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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 proceglures used to develop this document and those intended for its further maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed{or
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

This general introduction to capability treats the subject’s capability and performance in a general
way. To understand fully the concepts, it would be helpful to consult ISO 22514-2, ISO 22514-3, and
ISO/TR 22514-4. These documents extend this introductory explanation to more specific uses of the
procedures.

A process can be either a discrete process or a continuous process. A discrete process generates a
sequence of distinguishable items and a continuous process generates a continuous product (e.g. a lane
of paper).

The purpose of a process is to manufacture a product or perform a service, which satisfles a set of
preset specifications. The specifications for a process under investigation are defined\for opne or more
chafacteristics of the product or service. However, in process performance or gdpability, only one
chafacteristic is considered at a time. The characteristic can either be measurable; countable, or it can
be g property. The process is, thus, generating either a discrete or a continuous stochastic process. The
dis¢rete process can either be a process of real numbers, a process of nattiral numbers, ot a process
telling which event from a set of events has occurred for the individual items. As an exampl¢, the set of
events for the individual items could be {colour acceptable; colour notaceeptable}.

In general, the notation for a discrete stochastic process is {X;j}, where X; is the outcome of element no. i
in the process. In case the characteristic is a property X;, it is a vdlue given to each of the events in the set
of epents used for characterizing the process. For a discrete process, the index i is normally fhe number
of the item in the generated sequence of items. However, sometimes it might be more convenient to use
the[time from a fixed point as the index. When the process)is continuous, a number of possibjlities exist
for the index depending on the nature of the product. When the product is e.g. a lane of papef, the index
could be the length from a starting point or it couldbe the time from a fixed point.

It should be noted that normally a serial correldtion exists in a stochastic process.

A stochastic process is either stationary=o¥ non-stationary. The stringent definition of a[stationary
stog¢hastic process will not be given here:-However, for a stationary process a distribution ekists for X;,
whilch is independent of i.

Stog¢hastic processes that satisfyithe specifications are either stationary processes or well-d¢fined non-
staffionary processes (e.g. periodic processes).

To evaluate a process, a-performance study is performed. In fact, a performance study ptarts as a
thegretical study of all’the elements in the process before the process is physically implemented. When
the[parameters of thevarious stages in the process have been analysed and redefined, thg process is
impglemented (might be only as a test process).

Basgd on sampling from the implemented process, the numerical part of the performance study of the
profess isstarted. A number of questions concerning the process will, beyond any reasonable doubt, be
answered correctly. The most important question to be answered is whether the process is astationary
réss, which is stable or predictable for a reasonable period. For the process, it is then inpportant to

yine prooap V 4 [1DUTION O [Ne proce d11d TO oODtlall e Mates O e 0 [Toution parameters
with a reasonable small variance. Based on this information, the next stage in the performance study
would be to map the properties of the characteristics under investigation and decide whether they are
acceptable. If the properties cannot be accepted, the parameters of the process itself will be changed in
order to obtain a process with acceptable properties.

Consider a well-defined and implemented process that has been accepted using a performance study.
The next stage for the process would then be to ensure that the parameters of the process and thus, of
the stochastic process do not change, or changes in a predicted way. This is performed by defining a
suitable capability study:.

These studies of performance and capability indices are today more and more used to assess production
equipment, a process, or even measurement equipment relative to specification criteria. Different types
of studies are used depending on the circumstances.
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Statistical methods in process management — Capability
and performance —

Part 1:
General principles and concepts

1 (Scope

Thi

manufacturing processes. It has been prepared to provide guidance about circumstance
cappbility study is demanded or necessary to determine if the output fromya’manufacturi
or the production equipment (a production machine) is acceptable according to appropri
Such circumstances are common in quality control when the purposeé_for the study is pa
kingl of production acceptance. These studies can also be used when diagnosis is required ca
profduction output or as part of a problem solving effort. The methoeds are very versatile and

ap
Thi

2

Thd
ind
refq
ISO
orie

ISO

part of ISO 22514 describes the fundamental principles of capability, and perfdrmance of

ied for many situations.
5 part of ISO 22514 is applicable to the following:
organizations seeking confidence that their product'characteristics requirements are fu

organizations seeking confidence from their suppliers that their product specifications 3
be satisfied;

requirements;

those internal to the organization'who deal with analysing and evaluating the existing
situation to identify areas for process improvement.

Normative references

following documents, in whole or in part, are normatively referenced in this docume

1101, Geometrical product specifications (GPS) — Geometrical tolerancing — Tolerand
ntation,.location and run-out

s where a
g process
te criteria.
rt of some
ncerning a
have been

Ifilled;

re and will

those internal or external to the organization who audit it for conformity with the product

pbroduction

nt and are

spensable for itsVapplication. For dated references, only the edition cited applies. F¢r undated
rences, the latest edition of the referenced document (including any amendments) appligs.

(%)

es of form,

22514-7, Statistical methods in process management — Capability and performance — Part 7

: Capability

ofmeasurement processes

3

For

3.1

3.1.

Terms and definitions

the purposes of this document, the following terms and definitions apply.

Basic terms

1

requirement
need or expectation that is stated, generally implied, or obligatory

[SOURCE: 1SO 9000:2005, 3.1.2]

© IS0 2014 - All rights reserved


https://standardsiso.com/api/?name=f768bcdc744972e9febc47905a6d0f81

ISO 22514-1:2014(E)

3.1.2
process
set of inter

-related or interacting activities which transforms inputs into outputs

Note 1 to entry: Inputs to a process are generally outputs from other processes.

Note 2 to entry: Processes in an organization are generally planned and carried out under controlled conditions
to add value.

[SOURCE: I
3.1.3

SO 3534-2:2006, 2.1.1, modified]

system
set of inter

[SOURCE: ]

3.1.4
product
result of a

related or interacting elements

S0 9000:2005, 3.2.1]

process

Note 1 to enftry: Four generic product categories are

— service
softwa
hardwa

proces

Many prody
called dep

Note 2to e
[SOURCE: 1

3.1.5
character
distinguish

[SOURCE: I

s (e.g. transport),

e (e.g. computer program),

re (e.g. engine mechanical part), and
ed materials (e.g. lubricant).

cts comprise elements belonging to different-géneric product categories. What the product is

er]:ds on the dominant element.

ry: In mathematics, the concept of prodiict is limited to the result of multiplication.

SO 3534-2:2006, 1.2.32]

stic
ing feature (of an item)

S0 9000:2005, 3,5:1modified]

Note 1 to enftry: Item is defined in ISO 3534-2:2006, definition 1.2.11.

3.1.6
quality
degree to

vhich a set of inherent characteristics (3.1.5) of a product (3.1.4) fulfils requirements (3.1.]

customers

and other interested parties

hen

) of

Note 1 to entry: In ISO 9000:2005, 3.1.1, quality is defined without specification of who defines the requirements.

3.1.7

product characteristic
inherent characteristic (3.1.5) of a product (3.1.2)

Note 1 to entry: Product characteristics can be either quantitative or qualitative.

Note 2 to entry: The product characteristic can be multidimensional.

© ISO 2014 - All rights reserved
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3.1.8
process characteristic
inherent characteristic (3.1.5) of a process (3.1.4)

Note 1 to entry: Process characteristics can be either quantitative or qualitative.
Note 2 to entry: The process characteristic can be multidimensional.

3.19

quality characteristic
inherent characteristic (3.1.5) of a product (3.1.4), process (3.1.2), or system (3.1.3) related to a requirement
(BN ny

Note 1 to entry: Quality characteristics can be either quantitative or qualitative.
Note 2 to entry: The quality characteristic can be multidimensional.

Note 3 to entry: Often, there is a strong correlation between a process characteristic and'a product chpracteristic,
whifhisrealized by the process. In principle, however, the individual requirement te the process chara¢teristicand
the Individual requirement to the product characteristic are different. Each of these’both individual r¢quirements
is the part of the quality requirement for the process and the part of the quality requirement for the product,
respectively.

3.1{10
specification
document stating requirements (3.1.1)

Notg¢ 1 to entry: A specification can be related to activities (e'g. procedure document, process specification, and
test|specification), or products (3.1.4) (e.g. product specification, performance specification, and draying).

[SOPRCE: ISO 9000:2005, 3.7.3]

3.1{11
specification limit
lim{ting value stated for a characteristic(3.1.5)

[SOPURCE: 1SO 3534-2:2006, 3.1.3]
Note¢ 1 to entry: Sometimes specification limits are called tolerance limits.

3.1{12

upper specification limit
U
spetification limit (3.1.11) that defines the highest value a quality characteristic can have and still be
conpidered conferming

Note¢ 1 to entry: The preferred symbol for upper specification limit is U.

[SOPREE: ISO 3534-2:2006, 3.1.4, modified]

3.1.13

lower specification limit

L

specification limit (3.1.11) that defines the lowest value a quality characteristic might have and still be
considered conforming

Note 1 to entry: The preferred symbol for lower specification limit is L.

[SOURCE: ISO 3534-2:2006, 3.1.5, modified]
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3.1.14

specification interval

tolerance interval

tolerance zone

interval between upper and lower specification limits (3.1.11)

Note 1 to entry: This term is completely different from a statistical tolerance interval, which is an interval with

stochastic b

3.1.15

orders.

target value

T
preferred

[SOURCE: I

3.1.16
nominal v|
reference

Note 1 to er]
term. There|

3.1.17
actual val
value of a d

3.1.18
variation
difference

Note 1 to enftry: Variation is often expressed as a varianee or standard deviation.

[SOURCE: I
3.1.19

random c3

common ¢
chance cax
<process V|

Note 1toen
established

Note 2 to entry: Theaeduction of these causes gives rise to process improvement. However, the extent of t

identificatid
economics.

r reference value of a characteristic (3.1.5) stated in a specification (3.1.10)

SO 3534-2:2006, 3.1.2]

alue
alue of a characteristic (3.1.5) stated in a specification

try: In ISO 3534-2, nominal value and target value are synonyms with.tatget value as the prefe
isaneed to distinguish the reference value in a specification and a preferred value used in produc

e
uantity in a characteristic (3.1.5)

between values of a characteristic (3.1.5)

SO 3534-2:2006, 2.2.1]

use
ause
1se

hriation> source of process variation (3.1.18) that is inherent in a process (3.1.2) over timje

ry: Inaprocess subject only to random cause variation, the variation is predictable within statistig
limits.

n, reduction and removal is the subject of cost/benefit analysis in terms of technical tractability

[SOURCE: I
3.1.20

S0-3534-2:2006,2.2 5]

product characteristic in control

product ch
practically

3.1.21
stable pro

aracteristic (3.1.7) parameter of the distribution of the characteristic values of which

do not change or do change only in a known manner or within known limits

cess

process in a state of statistical control
<constant mean> process (3.1.2) subject only to random causes (3.1.19)

Note 1 to entry: A production in control is a production with processes in control.

© ISO 2014 - All rights reserved
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Note 2 to entry: A stable process will generally behave as though the samples from the process at any time are
simple random samples from the same population.

Note 3 to entry: This state does not imply that the random variation is large or small, within or outside of
specification, but rather that the variation is predictable using statistical techniques.

[SOURCE: ISO 3534-2:2006, 2.2.7, modified]

3.1.

22

distribution of a product characteristic
information on the probabilistic behaviour of a product characteristic (3.1.7)

Not
the

Not
recq

Not
The

conglitions pertaining to the data collection:

The

Not
and
whe

Not
diffi
rest

3.1
clas
par
whi

EXA
dev

EXA
EXA

e 1 to entry: The distribution contains the numerical information about the product characterist
berial order in which the items have been produced.

e 2 to entry: The distribution of product characteristic exists whether the product dharacteri
rded or not, and it depends on technical conditions such as input batches, tools, operators, etc.

e 3 to entry: If information about the distribution of product characteristic is désired data must
distribution that is observed depends in addition to the technical conditions (see Note 2) and t

the measurement;
the time interval over which the sampling takes place;
the frequency of sampling.

technical conditions (see Note 2) and the conditions of the-data collection shall always be specifi

data from distributions are represented. The Aiistogram is frequently used for data from a
reas the density function is frequently used for'amodel of the distribution of the product charac

e 5 to entry: In the following clauses, the distribution of the product characteristic will be consi
brent but well-defined conditions, such*as performance and capability, where performance
rictive.

23

s of distributions

Licular family of distributions (3.1.22) each member of which has the same common at
ch the family is fully'specified

MPLE1  The class of normal distributions where the unknown parameters are the mean and t
ation. Often, the.class of normal distributions is referred to simply as the normal distribution.

MPLE 2 ~Three parameters, multi-shaped, Weibull distribution with parameters, location, shap

MPLE3> The unimodal continuous distributions.

c except for

tic is being

lKe collected.

e following

ed.

e 4 to entry: The distribution of the product characteristic can be represented in any of the ways distributions

Histribution
eristic.

lered under
is the least

[ributes by

he standard

e, and scale.

Not

b 1to entry: The class of distributions can often be fully specified through the values of appropriate

barameters.

[SOURCE: ISO 3534-2:2006, 2.5.2, modified]

3.1.

24

distribution model of the product characteristic
specified distribution (3.1.22) or class of distributions (3.1.23)

EXAMPLE1 A model for the distribution of a product characteristic, such as the diameter of a bolt, might be
the normal distribution with mean 15 mm and standard deviation 0,05 mm. Here the model is a fully specified
distribution.

EXAMPLE 2 Amodel for the same situation as in EXAMPLE 1 could be the class of normal distributions without
attempting to specify a particular distribution. Here the model is the class of normal distributions.

© IS0 2014 - All rights reserved
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[SOURCE: I
3.1.25

SO 3534-2:2006, 2.5.3]

reference limits of the product characteristic

X0,135 %, X9
quantile of

EXAMPLE

9,865 %
the distribution of the product characteristic (3.1.22)

If the distribution of the product characteristic is normal with mean p and standard deviation o,
the limits are y *+ 3¢ if traditional 0,135 % and 99,865 % quantiles are used.

Note 1 to entry: The conditions of the distribution of the product characteristic shall be specified, see Note 2 and

Note 3 of 3.]

27

Note 2 to enftry: Traditionally the 0,135 % and 99,865 % quantiles have been used.

3.1.26
reference
interval bo

X0,135 %

EXAMPLE 1
to the tradit

EXAMPLE 2
probability
described i

Note 1 to enptry: The interval can be expressed by Xo,135 %, X99,865 %»gquantiles and the length of the interv

X99,865 %, —

Note 2toen
index (3.2.3

Note 3 to efptry: For a normal distribution, the length*of'the reference interval can be expressed in terms o

standard de

Y=y~

interval of a product characteristic

Inanormaldistribution withmeanpgand standard deviation o, the reference interval correspon
ional 0,135 % and 99,865 % quantiles has limits u * 30, and has length 6¢:

For a non-normal distribution, the reference interval can be €stimated by means of appropi
ISO/TR 22514-4.
X0,135 %-
ry: Thistermisused only as an arbitrary, but standardized, basis for defining the process perform

and process capability index (3.3.6). It is sometimes, incorrectly, referred to as a “natural” interv|

viations, 60, or 65, when o is estimated-ftom a sample.

unded by the 99,865 % distribution quantile, X99 g¢5 9, and the 0,135 % distxibution quanttile,

ling

iate

papers (e.g. log-normal) or from the sample kurtosis and sample skewness using the methods

bl is

ince
hl.

[ six

Note 4 to erftry: For a non-normal distribution,'the length of the reference interval can be estimated by means of

appropriate
the method

Note 5 to e
percentiles.

[SOURCE: 1

3.1.27
upper frac

bu
fraction of

software or probability plot (e.g.log-normal) or from the sample kurtosis and sample skewness u
b described in ISO/TR 225144,

htry: A quantile or fraetile’indicates a division of a distribution into equal units or fractions,

SO 3534-2:2006, 2.5.7, modified]

tion nonconforming of the product characteristic

the\distribution of the product characteristic (3.1.22) that exceeds the upper specifica

limitU (3.1.

King

e.g.

fion

12)

EXAMPLE

py=1-

normal distribution with and standard deviation

-

In

“

a mean

u

u-U
o

U—u
o

|

where @ is the distribution function of the standard normal distribution.

[SOURCE: I

SO 3534-2:2006, 2.5.4, modified]

o:
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fo%vif fraction nonconforming of the product characteristic

eraction of the distribution of the product characteristic (3.1.22) that is less than the lower specification

limit L (3.1.13)

EXAMPLE In a normal distribution with  mean p  and standard  deviation @ o:
L—

o[

whdre @ is the distribution function of the standard normal distribution.

[SOPRCE: ISO 3534-2:2006, 2.5.5, modified]

3.1{29

fra¢tion nonconforming of the product characteristic

Pt

sunpofupper fraction nonconforming ofthe product characteristic(3.1.27)and lower fractionnon

of t

EXA

whe

[SO

3.2

e product characteristic (3.1.28)

P+ =P +DPy

MPLE In a normal distribution with mean g and standard dey

e

re @ is the distribution function of the standard normal distribution.

URCE: ISO 3534-2:2006, 2.5.6, modified]

Performance, measures, and indices

NO1
fun

E The concepts of capability and performance have been subject to large shifts of opinio
amental shift has been to-philosophically separate what is named in this part of ISO 22514 3

conglitions from performance conditions, the primary difference being whether statistical stabili
obtgined (capability) einet (performance). This naturally leads to the two sets of indices that are
in their relevant clauses. It has become necessary to draw a firm distinction between these since
obs¢rved in industrythat companies have been deceived about their true capability position due to in
indices being caleulated and published.

3.211
perfformance conditions
exteérnal conditions under which the process is evaluated

ronforming

iation o:

h. The most
s capability
Ly has been
to be found
it has been
Appropriate

Note 1 to entry: The external conditions shall be specified meticulously. This includes the following:

technical conditions (input batches, operators, tools, etc.);
measurement process (resolution, trueness, repeatability, reproducibility, etc.);

data collection (duration, frequency).

Note 2 to entry: Performance conditions are the least restrictive allowed.

Note 3 to entry: It is irrelevant that the process is in state of statistical control in the period considered.

© IS0 2014 - All rights reserved
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3.2.2

performance measure

statistical measure of the outcome of a characteristic (3.1.5) from a process, which might not have been
demonstrated to be in a state of statistical control (3.1.21)

EXAMPLE1  The variance (ISO 3534-1:2006, 2.36) of the distribution of the product characteristic (3.1.22)
under performance conditions (3.2.1).

EXAMPLE 2 The mean (ISO 3534-1:2006, 2.35) of the distribution of the product characteristic under
performance conditions.

EXAMPLE The r'pfprpnr‘p interval (? 1 76) ofthe distribution of the ‘nrnr‘lnr‘f characteristicunder pprfnrm nce
conditions.

Note 1 to enftry: The outcome is a distribution, the class (3.1.23) of which needs determination and itsparameters
estimated.

Note 2 to enftry: Care should be exercised in using this measure as it can contain a componentof‘variability dye to
special caudes, the value of which is not predictable.

Note 3 to erftry: Quantity that describes one or more properties of the distribution of the product characterfstic
under performance conditions.

3.2.3
performance index
Pp, Pm
quantity that describes performance measure (3.2.2) in relation to-specified specifications

Note 1toentry: Frequently,the processperformanceindexisexpressedasthevalueofthespecified toleranceintdrval
(3.1.14) divided by a measure of the length of the reference interval (3.1.26), namely as:

b U-1L
=
X49.865 % —X0,135 %

Note 2 to enfry: For a normal distribution, the lengthiof the reference interval is equal to 6Si, where the descriptor,
St, takes intp account the variation due to random*(common) causes together with any special causes that cah be
present. St ip used here instead of oy, as the standard deviation is a statistical descriptive measure.

Note 3 to efptry: For a non-normal disttibution, the length of the reference interval can be estimated using, for
example, the method described in ISO/TR 22514-4.

Note 4 to enfry: For machine performance the indicator is Pp, Py is the indicator for process performance, and the
expressiond for the formula in-Note 1 are the same.

[SOURCE: ISO 3534-2:2006, 2.6.2, modified]

3.24
upper performance index

PpkU; Pmku
index desckibi

Note 1 to entry: Ppky is the difference between the 50 % distribution quantile, X5¢ ¢, and the upper specification
limit U divided by the difference between the 50 % distribution quantile, X590 o, and the upper reference limit
(3.1.25):

U—-X500,

p.o—
pkU
X99,865% ~ X500

Note 2 to entry: Occasionally one sees an upper performance index defined as
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where X509 o, denotes a measure of location, such as the mean or the median, and Sy denotes the standard deviation.

Note 3 to entry: Occasionally, and in particular if the product characteristic is qualitative, one sees an upper
performance index defined as

V4
1-py

P. =
pkU 3

where py is the upper fraction nonconforming of the product characteristic (3.1.27) under performance conditions
(3.2.1) and z1py is the (1-py), quantile in the standard normal distribution.

Not¢ 4 to entry: For machine performance the indicator is Pk, Ppku1s the Indicator for process perfofmance, and
the pxpressions for the formula in Note 1 are the same.

[SOPRCE: ISO 3534-2:2006, 2.6.4, modified]

3.2|5
lower performance index

Ppkl, PpL, PmkL
ind¢x describing performance measure (3.2.2) in relation to the lower spécification limitL (3.1]13)

Notg 1 to entry: Py, is the difference between the 50 % distribution quaftile, X5¢ ¢, and the lower gpecification
limit L divided by the difference between the 50 % distribution quantile, Xs5¢ ¢, and the lower reference limit
(3.1125):

X500, —L

p. -
pkL
X500 —X0,135%

Notg 2 to entry: Occasionally one sees a lower performanee index defined as

b _Xs0u~L
pkL 35,

whdre X5 o, denotes a measure of locatjen,such as the mean or the median, and S; denotes the standald deviation
estimated from a sample size n, but only-for the normal distribution this latter index equals Ppk.

Not¢ 3 to entry: Occasionally, and™in particular if the product characteristic is qualitative, one gees a lower
performance index defined as

Z1-p,
3

PpkL:

whdre py, is the dever fraction nonconforming of the product characteristic (3.1.28) under performande conditions
(3.211) and zg{p)is the (1-p1) quantile in the standard normal distribution.

Not¢ 4 to enitry: In ISO/TR 22514-4, the symbol for the « fractile from the standard normal distribution is z,.

Noté-S=to entrv: For machine performance the indicatoris P

Y P DP:‘L' isthe indicator for processp arformance’
and the expressions for the formula in Note 2 are the same.

lak
TR

[SOURCE: ISO 3534-2:2006, 2.6.3, modified]

3.2.6

minimum performance index

P pk Pk

Ppik = min{PpkL, Ppku}

where Ppgp and Ppky are the lower performance index (3.2.5) and upper performance index (3.2.4),
respectively

Note 1 to entry: The term critical is sometimes used for this index.
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Note 2 to entry: Sometimes a specification is given which has only one limit, e.g. a maximum (or minimum) value.
In these circumstances it will only be possible to compute a Py index based on the upper (or lower) performance
index.

Note 3 to entry: There will also be situations when specification limits are given and where target value is different
from the specification mid-point values and the target value is the preferred (or best) value. In these circumstances
it will only be possible to calculate upper process performance index and lower process performance index but
not the minimum of both. The upper and lower index might then have different requirements.

[SOURCE: ISO 3534-2:2006, 2.6.5, modified]

3.2.7
position pErformance
statistical estimate of the two-dimensional distribution of the product characteristic (3.1.7)-posit
specified ul[nder specified performance conditions (3.2.1)

—e

on

Note 1 to efptry: The process does not need to have been demonstrated to be in a state of statisfical contrgl in
relation to the characteristic.

Note 2 to enfry: The position performance is used in cases, where the specification is given asa positional tolergnce
in accordanfe to ISO 1101. This tolerancing method is, e.g. applied to the location of axis.in a hole.

3.3 Capability, measures, and indices

3.31
capability|conditions
external cqnditions under which the process is evaluated

Note 1 to enftry: The external conditions shall be specified meticulously. This includes the following:
— the methods applied to demonstrate that the process isin control;

— technidal conditions (input batches, operators, tools) etc.);

— the mefsurement process (discrimination, trueness, repeatability, reproducibility, etc.);

— data co]lection (duration, frequency).

Note 2 to enfry: Capability conditions ang tlie most restrictive ones among capability and performance conditions.
Note 3 to enftry: The process shall beydocumented to be in control.

3.3.2
capability
ability of ajn organizatiefi, system, or process to realize a product that will fulfil the requirementg for
that produft

[SOURCE: ISO 9000:2005, 3.1.5]

3.3.3
process capability estimate

statistical estimate of the outcome of a characteristic (3.1.5) from a process (3.1.2) which has been
demonstrated to be in a state of statistical control (3.1.21) and which describes that ability of the process
to realize a characteristic that will fulfil the requirements for that characteristic

Note 1 to entry: The outcome is a distribution (3.1.22), the class (3.1.23) of which needs determination and its
parameters estimated.

3.34
capability distribution
distribution of the product characteristic (3.1.22) under capability conditions (3.3.1)
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3.3.5

capability measure

quantity that describes one or more properties of the distribution of the product characteristic (3.1.22)
under capability conditions (3.3.1)

EXAMPLE1 The variance (ISO 3534-1, 2.36) of the distribution of the product characteristic under capability
conditions.

EXAMPLE 2  The mean (ISO 3534-1, 2.35) of the distribution of the product characteristic under capability
conditions.

EX%&BMWMM@MMM&M@H capability
condlitions.

3.3l6
process capability index
C
p
quantity that describes the capability (3.3.2) in relation to given specifications

Note 1 to entry: Frequently the process capability index is expressed as the valué of the specification interval
(3.1]14) divided by a measure of the length of the reference interval (3.1.26)Afor/a process in a state pf statistical
control (3.1.24), namely as:

U-L

Cp =
X99,865% —X0,135%

Notg 2 to entry: For a normal distribution, the reference interval‘is equal to 60.

Note 3 to entry: For a non-normal distribution the referenceinterval can be estimated using the methqd described
in I§0/TR 22514-4.

Not¢ 4 to entry: The term potential process capability index is often used for this index.
[SOPRCE: I1SO 3534-2:2006, 2.7.2, modified]

3.3)7
upper process capability index
Cpk I
index describing process capability (3.3.3) in relation to the upper specification limit (3.1.12)

Note 1 to entry: Frequently, the upper process capability index is expressed as the difference betwegn the upper
spegification limit and‘the’ 50 % distribution quantile, Xs5q o, divided by a measure of the length ¢f the upper
refefrence interval fora process in a state of statistical control (3.1.21), namely as:

U=X
Cpk, = 50 %

X99,865 % —X50 %

Notg 2-tosentry: For a normal distribution the upper reference range is equal to 30 and Xs5¢ o, represepts both the
meadn and the median

U—-Xcqo

CpkU _ 50 %
30

Note 3 to entry: For a non-normal distribution, the upper reference interval can be estimated using the method

described in ISO/TR 22514-4 and X5 o, represents the median.

Note 4 to entry: Occasionally, and in particular if the product characteristic is qualitative, one sees an upper
performance index defined as

Zl—
C K= Py
pPky 3

© ISO 2014 - All rights reserved 11
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where py is the upper fraction nonconforming of the product characteristic (3.1.27) under capability conditions
(3.3.1) and z1-py is the (1-py), quantile in the standard normal distribution.

[SOURCE: ISO 3534-2:2006, 2.7.4, modified]

3.3.8

lower process capability index

CpkL

index describing process capability (3.3.3) in relation to the lower specification limit (3.1.13)

Note 1 to entry: Frequently, the lower process capablllty 1ndex is expressed as the dlfference between the upper
specificatioptm 3 0 reast qwer
reference interval for aprocessina state ofstatlstlcal control (3 1 21) namely as:

X500, —L

C =
Pk Ty X
50% ~ “*0,135%

Note 2 to enjtry: For a normal distribution, the lower reference range is equal to 30 and X50g; represents botH the
mean and the median.

X500, — L
30

CPkL -

Note 3 to eijtry: For a non-normal distribution, the lower reference interyal ¢an be estimated using the method
described i ISO/TR 22514-4 and X5 o, represents the median.

Note 4 to entry: Occasionally, and in particular if the product characteristic is qualitative, one sees a lqwer
performande index defined as

z
_[f1-pL
CPkL 1 3

where py is| the lower fraction nonconforming of the:product characteristic (3.1.28) under capability conditlions
(3.3.1) and 71, is the (1-51), quantile in the standard normal distribution.

[SOURCE: ISO 3534-2:2006, 2.7.3, modified]

3.39
minimum(process capability index
Cpk = min{¢pkz, Cpku}

smaller of yipper process.¢apability index (3.3.7) and lower process capability index (3.3.8)

[SOURCE: ISO 3534;2:2006, 2.7.5]

Note 1 to enftry: Somietimes a specification is given which has only one limit, e.g. a maximum (or minimum) vglue.
In these cirgystances, it will only be possible to compute a Cpk index based on the upper (or lower) capabflity
index.

Note 2 to entry: In the case of e.g. envelope requirement, when specification limits are given and where the target
value is different from the specification mid-point values and the target value is the preferred (or best) value. In
these circumstances, it will only be possible to calculate upper process capability index and lower capability index
but not the minimum of both. The upper and lower index might then have different requirements.

3.3.10

quality capability statistic

QCSs

statistic used to quantify the capability (3.3.2) of a characteristic (3.1.5)

Note 1 to entry: Quality capability statistics for processes are typically either dispersion-related or dispersion-
and-location-related.
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Note 2 to entry: Quality capability statistics can be used in the sense of observed, required, realizable, etc.

4 Symbols and abbreviated terms

Cmp measurement process capability index

Cwms measurement system capability index

Cg and Cgk gauge capability indices

Prny, Rerrtor-BrrrieirBemie—machine performance indices

Cp, Gpk, CpkLs process capability indices

Coki

Pp, Ppk, PpkL, process performance indices

PpkU

Com process target capability index

L lower specification limit

o population standard deviation of a characteristie pf'interest

St standard deviation of the observations of a €haracteristic of interest

U upper specification limit

u population mean of a characteristieof interest

X99 865 % 99,865 % distribution quantilé

X504 50 % distribution quantile

X0,185 % 0,135 % distribution‘\quantile

Z1-a (1 - a) quantile in the standard normal distribution

P distributionfunction of the standard normal distribution

5 [Pre-conditionsfor application

5.1 Aspects.about establishing specifications

The customers and quality management system in the companies require products consisfting of one
or rhore specifications defining quality characteristics that satisfy their needs and expectdtions. This
megns-that product functions shall be defined based on these needs and expectations. All needs are
transtated to product Specifications by the Gesigner and of telr TeferTed to a5 CUSTOMEer Tequirements.

These product specifications shall be complete, which is met only when all intended functions of the
product are described with unambiguous characteristics. In most cases however, the specifications
will be found incomplete because some functions are described imperfectly. This will cause an extra
uncertainty in the assessment of performance or capability.

5.2 Distribution and sample size

Capability and performance indices describe the tail behaviour of the distribution of the product
characteristics. The various families of distributions have very different tail behaviour and the estimated
indices will depend heavily on the chosen distribution. It is therefore essential that the appropriate
distribution shall be chosen with great care.
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The first step is to determine the size of samples and the sampling frequency which is necessary to use
during the analysis.

The size of the total sample from which the calculations are based should be chosen depending on the
desired confidence, accuracy, and the type of process under investigation, and be of an amount, which
provides a sound statistical basis. This will typically be a size larger than 100 observations. In special
cases, e.g. measurement analysis, the sample size might be less than 100.

In cases where it is suspected that the data are not normally distributed, it is essential to increase the
sample size substantially in order to determine the appropriate distribution. This could require an
increase of 50 % for data required.

5.3 Materials used in studies

All materiz
to specific:
with mater
performan

For all stu
studied. In

5.4 Speq

In many c
streams. Al
cavities or

In such caj
The cavitig
the combin

6 Colle

6.1 Trac

It is impor]
investigate
least the cq
time canb
occurrence
to process
events dur

1 used and products to be used in the different studies should be approved for cenformd
itions. Depending on the purpose of the study, it is not advisable for a study to.be carried
ials outside the specifications since this could lead to false conclusions,.limcase of ma

Hies, care shall be taken not to introduce any other sources of varidtion than those tq
the case of measurement capability studies, refer to 7.6.

ial circumstances

hses, one will find situations, where the observed  ptocess is a result of several diffe
typical example could be plastic moulding, where the process result comes from diffe
multi-stream production.

es, every single cavity should be regarded as“a process of its own and analysed separa
s could be put together after analysis if thé customer requires only one capability index
ed process satisfies specifications.

rtion of data

eability of data

d. This means that®he prevailing conditions during the study should be written down
llection sequence€should be preserved so that the series of the data observed in sequend
e plotted. This time series plot is very useful to indicate possible unexpected variations. §
s should bé&explained and a decision taken about the admissibility of such data. In connec
analysis)a logbook would be suitable for recording all process settings and to monito
ng thestudy, such as adjustments, temperature fluctuations, or personnel changes.

chine
ce calculations, the acceptability of the materialsis notlimited to just satisfying the tolerari:es.

nce
out

be

fent
'ent

ely.
and

tant for all studies, that the collected data are traceable so that unexpected values can be

. At
e of
uch
[ion
- all

Hiromaoantuauncoariainniyy

6.2 Mea

SUTCIIITITTCUITCTTTaTIIty

When reporting measurement results, it is important also to add some indications about the quality
of this result. There is always a measurement uncertainty present in measuring the characteristics
of interest, which should be evaluated and be in reasonable relation to the specification and process
variation. This means that the employed measurement equipment should have sufficient metrological
characteristics for the measurement task.

A simplified procedure to estimate the uncertainty in measurements is to calculate the measurement
process capability as described in ISO 22514-7.

Therequirementto the measurement process capability found by an analysis givenin SO 22514-7 isa Cmp
value notless than 1,33. A measurement process giving under 1,33 is usually regarded as unsatisfactory
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and should not be used in its current condition as it is likely to disguise the process variation. For further
information about measurement uncertainty, see ISO 22514-7.

6.3

Data recording

The observations should be entered in a suitable medium together with the current technical conditions
such as input batches, tools, operators, etc.

6.4

of t
rec

Itis
an

refl
Out
imp
occ

Ting

7

7.1
Cur
iy
2)
3)
4)
5)
6)

Sonpetimes itis‘necessary to calculate special capability indices, and these are covered in 7.7,

Thd
bet

Outliers

remainder

at data set. An outlier might originate from a different population, or be the result’df incorrect

rding or large measurement error.

suspected that such values do not belong to the same basic population as the other colledted values,

their validity shall be investigated. If present, such values can lead to false*conclusions
ct the actual performance of the process.

liers can occur e.g. if a measurement has been read incorrectly, an in§trument has been
irred.

e series analysis, control charts, or statistical tests can bedised for detecting outliers.

Performance, capability, and process analysis

Six different types of performance and\capability

rently, six different kinds of performance and capability are defined:

machine performance (ISO 22514-3-and 1SO 22514-8);

the “preliminary” process performance (ISO 22514-2 and ISO/TR 22514-4);

the “current” process capability (ISO 22514-2 and ISO/TR 22514-4);

the performance of the\measuring equipment (ISO 22514-7);

position performarce — performance of multivariate characteristics (ISO 22514-6);

attribute data:+ performance.

first\three capability types mentioned in the list belong to the same group. The main

and do not

calibrated

roperly, an uncontrollable event might have affected the result.or’ a recording error might have

distinction
hminations

veernrthese types of capability examinations is the point in time forming the basis of the ex

an
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7.2 Basic considerations

The method of evaluating capability and performance is divided into four steps:

Step 1: The
histogram (|

Step 2: Ana
selected bag
of the proce

Hata collected by sampling are plotted as a
frequency distribution) (see Figure 1).

.

ppropriate statistical distrib‘ model is
ed on the actual collecte and knowledge
s (see Figure 2).

-

\\?igure 1 — Histogram
O

b
L., X o X .
\sgﬁ?sx.:. i 99 565 %
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Step 3: The specification limits for the chosen characteris-
tic are identified (see Figure 3).

>
Figure 3 — Specification limits
L XU,ISS% Xfﬂ% XQQ,BES“/ [T
| | I
| | |
i |
[
Step 4: A comparison is made between the specification I
intefval and the chosen distribution (see Figure 4 and 7.4). |
[
I
BRI e e =

Figure 4 — Comparison

The distinction between the different types of performances and capability can be found in Figures 5

and| 6.
/435

// o
Preliminary
process capability

(N7~
/ / K/ / / Machine performance
e / 7 7

» Characteristic value x

Qutcoming.distributio

Figure 5 — Process in control and calculation of capability
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Figure 6 — Process out of control and calculation of performance

bability analysis as shown in Figure 5 can be made at many points in time.

cification is only one-sided, e.g. geometrical tolerances, only the minimum pro
ce/capability index is calculated. The calculations €anh be treated in the same manne
bd specification limits.

hine performance

the production equipment, also called machine performance, is made to getan early evalua
5 performance seen as a “snap shot” ofithe process. The analysis can, at the same time, be 4
ne the distribution model, according to which the process operates, and the performa
d can also be used for comparing-and evaluating the abilities of different process equip
pcified requirements. The analysis does not usually use a control chart because such a c
process over a longer period of time. For further information about machine performa
b [SO 22514-3, and in case/of multi-state processes (e.g. plastic moulding), see ISO 22514-

ess performance and process capability

rformance and” capability, which are similar analyses, are about making examination|

variation, pattern a process produces during a given period of time as shown in Figur
b given-characteristic, process performance and capability describes the distribution of
hs of @process over a time period. These enable a person to evaluate the ability to prod

LESS
" as

[ion
sed
hce.
ent
art
nce
8.

5 of
ps 5
the
uce

ccordance with the given specifications or tolerances.

An initial process examination of a new or changed process is made (see Figure 5). This enables a person
to get early information of the quality performance. Under this, a number of samples shall be plotted in
a control chart used in connection with the examination before the result can be calculated.

The initial study can, in some cases, be suppliant to the machine performance analysis used up until
now. Compared to this, the initial process examination also has the advantage of giving an estimation of
the stability of the process in the long term.

When the data collected are measured data (for the product or for the process), itis possible to determine
the natural variation pattern of the process. If the process is in a state of statistical control, the pattern
of the distribution should be predictable.
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