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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

PP-P-NL 2~ P~k ~u]

Internation

The main
Standards

Publication
casting a vg

Attention is
patent right

ISO 7870-2
Subcommit

This first eq

hdopted by the technical committees are circulated to the member bodies fer vo
as an International Standard requires approval by at least 75 % of the member bd
te.

drawn to the possibility that some of the elements of this documentunay be the subje
s. ISO shall not be held responsible for identifying any or all such patent rights.

was prepared by Technical Committee ISO/TC 69, Applications of statistical met
Lee SC 4, Applications of statistical methods in process managément.

lition cancels and replaces ISO 8258:1991, which has been technically revised.

[SO 7870 cdnsists of the following parts, under the general title Control charts:

— Part1:
— Part2:
— Part 3:]
— Part4:
— Part5:
EWMA cont

reneral guidelines
bhewhart control charts
Acceptance control charts
Cumulative sum charts
bpecialized control charts

rol charts will from the/subject of a future Part 6.

ask of technical committees is to prepare International Standards. Draft Internatfnal

rt2.

ing.
dies

ct of

nods,

© ISO 2013 - All rights reserved


https://standardsiso.com/api/?name=ca5a6c32b9721e54e6350da6a0d583cb

ISO 7870-2:2013(E)

Introduction

A traditional approach to manufacturing has been 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 timely action can be taken on

the process itself.

[ Aproposcd OTILTO ATt as a grapirica TS Of applying
ificance to the control of a process. Control chart theory recognizes t
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resoprces to fundamentally change the process and system.

The second kind of variability represents a real change in the process. Such a change can b
to spme identifiable causes that are not an inherent part gf\ythe process and which c
theoretically, be eliminated. These identifiable causes are referred to as “assignable causes”
as special/unnatural/systematic/controllable causes) of variation. They may be attributa
mat}

perfprmance of equipment, or environmental changes:

Apr
only| from random causes. Once this level of variation is determined, any deviation from
assumed to be the result of assignable causes)that should be identified and eliminated.

Stat
and
maj(
com
agai
The
astg
furt
cond
of th
patt
of st

r statistical tool used to do this-is the control chart, which is a graphical method of pre
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stable level so as to ensure conformity of products and services to specified require
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INTERNATIONAL STANDARD ISO 7870-2:2013(E)

Control charts —

Part 2:
Shewhart control charts

1 Ppcope

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

This| International Standard is limited to the treatment of statistical process, eontrol methods using
only|the Shewhart system of charts. Some supplementary material that is consistent with tHe Shewhart
apprtjoach, such as the use of warning limits, analysis of trend patterns and process capability is briefly
intr¢oduced. There are, however, several other types of control chart pfecedures, a general|description
of which can be found in ISO 7870-1.

2 Normative references

The ffollowing referenced documents, in whole or in part;;are normatively referenced in this document
and are indispensable for its application. For dated references, only the edition cited applies. For undated
refefences, the latest edition of the referenced document (including any amendments) applips.

ISO B534-2, Statistics — Vocabulary and symbols'= Part 2: Applied statistics
ISO 16269-4, Statistical interpretation of data*— Part 4: Detection and treatment of outliers
ISO 5479, Statistical interpretation of data — Tests for departure from the normal distribution

[SO 22514 (all parts), Statistical methods in process management — Capability and performarjce

3 [lerms, definitions and symbols

3.1 | General

For the purposes’of this document, the terms and definitions given in ISO 3534-2:2006 appl

=

3.2 | Symbols

NOTE The ISO/IEC Directives makes it necessary to depart from common SPC usage in regspect to the
differentiation between abbreviated terms and symbols. In ISO standards an abbreviated term and its symbol
can differ in appearance in two ways: by font and by layout. To distinguish between abbreviated terms and
symbols, abbreviated terms are given in Cambria upright and symbols in Cambria or Greek italics, as applicable.
Whereas abbreviated terms can contain multiple letters, symbols consist only of a single letter. For example,
the conventional abbreviation of upper control limit, UCL, is valid but its symbol in equations becomes UcL. The
reason for this is to avoid misinterpretation of compound letters as an indication of multiplication.

In cases of long established practice where a symbol and/or abbreviated term means different things in different
applications, it is necessary to use a field limiter, thus ( ), to distinguish between them. This avoids the alienation
of practitioners by the creation of unfamiliar abbreviated terms and symbols in their particular field that are
unlike all related texts, operational manuals and dedicated software programs. An example is the abbreviated
term ‘R’and symbol ‘R’ which means different things in metrology from thatin acceptance sampling and statistical
process control. The abbreviated term ‘R’ is differentiated thus:

© IS0 2013 - All rights reserved 1
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R (metrology) reproducibility limit

R (SPC and acceptance sampling) range

For the purposes of this document, the following symbols apply.

n Subgroup size; the number of sample observations per subgroup
k Number of subgroups
L Lowerspecification limit
LcL Lowg¢r control limit
U Uppdr specification limit
UcL Uppdgr control limit
X Meagured quality characteristic (individual values are expressed as (X1, X2, X3,1.).)Sometimes the symbol
Y is ysed instead of X
X (X bgr) Subgroup average
)? (X dquble bar) Average of the subgroup averages
U True|process mean value
o True|process standard deviation value
00 A givlen value of o
X Medjan of a subgroup
):( Averpge of the subgroup medians
R Subgroup range: difference between the largest observation and smallest observation of a subgroup
R Averpge of the R values for.allsubgroups
Rm Moving range: the abSeldte value of the difference between two successive values
|X1 -|X2],1X2 - X3], €Fe.
ﬁm Averpge of the\(n - 1) Ry values in a set of n observed values
s Sam]fle standard deviation obtained from values within a subgroup:
o J > (X - %)’
n-1
s Average of the subgroup sample standard deviations
(o] Estimated process standard deviation value
p Proportion or fraction of units in a subgroup with a given classification
p Average value of the proportion or fraction
np Number of units with a given classification in a subgroup

2 © IS0 2013 - All rights reserved
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A given value of p

A given value of np (for a given po)
Number of incidences in a subgroup
A given value of ¢

Average value of the c values for all subgroups

Number of incidences per unit in a subgroup
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A Shewhart control chart is a graph that is used to display a statistical measure obtained
hbles or attribute data. The control chart requires data from ratienal subgroups to
oximately regular intervals from the process. The intervals may be defined in terms
hple hourly) or quantity (every lot). Usually, the data are obtained from the process in
bles or subgroups consisting of the same process characteristic, product or service wi
surable units and the same subgroup size. From each subgroup, one or more subgroup cha

vari
appf]
exar
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Average value of the u values

A given value of u

Nature of Shewhart control charts

are

erived, such as the subgroup average, X , and the subgroup range, R, the standard devi

counjtable characteristic such as the proportion of unit§with a given classification.

A Shlewhart control chart is a plot of the values of a\given subgroup characteristic versus t}
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e subgroup

er. It consists of a centre line (CL) located“at a reference value of the plotted characteristic. In

A

Upper control limit (U)

blishing whether or not a state of statistieal control exists, the reference value is usually
e statistical measure being consideredrFor process control, the reference value may
value of the characteristic as stated in the product specifications; a value of the ch
being plotted based on past experienice*with the process when in a state of statistical contr
upofimplied product or service target values.

control chart has two statistically determined limit lines, one on either side of the centrg
alled the upper control'limit (Uct) and the lower control limit (LcL) (see Figure 1).

/\'/. Centre line (CL)

the average
be the long-
aracteristic
ol, or based

line, which

5 6 7
Subgroup number

Figure 1 — Outline of a control chart

The control limits on the Shewhart charts are placed at a distance of 3 sigma on each side of the centre
line, where sigma is the known or estimated standard deviation of the population. Shewhart chose to
use 3 sigma limits on the basis that it made economic sense with respect to balancing the cost of looking
for process problems when such problems do not exist and failing to look for problems when the process
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is not performing as it should. Placing the limits too close to the centre line will result in many searches
for non-existing problems and yet placing the limits too far apart will increase the risk of not detecting
process problems when they do exist. Under an assumption that the plotting statistic is approximately
normally distributed 3 sigma limits indicate that approximately 99,7 % of the values of the statistic
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 is 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. In fact, the choice of k sigma limits instead of 3 sigma
limits depends on costs of investigation and taking appropriate action vis-da-vis consequences of not

taking acti

n.

It should be|
probability
3 so as not
probability

nonconfornping. Again, the Shewhart control chart used +3 sigma limits in view, of the emphasi

empirical in]

The possibi
so small the
at this poin

Many timesg
beyond the
the 2 sigmd
of suchaw
subgroup o

When assed

occurs whei the process involved is actually in a staté of control but a plotted point falls outside the co

limits due t
processis o

The second
the control
that the prd
detect that
the product
things: the
control. In ¢
determined

Because it

noted that some practitioners prefer to use the factor 3,09 instead of 3 to provide a nonllinal
value of 0,2 % or an average of one spurious observation per thousand, but Shewhartselected
fo lead to attempts to consider exact probabilities. Similarly, some practitionérs-use a¢tual
values for the charts based on non-normal distributions such as for range$ and fragtion
S on
terpretation.

ity that a violation of the limits is really a chance event rather thanapeal signal is considered
t when a point appears outside of the limits, action should be taken. Since action is reqyired
, the 3 sigma control limits are sometimes called the “actiondiniits”.

it is advantageous to mark 2 sigma limits on the chart also. Then, any sample value falling
2 sigma limits can serve as a warning of an impending out-of-control situation. As guch,
limit lines are sometimes called “warning limits”. While no action is required as a result
rning been given on the control chart, some usersmay wish to immediately select angther
the same size to determine if corrective action i$ indicated.

first
htrol

the
lem.

sing the status of a process using control-¢harts, two types of errors are possible. The

b chance. As a result, the chart has given a signal resulting in an incorrect conclusion th

it of control. A cost is then incurredin an attempt to find the cause of a non-existent pro

error occurs when the process-involved is not in control but the plotted point falls within
imits due to chance. In this\¢ase, the chart provides no signal and it is incorrectly conclyided
cess is in statistical control. There may also be a substantial cost associated with failing to
a change in the process location or variability has occurred, the result of which might be
ion of nonconforming output. The risk of this type of error occurring is a function of three
width of the contpol limits, the sample size, and the degree to which the process is opt of
reneral, because/the magnitude of the change in the process cannot be known, little can be
about the actual size of the risk of this error.

s generally impractical to make a meaningful estimate of the risk and of the cost of the

second typ¢
the first of

e of<error in any given situation, the Shewhart control chart system is designed to comtrol
hese errors. When normality is assumed and 3 sigma control limits are used, the size of this

first error is :
process is in control.

In fact the choice of k sigma limits instead of 3 sigma limits depends on costs of investigation and taking
appropriate action vis-a-vis consequences of not taking action.

When a process is in statistical control, the control chart provides a method, which in some senses
is analogous to continually testing a statistical null hypothesis that the process has not changed and
remains in statistical control. Because, in Phase 1, there is often uncertainty about such matters as the
probability distribution of the characteristic of interest, randomness, and the specific departures of the
process characteristic from the target value that may be of concern are not usually defined in advance,
the Shewhart control chart should not be considered to be a test of hypothesis in the purest sense.
Walter Shewhart emphasized the empirical usefulness of the control chart for recognizing departures
from an “in-control” process and de-emphasized making probabilistic interpretations.
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When a plotted value falls outside of either control limit, or a series of values display an unusual pattern
such as discussed in Clause 8, 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 is determined and eliminated, the process is ready to continue. As discussed
above, 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 though the process is in control.

When a process is to be studied for the first time with the objective of bringing the process into a state
of statistical control, it is often found necessary to use historical data that has previously been obtained
from the process or to undertake to obtain new data from a series of samples before attempting to

estaplish the control chart. This retrospective stage during which the control chart paramete
estaplished is often referred to as Phase 1. Sufficient data will need to be found in order té-ob
estifnates of the centre line and control limits for the control charts. The control limits es
Phage 1 are trial control limits as they are based upon data collected when the prpcess m
contfrol. The identification of the precise causes for signals given by the control(chart at thi
prove to be difficult because of the lack of information about the historicalieperating cha
of the process. However, when special causes of variation can be identified and corre
taken, the retrospective data from the process when under the influence.of the special caus
remgved from consideration and the control chart parameters re-detérmined. This iterativ
is cgntinued until the trial control chart shows no signals and theprocess may then be c9
be in control and hence is stable and predictable. Because sonie¢ data may have to be rey
condideration during Phase 1, the user may have to obtain additional data from the process
the geliability of the parameter estimates.

e statistical control has been established, the finalfrial control chart centre line and cd
fified in Phase 1 are taken as the control chart patameters for the ongoing monitoring of

Oncq
iden|
The
cont|
It sh
diffi
prog
too Y
speg

rol as well as the rapid identification of spegial causes that may affect the process from t
buld be recognized that moving from Phase'l to Phase 2 might prove to be both time con|
cult. It is crucial, however, since the failure to remove special causes of variation will 1
ess variation being overestimated. Injthis case the control chart will have control limits
vide apart resulting in a control(chart that is not sufficiently sensitive for detecting the
ial causes.

Detdils for the procedure to establish control charts for a process will be discussed below.

5

Shey
chan

a)
b)

Types of controlcharts

vhart controlycharts are basically of two types: variables control charts and attriby
ts. For each-of the control charts, there are two distinct situations:

when no-pre-specified process parameter values are given;

ivben pre-specified process parameters values are given.

rsare being
rain reliable
tablished in
hy not be in
5 stage may
racteristics
rtive action
e should be
e procedure
nsidered to
noved from
to maintain

ntrol limits
the process.

objective now, in what is referred to as Phase 2, is the maintenance of the process in a state of

ime to time.
suming and
esult in the
that are set
presence of

ites control

The pre-specified process values may be specified requirements or target values, or estimated values of
the parameters that have been determined over the long term from data when the process is in control.

5.1 Control charts where no pre-specified 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 can be attributed to
chance alone. Control charts will be constructed using only the data collected from samples from the
process. The control charts are used for detecting those variations caused other than by chance with the
purpose being to bring the process into a state of statistical control.
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5.2 Control charts with respect to given pre-specified values

The purpose here is to identify whether the observed values of X, s, etc., for several subgroups of n
observations each, differ from the respective given values of g, 0o, etc. by amounts greater than that
expected to be due to chance causes only. The difference between charts with given parameter values
and those where no pre-specified values are given is the additional requirement concerning the
determination of 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 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.

Preferably, fhe specified values should be determined through an investigation of preliminary data|that
is supposed to be typical of all future data. The specified values should be compatible with the inhgrent
process vatjiability for effective functioning of the control charts. Control charts based ony'such |pre-
specified vdlues are used particularly during process operation to control processes and to mairtain
product or gervice uniformity at the desired level.

5.3 Types of variables and attributes control charts
The following control charts are considered:
a) Variables control charts, used when the measurements are on a continuous scale:
1) avdrage (X ) chart and range (R) or standard deviation (s).cHart;
2) individuals (X) and moving range (Rm);
3) mefdian (X ) chart and range (R) chart.
b) Attribuftes control charts, used when the measurements are countable or categorized data:

1) p chart for number of units of a given, classification per total number of units in the sample
exyjressed as a proportion or percentage;

2) np thart for number of units of a given classification where the sample size is constant;
3) cchart for number of incidencés where the opportunity for occurrence is fixed;
4) u chart for the number ofincidences per unit where the opportunity is variable.

Figure 2 shgws a process ofSelecting an appropriate control chart for a given situation.
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VARIABLES
DATA

SAMPLE SIZE C DEFECTIVES > ( DEFECTS )
n=1
? I
ns10 SAMPLE SIZE SAMPLE SIZE
NO NO CONSTANT CONSTANT NO
? ?
YES
MEASUREMENTS MEASUREMENTS >

IN FRACTIONS IN FRACTIONS YHs
v A 4 A\ 4 v v
XR XS INDIVIDUALS p np c u

CHART CHART CHART CHART CHART CHART HART

Figure 2 — Types of control charts

6 Variables control charts

Varipbles control charts, or charts for variables\data, and especially their most customary forms, the X
and R charts represent the classic applicatioof control charting to process control.

Conflrol charts for variables are particularly useful for several reasons:

a) Mostprocesses,and their output, have characteristics that are measurable, hence generate variables
data, so the potential applicability is broad.

b) Variables charts are_mere informative than attributes charts since specific informption about
Lhe process mean andvariance are obtained directly. Variables charts will often signal a process
problem before the process has produced nonconforming items.

c) Although obtaining one item of measured data is generally more costly than obtaining|one item of
bo/no go data, the subgroup sizes needed for variables are almost always much smalley than those
for attributes, for an equivalent monitoring efficiency. This helps to reduce the total inspection
Cost, in-some cases and to shorten the time gap between the occurrence of a process pgroblem and
CorTective action.

d) These charts will provide visual means to directly assess process performance regardless of the
specifications. A close look at variables charts, along with review of histograms at appropriate
intervals, will often lead to ideas or suggestions as to how to improve the process.

For all variables control chart applications considered in this International Standard, it is assumed that
the distribution of the quality characteristic is normal (Gaussian) and departures from this assumption
will affect the performance of the charts. The factors used 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 for evaluating control to assume normality for X charts, even for
sample sizes as small as 4 or 5. 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

© IS0 2013 - All rights reserved 7
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assumptions are advisable, particularly for ensuring that only data from a single population are being
used. It should be noted that the distributions of the ranges and standard deviations are not normal.
Although normality is necessarily assumed in the determination of the constants for the calculation of
control limits for the range or standard deviation chart, moderate deviations from normality of the
process data should not be of major concern in the use of these charts as an empirical decision procedure.

Variables charts can describe process data in terms of both spread (process 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 chart for spread is usually analysed first,
since it provides the rationale and justification for the estimation of the process standard deviation. The
resulting estimate of the process standard deviation may then be used in establishing control limits for

the chart fof location.

Each chart

information
adopted sp¢g
used in Tab]
for the sped

Following afre the most commonly used variables control charts.

6.1 Mean (X ) chart and range (R) chart or mean (X ) chart and standard deviation (|

chart

X and R ch

X and s chafts are preferable particularly in the case of large subgroup sample sizes (n > 10), since the r

becomes in

larger. Whete electronic devices are available to calculate pfocess limits, standard deviation is prefera

Tables 1 an

contained in the sample data plotted on the chart, or pre-specified control limits base
cified values applicable to the statistical measures plotted on the chart. Thesubscript

ified process standard deviation.

hrts can be used when subgroup sample size is small er ntoderately small, usually less tha

rreasingly less efficient at estimating the process. standard deviation as the sample size

1 2 give the control limit formulae and thefactors for each of these variables control chj

Table 1 — Control limit formulae for Shewhart variables control charts

can be plotted using either estimated control limits, in which case limits are based on the

d on
0” is

es 1 and 3 to designate the specified values, such as pg for the specified process mean ¢r o

5)

n 10.
hnge
gets
ble.

Arts.

Statigtic Estimated control limits Pre-specified control limits
Centre line Ucr and Lcy, Centre line Ucr and Lcy,
X X X+A,Ror X+ As5 Lo 1o+ Aoy
R R D4R, D3R d,0 D,0,,D;0,
s s B,s,Bss €40 Bgoy,Bs0
NOTE  u( pnd oggydre pre-specified values.
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Table 2 — Factors for computing control chart lines

‘gl;?(?;-s Factors for control limits E:;igzslifgz
in sub-
%l;oslil;: X Chart s Chart R Chart* Uzif g U;i;lg
n
A Ay A3z B3 B4 Bsg Bg D1 Dy D3 Dy Cy do
2 2,121 | 1,880 | 2,659 - 3,267 - 2,606 - 3,686 - 3,267 | 0,7979 | 1,128
1,732 | 1,023 | 1,954 - 2,568 - 2,276 - 4,358 - 2,575 | 08862 | 1,693
4 1,500 | 0,729 | 1,628 - 2,266 - 2,088 - 4,698 - 2,282(N\0,9213 | 2,059
b 1,342 | 0,577 | 1,427 - 2,089 - 1,964 - 4,918 - 2/A414Y 0,9400 | 2,326
b 1,225 | 0,483 1,287 | 0,030 | 1,970 | 0,029 | 1,874 - 5,079 - 2,004 | 09515 | 2,534

f 1,134 | 0,419 | 1,182 | 0,118 | 1,882 | 0,113 | 1,806 | 0,205 | 5,204 { 0,076 | 1,924 | 0,9594 | 2,704
3 1,061 | 0,373 |1,099|0,185|1,815| 0,179 | 1,751 | 0,388 | 5,307/ 0,136 | 1,864 | 0,9¢50 | 2,847
D 1,000 | 0,337 | 1,032 | 0,239 | 1,761 | 0,232 | 1,707 | 0,547,| 5:394 | 0,184 | 1,816 | 0,993 | 2,970
10 0,949 |0,308|0,975|0,284| 1,716 | 0,276 | 1,669 | 0,686 | 5,469 | 0,223 | 1,777 | 09727 | 3,078

1f1 0905 | 0,285 0927 |0,321 | 1,679 | 0,313 | 1,63%71 0,811 | 5,535 | 0,256 | 1,744 | 09754 | 3,173
12 0,866 | 0,266 0,886 | 0,354 | 1,646 | 0,346 |x1,610 | 0,923 | 5,594 | 0,283 | 1,717 | 0,9776 | 3,258
13 0,832 | 0,249 | 0,850 | 0,382 | 1,618 | 0,3741 1,585 | 1,025 | 5,647 | 0,307 | 1,693 | 09794 | 3,336
114 0,802 | 0,235 (0,817 | 0,406 | 1,594 | 6,399 | 1,563 | 1,118 | 5,696 | 0,328 | 1,672 | 0,9810 | 3,407
1I5 0,775 {0,223 0,789 | 0,428 | 1,572-[0,421 | 1,544 | 1,203 | 5,740 | 0,347 | 1,653 | 0,9823 | 3,472
16 0,750 | 0,212 | 0,763 | 0,448+1,552 | 0,440 | 1,526 | 1,282 | 5,782 | 0,363 | 1,637 | 0,9835 | 3,532
17 0,728 | 0,203 | 0,739 |0,466 | 1,534 | 0,458 | 1,511 | 1,356 | 5,820 | 0,378 | 1,622 | 0,9845 | 3,588
18 0,707 | 0,194 | 0,718,170,482 | 1,518 | 0,475 | 1,496 | 1,424 | 5,856 | 0,391 | 1,609 | 0,9854 | 3,640
19 0,688 | 0,187,.0,698 | 0,497 | 1,503 | 0,490 | 1,483 | 1,489 | 5,889 | 0,404 | 1,596 | 09862 | 3,689
20 0,671 | 0,180470,680 | 0,510 | 1,490 | 0,504 | 1,470 | 1,549 | 5,921 | 0,415 | 1,585 | 0,9869 | 3,735
21 0,65510,173 | 0,663 | 0,523 | 1,477 | 0,516 | 1,459 | 1,606 | 5,951 | 0,425 | 1,575 | 09476 | 3,778

22 0;640 | 0,167 | 0,647 | 0,534 | 1,466 | 0,528 | 1,448 | 1,660 | 5979 | 0,435 | 1,567 | 0,9882 | 3,819
23 0,626 | 0,162 | 0,633 | 0,545 | 1,455 (0,539 | 1,438 | 1,711 | 6,006 | 0,443 | 1,557 0,98|87 3,858
0612 1015710610 10555114451054911429 1175916032 1045211548 nrodgz 3,895
25 0,600 | 0,153 | 0,606 | 0,565 | 1,435 | 0,559 | 1,420 | 1,805 | 6,056 | 0,459 | 1,541 | 0,9896 | 3,931

*  Notrecommended for sample size n > 10.

6.2 Control chart for individuals (X) and control chart for moving ranges (Ry)

In some process control situations, it is either impossible, impractical, or it does not make sense to select
rational subgroups. It is then necessary to assess process control based on individual readings using X
and R, charts.

In the case of control charts for individuals, since there are no rational subgroups to provide an estimate
of variability, control limits are based on a measure of variation obtained from moving ranges of two
consecutive observations. A moving range is the absolute value of the difference between successive
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pairs of measurements in a series; i.e. the absolute value of 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

collection of data, the overall average X is calculated. Table 3 gives the control limit formulae for control
charts for individuals and for control charts for moving ranges.

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 charts based on subgroups.

b) Careshallbetakeninthe interpretation of charts for individuals if the process distribution is not normal.

c) Chartsforindividualsisolate processvariability from an average of consecutive differences betieen
observations. Thus, itis implied that the data are time-ordered, and that no significant chdnges have
occurrgd in the process in between the collection of any two consecutive individuals, [t'would be
ill advised, for example, to gather data from two discontinuous campaigns of production of a Hatch
chemical product and to calculate a moving range between the last batch of the first campaign and
the firsf batch of the next campaign, if the production line has been stopped in'between.

Table 3 — Control limit formulae for control charts for individuals

Statigtic Estimated control limits Pre-specified control limits
Centre line UcL and Lcy, Central line Ucr and Lcj,

Individyal, X X X+2,660R,, Mo Mo 30
Moving Range, R, Em 3,267§m 0 1'12860 3'6860-0 0

NOTE 1 ug pnd o are pre-specified values

NOTE 2 R, Henotes the average of moving ranges of 2 observations.

6.3 Control charts for medians (X))

Median chalrts are alternatives to X charts for the control of a process location when it is desir¢d to
reduce the Influence of the extreme values in a subgroup. This might be the case for subgroups magle of
many autorhated measurements of-highly variable samples such as when measuring tensile strength.
Median chafrts are easy to usé-and do not require as many calculations, particularly for subgroups of
small size dontaining an oddriumber of observations. This can increase shop floor acceptance of the
control chaft approach even more so when individual values in the subgroup are plotted together with
their median on the same chart. The chart then also shows the spread of process output and givgs an
ongoing pidture of the process variation. It should be noted that the median chart gives a marginally
slower response tg-out-of-control conditions than the X chart.

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.
6.3.1 Median chart

Centre line = X = average of the subgroup medians
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The values of the constant A, are given in Table 4.

Table 4 — Values of 44

2:2013(E)

2 5 6

10

1,880 1,187 0,796 0,691 0,548 0,508 0,433 0,412

0,362

detercting shifts in mean between the subgroups. The s or.Rchart reveals within-subgroup
a giyen time and is designed for detecting changes insprocess variation. The s or R chart
contjrol before a location chart is interpreted. The fellowing control procedure applies to t
(or R) charts. A similar procedure can be used for.gther control charts including the individy
where rational subgrouping is not appropriate.

7.1 | Collect preliminary data

GatHer preliminary rational subgroups (see 11.3) from a process under standard operating
Comjpute the s (or R) of each subgroup. Compute the average (5 or R) of the subgrou
Typikcally a minimum of 25 prelimhinary subgroups are taken to ensure reliable estimates (s
prodess variability and consequently the control limits.

7.2 | Examine the s'{(or R) chart

Comlpute and plafithe trial centre line and control limits of the s (or R) chart. Examine the
agaipst the trialicontrol limits for points outside the control limits or for unusual patterns oy
each such signal on the chart, conduct an analysis of the operation of the process to attemp
and fFemove'assignable cause(s).

NOTE X

The sampling distributions of s and R are both asymmetric about its mean value.

lity were to
uld vary by
no obvious
ration show
spect to the
esigned for
variation at
must be in
he X and s
al (X) chart

conditions.
p statistics.
or R ) of the

data points
trends. For
[ to identify

However, for

simplicity and ease in constructing the s and R chart, symmetric 3 sigma limits have been widely adopted. A

lower control limit of 0 is used when the calculated lower limit is a negative value.

NOTE 2
point in the calculation of control limits.

7.3 Remove assignable causes and revise the chart

Exclude all subgroups affected by the identified assignable causes; then recalculate an

If one fails to identify an assignable cause for a point that plots out-of-control, one should retain the

d plot the

revised centre line and control limits. Examine the chart to determine if all remaining data points show
statistical control when compared to the revised limits; repeat the identification/recalculation sequence

if necessary.

NOTE Ensure that at least 2/3 of subgroups remain. Collect additional subgroups if necessary.
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7.4 Examine the X chart

Once the standard deviations (or ranges) are in statistical control, the process variability (the within-
subgroup variation) is considered to be stable. The averages can then be analysed to examine whether
the process central location is changing over time. Compute and plot the centre line and control limits of
the X chart. Examine the data points against the control limits for points outside of control limits or for
unusual patterns or trends. Exclude any out-of-control points for which assignable causes have been
identified, recalculate and plot the revised centre line and control limits. Check that all data points show
statistical control when compared to the revised limits, repeat the identification/recalculation sequence
if necessary.

Any subgro
constructio|

NOTE1 T
are calculatd

NOTE2 O
chart to proy

7.5 0Ongc

When statig
control lim
been demo
as addition

control limits from time to time or whenever there is any change in the process.

In the even
which requ
identificati

8 Pattern tests for assignable causes of variation

Systematic
Or process v

control limits. The analyst should-bealert to any patterns of points on the chart that might indicat

influences
patterns in

12

ps thatare excluded from the construction of s (or R) chart shall also be excluded fron
of the X chart.

he exclusion of subgroups representing out-of-control conditions is to ensure that theycontrol |
d reflecting only process variation due to the chance causes.

ut of control situations eliminated to determine control limits must not be excluded on the pl
ide vital clues to know the process behaviour and aid investigations.

ing monitoring of process

tical control has been established so that there are no sighals on the charts, these rey
ts shall be adopted for future ongoing monitoring of the/process. Because the process
1strated to be in a state of statistical control, there istno need to alter the control li
il subgroups are obtained in this monitoring phase."However, one may wish to updatg

[ of a signal being given on the chart and apsassignable cause identified the eliminati
red substantial changes be made to the pracess, it is possible or likely that the procedu
pn/recalculation outlined in 7.1 to 7.4 may be required to re-establish control of the pro

pr non-random patterns on‘the control chart might indicate smaller shifts in process 1
ariability that may not belarge enough to manifest themselves quickly as points outsid

pf assignable causes-in their process. A set of pattern tests can be used for interprg
Shewhart X chartand X chartis schematically presented in Figure 3.

 the
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Test 1: One or more points are beyond Test 2: Run - seven or more consecutive
zone A (outside the control limits) points on one side of centre line

UCL ______________________ UCL

N o J"quv‘* CL

LCL ______________________ LCL __________________ - -
Test 3: Trend - seven consecutive points Test 4: Any obvious nonrandom pdtterns
entirely increasing or decreasing

Figure 3 — Examples of pattern tests for assighable causes

NOTE1 Some industries may use different pattern tests.

NOTE 2  With respect to the charts p, np, c and u where the lower control limit has been set to zefo, it will not
be possible to create the three 1-sigma zones below the centredline.

For the purpose of applying these tests, the control*chart is equally divided into three zongs A, B, and
C on| each side of the centre line, each zone being'one sigma wide. This partitioning makef it easy for
an investigator to detect a pattern that deviatesiaway from a stable process. For example, the “obvious
non{random patterns” of Test 4 can be more easily detected when such partitions are applied. We expect
aboyt 2/3 of the plotted points to lie in zone-C in a stable process. If substantially fewer than 2/3 of the
plotted points lie in zone C, as shown inthe Test 4 of Figure 3, one should be concerned about such a non-
random pattern in the plot. Such a pattern calls for further investigation of their process fpr potential
assignable causes. Following are the typical signals provided by the four tests in Figure 3:

a) [fest 1 signals the presence.of an out-of-control condition.

b) [lest 2 signals the process mean or variability has shifted from the centre line.
c) [fest 3 signals a-systematic linear trend in the process.

d) [lest4 signal$.a non-random or cyclical pattern in the process.

For p more-e¢d0mplete discussion of these tests, see Nelson, L.S. (1984)[2] and Nelson, L.§. (1985).[3]
Examples‘are given in Annex B.

A pr nnnnnnnnn il o cacianon of e o b ch ot o il ok ac o o oo b o oot wlac S Sald to be

OCTCSS—vvIcir o u\,\,luuxx\,\, OT P oIt S O o~ CTTaT C oo e v 1oTatC S OTIC-OT THIoT C-OT trre—Tte ot T HeS

out-of-control and its assignable causes of variation must be diagnosed and corrected. These
supplementary test rules do improve the ability of the control chart to detect smaller shifts in process
mean, but at the expense of higher false alarm rate. A Shewhart X or X chart with pattern tests one to
three applied simultaneously has a false alarm rate of about 10 per thousand, in contrast to about 3 per
thousand when only the first test is applied.

9 Process control, process capability, and process improvement

The function of a process control system is to provide statistical signals separating non-assignable
from assignable causes of variation, which leaves only non-assignable variation present. The systematic
elimination of assignable causes of excessive variation through continuous determined efforts of
eliminating causes brings the process into a state of statistical control. Once the process is operating
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in statistical control, its performance is predictable and its capability to meet the specifications can be
assessed. Since prediction is the essence of management, this ability to know what to expectis invaluable
in terms of the process operating more consistently, more predictably and more reliably.

Process capability is determined by the total variation that comes from common causes—the minimum
variation that can be achieved after all assignable causes have been eliminated. Process capability
represents the performance of the process itself, as demonstrated when the process is being operated in
a state of statistical control (see the ISO 22514 series). As such, the process must first be brought into
statistical control before its capability can be assessed. Thus, the assessment of process capability
begins after control issues in both the X and R charts have been resolved; that is, special causes have
been identified, analysed, corrected and prevented from recurring and the ongoing control charts
reflect a process that has remained in statistical control, preferably for at least the past 25 subgrqups.
In general, the distribution of the process output is compared with the engineering specificationst¢ see
whether thé¢se specifications can consistently be met.

Process capability is generally measured in terms of a process capability index Cp and Cpk. Se¢ the
ISO 22514 spries. A Cp value of less than 1 indicates that the process is not capable, while a C, = 1 implies
that the prqcess is only just capable. In practice, a Cp value of 1,33 is generally taken as the mininum
acceptable yalue fully in because there is always some sampling variation and few)processes are ever in
statistical cpntrol consistently.

However, itmust be noted that the C, measures only the relationship of the limits to the process spread;
the location or the centring of the process is not considered. It would be possible to have any percerjtage
of values outside the specification limits with a high C, value. For thisireason, itis important to congider
the scaled distance between the process average and the closest specification limit.

Inview of tHe above discussion, a procedure, as schematically.presented in Figure 4, can be used as a guide
to illustrateg key steps leading towards process control, capability and improvement. Specified capability
minimum r¢quirements are the product of a negotiation’between the supplier and the customer.
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Figure 4 — Strategy for process improvement

»

Optimal sample size is a function of components of within and between samples variatio

Attributes control echarts

bute data representobservations obtained by noting the presence or absence of some ch
ttribute) in eachrof'the units in the subgroup under consideration, then counting how
' do not possess)the attribute, or how many such events occur in the unit, group or are
are generally rapid and inexpensive to obtain and often do not require specialized colldg
P 5 givescontrol limit formulae for attributes control charts.

e is fwich attention focused on the use of variable data for process improvement, b
from major industries indicate that over 80 % of quality problems are attribute in n

A thoavaforn dc mandad an tho sy aunannt Af bbb choava ot ictioc ot g ~anted

emp

|

aracteristic
many units
a. Attribute
ction skills.

ut feedback
hture. More

| charts.

T TS T O O T o I e e O T O O T T P T OV ST C T o oe e o et T o C teT ot rie oo o TS COTTIer™o

In the case of control charts for variables, it is common practice to maintain a pair of control charts
- one for the control of the average and the other for the control of the dispersion. This is necessary
because the underlying distribution in the control charts for variables is the normal distribution, which
depends on these two parameters. However, in the case of control charts for attributes, a single chart
will suffice since the assumed distribution has only one independent parameter, the average level. The p
and np charts are based on the binomial distribution, while the c and u charts are based on the Poisson
distribution.

Computations for these charts are similar except in cases where the variability in subgroup size affects
the situation. When the subgroup size is constant, the same set of control limits can be used for each
subgroup. However, if the number of items inspected in each subgroup varies, separate control limits
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have to be computed for each subgroup. np and c charts may thus be reasonably used with a constant
sample size, whereas p and u charts could be used in either situation.

Where the sample size varies from sample to sample, separate control limits are calculated for each
sample. The smaller the subgroup size, the wider the control bands, and vice versa. If the subgroup size
does not vary appreciably, then a single set of control limits based on the average subgroup size can be
used. For practical purposes, this holds well for situations in which the subgroup size is within + 25 %
of the target subgroup size.

NOTE Alternatively, control limits for smallest and largest sample size may be used. For points following in
between, only the control limits may calculated.

Table 5 — Control limit formulae for Shewhart attributes control charts

No standard values given Standard values given

Statisgic - . - .
Centre line 30 - control limits Centre line 30 > control limits

p p 543 5(1-p)/n Po p6E3\fpo (1-po)f n
np np np+3/np(1-p) np npo +3,fnpo (1-p}y)
c c 137 co co£3Jcq

u u a+3Ja/n U uy£3.Jug /n

NOTE1 pgJnpg, Co and Uy are given standard values.

=

=
~—

NOTE 2 A loyer control limit of 0 is used when the calculated lowerdimit is a negative value.

Analternatyve procedure for situations in which the samiple size varies greatly is the use of a standardized
variate. Forlexample, instead of plotting p, plot the standardized value

Z:_P—Po
\/170(1—190)/"
or
P el
p(L-p)/n

according tp whether the'standard value for p is specified or not. The centre line as well as the control
limits becoine constant independent of subgroup size, and are given as

centre ljne =0

Ucl, = +3
Le=-3

The p chart is used to determine the average percentage of nonconforming items submitted over a
period of time. It brings to the attention of process personnel and management any changes in this
average. The process is judged to be in statistical control in the same way as is done for the X and R
charts. If all the sample points fall within the trial control limits without exhibiting any indication of an
assignable cause, the process is said to be in control. In such a case, the average fraction nonconforming,
p, is taken as the standard value for the fraction nonconforming, p, .

Low results on the control charts (points below the lower control limits) should be treated differently
to high plots. They are indicative in changes to process by removal of common causes, but a word of
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caution- it might also point to lower inspection standards. When a significant break through the L¢y,
occurs, it is important to understand the causes and to institutionalize the change in the work standard.

11 Preliminary considerations before starting a control chart

11.1 Choice of critical to quality (CTQ) characteristics describing the process to control

Characteristics that critically affect the performance of the product, process, or service, and which
add value to the customer should be classified at the quality planning stage. These characteristics,
re variation is the significant factor of the process should be selected to have a decisive effect on

whe

prod
be a
the

in a(
deve
prod

uct or service quality and to ensure the stability and predictability of the processes,
spects directly related to evaluation of the performance of the process - for examplg
environment, health, customer satisfaction - or a process parameter whose pénformg
hieving the design intent. Control charts should be introduced during the eakly stage
lopment to collect data and information about a new product and process)feasibility
ess capability prior to production. This enables the processes to be optimized, and ar

These may
, related to
nce is vital
e of process
r to achieve
y design or

prodess improvement made for a better product or service produced.

11.2 Analysis of the process

If possible, a detailed analysis of the process should be made to-détermine:
a)
b)
c)
d)

the kind and location of causes that may give rise to irfegularities;
the effect of the imposition of specifications;
Fhe method and location of inspection;

hil other pertinent factors that may affectthe production process.

Analysis should also be performed to determine the stability of processes, the accurac
equipment, the quality of the outputs:of the processes, and the patterns of correlation b
typds and causes of nonconformities..The conditions of operations are required to make ar
to adjust the production process‘and equipment, if needed, as well as to devise plans for th
contfrol of processes. This willhelp pinpoint the most optimal place to establish controls 3
quickly any irregularities in(the performance of the process to allow for prompt corrective

y of testing
etween the
rangements
e statistical
nd identify
hction.

11.3 Choice of rational subgroups

to what are

bration into
ut between
detect.

At the basis of centrol charts is Shewhart’s central idea of the division of observations in
calldd “rational’subgroups”; that is the classification of the observations under considg
subgroups, within which the variations may be considered to be due to chance causes only, k
whig¢h any-difference may be due to assignable causes which the control chart is intended tg

This| depends on some technical knowledge and familiarity with the process conditigns and the
conditions under which the data were taken. By identifying each subgroup with a time or a source,
specific causes of trouble may be more readily traced and corrected, if advantageous. Inspection and
test records given in the order in which the observations were taken provide a basis for subgrouping
with respect to time. This is commonly useful in manufacturing where it is important to maintain the
production cause system constant with time.

In collecting data it should always be remembered that analysis will be greatly facilitated if care is taken
to selectthe samples that can be properly treated as separate rational subgroups. If possible, the subgroup
size should be kept constant to facilitate calculations and interpretation. However, it should be noted that
the principles of Shewhart charts can equally be applied to situations where subgroup size varies.
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11.4 Frequency and size of subgroups

No general rules may be laid down for the frequency of subgroups or the subgroup size. The frequency
and size of subgroup may depend upon the cost of taking and analysing samples and allied practical
considerations. For instance, large subgroups taken at less frequent intervals may detect a small shift in
the process average more accurately, but small subgroups taken at more frequent intervals will detect
a large shift more quickly. Often, the subgroup size is taken to be 4 or 5, while the sampling frequency
is generally high in the beginning and low once a state of statistical control is reached. Normally, 25
subgroups of size 4 or 5 are considered adequate for providing preliminary estimates.

It is worth noting that sampling frequency, statistical control and process capability need to be
considered [together. The reasoning is as follows. The value of the average range R is often usdd to
estimate o. [The number of sources of variation increases as the time interval between samples within a
subgroup irjcreases. Therefore, spreading out the samples within a subgroup over time will increasg R,
increase the estimate of o, widen the control limits and will thus appear to decrease|the prdcess
capability ipdex. Conversely, it is possible to increase process capability by consecutiye\piece sampling,
giving a smpll R and o estimate.

11.5 Preliminary data collection

After haviI:Lrl decided upon the quality characteristic which is to be contrelled and the frequencyland
size of the subgroup to be taken, some initial inspection data or measurements have to be collected and
analysed fof the purpose of providing preliminary control chart valGés’that are needed in determining
the centre line and control limits to be drawn on the chart. The preliminary data may be collgcted
subgroup by subgroup until the recommended 25 subgroups have-been obtained from a continuoug run
of the prodiiction process. Care shall be exercised that, during‘the course of this initial data collecltion,
the process|is not unduly influenced intermittently by extraneous factors such as change in the fe¢d of
raw material, operators, operations, machine settings, etc: In other words, the process should exhibit a

state of stability during the period when preliminary-data are being gathered.

11.6 Out of control action plan

There is an
necessaryt
the special
or engineer
of the causg
locally and
action whel
sources of 1

important connection betweenthe two types of variation found and the types of ac
b reduce them. Control charts'can detect special causes of variation. Discovering the sour
cause and taking the remédial actions is usually the responsibility of operators, superv
s directly associated with the process. Management are responsible for more than §
s and must take action on the common causes in the system. Special causes are ident
can usually be actiened by the process owners. Processes are often adjusted as remg
I managementaction on the system is needed on the root cause which might be diffg
Aw material{machine maintenance, gauging or an unreliable method. Close teamwork i

tion
ice of
sors
0%
ified
pdial
rent
5 the

key to long ferm contintal improvement.

When the p
to be produ
is correcte

Focess,is inherently non-capable or is capable but goes out of statistical control and is found
cingsnonconforming product, then 100 % inspection is normally instituted until the prdcess

Consistency of inspection needs to be assured. Uncertainty measurement needs to be kept in harmless
tolerable limits.

12 Steps in the construction of control charts

The steps involved in the construction of the X chart and the R chart, for the case when no standard
values are given, are described in 12.1 to 12.3. They are described in the form of an example in Annex A.
In the construction of other control charts, the same basic steps shall be followed but the computational
method for determining control limits and centre line are different. A typical format of a standard
control chart form is shown in Figure 5. Modifications to this form can be made in concert with the
particular requirements of a process control situation.
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Control chart

Operation Sample size Characteristics

Specification:0 USL Date Department Quality manager
0 LSL

Averagps

Ranges

Swberowp| 9 121314 |5(6|7(8]9|10/11(12|13[14(15|16|17|18|19|20|21|22|23|24 |p5

[ NI NREN

Sum

Average

X
Range

Figure 5 — General format of a variables control chart

12.1 Determine data collection strategy

If thg preliminary data were not taken in subgroups according to a prescribed plan, break up the total
set ¢f observed values into sequential subgroups, according to the criteria for rational subgroups as
discfisséd'in 10.3. The subgroups must be of the same structure and size. The items of any one subgroup
shoyld’have what is believed to be some important common factor, for example units prodyiced during
the same short interval of time or units coming from one of several distinct sources or locations. The
different subgroups should represent possible or suspect differences in the process that produced them,
for example different intervals of time or different sources or locations.
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Select the CTQ characteristic to control ‘ l

| Calculate Rand Uyr, L, r |

v
Choose the sampling frequency l

and the data number in each subgroup
l ‘ Draw the R (range) - chart }47

Fix the number k of subgroups
needed before the first evaluation . h
of the control limits Investigate the Process
Is the R chart assignable causes reliability
under control? and remove the out of
control causes T
v
[_ Clh?ic. e-th .}.1.\,5.,-&.. e E ) T o tr erTets)
includirjg method, device, etc. chart
which is fapable with respect to R dSta.nSardA
specifications » e(se"c/ilx;rll ;%?)g T
Calculate progess
v v capability]
ata collection ’ Evaluate )=(, Uy X, Lo x ‘ T
and
control log l Is the PROCHSS
under
Draw the X control chart STATISTICAL
! ’ raw the X control char }47 CONTROL
7Y
Makq a graph of the data l

Investigate the
asSignable causes
and’remove the out of
control causes

l

Evaluatp the means X, and the
rangeq R, for each subgroup

Is the X chart
under control?

YES

Higure 6 — Systems approach to the construction of variables control charts

NOTE Plepare a list of known-sources of chiance and assignable causes of variation.

12.2 Data|collection and computation

For each supgroup, calculate the-average, X, and the range, R. Then, compute the grand average ¢f all
the observed values, X, and theaverage range, R .

12.3 Plotting X charfand R chart

On a suitable form @rgraph paper, lay out an X chartand an R chart. The vertical scale on the l¢ft is
used for X|ander R and the horizontal scale is used for the subgroup number. Plot the computed
values for X on‘the chart for averages and plot the computed values for R on the chart for ranges.

On these respective charts, draw solid horizontal lines to represent X and R.

Place the control limits on these charts. On the X chart, draw two horizontal dashed lines at X + A2 R
and, on the R chart, draw two horizontal dashed lines at D3 R and D4 R, where Ay, D3 and D4 are based
on n, the number of observations in a subgroup, and are given in Table 2. The L¢f, on the R chart is not
needed whenever n is less than 7 since the ensuing value of D3 is considered zero.

13 Caution with Shewhart control charts

There are some practical situations, as given below, where some caution may be needed in using
Shewhart control chart.
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13.1 General caution

The variation within a subgroup may not necessarily be due to chance causes alone. The subgroup is
composed of a treatment lot; that is, the variability within a subgroup is the variability within a lot. The
subgroup has a meaning from the viewpoints of both physical aspect and quality assurance. Therefore,
it is necessary to control the variability within a treatment lot using R chart.

Figure 7 shows X and R control chart in the early-stage mass production of a heat treatment process.
Thisisa X and R control chart where no standard values are given. R chart indicates process in state

of co

ntrol, but X chart shows many points and situations out-of-control.

Ont
the (
mea

Figure 8 indicates thatppocess is in-control. At that time if the process performance is well

can
mas
leve
caus
charn

Thel

10,10 -| Uy, =10,1014
10,08
% 1006 X=10,0653
10,04
Ler= 10,0292
10,02
10,00
0,15
010 " " T T m G U, =0,1132
R _
0,05 ‘VAV&AW&WAA R =0,0496
0,00

1 3 5 7 9 11 13\15 17 19 21 23 25

Figure 7 — Ordinary X. atid R chart in the early-stage mass production

h of ranges (R).

be decided that the process can proceed to the routine mass production stage from the
5 productionsTthen the control limits of X and R chart in Figure 8 are used as a stand

in the routihe mass production. This means that the random variability due to so
es between subgroups in the early-stage mass production is included as the vari;ﬂ
ce causes.

efore, it should be noted that variability within a subgroup does not necessarily mear

he other hand, Figure 8 showss another X and R chart for the same data as that in Figyre 7, where
ontrol limits of X chart are‘calculated on the basis of the overall process variability inistead of the

satisfied, it
early-stage
ard control
e allowable
ility due to

| variability

due to chance causes only. However, 17 to 24 points on X chart falling above the central line, and the
increasing trend from 9 to 24 points, along with clustering of points about R on range chart, do indicate

pote

ntial for improvement through detection and elimination of assignable causes.
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10,14
1002 o U, = 10,1145
10,10

E NN

X 1006 | \/‘ 5 X=10,0653
1001 /\/ \/ A/ \

1002 o e e e Ly, =10,0161
10,00
0,15
P LR T Uy =0,1132

B oos 'VAVD"AW&WA"% R=0,0496

0,00

1 3 5 7 9 11 13 15 17 19 21 23 25

Figure 8 - X and R chart, where the control lines of X chartare given from the overall progess
variability instead of the mean of range R

13.2 Correlated data

In the presepce of data correlation, the following equation, which is afundamental equation in condug¢ting
a X chart with the sample size n, does not hold:

2=
o X
o? (indyviduals) = L
n
Therefore, iff the control limits are calculated-in the ordinary procedure, they are misplaced.

In such casg, the process model should be identified and then the residuals from the model should be
regarded aq the observations. An alternative way is that the control limits should be calculated from the
variability ¢f X . One should consult a specialist for advice.

13.3 Use of alternativeTule to the three-sigma rule

The Shewhart control ehart for the average will detect a large sustained shift in the process mean |evel
quickly. Hovever if\the shift in the mean is small, of magnitude 1,5 standard deviations or less| the
Shewhart X contrel chart does not perform well. Therefore, in such cases, if the small shiftin the prdcess
mean from |acdesirable level has to be detected as soon as p0551ble then addltlonal pattern testg are
usually emple¥ye ) the
probability of observmg a 51gnal on the chart through the appllcatlon of these rules 1ncreases
substantially. On the other hand, when the control chart without standard values is used in the early-
stage mass production, the supplementary rules given in Clause 8 should be considered for improving
process performance. Alternative strategy is to use the control charts, such as, the Exponentially
Weighted Moving Average (EWMA) chart or a Cusum chart.

Another rule is to replace the conventional out-of-control signal criterion as well as the position of the
control limits on the chart. A signal will be given on the X chart if two out of three points lie beyond 2 &
limits. When using this “two of three” criterion it is recommended that the usual 3 sigma control limits
onthe X chart be replaced by control limit lines placed 1,78 sigma on either side of the centre line. Use
of this rule and these control limits will produce a chart with false alarm rate equivalent to that of
conventional Shewhart control chart having a rule of one point outside the 3 sigma control limits.
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However, the probability of detecting small to moderate shifts increases substantially with the use of
this modified criterion.
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Annex A
(informative)

Illustrative examples

A.1 Variables control charts

A1l11

A.1.2

A.1.3

A.1.4

A.2 Attri

A2.1

A.2.2

A.2.3

A2.4

X dhart and R chart - u and o unknown

X dhart and s chart - y and o given

Conftrol charts for individuals and moving ranges - £ and ¢ unknown

Med

ian chart and R chart - y and o unknown

butes control charts

p cHart - no pg value given

np dhart- no pg value given

¢ chirt- no cg value given

u ch

art- no ug value given

A.3 Variables control charts

A3.1 Xc

Asuppliero
characterisf
total 25 sanpples. The maximum and minimum values in the subgroup samples are given in Table A.1

24

hart and R chart -{@and ¢ unknown

fhouses for waterpumps wishes to control a turning process usinga control chart. Animpofitant

ic is the bearing diameter. Measurements from a new production are taken every houlr for
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14,10

14,09

14,08 -

14,07 1

XXX

Foxoxx

XK
X3
XXX

Diameter @ 14,05 [mm]

XX
KX

14,06 -

14,05

SG no. —»

Figure A.1 — Plotted values

1 The data consist of 125 data points, which are from 25 subgroups (SG) of sample size 5.
s are plotted in Figure A.1 and standard calculations on the subghoups are given in Table A.1.

£ 2 A histogram may also be plotted alongside. This chart'seen together with the histogramn
the process behaviour transparently. Central tendency and“freak observations become more ol
'wise are not easy to observe.

Table A.1 — Subgroup results from measurement of bearing diameter

25

[he 125 data

will display
vious which

j )_(j Xmin j xmax j Rj

1 14,076 4 14,073 14,083 0,010
2 14,072 6 14,066 14,078 0,012
3 14,0754 14,070 14,078 0,008
4 14,077 0 14,072 14,079 0,007
5 14,070 8 14,065 14,090 0,025
6 14,069 8 14,058 14,083 0,025
7 14,077 0 14,072 14,081 0,009
8 14,074 4 14,061 14,086 0,025
9 14,070 4 14,065 14,074 0,009
10 14,074 4 14,064 14,086 0,022
Tt %0766 %673 %082 0,009
12 14,056 8 14,051 14,062 0,011
13 14,076 8 14,066 14,089 0,023
14 14,069 2 14,065 14,077 0,012
15 14,071 6 14,066 14,085 0,019
16 14,074 8 14,063 14,084 0,021
17 14,075 4 14,071 14,088 0,017
18 14,073 4 14,064 14,081 0,017
19 14,074 8 14,063 14,098 0,035
20 14,075 4 14,056 14,089 0,033
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Table A.1 (continued)
J )_(]- xmin j xmax j Rj
21 14,073 2 14,066 14,083 0,017
22 14,074 0 14,063 14,088 0,025
23 14,070 8 14,064 14,081 0,017
24 14,076 0 14,069 14,086 0,017
25 14,072 2 14,063 14,081 0,018

Since p and
The averagg

Based on th|

k

pl

>
Il
| =
~.

|

|

where k is

wn

The first stq
The values

R chart
Centre line

Uct, = D!

Lcr = D3

The R chart

0,035
0,030

0,025

TM»

o in this example are unknown, )=( and R are calculated based on the total set of valie
S ()?j) and the ranges (Rj) are calculated for each subgroup j (see Table A.1).
ese calculations,

,"Tj =14,0732mm
1

Rj =0,017 7 mm
L

he number of subgroups.
pisto plotan R chart and evaluate its state of genttol.

bf D3 and D4 are taken from Table 2 where n-=5
CL.= R =0,017 7 mm

| x R =2,114 x 0,017 7 = 0,037-5mMm

x R where D3 = 0 whef the sample size is < 7

indicates a processin control.

2]

0,020

0,015

Diameter @ 14,05 [mm]

0,010
0,005

0,000

26

0 10 15 20 25

SG no. =

Figure A.2 — R chart - bearing diameter
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Then an X chart can be calculated based on the X and R values

X chart:

UcL=

Centre line C,= X =14,073 17 mm

ISO 7870-2:2013(E)

X + Az x R=14,073 17 + (0,577 x 0,017 72) = 14,083 41 mm ~ 14,083 4 mm

LcL = X -Az x R =14,073 17 - (0,577 x 0,017 72) = 14,062 93 mm ~ 14,062 9 mm

The

value of the factor Az is taken from Table 2 wheren =5

14,080 -
g 14,075 -
c ]
S 14,070 1
% 14,065 -
2 ]
14,060 -
14,055 ‘ ‘ ‘ ‘ ‘
0 5 10 15 20 25
SG no. =
Figure A:3"— X chart - bearing diameter
The|X chartindicates a proces§ouit of control.
The |examination of the X ‘chart reveals that subgroup 12 is out of control. It indicate§ that some
assignable causes of variation may be operating.
We therefore omitsubgroup 12 from the calculations and find:
L 1 &
X=;ij 14,073 85 mm
=1
; 1 Yk‘ D 0014090 .00
—_L[\] — VU,U10 UV IIIIII
k a
The revised X chart
Centre line C, = X = 14,074 01 mm
UcL = X + Az x R=14,073 85 + (0,577 x 0,018 00) = 14,084 23 mm ~ 14,084 2 mm
LcL = X -Azx R =14,073 85 - (0,577 x 0,018 00) = 14,063 468 mm ~ 14,063 5 mm
The revised R chart:
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Centre line C,= R =0,018 00 mm

UcL=D4 x R =2,114 x 0,01800 = 0,038 05 mm ~ 0,038 1 mm

Lc, = D3 x R where D3 = 0 when the sample size is <7

14,085

14,080

14,075

14,00

14,065 ¥

20 25

0,05

Diameter § 14,05 [mm]
(==}
u
=
o
=
o

0,080
0,0p5
0,020
0,015
0,0[11

0,0p5

0,0p0 e |,

SG no. —»

Figuré A.4 — X and R chart - bearing diameter

After the dgletion of subgroup 12 the process is in control and the above calculated control limits cdn be
used to confrol the process in the future.

A.3.2 X ¢hartand s chart - x4 and o given from productions in the past

A producer of batteries wishes to control the mass of his batteries such that the mean mass of the
batteries is 29,87 g. A process analysis from a former production has shown that the standard deviation
of the process can be assumed to 0,062 g.

Since the standard values are pg = 29,87 g and o9 = 0,062 g, the control chart can be immediately
constructed using the formulae given in Table 1 and the factors 4, C4, D7 and D1 given in Table 2 using a
subgroup size of 5.

Centre line Cy, = o = 29,87 mm

UcL = uo + Aog = 29,87 + (1,342 x 0,062) = 29,953 2 mm = 29,953 mm
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LcL=po-Aoo=29,87 - (1,342 x 0,062) = 29,786 8 mm = 29,787 mm

Centre line = C40¢9 = 0,94 x 0,062 = 0,058 28 mm =~ 0,058 3 mm
UcL = Bgog = 1,964 x 0,062= 0,121 768 mm = 0,121 8 mm

LcL, = Bsog where Bs = 0 when the sample size is < 6

Twenty-five samples of size 5 are now selected from the production process and their subgroup average

da

and gtatrdard-deviationarecatetdatedasshownintable A2
Table A.2 — Subgroup results from production of batteries

J X; 5j

1 29,816 0,052
2 29,932 0,022
3 29,858 0,066
4 29,824 0,023
5 29,888 0,036
6 29,830 0,066
7 29,868 0,043
8 29,876 0,038
9 29,910 0,064
10 29,802 0,049
11 29,884 0,019
12 29,880 0,019
13 29,916 0,031
14 29,898 0,040
15 29946 0,058
16 29,842 0,045
17 29,824 0,063
18 29,904 0,056
19 29912 0,056
20 29,886 0,048
21 29,908 0,073
22 29,652 0,041
23 29,828 0,048
24 29,904 0,065
25 29,902 0,013

The subgroup results are plotted together with the control limits calculated above (see Figure A.5).
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Figure A.5 — X chartand s chart - mass of batteries

The chart shown in Figure A.5 indicatesthat the process is in statistical control.

A.3.3 Control charts for individuals and moving ranges: u and o unknown

Table A.3 gives the results of laboratory analysis of “percent moisture” of samples from 25 succegsive
lots of skim|milk powder. A saiple of skim milk powder, representing a lot, is analysed in the laborgtory
for such various characteristics as fat, moisture, acidity, solubility index, sedimentation, bacterial and
whey protejn. It was inténded to control the percentage of moisture below 4 % for this process.|The
sampling vriation within a single lot was found to be negligible, so it was decided to take only| one
observatior per lot:and to set control limits on the basis of the moving range of successive lots.

Thable A.3 — Percent moisture for 25 successive samples of skim milk powder

Lot No. 1 2 3 4 5 6 7 8 9 10 11 12 13
X: % moisture 29 | 32|36 43|38 |35|30]| 31|36 |35]| 31| 34| 34
R, 030407050305 |01|05)|01]| 0403 0
Lot No. 14 15 16 17 18 19 20 21 22 23 24 | 25

X: % moisture 36 1331393536 |33)|30]34]|38]|35]32]35

R, 02,03 |06|040103|03|04)|04)|03]03]|03
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Calculation of X and R:

2,9+3,2+..+3,5 86

X= —=3,44%
25 25
go03+0.44.403_8 (o0
24 24

Control chart lines for moving ranges, R:

Centre line C, =R =0,33 %

ISO 7870-2:2013(E)

Lbc.=D3R =0x0,33

. N5 PP PPN RPN
CL=DZR =5,267 x 0,535 =1,076~ 1,08

The alues of the factors D3 and D4 are obtained from Table 2 for n = 2. Since-the range chaft exhibits a

stat¢ of statistical control, the plotting of the control chart for individuals can'be carried ou.

Conflrol chart for individuals, X:

Cenffre line C;, =X =3,44%

JcL=X +A3R =344 + (2,66 x 0,33) = 4,317 8 ~ 4,32

lco=X -A3R =3,44-(2,66x0,33)=2,5622~ 25

The [formulae for control limits and the value of:the factor E; are given in Tables 2 and 3. [The control
charfts are plotted in Figure A.6. The control charts indicate that the process is in statistical| control.
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% moisture

Figure

A.3.4 Me

A machine i
size 5 are d1
It was decid
and ranges

3,0
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20

25

1,0

D,8 —

D,6

D,4

D,2 —

D,0

SG no. =

lian chart and R chart: y'and ¢ unknown

Table A.4 — Control data for thickness of DVDs

A.6 — Control chart for individuals;-X and moving range, R, of skim milk powder

s manufacturing DVDs with specified thickness between 1,20 mm and 1,25 mm. Sampl
awn every halfhour and their thickness in millimetres is recorded as shown in the Tablg
ed to install a medianchart for the purpose of controlling the quality. The values of med
are also shown in-Table A.4.

es of
A4,
ians

Values in units of 0,001 mm

Subgroup Thickness Median X Rangd R
No. X1 Xz X3 Xz G
1 14 8 12 12 8 12 6
2 11 10 13 8 10 10 5
3 11 12 16 14 9 12 7
4 16 12 17 15 13 15 5
5 15 12 14 10 12 8
6 13 8 15 15 13 7
7 14 12 13 10 16 13 6
8 11 10 8 16 10 10 8
9 14 10 12 9 7 10 7
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Table A.4 (continued)
Values in units of 0,001 mm
Subgroup Thickness Median X Range R

No. X1 X X3 X3 Xs

10 12 10 12 14 10 12 4
11 10 12 10 12 10 4
12 10 10 10 10 2
13 8 12 10 10 10 4
14 13 11 14 12 12 6
15 7 14 13 11 11 7
16 10 12 6 9 13 10 7
17 17 13 11 10 14 13 7
18 10 17 14 14 9 14 8
19 14 13 15 16 15 15 3
20 10 15 8 11 8 10 7

Calcplate the average of subgroup medians and ranges as follows:

k-

12+10+12+..10 234

R

20

£ _6+5+7..7 118

20

=5,90
0

=11,70
0

The fange chart is calculated as follows:

Cenfre line C;, = R =5,90

The [value of the conStants D3 and D4 are taken from Table 2 for n = 5. Since the range chat

JcL=D4R =2,114 x 590 = 12,472 6 ~ 12,5

Lc.=D3R =0x590 (since n is less than 7, L¢y, is not shown)

stat¢ of control, theunedian chart lines can be calculated.

Medjan control chart:

Centlre kine C1, =X =11,70

U= X +A3R =11,70 + (0,691 x 5,9) = 15,776 O um ~ 15,78 pm

Le= X —AaR =11,70 - (0.691 x 5,9) = 7,623 1 pm ~ 7,62 um

t exhibits a

The value of A4 is taken from Table 4 for n = 5. The graphs are plotted in the Figure A.7. As is evident from
the chart, the process is exhibiting a state of statistical control.
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Figure A.7 — Median chart and range chart for thickness of DVDs

A.4 Attributes Control Charts

A.4.1 p chart: no pg value given

In a manuffacturing company-producing radio transistors, it was decided to install a frag

tion

nonconfornping p chart. Data’ were collected and analysed for a period of 1 month. From each day’s

production|a random sample was collected at the end of the day and examined for the numb
nonconfornping items:The data are shown in Table A.5.

Table A.5 — Radio transistors: p chart (initial data)

br of

ay Numberimspected— T Numberonconfornming | Fractiom monconforming
1 158 11 0,070
2 140 11 0,079
3 140 8 0,057
4 155 6 0,039
5 160 4 0,025
6 144 7 0,049
7 139 10 0,072
8 151 11 0,073
9 163 9 0,055
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Table A.5 (continued)

Day Number inspected Number nonconforming | Fraction nonconforming
10 148 5 0,034
11 150 2 0,013
12 153 7 0,046
13 149 7 0,047
14 145 8 0,055
15 160 6 0,038
16 165 15 05091
17 136 18 0,132
18 153 10 0,045
19 150 9 0,040
20 148 5 0,034
21 135 0 0,000
22 165 12 0,073
23 143 10 0,070
24 138 8 0,058
25 144 14 0,097
26 161 20 0,124
Total 3893 233
The [alues of the fraction nonconforming calculated for each subgroup are also given in Taple A.5. The
averpge fraction nonconforming for the month is calculated as follows:
b= N e tot :£=0,06
Nitor 3893
whefe

Sinc
sepd

Nnctot 1S the total number nonconforming

Nitot is the total'mamber inspected

rately from

— [p(1-p

where n is the size of the subgroup.

Table A.6 shows the calculation results for every subgroup.

© IS0 2013 - All rights reserved
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