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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 proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance with
editorial ruyles of the ISO/IEC Directives, Part 2. www.iso.org/directives
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This corrected version of ISO 22514-2:2013 incorporates the following corrections: in Table 3, rows 3
and 4, the formulae have been corrected by replacing “k - n” with”k” in the denominators.
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Introduction

Many standards have been created concerning the quality capability/performance of processes by
international, regional and national standardization bodies and also by industry. All of them assume
that the process is in a state of statistical control, with stationary, normally distributed processes.
However, a comprehensive analysis of production processes shows that, over time, it is very rare for
processes to remain in such a state.

In recognition of this fact, this part of ISO 22514 provides a framework for estimating the quality
capability/performance of industrial processes for an array of standard circumstances. These
cirqumstances are categorized based on the stability of the mean and variance, as to whethler they are
conptant, changing systematically, or changing randomly. As such, the quality capabiljty/pgrformance
can|be assessed for very differently shaped distributions with respect to time.

In qther parts of ISO 22514 more detailed information about calculations of indicés can Qe found. It
shopld 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 gossible the
indjces’ confidence intervals are computed and reported.

© IS0 2013 - All rights reserved v
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Statistical methods in process management — Capability
and performance —

Part 2:
Process capability and performance of time-dependent
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1
Thi

qu
the

Thd
cha

NOT

usedl for small series (a small number of process results).

5 part of ISO 22514 describes a procedure for the determination of statistics for esti
qu:ﬁity capability or performance of product and process characteristics. he process resu

racteristics. They are applicable to processes in any industridl or economical sector.

ocess models

Scope

ity characteristics are categorized into eight possible distribution typés. Calculation fd
statistical measures are placed with every distribution.

statistical methods described in this part of ISO 22514 (only relate to continug

E This method is usually applied in case of a great number of serial process results, but it

mating the
ts of these
rmulae for

us quality

can also be

2 |Normative references

The following documents, in whole or in part, are normatively referenced in this documgnt and are
indispensable for its application. For dated references, only the edition cited applies. For undated
refgrences, the latest edition of the referenced document (including any amendments) applids.
[SO|3534-2, Statistics — Vocabulary'and symbols — Part 2: Applied statistics

1SO|5479, Statistical interpretation of data — Tests for departure from the normal distribution
1S0|22514-1, Statistical methods in process management — Capability and performance — Part 1: General
prifciples and concepts

3 |Terms, definitions, symbols and abbreviated terms

For|the purpeses of this document, the terms and definitions given in ISO 3534-2 and ISO 22514-1, and
thelfollowihg symbols and abbreviated terms, apply.

3.1—Symbots

Cp process capability index

Cpk minimum process capability index

CpkL lower process capability index

Coku upper process capability index

c4 constant based on subgroup size n

A dispersion of the process

© IS0 2013 - All rights reserved 1
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Mja

Si

St

U

X0,135 %
X99,865 %
X50 %

Xmid

difference between Xnmiq and Xp 135 9, of the distribution of the product characteristic

difference between X99 g65 9, and Xmiq of the distribution of the product characteristic

constant based on subgroup size n

number of subgroups of the same size n

average location of the process

lower specification limit

Calculation methods with location method label / and dispersion method label d

sample size

lower fraction nonconforming
total fraction nonconforming
upper fraction nonconforming
process performance index
minimum process performance index
lower process performance index
upper process performance index
range of the ith subgroup
standard deviation, realized value
standard deviation, population

standard deviation, sample statistic

observed sample standard deviation of the ith subgroup

standard deviation, with the subscript “t” indicating total standard deviation

upper specification limit
0,135 %'distribution quantile

99;865 % distribution quantile

5(\ 0L dictil noorantila

PRE 3
U7 TSt ot eroTT Uatrortc

distribution midpoint

3.2 Abbreviations

ANOVA
SPC

analysis of variance

statistical process control

© ISO 2013 - All rights reserved
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Process analysis

The purpose of process analysis is to obtain knowledge of a process. This knowledge is necessary for
controlling the process efficiently and effectively so that the products realized by the process fulfil the
quality requirement. It is a general assumption of this part of ISO 22514 that a process analysis has been
carried out and subsequent process improvements have been implemented.

The behaviour of a characteristic under consideration can be described by the distribution, the location,
the dispersion and the shape, parameters of which are time-dependent functions, in general. Different
models of such resulting distributions the parameters of which are time-dependent functions are

dis

ussed in Clauses 6 and 7. To indicate whether a time-dependent distribution model fits

statistical

met
pro

The
tak
of 1
sho
acd

5

Thd
dur]
tak

hods [e.g. estimating parameters, analysis of variance (ANOVA)] including graphical
bability plots, control charts) are used.

values of the characteristics under consideration are typically determined on the basis
bn from the process flow. The sample size and frequency should be chosen depending ¢
rocess and the type of product so that all important changes are detected in time. T
1ld be representative for the characteristic under consideration. To asses the stability of
ntrol chart should be used. Information on the use of control charts can'be found in [SO ]

Time-dependent distribution models
instantaneous distribution characterizes the behaviouryof the characteristic under in

ing a shortinterval. Usually, it is the time interval during which the sample (e.g. the subgr
bn from the process. Observing the process continuously in time for a longer time interval

tools (e.g.

of samples
n the type
e samples
he process
1870-2.

vestigation
bup) can be
the output

fromn the process is called the resulting process distribation and it is described by a corresponding time-

dep)

In practice, the resulting distribution-can be represented by the whole data set, e.g. when SP(

by ¢

Tim
and

a)

b)

endent distribution model that reflects
the instantaneous distribution of the charaeteristic under consideration, and

the changes of its location, dispersiofi;and shape parameters during the time interval
observation.

1l subgroups gained during the interval of the process observation.

e-dependent distributign friodels can be classified into four groups according to whether {
dispersion momentsare constant or changing (see Table 1).

A process whose-loecation and dispersion are constant is in time-dependent distributi

other and théy are equal to the resulting distribution.

If the dispersion of a process is changing with time, but the location stays constant, thg
said to-be in time-dependent distribution model B.

of process

is applied,

he location

model A.

n
In this case ofily,all the means and variances of the instantaneous distributions are e((qLal to each

process is

nmodel C.

‘)
d)

Ifthe diqpprcinn isconstant butthelocationis {‘h;mging we have fimp-dpppndpnf distributi

Otherwise, we have time-dependent distribution model D.

© IS0 2013 - All rights reserved
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For changing moments, the models can be classified according to whether the changes are random,

systematic or both.

NOTE Model A2 is known as stationary in time-series analysis literature and model A1 is known as second

order stationary.

Table 2 summarizes the basic features of individual time-dependent distribution models; their graphical
representations are given in Figures 1 to 8. There are subclasses of time-dependent distribution models
A and C which are introduced due to their practical importance. They differ in the shape of the resulting

distribution and in the cause of the process being in an out-of-control state.

Table 2 — Basic features of time-dependent distribution models

Characteristic Time-dependent distribution modelsa
Al A2 B Cc1 Cc2 Cc3 Cc4 D

Lodation c c c r r S S S
Dispersion c c s/r c c c c s/r
Instantaneous distribution nd 1m nd nd nd as as as
Redulting distribution nd 1m 1m nd 1m as as as
Figlhre 1 2 3 4 5 6 7 8
Lodation/dispersion:
C parameter remains constant
r parameter changes randomly only
S parameter changes systematically only
Insfantaneous/resulting distribution:
nd normally distributed
1m not normally distributed, one modelenly
as any shape
a  |The choice of the model is a resultwf process analysis.
Forjeach time-dependent distribution model, several instantaneous distributions are shown ag a function
of time; the related resulting distribution is shown as well. These distributions are not drawn to scale.

The choice of models-aiid their verification requires extensive data analysis. This will usug

theluse of statistical Software.

Tinme-dependentdistribution model A1 (see Figure 1) has the following characteristics (e.g. the

length of annitem from a process in a state of statistical control):

— |location: constant;

lly require

b measured

— dispersion: constant;
— instantaneous distribution: normally distributed;
— resulting distribution: normally distributed.

This process is under statistical control.

© IS0 2013 - All rights reserved
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b) Exampls@?ﬁm chart model A1 c) Example of histogram model A1
Key R
X Characfpri@r value Y time a Rncn]ﬁng distribution

Figure 1 — Graphical representation of time-dependent distribution model A1

Time-dependent distribution model A2 (see Figure 2) has the following characteristics (e.g. the surface

roughness of an item as an example for a physically limited characteristic):

location: constant;

dispersion: constant;

— instantaneous distribution: not normally distributed, unimodal;

6 © IS0 2013 - All rights reserved
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— resulting distribution: not normally distributed, unimodal.

This process is under statistical control.
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c) Example of histogram model A2

Key

X characteristic value Y time

a  Resulting distribution.

Figure 2 — Graphical representation of time-dependent distribution model A2

Time-dependent distribution model B (see Figure 3) has the following characteristics (e.g. different
wear of the spindles on a multiple-spindle automatic machine with equal centring):

location: constant;

— dispersion: systematic or random variation;

© IS0 2013 - All rights reserved
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— instantaneous distribution: normally distributed;
— resulting distribution: not normally distributed, unimodal.

This process is not under statistical control.

a) Time-dependen(@istribution model B

N L

. % U
E NN I 7
20,203 U\J 60y | !
20,153 | 1 11 j
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20,10 | 5+ 3 t !
. Ay O
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19,80 f _____ R i i L L 0 1 —
SN 19,80 19,85 19,90 1995 2000 2005 20,10 20,15 20,20
0 & 100 150 200 250 B-Modell [mm] Jehnson —
% Value No. —»
b) Example of run chart model B c) Example of histogram model B
Key
X characteristic value Y time a  Resulting distribution.

Figure 3 — Graphical representation of time-dependent distribution model B

Time-dependent distribution model C1 (see Figure 4) has the following characteristics (e.g. different
centring of workholding fixtures):

— location: random (normally distributed);

8 © IS0 2013 - All rights reserved
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— dispersion: constant;

— instantaneous distribution: normally distributed;
— resulting distribution: normally distributed.

This process is not under statistical control.
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a) Time-dependent distribution model C1
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b) Example of run chart model C1
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c) Example of histogram model C1

Resulting distribution.

Figure 4 — Graphical representation of time-dependent distribution model C1
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Time-dependent distribution model C2 (see Figure 5) has the following characteristics (e.g. fixed tools):
— location: random (not normally distributed, unimodal);

— dispersion: constant;

— instantaneous distribution: normally distributed;

— resulting distribution: not normally distributed, unimodal.

This process is not under statistical control.

/
a [
/ )
%
a) Tie){ﬁpendent distribution model C2

O 300 ——— X S
S I NJ . -?T-_-_ ] | I I
5] - T_T i 4 250_: | | i
o] \@J Tl 1 ] | |
] 4 ] \ .
+ 3 7200 | I
E 21 I N |
] Ssog [ i
3 3 '
o @ ] | |
=- 2 100 | |
50—_ ;

%] L 0 :. —r

L I T LG L L L N 5 4 3 2 4 0 1 2 3 4 5 6 7
0 100 200 300 400 500 600 700 800 900 1000 Model C2 [mm] MD =
Value No. —
b) Example of run chart model C2 c) Example of histogram model C2
Key
X characteristic value Y time a  Resulting distribution.

Figure 5 — Graphical representation of time-dependent distribution model C2
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Time-dependent distribution model C3 (see Figure 6) has the following characteristics:
— location: function oriented (e.g. trend, caused by wear, and cycle);

— dispersion: constant;

— instantaneous distribution: any shape whatever;

— resulting distribution: any shape whatever.

This process is not under statistical control.

o T — N\ /
a LN . . .
Vv
o
C@%me-dependent distribution model C3
[aX: 00— L % U
203 F=A~4 U E | i |
] %\‘O 203 | | |
202 Q 703 | i |
oo W 1 .
2204 §60 I |
E ] EE I I
32003~ i fo S % £ | |
g ]?\ %40— ' '
8 A [ |
& i |
1 i !
19,8 A 3 ' '
7 103 | |
197 - 0 s —
AR 197 198 199 20,0 20,1 20,2 20,3
0 100 200 300 400 500 600 Model C3 [mm] ext. ND C3 —
Value No. —» i
b) Example of run chart model C3 c) Example of histogram model C3
Key
X characteristic value Y time a  Resulting distribution.

Figure 6 — Graphical representation of time-dependent distribution model C3

© IS0 2013 - All rights reserved 11


https://standardsiso.com/api/?name=5b0a9f1b8080845c135a919b18ffa0b1

IS0 22514-2:2013(E)

Time-dependent distribution model C4 (see Figure 7) has the following characteristics:

location: systematic and random change (e.g. tool changes or change of batches);

dispersion: constant;

instantaneous distribution: any shape whatever;

resulting distribution: any shape whatever.

This process is not under statistical control.

12
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c) Example of histogram model C4
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Key
X characteristic value Y time a  Resulting distribution.

Figure 7 — Graphical representation of time-dependent distribution model C4

Time-dependent distribution model D (see Figure 8) has the following characteristics (e.g. multi-
stream processes):

— location: systematic and random change;

— |dispersion: systematic and random change;
— |instantaneous distribution: any shape whatever;
— |resulting distribution: any shape whatever.

Thip process is not under statistical control.

© IS0 2013 - All rights reserved 13
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Figure 8 — Graphical representation of time-dependent distribution model D
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6 Process capability and performance indices
6.1 Methods for determination of performance and capability indices — Overview

6.1.1 General

As detailed in the preceding clauses, the basis for determination of process capability and performance
statistics is the distribution of characteristic values of a product characteristic.

The calculation of the performance indices, as well as the capability indices is based on the location and
dispersion of characteristic values with respect to the tolerance.

A géneral graphical representation is shown in Figure 9.

L U
Specification

-+

A, Ay

A=X

99,865% X

0135% = ALt Ay

X0.135% X99.865%

Figure 9 —Graphical representation of the general geometric method

In Higure 9, Xiyiq indicates the location of the process and A indicates the dispersion of the prdcess. Their
exaft definitionsdépending on the method, will be given later. The dispersion is bounded by the lower
refgrence limit\Xo 135 9, and the upper reference limit X99 gg5 94. Then we have

AL =Xmid —X0,135 % (1)

an

Ay =X99865% ~Xmid (2)

The process performance indices are defined by ratios of length of a geometric parameter of the
distribution to the specified tolerance.

© IS0 2013 - All rights reserved 15
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Process performance index:

U-L
P == 3
p A ( )
Lower process performance index:
X :q—L
)2 — “mid 4
pKkL AL ( )
Upper process performance index:
U—X;
Poicy =24 (5)
p AU
Minimum process performance index:
Ppk :min(PpkL,Ppku) (6)

If a procesf is shown to be in the state of statistical control, a capability, index can be assigned. [The

formulae afe the same as for the corresponding performance index.

Capability ndex:

UbL
PN

Lower capgbility index:

X q—L
C — [ mid
pkL AL
Upper capgbility index:
U—-X_
CpkU — mid

Ay

Minimum ¢apability index:

Cpk =1in(C iz, Cpkrrd

There are different@stimators for the location, y, and the dispersion, A, of a given data set.

(7)

(8)

(9)

10)

IMPORTANT ,—/It should be emphasized that a quantitative comparison of the performance
or capabilify, indices calculated according to the different methods is not meaningful 1md

should notbedome:

6.1.2 Calculation of location

The location of the process, Xmig, can be calculated using one of the formulae given in Table 3.

16
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Table 3 — Different methods for calculation of location

Location method Calculation method of location/Formula No.
label, / My,q
1 Xmidz)_(z—-nzxi (11)
(1
~ ;nodd
2 Zr mid .: _— XSOOO — 1 r —l OT d\.l otat;ot;\. AT (12)
— A\ X ;neven J
L) )
2
3 Xmid=X=—3 % (13)
mid — i
k 1
4 K mia =R =2 Y x (14)
mid = = — .
k 1
xj |individual values
n |number of values
¥; [average of the ith subgroup
k |number of subgroups of size n
%; |median of the ith subgroup
6.1)3 Calculation of dispersion
The dispersion of the process can be calculated using one of the formulae given in Table 4.
Table 4 — Different methods for calculation of dispersion
Dispersion method Calculation method of dispersion/Formula No.
label, d M4
A=X -X ;
99,865 % 0,135 %’
1 2 ’ R (15)
AU =X998650% ~Xmid; AL=Xmid —X0,135%
2
AN~ A ~ A ~ ~ S
2 A=60;Ay=30;AL=30  whereo = 2;(’ (16)
N\
~ o~ ~ o~ ~ ~ L‘ol
3 A=60; Ay =30; AL =30 where 0 = (17)
k-cy
51.2 variance of the ith subgroup
s; standard deviation of the ith subgroup
k  number of subgroups of size n
R; range of the ith subgroup
st standard deviation of the whole data set
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Table 4 (continued)
Dispersion method Calculation method of dispersion/Formula No.
label, d Myq
A A A ~ YR
4 A=60;Ay=30;AL =30 where o = (18)
k-d,
N~ A ~ A~ ~ ~ 1 2
5 A=60;Ay=30;AL=30 wherec=s,= —12(x1-—x) (19)
n —
51.2 variancg¢ of the ith subgroup
si standarfl deviation of the ith subgroup
k  number|of subgroups of size n
R; range of|the ith subgroup
st standarfl deviation of the whole data set
See ISO 78}0-2 for tables of c4 and dycoefficients.
Mj 4 is used as a symbol for the calculation method. The subscript I refers €0 an equation for calculation
of the estimator for the location u [Formulae (11) to (14)]. The subscript d refers to an equation| for

calculation

of the estimator for the dispersion 4 [Formulae (15) to (19})].

culation of Xy 135 9, and Xog g65 9,
procedures that can be used to estimate the Xq 4359 and X99 g¢5 9, are the following.
stribution to the combined data set, and estimate them from the fitted resulting distribut

te them directly from the combined data set. In order to obtain reliable estimate of Xp 1
9,865 % in this procedure, the size ©f the given data set must be large. For instance, f

ion.

5%

DI" a

combiped sample sizes of 1 000, Xp,135(4and X99 g65 9, are taken to be the minimum and maxinjum

location anld d defines the-cdlculation method for the dispersion.

6.1.4 C(al
The three |
a) Fitadi
b) Estims
and Xg
value ¢
c) Estim3
it may
The symbg
EXAMPLE
— Theest

f the data set.

te them from a probability plot (see ISO 5479). If the data do not form a normal distribu
become necessary to employ a different worksheet.

| for the calculation’of an index should be M; 4, where I defines the calculation method

The calculation method M1 is based on calculation of average and variance.

mator "A™for d = 1 is the most general one, it may be used under all conditions.

Fion

for

The es

timators g for d = 2, 3 and 4 estimate the subgroup spread only. They should be used for pro

Cess

model A1 only because they neglect the differences between subgroups.

— The estimators g ford =2, 3,4 and 5 assume that the data are normally distributed. Otherwise, their result
is biased depending on the type of distribution.

NOTE

6.2 One

A is also called the reference interval.

-sided specification limits

One-sided specification limits can be treated in the same manner as two-sided specification limits.
See Figure 10.
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