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Foreword

Publishing information

This British Standard is published by BSI Standards Limited, under licence from
The British Standards Institution, and came into effect on 30 September 2015. It
was prepared by Technical Committee SS/4, Statistical process management. A
list of organizations represented on this committee can be obtained on request
to its secretary.

Supersession

This British Standard supersedes BS 5700:1984, which is withdrawn.

Use of this document

As a guide, this British Standard takes the form of guidance and
recommendations. It should not be quoted as if it were a specification or a code
of practice and claims of compliance cannot be made to it.

Presentational conventions

The guidance in this standard is presented in roman (i.e. upright) type. Any
recommendations are expressed in sentences in which the principal auxiliary
verb is “should”.

Commentary, explanation and general informative material is presented in
smaller italic type, and does not constitute a normative element.
Contractual and legal considerations

This publication does not purport to include all the necessary provisions of a
contract. Users are responsible for its correct application.

Compliance with a British Standard cannot confer immunity from legal
obligations.
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Introduction

B d is a guide for any organization wanting to use control charts and
capability analysis to control a process, report performance, or measure results
of an improvement programme. The application of control charts and capability
analysis is a vital step in the management and improvement of processes.
Business processes can be many and varied, including applications in
manufacturing and in services, ranging from health and finance to customer
care.

When followed correctly, statistical process control (SPC) can deliver a definable,
measureable, and recognized way to monitor processes and produce accurate
performance reporting. These are important tools in the delivery of
improvement programmes.

The application of SPC offers many benefits to an organization beyond that of
controlling and improving processes — SPC has an important role in developing
staff and helping them to engage with processes. For the methods to be
effective, it is important that senior management and other stakeholders act in
a consistent and proactive manner on the messages arising from the application
of the methods.

To improve a process it needs to be understood and to do so, take data from a
key characteristic that describes the process. For example, if dimensions such as
height, length and thickness are to be monitored, the data needs to be charted.
For this type of data, variable charts are used. If the characteristic of interest is a
count, such as the number of scratches or a proportion such as the number of
parcels with incorrect addresses, an attribute chart is appropriate. It is also
important to measure process performance outcomes and assess capability of
the process so improvement can be assessed. This British Standard acts as a
guide to selecting the correct type of chart, performance measurement and
capability analysis for the process and the relevant standard to refer to.

NOTE If the wrong characteristic for measurement has been selected, success is not
guaranteed.

1 Scope

This British Standard provides guidance on the selection and application of
control chart methods that are expanded upon in all parts of BS 5701,
BS 5702 and BS 15O 787d.

This British Standard also provides information on capability and performance
assessment as given in BS 1SO 22514 (all parts) for the purpose of monitoring,

understanding, reporting and improving processes.

2 Terms, definitions and symbols

2.1 Terms and definitions
For the purposes of this British Standard, the terms and definitions given in
BS 1SO 3534 (all parts) apply.
NOTE However, the terminology used in quality control is subject to a continuing
process of development in response to market demand.

2.2 Symbols
For the purposes of this British Standard the following symbols apply.

C capability index
c

ok minima of C,,, and C,,,
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N

ok lower capability index

N

oku  Upper capability index

count number of non-conformities

o]

average count number of non-conformities
demerit score
coefficient to calculate the lower control limit of a range chart

coefficient to calculate the upper control limit of a range chart

IN

QR OO U N

distance on a V-mask

=

coefficient to estimate standard deviation from average sample range

index counter

-

k number of subgroups
L lower specification limit
Lo, lower control limit

n, N subgroup, sample size

np number non-conforming
P, performance index
Py minima of P, , and P_,,

P lower performance index
P,  upper performance index
P

proportion non-conforming

p average proportion non-conforming

R range

s standard deviation

U upper specification limit

Uq upper control limit

%4 variance

X the it reading in a subgroup or sample

X, X  subgroup, sample, mean value

X X average of the subgroup means

> summation

u population mean

o population standard deviations

g, total standard deviation

0, Standard error of the mean
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3

3.1

3.1.1

BS 5700:2015

Control charts, performance and capability
analysis

Control charts

General

Observations of the process should be made at regular intervals and plotted. If
the control limits which are set at the process mean +3 standard errors of the
process variation are exceeded then the process is deemed to be out of control
and to have changed as a consequence of an assignable cause.

Figure 1 illustrates a process variable (in this case the interior diameter of a
washer specified to be [12.00 £0.06] mm).

Figure 1  Example of an X control chart of washer diameters
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NOTE This chart was constructed from drawing samples of five washers every 30 minutes and plotting the

average on the chart (further detail on chart construction is given in 5.3). The process mean, derived from sample
measures was found to be 12.01 mm with a standard error of 0.0133 mm. This sets the control lines at 11.97 mm
and 12.05 mm that are within specification limits indicating that this might be a capable process, but it has gone

3 5 i 9 N 13 15 17 19
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Assignable causes can also occur if there is a systematic pattern within the
control lines, meaning that if the process is behaving as desired, points should
appear at random within the control lines. For a continuous variable that is
distributed according to the normal distribution this would mean that if there
are no assignable causes, the chance of exceeding the control lines is very small
(less than a probability of 0.003). In addition, the user should expect around two
thirds of the observations to be within £1 standard error of the process mean
and 95% of the sample means to lie within +2 standard errors of the process
average (almost equivalent to a 95% confidence interval). The width between
the control lines is reflective of the inherent variation (or common cause
variation) in the process.
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NOTE For further discussion of assignable and common cause variation see Deming
[1] and Wheeler [2]. When these charts were developed, sample measures were
taken by the process operator, at regular intervals, who then calculated the mean
and the range (the difference between the highest and lowest sample measurement,
taken as a simplified measure of variability). The operator then plotted these
calculated values onto the charts. This had an additional benefit of involving the
operator and allowing him or her to take responsibility (See Shewhart [3] and
Wheeler [2]).

BS 5701, BS 5702 and BS ISO 7870-4 detail the theory and use of control charts

and explain how the performance of these charts is assessed by using the
measure “average run length” (ARL) that a chart will take to detect a change.

3.1.2 Count and proportion charts covered in BS 5701

Generally, those who manage processes use qualitative or attribute data such as
the number of blemishes on the paint work of a car, the number of errors in the
initial processing of a legal document, or the proportion of a production batch
that is in some way defective. Charts to allow the monitoring of such attributes
are count (c) and proportion (p) charts and are introduced in Clause 4 and are
covered in .

3.1.3 Mean and range (or standard deviation) charts covered in

For continuous measures, the user also needs to monitor variation in the process
as well as changes in the process average. For this, range (R) or standard
deviation (s) charts should be used. These, along with X charts, are covered in

Bs 5702

3.1.4 Cusum charts covered in BS ISO 7870-4

The charts described in 3.1.1 and 3.1.2 tend to perform well if changes in the
process are reasonably substantial. When changes are small and gradual, a chart
that plots the cumulative deviation from the process average performs better
and should be used. These charts are called cusum charts and are detailed in

BS ISO 7870-4, and are covered in more detail in Clause 4 and Clause 5.

3.2 Performance

3.2.1 Continuous variables

PD ISO/TR 22514-4 describes the performance assessment of continuous
variables. An example of a histogram of continuous data is shown in Figure 2.
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Figure 2 Example of a histogram of continuous data
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In Figure 2, there is no order for the data and no control chart was used.
Therefore, if the specification limits for the process are 40 to 60, when
superimposed over the histogram, as in Figure 3, the output of the process
clearly exceeds the specification limits.
Figure 3 Example of a histogram of continuous data with specification limits superimposed
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NOTE It is the end user’s decision to specify what the actual permissible proportion of results will be, but most
contractual circumstances would allow a maximum of 0.0134% defective per limit, i.e. 0.0268% in total.
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