover future periods. These limits shall be used for ongoing control of the
process, with the responsible individuals (operator and/or supervisor) responding to signs of out-of-control
conditions on either the X or R chart with prompt action.

7 Pattern tests for assignable causes of variation

A set of eight supplementary tests used for interpreting patterns in Shewart churls is schematically
presented in Figure 2. For a more complete discussion of these tests, see [2] and [3].

Although this can be taken as a basic set of tests, analysts should be alert to any unique patterns of points
that might indicate the influence of special causes in their process. These tests should therefore be viewed
as simply practical rules for action whenever the presence of assignable causes is indicated. An indication
of any of the conditions stipulated in these tests is an indication of the presence of assignable causes of
variation that must be diagnosed and corrected.
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