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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.

The
des
diffi
edif

Atte
pat
any
on 4

Any
con

For
ass
Bar]

The
stad

Thi
rev

ISO

procedures used to develop this document and those intended for its further maint
Cribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria nee
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this document may be the
ent rights. ISO shall not be held responsible for identifying any or all such patent rights
patent rights identified during the development of the document will.bée“in the Introduct
he ISO list of patent declarations received (see www.iso.org/patents}):

trade name used in this document is information given for the,eonvenience of users ar
Stitute an endorsement.

an explanation on the meaning of ISO specific terms and expressions related to
bssment, as well as information about I1SO’s adherence to the WTO principles in thg
riers to Trade (TBT) see the following URL: Forewerd - Supplementary information.

committee responsible for this document is ‘Technical Committee ISO/TC 69, App
istical methods, Subcommittee SC 4, Applications of statistical methods in process manager

5 first edition of ISO 22514-4 cancels and replaces ISO/TR 22514-4:2007, which has been
sed.

22514 consists of the following parts, under the general title Statistical methods

management — Capability and performance:

Part 1: General principles‘and concepts

Part 2: Process capability and performance of time-dependent process models
Part 3: Machine.péerformance studies for measured data on discrete parts
Part 4: Progess capability estimates and performance measures

Part 5:=Process capability estimates and performance for attributive characteristics

enance are

ded for the
ce with the

 subject of
Details of
ion and/or

d does not

Conformity
Technical

ications of
nent.

technically

in process

ribution

Rart6: Process capability statistics for characteristics following a multivariate normal dist

Part 7: Capability of measurement processes

Part 8: Machine performance of a multi-state production process
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Introduction

Many organizations have embarked upon a continuous improvement strategy. To comply with such a
strategy, any organization will need to evaluate the capability and performance of its key processes.
The methods described in this part of ISO 22514 are intended to assist any management in this respect.
These evaluations need to be constantly reviewed by the management so that actions compatible with
continuous improvement can be taken when required.

The content of this part of ISO 22514 has been subject to large shifts of opinion during recent times. The
most fundamental shift has been to philosophically separate what is named in this part of ISO 22514 as

capability
stability hg
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conditions from performance conditions, the primary difference being whether statist
s been obtained (capability) or not (performance). This naturally leads onto the twd set
are to be found in their relevant clauses. It has become necessary to draw a firm distinc
ese since it has been observed in the industry that companies have been deteived al
apability position due to inappropriate indices being calculated and publishedk

ssion of this part of ISO 22514 is from the general condition to the specifi¢ and this apprd
heral formulae being presented before their more usual, but specific mamnifestations.

t numerous references that describe the importance of understanding the processe
n any organization, be it a manufacturing process or an information handling process
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organizatigns compete for sales with each other, it has become increasingly apparent that it is not ¢nly

the price p
purchaser
variability

hid for a product or service that matters so much, but alseywhat costs will be incurred by
from using such a product or service. The objective forany supplier is to continually red
and not to just satisfy specification.

Continual improvement leads to reductions in the costs of fdilure and assists in the drive for survivs

an increasi
reduced, tH

Process ca
capability
within thid

ngly more competitive world. There will also_be savings in appraisal costs for as variatig
e need to inspect product might disappear.gr the frequency of sampling might be reducq

pability and performance evaluationsxare necessary to enable organizations to assess
and performance of their suppliersicThose organizations will find the indices contained

part of ISO 22514 useful in this endeavour.

Quantifyinlg the variation present within' a process enables judgement of its suitability and ab

to meet sq
philosophy

All process
to explain

me given requirement. The following paragraphs and clauses provide an outline of
required to be understood to determine the capability or performance of any process.

es will be subject(o Certain inherent variability. This part of ISO 22514 does not atte
what is meant b§-inherent variation, why it exists, where it comes from nor how it affec

process. This part of ISO,22514 starts from the premise that it exists and is stable.

Process ow
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It is important for the user of this part of [SO 22514 to appreciate that variations exist that will be of a
short-term nature, as well as those that will be of a long-term nature and that capability determinations
using only the short-term variation might be greatly different to those which have used the long-term
variability.

When considering short-term variation, a study that uses only the shortest-term variation, sometimes
known as a machine study and described in ISO 22514-3, might be carried out. The method required to
carry out such a study will be outside the scope of this part of ISO 22514; however, it should be noted
that such studies are important and useful.

It should be noted that where the capability indices given in this part of ISO 22514 are computed, they
only form point estimates of their true values. It is therefore recommended that, wherever possible, the
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indices’ confidence intervals are computed and reported. This part of ISO 22514 describes methods by
which these can be computed.
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Statistical methods in process management — Capability
and performance —

Part 4:
Process capability estimates and performance measures

1 (Scope

Thip part of ISO 22514 describes process capability and performance measures thatare comn
2 |Symbols and abbreviated terms

2.1 Symbols

In addition to the symbols listed below, some symbols are definéd where they are used with
a fraction or proportion

B shape parameter in a Weibull distributien

B2 coefficient of kurtosis

c4 constant based on subgroup size, n (see ISO 7870-2)

Cp process capability index

Cpk minimum process capability index

CpkL lower process-capability index

CpkU upper process capability index

Com alterndtive process capability index

Cr process capability fraction (PCF)

dy constant based on subgroup size, n (see ISO 7870-2)

e Eulers’s number (approximately 2,718), mathematical constant

P distribution function of the standard normal distribution

y location parameter in a Weibull distribution

Y1 coefficient of skewness

m number of subgroups

K, Ky multipliers for estimating the confidence limits for a process capability index
L lower specification limit

© ISO 2016 - All rights reserved

honly used.

n the text.


https://standardsiso.com/api/?name=5e52a4766890ce22fe8471b62706833c

ISO 22514-4:2016(E)

Po,135 %

Pg o,

pu
P99,865 %

T

Qx

D

Y ox

Xa %

<1

>

lower 0,135 % percentile

location of the process; population mean value

total sample size

number of values or subgroup size (for a control chart)
a percentile

lower fraction nonconforming

process performance index
minimum process performance index

lower process performance index
upper process performance index

total fraction nonconforming

upper fraction nonconforming

upper 99,865 % percentile

geometric constant

process variation index

parameter required for the Rayleigh distribution

average subgroup range

standard deviation, sample statistic
standard deviation, with the subscript ‘t’ indicating total

average sample standard deviation

observed sample standard deviation of the jth subgroup
standdypd deviation, population

estimated standard deviation, total

target value

upper specification limit
a % percentile
ith value in a sample

arithmetic mean value, sample

arithmetic mean, of a number of sample arithmetic means

© ISO 2016 - All rights reserved
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& scale parameter in a Weibull distribution

Y1, Y2 values read from a graph

Za quantile of the standardized normal distribution from —co to a

2.2 Abbreviated terms

MSE mean square error

PCH process capability Iraction

PCI process capability index

3 |Basic concepts used for process capability and performance

3.1 General

The measures referred to in 4.2 to 4.6 refer only to measured data."They are unsuitable for count or
attifibutes data and information concerning the expression of measures for such data will lpe found in
[SO|22514-5.

3.2 Location

The characterization of location is the mean, u, 01’ the median, X509 . Although for [symmetric
distributions the mean is the most natural selection, with non-symmetric distributions th¢ median is
the preferred selection.

3.3| Dispersion

3.3]1 Inherent dispersion

The preferred selection to quantify inherent dispersion is the standard deviation o. THis is often
estimated from the mean ramnge value, R, taken from a range (R) chart or S from a standarfl deviation
(S) thart when the process is’stable and in a state of statistical control as indicated in 4.1. Methods used
to estimate the process’standard deviation are given in Annex A.

3.3{2 Total dispersion

It i necessafy) to differentiate between a standard deviation that measures only short-terth variation
and that which measures longer-term variation. The total dispersion is the dispersion that is inherent in
the [long-term variation. Methods of calculating the standard deviations representing these variations
are|given in Annex A. Very often, when data are gathered over a long period of time, the standard
deviation is made Targer by the effects of fluctuations in the process, ot.

3.3.

3 Short-term dispersion

A process may have a short-term dispersion effect that is a part of the total dispersion. Figure 1
illustrates this. The short-term dispersion includes the inherent dispersion and can also include some
short-term instability effect.

© ISO 2016 - All rights reserved
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e

Key
1  short-tg
2 overall

brm dispersion
dispersion

Figure 1 — Short-term dispersion and its relationship to the total dispersion

The total dlispersion can be any shape and not necessarily normal as illustrated here.

3.4 Mean square error (MSE)

When min

mizing variation, some practitioners use the mean square‘error as the preferred measur

is compatible with the methods used in off-line quality techniques.

3.5 Refe

The lower
percentiles
as X0,135 5 ¢

3.6 Refd

The refere
interval in|
statistical

4 Capal

4.1 Gen

rence limits

of the distribution that describe the output-of the process characteristic. They are wri
o and X99,865 %.

rence interval (also known asiprocess spread)

hce interval is the interval between the upper and the lower reference limits. The referg
cludes 99,73 % of the individuals in the population from a process that is in a stat
control.

pility

bral

and upper reference limits are respectively*defined as the 0,135 % and the 99,86%

e. It

%
ten

nce
b of

na

process when‘eperating in a state of statistical control is known as the inherent process variabilit]

Process ca.rability s a measure of inherent process variability. The variability that is inherent

represents

y. It

th@variation that remains after all known removable assignable causes have been eliminafted.

If the process is monitored using a control chart, the control chart will show an in control state.

Capability is often regarded as being related to the proportion of output that will occur within the
product specification tolerances. Since a process in statistical control should be described by a
predictable distribution, the proportion of out-of-specification outputs can be estimated. As long
as the process remains in statistical control, it will continue to produce the same proportion out-of-
specification.

Management actions to reduce the variation from random causes are required to improve the process’
ability to consistently meet the specification requirements.

© ISO 2016 - All rights reserved
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In short, the following will be necessary:

define the process and its operating conditions. If there is a change to those conditi
necessitate a new process study;

ons, it will

assess the short-term and long-term measurement variabilities as percentages of the total variability

and minimize them;
preserve the process stability and maintain its statistical control;

estimate the remaining inherent variation;

It i
and
test
oth
the
ind
a)
b)
c)

d)
e)

select an appropriate measure of capability.
following are the conditions that will apply for capability:
all technical conditions, e.g. temperature and humidity, shall be clearly stated;

the uncertainty of the measurement system shall be estimated and)judged appro
1SO 22514-7);

multi-factor, multi-level aspects of the process should be allowed;
the duration over which the data has been gathered shall be'recorded;

the frequency of sampling and sample size shall be specifiéd and the start and finish dg
collection;

the process shall be controlled with a control char®

the process shall be in a state of statistical control.

to examine a histogram of the data with any specification limits superimposed upon
for normality should be used in .assessing the data such as the Anderson-Darling test
br suitable method. This test ig'powerful in detecting departures from normality in
distribution and is suggested here as this is the region of interest for capability and p¢
ces. Additionally, a normal probability plot can be used to look for the following:

verification of normality;

outliers;

data beyond.any specification limit;

whetherthe data are well inside the specification limit(s);

evidence of asymmetry (i.e. skewness);

f)

briate (see

tes of data

necessary to check the control chart from which the data have been taken for statistical control

it. A valid
[15] or any
he tails of
rformance

ewidence of “long tails” in the data (i.e. kurtosis);

g)
h)

off-centre distribution;

any unusual patterns.

Explanations of anomalies should be sought in relation to these mentioned features and appropriate
action taken on the data prior to the calculation of any measure. It would be inappropriate to just discard
data that do not appear to fit any preconceived pattern. Such departures might be very revealing about

the

process’ behaviour and should be thoroughly investigated.
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4.2 Process capability

4.2.1 Normal distribution

Process capability is defined as a statistical measure of inherent process variability for a given
characteristic. The conventional method is to take the reference interval that describes 99,73 % of the
individual values from a process that is in a state of statistical control with the 0,135 % remaining on
each side. This applies even if the population of individual values is not normally distributed. For a
normal distribution, this process interval is represented by six standard deviations (see Figure 2).

N\
Yy / \ Y
a
0,13@/ \LOZBS %
Key |

a Referer]ce interval 99,73 %.

Figure 2 — Normal distribution

On occasions, process capability is taken to account for extra sources of variation such as a multfiple
stream prpcess, for example, output from a multi-cdyity injection moulding press. Under these
circumstances, the distribution of all values from allFcavities could still be approximately normal,
but with ektra variability so that the standard deviation shall represent the total variation, ot. [t is
important|to state how the standard deviation has been calculated, as well as the sampling strafegy
used, samylle size and the quantity and variability of output produced between samples as these will, in
practice, affect the validity of the capability assessment (see [SO 22514-2 for further information).

Data will upually be taken from a contrelchart. If the control chart had relaxed control lines or modified
control lings, the real process stapdard deviation will be larger than that estimated from data taken
from a conptrol chart with standard control lines. Issues such as these and those given earlier will
influence the reference intervaliand it is important that they are stated in any capability assessment.

“Capable” processes will be-those whose reference intervals are less than any specified tolerance by a
particular pmount. An €xample of this is shown in Figure 3.

Y1 YZ

/N
/ N\

Key
a Reference interval 99,73 %.

Figure 3 — Normal distribution with specification limits
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4.2.2 Non-normal distribution

If the distribution of individual values does not form a normal distribution, but is skewed, then the
reference interval may appear as in Figure 4. The values Y71 and Y3, which will usually be the 0,135 %
and the 99,865 % percentiles, can be estimated using a suitable probability paper (see Figure 5 for
an example using an extreme value distribution probability paper) or by the use of suitable computer
software. They can also be computed using tabular values (see Annex B) or using the particular
probability function as suggested in Annex C.

0,135 % / \L}% %
Key

a Reference interval 99,73 %.

Figure 4 — Non-normal distribution

4.3| Process location

Even if a process can be deemed capable by the above definition (in 4.2.1), if the process distrfbution has
been poorly centred relative to the specification limits, out-of-specification items might bg produced.
For|this reason, it is necessary to assess thedocation in addition to the process interval.

© IS0 2016 - All rights reserved 7
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Y
99,865 80 60 40 0,3 0,135
99,997| 99 90 |70(50( 3020 10 5 32 1 05 |02|01 005 0,01 0,003
4
X1 N
4
X99.865% /
/| d
/ F
A
/ ’
//
e
'y
I'd [
/ d
Xossw [/ n
0,003| 1 10 [30/50| 70 80 90 95 9798 99 99,5 99,8|99,9'99,95 99,99 99,997 X2

0,135 20 40 60 99,7 99,865
Key
best fit line
° cumulative percent

Figure 5 — Example using an extreme value distribution probability paper

4.4 Progess capability indices for measured data

4.4.1 General

It should b noted that when the'capability indices given in this part of ISO 22514 are computed, they
only form point estimates of.their true values. It is therefore recommended that wherever possible|the
indices’ confidence intervals are computed and reported. Methods by which these can be computed|are
described in Annex D.

It is effectiye to express the capability of a process with the use of an index number. Several indices|are
given. Card shall be‘taken when handling non-normal distributions.

The procegdsapability indices are only established for a process that is statistically “in control”.

The process capability index often used is the ratio of a specified tolerance to the reference interval and
is known as Cp. Thus,
U-L
c, = ®)
X99.865 % ~%0,135 %

There are other indices that incorporate both the location and the variation. Of these, the most widely
used is the Cpk index. If the observed index is less than a specified value, the process is deemed
unacceptable and might lead to the shipment of a proportion of items outside of the specification or that
function and fit might be compromised.

8 © IS0 2016 - All rights reserved
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The Cpk index is the ratio of the difference between a specified tolerance limit and the proce
to the difference between the corresponding natural process limit and the process location.

U-X

ss location

c 50 % @
pky ~
V' Xo9g65% ~Xs50%
and
c X509, — L
pk; g _X
50 7 0,155 7%
Thq Cpk index is reported as the smaller value of these.
NOTE Some practitioners report both of the above values (that are also known as CPU and CPL, r¢spectively).
Thig provides information about both sides of the process.
These indices will provide information about whether a process is poorly céntred and whether it will
pospibly produce out-of-specification items. Even if the Cp index is high, alow value of the Cpg index will
reveal a poorly centred process and a high probability of producing out-ef'specification items.
4.412 (pindex (for the normal distribution)
If the individual values form a normal distribution and comeArom a statistically stable process, the
length of the reference interval is equal to 60, where ovis the inherent process standard deviation.
Therefore, the Cp index can be expressed as:
-L
c =U-L
P 60
An ¢stimate (o ) of the inherent process standard deviation (o ) is required to obtain an estimate of the
Cp index. When this has been obtained, usually with data from a control chart once the procegs is shown
to be statistically stable (see 4.1), the.irdex is estimated:
: -L
¢, =Lt
p 60
9

© ISO 2016 - All rights reserved
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4.4.3 (pkindex (for the normal distribution)

When the distribution of individual values forms a normal distribution, the median X5q o, is equal to the
mean (u). Further, X99 865 9, — X50 9 and Xs0 o, — X0,135 9 are each equal to 3o. Therefore, the Cpk index

can be expressed as the minimum of:
U -
C, =—"
PRy 30
or
-L
. HL
PXL 30
The estimdted Cpk, (using X to estimate y instead of X5 ¢ ) will be the minimum of:
~ |u-x
Pky | 36
or
; X-L
c., ==—=
Pk | 36
In computing a capability index, thought has to be given to the measure of the process variation use
the denom|nator. Here, o is given to represent the variation when the data comes from a process th
in a state of statistical control.
The data might come from a multiple stream proceéss such as a multi-headed filling machine

multi-spinglle machine where the total output is treated together, where data from all streams

simultaned

usly considered. The lower the index, the greater the proportion of items produced ou

specificatipn.

444 Gy

When ther]
will be cald

- index for unilateral toleranceés

e is only one specification Timit given, it is only possible to calculate a Cpk index. The in
ulated using the appfopriate limit, either an L or a U.

4.5 Progess capability.indices for measured data (non-normal)
4.5.1 Geperal
If the distribution’ of individual values is non-normal, the expressions in Formulae (1) and (2)

apply, but
reference |

d in
ht is

ra
are
-of-

dex

Still
the

he estimation of the indices becomes more complicated. Three approaches to estimate

naitc ara giluzan
TIITCS AT C g TV CTTT

The probability paper method described in 4.5.2 is fairly simple and requires little computation, but is
somewhat crude. The approach given in 4.5.4 is computationally more involved, but is superior to any
other method as far as accuracy is concerned.

10
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4.5.2 Probability paper method

From graphs similar to that shown in Figure 4, estimates of the percentiles Xy 135 9, and Xg9 g5 9, can be
obtained. The estimates are denoted by Y1 and Y, respectively, and Formula (1) becomes:

C::U—L

Py, -y,

In a similar way, the Cpk formulae become:

or

whichever gives the lower value.

If the observed index is less than a specified value, the process is deemed unacceptable and

to t
con

The link between the index and the proportion of nonconforming items produced depends d
of distributions. Care should be taken not to interpret hdices on the basis of cut-off point
h derived for the normal distribution and, hence, ateé only applicable for that distribution].

bee

Note that the probability paper method directly‘estimates fairly extreme percentiles and

ina

4.5

As gn alternative to using probability) paper, standardized Pearson curves can be used. The

des

whegre )}0’135 % and )2997865 ¢ are the 0,135 % and 99,865 % percentiles estimated from the st:

Pea

Als

or

U_Xl:n07
C = —-——
pk
UoY, =X
Xso% -L
pk, ~
L Xgpq =1

he shipment of a proportion of items outside of the specificdtion or that function and f

curate.

3 Pearson curves method

Cribed by way of an example {(see Annex B). The index is computed using:
¢, -—2L
X99,865 % X0,135 )

[rson curves:
, we have the formulae:

U-X509

might lead
t might be

promised. The proportion nonconforming depends upon'the distribution and the value of the index.

n the class
5 that have

this can be

method is

indardized

PRU —
X99,865 % XSO %

A Xso%_

Pl )}50% _}A(

L

0,135 %

where )?50 % is the estimated median.

In order to use this method, it is necessary to establish skewness and kurtosis values in addition to the
mean and standard deviation for the data set upon which the index is to be computed.

This method is not preferred, but is presented here for completeness due to its occasional use.

©IS

02016 - All rights reserved
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This approach, and a similar one based on Johnson curves, should be regarded with considerable
caution, especially when it is a procedure within a “black box” computer program used to analyse large
sets of data. Some of the potential difficulties are as follows:

— within a system of distributions, some distributions are more difficult to fit than others. The method
of moments can yield unstable or inefficient curve parameters in some cases;

— unless the estimation technique is applied skilfully, it is possible to obtain fitted curves that are
meaningless over certain ranges of the data. For example, with the method of moments, an easily
made mistake is to fit a Pearson Type III distribution whose estimated threshold is less than the
lower bound for the process output, thereby, invalidating the estimates of Xp 135 o, and Cpk;

— the m%‘!‘hod of moments does not yield estimates of the variability in the estimated indices. Likew

these
— not ev¢

— goodn

available for the Pearson and Johnson systems;

— the “bl
simple

4.54 Di

Annex C d
the Raylei
capability.
the param
method an

This is anallogous to the procedure adopted in the tase of the normal distribution where o is estimz

and 60isr

Various ty]

4.6 Alte

The bases
normally d

time and tle correspondifig-éstimates are X and S2.

T

ethods do not yield confidence intervals for the indices;
bry data distribution can be described adequately with a Pearson or Johnson ¢urve;

bss-of-fit tests are limited to the chi-squared test since more powerful testsare not gener

ack box” approach tends to displace basic practices, such as plotting the data and apply
normalizing transformations, that provide genuine understanding of the process.

stribution identification method

escribes certain families of distribution functions (such as the log-normal distribuf
bh and the Weibull distributions) that are commonly found when investigating pro

bters of the distribution of the family that besti\explain the data by some efficient estima

d, finally, to express the quantiles in terms-ofthe parameters of that distribution.

ppresented by (X99,865 9% — X0,135 %)

bes of probability paper might be.iseful to identify the appropriate family of distribution

rnative method for describing and calculating process capability estimates

for this method are the ‘widely used definitions of ; and Cpk for the “ideal process” wi
istributed charactefistic, X, where the expectation, u, and variance, 62, are constant

ise,

ally

ring

ion,
fess

The method is first to identify the appropriate faniily of distributions, secondly to estinpate

fion

ted

th a
vith

able 1 —<Process capability indices and estimates for the normal distribution
Index Estimate
—U-L — =L
P 6o P6s _
c U-pu - U-X
kK, ~ K, = oo
PXy 30 pky 3
c. _M-L A X-L
K, ~ K, T oo
PXL 30 R 35
Core =min(Cpye 5Coiy )| o =min(Cpy €y

This “ideal process” implies that the long-term standard deviation is equal to the short-term standard

deviation.

For the normal distribution, there is an exact relation between the lower fraction nonconforming units
and Cpk and between the upper fraction nonconforming and Cok, - This relation is exploited in 4.8 to
L U

12
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calculate the proportion out-of-specification from lower and upper process capability indices. The
relationship is displayed in Table 2 for easy reference.

When these measures of process capability have to be extended to characteristics that are not
normally distributed, the fraction nonconforming item can be transformed to a capability index using
the relationships in Table 2. This method can be applied in particular if the product characteristic is
qualitative.

Table 2 — Process capability indices and estimates for the normal distribution — Equivalent

formulae
Index Estimate
. Cpku +CpkL P Cpku +CpkL
p 2 p f
C = Zl_pU - Zl’i’u
pky 3 pky 3
c. - Z1-p, - Z1-p,
pk; 3 pk; — 3

wheére pyand py, are the fractions nonconforming at the upper afd lower specification limits and ﬁU . D,
arelthe corresponding estimates. The formulae in the abovedable can be applied to any distyjibution.

It i assumed that the user has knowledge of the shapéof the distribution because of what is known
abojut the manufacturing process or by some evaluatioof a sample by an appropriate probalility paper.

For|those distributions that are frequently observed (normal, log-normal, Rayleigh and Wgibull), the
reqpired relations and formulae are given in Anfiex C.

4.7] Other capability measures for/continuous data

4.711 Process capability fraction-(PCF)

Thg PCF is the inverse of the Cp)index:

1
U-L Cp
It cdn be expressed.as a percentage value and occasionally named Cr (%).

4.7)2 Indices when the specification limit is one-sided or no specification limit is given

4.7)21, * General

Sometimes, a specification is given that has only one limit, e.g. a maximum value. In these circumstances,
it will only be possible to compute a Cpk or a Ppk index.

There will also be situations when specification limits are not given or not known. However, if a target
or nominal value is given for the product characteristic or process parameter, the following measures
might be appropriate. They present a special appeal to those engaged in minimizing process variation
around a target value.

© IS0 2016 - All rights reserved 13
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4.7.2.2 Mean square error (MSE)

The mean square error provides a measure that involves both location and variation. It is computed as

follows:

O'2+

(u=T)

In deriving this measure from data, it is necessary to provide estimates of the process standard
deviation and u using sample data from a control chart.

4.7.2.3

This index[uses the mean square error given in 4.7.2.2, but expresses the whole value as a coefficier

variation

1
Qk:

k index

d is computed as follows:

D0 o 2 + (1 —T)? %

for T=0.

An interes
value and i
index beco

4724 (
The Cpm in

In its simp

If the process variation increases, it will also increase the value of the index. The smaller

T

[ing property of this index is if the process drifts from its target, the index will increas
nes, the better the process is deemed to have performed.

pm index

Hex, like the Qk index, incorporates the target valte and the MSE into the calculation.

est form, the index is:

U-L

C

pm

This calcul
that allows

C*

612 + (1 —T)>

htion implies that T'is the midpoint between U and L and so a refinement was later introdu
d for a non-central T value:

min(U - T,T - L)

pm

Compared

The Cpm infdex is somgtimes referred to as a Taguchi index because of the incorporation of the MS

the denom

3\10'2 +(u - T)2

to the usual indices, Cp and Cp, here only one index is needed to describe a situation.

nator.

1t of

e in
this

ced

E in
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© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=5e52a4766890ce22fe8471b62706833c

1SO 22514-4:2016(E)

4.8 Assessment of proportion out-of-specification (normal distribution)

The proportion of out-of-specification items (p;, and py) that fall below L and above U can be estimated
using properties of the standard normal distribution. Standardized deviates can be calculated as
follows:

Z[au = 3Cpku

and

Z~ =
5.~ 3Cok,

[9U and fJL are found as the proportions exceeding z, and Z, respectively, in a standqrd normal
U L

distribution.

Additionally, the process yield can be computed as 100 % minus the total percentage noncorforming in
the|case of a controlled process.

If a characteristic, in statistical control and stable, has a CpkU of 0,86'and a CpkL of 0,91, the proportion

of ojut-of-specification can be determined using the method given above as follows.

a) [Calculate the “upper” standardized deviate.

Z- :3Cpk

Py L

=3x%0,91
=2,73
b) |Calculate the “lower” standardized deviate:

c¢) |Using the standard nopmal distribution, look up or calculate the values p, and p, for the

proportions of the distribution beyond the specification limits U and L, zp, and z, Te pectively.

For|convenience and.ease of use, Table 3 gives look-up values for the estimated proportion out-of-
sperification. Table.3Vis indexed by CpkU or CpkL the process capability indices (PCI). Tabje 3 should

notfbe used toderive Cp nor Cpk values for attributes data.

Using the-above example of a CpkU of 0,86 and a CpkL of 0,91, the estimated proportion beyond the
spefification limits U and L can be read directly from Table 3 as 0,004 9 and 0,003 2.

Table 3 — CpkU or CpkL (PCl in the table) and proportion of the normal distribution remaining

in the tails of the distribution beyond a specification limit

PCI 0,00 0,01 0,02 0,03 0,04 0,05 0,06 0,07 0,08 0,09

1,6]79x10-07 6,8x10-07 59x10-07 5,0x10-07 4,3x10-07 3,7x10-07 3,2x10-07 2,7x10-07 2,3x10-07 2,0 x10-07
1,5[3,4x10-06 3,0x10-06 2,6x10-06 2,2x10-06 19x10-06 1,7x10-06 1,4x10-06 1,2x10-06 1,1x10-06 9,2 x10-07
1,41 1,3x10-05 1,2x10-05 1,0x10-05 8,9x10-06 78x10-06 6,8x10-06 59 x10-06 52 x10-06 4,5x10-06 3,9 x 10-06
1,3]14,8x10-05 4,2x10-05 3,7x10-05 3,3x10-05 2,9x10-05 2,6x10-05 2,3x10-05 2,0x10-05 1,7x10-05 1,5x10-05
1,21 0,0002 0,0001 0,0001 0,0001 0,000 1 0,000 1 0,0001 0,0001 0,0001 0,0001
1,1| 0,0005 0,000 4 0,000 4 0,000 3 0,000 3 0,000 3 0,000 3 0,000 2 0,000 2 0,000 2
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Table 3 (continued)

PCI 0,00

0,01 0,02 0,03 0,04 0,05 0,06 0,07 0,08 0,09

1,01 0,0013 0,001 2 0,0011 0,001 0 0,0009 0,0008 0,0007 0,0007 0,000 6 0,0005
09| 0,0035 0,003 2 0,0029 0,002 6 0,002 4 0,002 2 0,002 0 0,001 8 0,001 6 0,001
0,8] 10,0082 0,007 5 0,0069 0,006 4 0,0059 0,005 4 0,004 9 0,004 5 0,004 1 0,003
0,7 10,0179 0,016 6 0,015 4 0,014 3 0,013 2 0,012 2 0,0113 0,010 4 0,0096 0,008 9
0,6] 0,0359 0,033 6 0,031 4 0,029 4 0,027 4 0,025 6 0,0239 0,022 2 0,0207 0,019
0,5| 0,0668 0,063 0 0,059 4 0,0559 0,052 6 0,049 5 0,046 5 0,043 6 0,0409 0,038 4

5
8

2

04| 0,115
0,3] 0,184
0,2] 0,274
0,11 0,382
0,01 0,500

0,109 3 0,103 8 0,098 5 0,093 4 0,0885 0,083 8 0,079 3 0,074 9 0,070
0,176 2 0,168 5 0,1611 0,153 9 0,146 9 0,140 1 0,133 5 0,127 1 0,121
0,264 3 0,254 6 0,2451 0,2358 0,226 6 0,217 7 0,2090 0,200 5 0,192
0,370 7 0,359 4 0,348 3 0,337 2 0,326 4 0,3156 0,3050 0,294 6 0,284
0,488 0 0,476 1 0,464 1 0,452 2 0,440 4 0,428 6 0,416 8 0,405 2 0,393

A W N O

5 Performance

5.1 Gen

Process pe
difference
the proces
following 3

— all technical conditions, e.g. temperature and humidity, shall be clearly stated;

— the up
ISO 22

—  multi-
— thedu
— thefre
— thepr

— the pr
sequer

Indices are
the clause

are used, e

bral

rformance for a characteristic is the achieved distributign’of results. The single impor
between performance and capability is that for performance, there is no requirement
5 to be in statistical control or for the process to becontrolled using a control chart.
re the conditions that will apply for performance:

certainty of the measurement systemrshall be estimated and judged appropriate
514-7);

actor, multi-level aspects of the process should be allowed;

Fation over which the data has.been gathered shall be recorded;

quency of sampling shall be specified and the start and finish dates of data collection;
cess need not be controlled with a control chart;

bcess need nof be in a state of statistical control, in particular, historical data where
ce is unknown can be used to evaluate process performance.

givenbelow to express process performance. Their form is similar to those already give
bn capability and the general relationships given in Formulae (1) and (2) for measured ¢

ant
for
The

see

the

n in
lata

xcept they are named Pp, PpkU and PpkL , respectively.
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5.2 Process performance indices for measured data (normal distribution)

5.2.1 Ppindex

When the individual values form a normal distribution, the length of the reference interval is equal to
60t where ot is the total standard deviation. Therefore, the P, index can be expressed as:

p _U-L

p 60

An | = p index. In
praftice, o, will be the standard deviation (St) of all of the data. When this has been obtained, the index
is eftimated.

5.22 Ppkindex

When the distribution of individual values forms a normal distribution, thé médian X5 o, is gqual to the

medn (u). Further, X99 865 o, — X50 9 and Xs50 o, — X0,135 o, are each equal €6)30¢. Therefore, the Ppk index
is tlhe smaller of the two values:

P, _U-n

PXy 3Gt
or

p, =4l

PXy 30

t

where the indices are estimated by:

. U-X

Py 36,
or

- X-L

Pk 36,

Algwer index means.greater proportion of items produced out-of-specification.

5.3| Processiperformance indices for measured data (non-normal distribution]

5.3]1 AGeneral

Theapproaches adopted T this clause for Mo-normar aata 15 the same as that givem earter in 4.5 for
capability indices.
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5.3.2 Probability paper method

From graphs similar to those given in Figure 5, estimates of the percentiles Xp 135 9, and Xo99 865 9, can
be obtained. The estimates are denoted by Y1 and Y7, respectively, and the formula becomes:

Py

U-L

_Yl

In a similar way, the Ppy formulae become:

“ U-— Xl:n 9
pky |y
Yo = X504
or
~ X509, — L
pkL 15
X509 ~ 11
whichever [of them gives the least value.

If the inde}

 is less than a given value, the process is deemed to have produced an excessive propor

fion

of items outside of the specification. The proportion nonconforming depends upon the distribution and
the value of the index. The link between the index and the proportiei of nonconforming items prodyced
depends o1} the class of distributions. Care should be taken not to interpret indices on the basis of cuf-off
points thatthave derived for the normal distribution and, hence,are only applicable for that distributfion.
The probapility paper method directly estimates fairly*extreme percentiles and that this car] be
inaccurate| Additionally, the estimation method using probability paper, although very simple to usk, is
neverthelefs somewhat crude and computational procedures are preferred (see Annex C).
5.3.3 Peprson curves method
As an altefnative to using probability papey, standardized Pearson curves are sometimes used. [The
method is flescribed by way of an example{(see Annex B). The index is computed using:
- U-L
Pp == -
X99,865 % Xo.,135 %
where )?07135 ¢ and )2’997865 frare the estimated 0,135 % and 99,865 % percentiles from the standardjzed
Pearson curves.
Also, we hgve the fermulae:
. U= X509
pky
v X99,865 % ~ X509
and
. X509, — L
Pk, T 5 R
b Xsog ~Xoassy
where )}50 ¢, is the estimated median value.

In order to use this method, the user will need to establish skewness and kurtosis values in addition to
the mean and standard deviation for the data set upon which the index is to be computed.

18
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This method is not preferred, but is presented here due to its occasional use for completeness (see 4.5.3
for further comments about the use of this method).

5.3.4 Distribution identification method

See Annex C for a description of certain families of distribution functions such as the log-normal
distribution, the Rayleigh and the Weibull distributions that are commonly found when investigating
process performance. See also 4.5.4 for further comments about the method.

5.4 Other performance indices for measured data

All pf the indices given earlier for capability will have counterparts when considering. pefformance.
Anyf standard deviation will represent the total variation (o) instead of the inherent yariati¢n (o).

5.5 Assessment of proportion out-of-specification for a normal distribution of|the total
distribution

The same method to estimate the proportion of out-of-specification is used here as in 4.8. [The reader

shopld substitute PpkU and PpkL respectively for Cpk,, and CpkL' Table 3 can also be used to

determine the proportion out-of-specification and the reader, should enter the table with ﬁpk or
U

Ppk‘ instead of CpkU or CpkL

6 |Reporting process capability and performance indices

If process capability (or performance) statisticsiare used for process qualification, they| should be
repprted in relation to this part of ISO 22514. The calculation method and the number of valyies used as
basis for the calculation shall be stated.

An example is given in Table 4.

Table 4 — Example of report of calculated process capability indices

Process capability (or performance) index Cp=2,01
Minimum process capability (or performance) index Cok =1,90
Confidenceinterval 1,54 < Cpk < 2,26
Numbef-of values used for the calculation 100
Medgsurement uncertainty 0,002 mm
Optional:

— frequency of sampling; 30 min.
— time and duration of data taking;

— _distribution modet; Normal
— technical conditions (batches, operation, tools).

Additionally, the study report shall contain the following information:

a) the place where the study was performed and the type of process the machine is part of;

b) the persons who performed the study and who took the measurements;

c) when the study was performed, including the date, times of start and finish, log of any interruptions;
d) any machine and process reference numbers;

e) the component’s name and reference number;
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f) the component characteristic(s) measured;

g) the specification for the characteristic(s) and what factors were held constant;

h) ambient conditions;

i) theraw data;

j)  non-st

andard conditions.

For each characteristic measured, the following shall be reported (or provided):

— the didtribution model estimated;

— the cal
The follow
— acontj
— atally
— aprob
— the md
— the std
— the est
— the cal

— the mqg

culated indices.

ng should be reported (or provided):
ol chart of the data;

chart or histogram of the data;

hbility plot of the data;

an value from the data;

ndard deviation from the data;

imated percentage out of specification;
culated indices’ confidence intervals;

asurement uncertainty/measurement progess capability.

20
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Annex A
(informative)

Estimating standard deviations

A.1l

It is
par
des
oftd

General
=enera:

necessary to estimate the standard deviation in order to calculate the indices referre
L of ISO 22514. There are two types of standard deviation to consider. The first is wh4
Cribed as the short-term standard deviation or instantaneous (inherent) standard dev
n calculated from statistics taken from a control chart and this is shown in“A.2. The d

estimation of the total standard deviation and this is described in A.3.

If th
give

A.2

A2

The
can

whg

e process has more than one mode or state, the spread should be caleulated by following 1
nin [SO 22514-2 or ISO 22514-8.

Inherent standard deviation

.1 Estimation using the mean range value

inherent (process) standard deviation (the data-Wwill be taken from an “in control” cor
be estimated from a range control chart using;

. R
o =—
d,

bre do is a factor taken from Table-A. Y.

Table A.1 — Factors for the estimation of process standard deviation

1 to in this
t might be
jation. It is
ther is the

he method

trol chart)

Subgroup size (n) dy c4
2 1,128 0,797 9
3 1,693 0,886 2
4 2,059 09213
5 2,326 0,9400
6 2,534 09515
7 2,704 0,959 4
8 2,847 0,965 0
9 2,970 0,969 3
10a 3,078 09727
a  Values for d and c4 may be found in textbooks for sample sizes greater than 10.
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A.2.2 Estimation using the mean standard deviation value

If a standard deviation control chart has been used to monitor the within subgroup variation, the
inherent (process) standard deviation can be estimated using:

.S
o=—

where c4 is a control chart factor taken from Table A.1.

I~ 4

o=

where ther

A.3 Esti

When data
it is inappy
should be 1

e are m subgroups of n observations in each.

mation of total standard deviation

are generated from a process which is “out-of-conttrQl or if no control chart has been u

1sed instead:

The circunpstances that lead to the use of this formula are when fluctuations exist in the process m

caused by
with the 1
calculating

When cong
often desir
from each
produces 2
different. I
the best es

hssignable causes that mighthot be removable and this extra variation is to be incorpord
emaining random cause ,variation. It is the appropriate measure of variation for us
the performance indices.

idering multiple-stréam processes, such as a multiple cavity injection moulding press,
ed to treat thé data from all the cavities as if they came from a single process. The ¢
ravity might\form a single normal distribution. However, the reality is often that each ca

slightly-different distribution because either the means or the variabilities or both
f the data'from all of the process streams can be considered to yield a normal distribut
timate of the process variation will be given by this formula.

PSs)

Sed,

opriate to compute the standard deviation using.the methods of A.2. The following formula

ean
ted
b in

it is
lata
Vity
are
ion,
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Estimating capability and performance measures using Pearson

curves — Procedure and examplev

B.]I Record specification limits
Upper limit, U = 0,30

Lower limit, L = 0,20

B.2 Record process statistics

The process is shown to be statistically “in control”.
Megn, x = 0,235

Standard deviation, ¢ =0,012 2

Skejness, y, = 0,7 (rounding to one decimal place)

Kuritosis, Bz = 3,5 (rounding to one decimal place}

B.3 Look up standardized 0,135 percentile
For|positive skewness, use Table B.1~For negative skewness, use Table B.2.

0,135 percentile, Pg 135 9, = 3,056:by interpolation.

B.4 Look up standardized 99,865 percentile
For|positive skewnessyilse Table B.2. For negative skewness, use Table B.1.

99,865 percentile;-Pog 65 9o, = 4,656 by interpolation.

B.J Logkup standardized median in Table B.3

For|positive skewness, reverse the sign. For negative skewness, leave positive.

Standardized median, P5g o, = -0,067 5 by interpolation.

B.6 Compute estimated 0,135 % percentile
X0,135% = ’_‘_&Po,ms%

=0,235-(0,012 2x 3,056)

=0,197 7

1) Procedure based on that in Reference [10].

© ISO 2016 - All rights reserved
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B.7 Compute estimated 99,865 % percentile

X P

99.865% = X +0 Pog ges
= 0,235+ (0,012 2 x 4,656)
-0,2918

B.8 Compute estimated median

X509 =X +0 Pgqo
=0.235+(0,0122%x-0.0675)

=0,234 2
B.9 Comnppute process capability indices
U-1L
99,865 % X0,135 %
_0,30-0,20

0,291(8-0,197 7
=1,06

Cp:

b'e

. U-X509

pk v v
! Xogees v ~ X504
0J30-0,234 2

©0,2918-0,2342
=1,1p

N Xso%_

L

54 % _X0,135%
0{234 2-0,20
0,2342-0,197 7
= 0,94
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