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Foreword 

IS0 (the International Organization for Standardization) is a worldwide 
federation of national standards bodies (IS0 member bodies). The work 
of preparing International Standards is normally carried out through IS0 
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, govern- 
mental and non-governmental, in liaison with ISO, also take part in the 
work. IS0 collaborates closely with the International Electrotechnical 
Commission (IEC) on all matters of electrotechnical standardization. 

Draft International Standards adopted by the technical committees are 
circulated to the member bodies for voting. Publication as an lnter- 
national Standard requires approval by at least 75 % of the member 
bodies casting a vote. 

International Standard IS0 8258 was prepared by Technical Committee 
ISO/TC 69, Applications of statistical methods. 

Annex A of this International Standard is for information only. 
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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 graphic.al means of applying the statistical prin- 
ciples of significance to the control of a production process was first 
proposed by Dr. Walter Shewhart in 1924[1]. Control chart theory recog- 
nizes 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 is 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 proce- 
dures 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 detect- 
ing 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 
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specified level and then to obtain and maintain control and a high de- 
gree of uniformity in important product or service characteristics by 
keeping a continuous record of quality of the product while production 
is in progress. The use of a controt chart and its careful analysis leads 
to a better understanding and improvement of the process. 
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INTERNATIONAL STANDARD IS0 8258:1991(E) 

Shewhart control charts 

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 treat- 
ment of statistical process control methods using 
only the Shewhart system of charts. Some supple- 
mentary material that is consistent with the 
Shewhart approach, such as the use of warning 
limits, analysis of trend patterns and process capa- 
bility is briefly introduced. There are, however, se- 
veral other types of control chart procedures, a 
general description of which can be found in 
IS0 7870. 

2 Symbols 

?I 

k 

X 

- 
X 

- - 
X 

CL 

Me 

Subgroup size; the number of sample ob- 
servations per subgroup 

Number of subgroups 

Value of measured quality characteristic (in- 
dividual values are expressed as 
(X,, X2, X3, . ..). Sometimes the symbol Y is 
used instead of X. 

(X bar) Subgroup average value: 

c X - i 
X -- - n 

(X double bar) Average value of the sub- 
group averages 

True process mean value 

Median value of a subgroup. For a set of 11 
numbers X,, X2, . ..Xn arranged in ascending 
or descending order of magnitude, the me- 
dian is the middle number of the set if n is 
odd and the mean of the two middle num- 
bers if yt is even 

Me 

R 

- 
R 

,T 

is 

Averaqe value of the subgroup medians \. 

Subgroup range: difference between the 
largest and smallest observations of a sub- 
group. 

NOTE 1 In the case of charts for individuals, R 
represents the moving range, which is the abso- 
lute value of the difference between two succes- 
sive values 1 X, - X2 1, 1 X2 - X3 I, etc. 

Average value of the R values for all sub- 
groups 

Sample standard deviation: 
I- 
/ ) ‘(4 - X)’ I 

II 

u- 
,r = 

n - 1 

Average value of the subgroup sample 
standard deviations 

True within-subgroup process standard de- 
viation value 

Estimated within-subgroup process standard 
deviation value 

Proportion or fraction of nonconforming units 
in a subgroup: 

P =z number of nonconforming units in a 
subgroup/subgroup size 

Average value of the proportion or fraction 
nonco;lforming: 

r =z number of nonconforming units in 
all subgroups/total number of inspected 
units 

Number of nonconforming units in a sub- 
group 

Number of nonconformities in a subgroup 

Average value of the c values for all sub- 
groups 
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u 

ii 

Number of 
subgroup 

nonconformities per unit in a 

Average value of the u values: 

GE number of non conformities in 
units/total number of inspected un its 

all 

3 Nature of Shewhart control charts 

A shewhart control chart requires data obtained by 
sampling the process at approximately regular in- 
tervals. The intervals may be defined in terms of 
time (for example hourly) or quantity (every lot). 
Usually, each subgroup consists of the same prod- 
uct 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 is a graph of the values of a given 
subgroup characteristic versus the subgroup num- 
ber. 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 con- 
trol exists, the reference value is usually the aver- 
age 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 character- 
istic being plotted based on past experience with the 
process or from implied product or service target 
values. The control chart has two statistically deter- 
mined control limits, one on either side of the cen- 
tral line, which are called the upper control limit 
(UCL) and the lower control limit (LCL) (see 
figure 1. 

I- Upper control Llmlt RJCL) m-m-m--m- 

I 1 I I I I 1 I, 
1 2 3 4 5 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 
0 is the population within-subgroup standard devi- 
ation 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 com- 
puted 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 96 of the subgroup 
values will be included within the control limits, 
provided the process is in statistical control. Inter- 
preted 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 devi- 
ations from underlying assumptions such as the 
distributional form of the data will affect the proba- 
bility 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 inter- 
pretation. 

The possibility that a violation of the limits is really 
a chance event rather than a real signal is consid- 
ered 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 be- 
yond the 20 limits can serve as a warning of an im- 
pending 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- 
exis,tent problem. 

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 con- 
cluded 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 gener- 
alization can be made about the size of the risk of 
a type 2 error. 
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The Shewhart system takes into account only the 
type 1 error and the size of this error is 0,3 % with 
3~ 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 arbi- 
trarily 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 con- 
trol chart should not be considered in the sense of 
a test of hypothesis. (See IS0 7966 and IS0 7870). 
Shewhart emphasized the empirical usefulness of 
the control chart for recognizing departures from an 
“in-control” process and de-emphasized probabilis- 
tic interpretation. Some users do examine operating 
characteristic curves as a means of making a hy- 
pothesis 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 oc- 
curs, an investigation is initiated to locate the as- 
signable 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, for a type 1 error, on rare occa- 
sions, no assignable cause can be found and it must 
be concluded that the point outside the limits re- 
presents the occurrence of a very rare event, a ran- 
dom 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 erro- 
neous conclusions because they would be too far 
apart. Consequently, it is always necessary to bring 
an out-of-control process into control before perma- 
nent control chart parameters are established. The 
procedure for establishing control charts for a pro- 
cess will be discussed in the following clauses. 

a) when no standard values are given, and 

b) when standard values are given. 

The stand ard values 
m e n : or ta rget values. 

are some specified require- 

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 de- 
tecting 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 ob- 
served values of x, etc., for several subgroups of n 
observations each, differ from the respective stan- 
dard values X0 (or /lo), 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 eco- 
nomic values established upon consideration of the 
need for service and cost of production or be nomi- 
nal values designated by the product specifications. 

Preferably, the specified values should be deter- 
mined 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 manu- 
facture 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: 
4 Types of control charts 

1) average (‘u) chart and range (R) or standard 
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: 

deviation (.r) chart; 

2) charts for individuals (X) and moving range 
W) 

. 
1 
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3) median (Me) chart and range (R) chart. 

b) Attributes control charts: 

1) fraction nonconforming (p) chart or number 
of nonconforming units (q~) chart; 

2) number of nonconformities (c) chart or non- 
conformities per unit (u) 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 sub- 
group 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 ,y and R 
charts - represent the classic application of control 
charting to process control. 

Control charts for variables are particularly useful 
for several reasons. 

Most processes and their output have character- 
istics that are measurable, so the potential ap- 
plicability is broad. 

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 inde- 
pendent picture of what the process can do. Af- 
terwards, the process may or may not be 
compared with the specification. 

Although obtaining one piece of measured data 
is generally more costly than obtaining one piece 
of go/no go data, the subgroup sizes for vari- 
ables 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 as- 
sumption of normality. Since most control limits are 
used as empirical guides in making decisions, rea- 
sonably small departures from normality should not 
cause concern. In any case, because of the central 
limit theorem, averages tend to be normally distrib- 
uted 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 ob- 
servations 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 ap- 
proximate normality was assumed in the estimation 
of the constants for the calculation of control limits, 
which is satisfactory for an empirical decision pro- 
cedure. 

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 lo- 
cation (process average). Because of this, control 
charts for variables are almost always prepared and 
analysed in pairs - one chart for location and an- 
other 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. 

Table 1 - Control limit formulae for Shewhart variables control charts . 

Statistic 
No standard values given Standard values given 

Central line UCL and LCL Central line UCL and LCL 

x x= 7 + n,iT or x= + A,? -- /Y() or p x* + Aa, - 

R R D,R, n,iT R, or /J2rr, WON 4ao 
s s I$&?, Rqs so or cpo bo* Rsao 

-- -_-___--_.--- --.. .I--~ 

I 
NOTE - X0, R,, so, p and co are given standard values. 
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