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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
establish i ittee: ' iZatiorTs; d
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with ‘the
Internatignal Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Internatignal Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International Standards
adopted py the technical committees are circulated to the member bodies for voting.| Publication as gn
Internatignal Standard requires approval by at least 75 % of the member bodies casting.a-vote.

In exceplional circumstances, when a technical committee has collected data-of a different kind from that
which is hormally published as an International Standard (“state of the art’, for.example), it may decide by|a
simple mpjority vote of its participating members to publish a Technical Report. A Technical Report is entirely
informatiye in nature and does not have to be reviewed until the data <t provides are considered to be no
longer valid or useful.

Attention|is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISP shall not be held responsible for identifying any or albsuch patent rights.

ISO/TR 22514-4 has been prepared by Technical Committee 1ISO/TC 69, Applications of statistical methods,
Subcomnittee SC 4, Applications of statistical methods.ifyprocess management.

ISO 22514 consists of the following parts, under the“general title Statistical methods in process managemept
— Capadhility and performance:

— Part|1: General principles and concepts
— Part{3: Machine performance.Studies for measured data on discrete parts
— Part4d: Process capability.estimates and performance measures [Technical Report]

In the future, it is planned to revise I1SO 21747:2006 (Statistical methods — Process performance arnd
capability| statistics forémeasured quality characteristics) as Part 2.

t

NOTE ISO/TR\22514-4 was initially prepared as ISO/DTR 12783. It was renumbered before publication to include
in the 1ISO|22514-series.

iv © IS0 2007 — Al rights reserved
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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
nged-tobeconstantty Teviewed-by mrarmragement so-thatactions compatibte withrcontimuousimprovement can
be taken when required.

The content of this part of ISO 22514 has been subject to large shifts of opinion during recent-time$ and this
rgport attempts to reflect the current position. The most fundamental shift has been to philosophically|separate
hat is named in this document as capability conditions from performance conditionsythe primary difference
ping whether statistical stability has been obtained (capability) or not (performance)."This naturally I¢ads onto
He two sets of indices that are to be found in their relevant clauses. It has becomg 'necessary to draw a firm
stinction between these since it has been observed in industry that companies have been deceived about
Heir true capability position due to inappropriate indices being calculated and published.

= o=

= Q

The progression of this part of ISO 22514 is from the general condition {e'the specific and this approgach leads
tq general formulae being presented before their more usual but specific manifestations.

There exist numerous references that describe the importance ,of understanding the processes at wprk within
apy organization, be it a manufacturing process or an information‘handling process. As organizationg compete
fqr sales with each other, it has become increasingly apparent that it is not only the price paid for a groduct or
service that matters so much, but also what costs will be‘ineurred by the purchaser from using such p product
of service. The objective for any supplier is to continuallyreduce variability and not to just satisfy specification.

Continual improvement leads to reductions in thetcosts of failure and assists in the drive for survjval in an
increasingly more competitive world. There wilkalso be savings in appraisal costs for as variation ig reduced
tHe need to inspect product might disappear.or the frequency of sampling might be reduced.

Process capability and performance gVvaluations are necessary to enable organizations to agsess the
capability and performance of theirssuppliers. Those organizations will find the indices contained within this
brt of ISO 22514 useful in this endeavour.

ven requirement. The following paragraphs and clauses provide an outline of the philosophy requfred to be

p

Quantifying the variation present within a process enables judgement of its suitability and ability to meet some
g

uhderstood to determiné the capability or performance of any process.

All processes will be-subject to certain inherent variability. This part of ISO 22514 does not attempt {o explain
what is meant by.inherent variation, why it exists, where it comes from nor how it affects a process.|This part
of ISO 22514 starts from the premise that it exists and is stable.

Process-owrers should endeavour to understand the sources of variation in their processes. Methodg such as
flowcharting the process and identifying the inputs and outputs from a process assist in identification of these
Vfriations together with the appropriate use of cause and effect (fishbone) diagrams.

It is important for the user of this part of ISO 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, 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 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:
rocess capability estimates and performance measures

=N

Scope

This part of ISO 22514 describes process capability and performance measures(that are commonly ysed.

N

Terms and definitions

n

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

2|1 Basic terms

2111

product

rgsult of a process

NOTE Process is defined in ISO 12207:1995/3.17 and in ISO 9000:2005, 3.4.1.
211.2

characteristic

d{stinguishing feature

NOTE 1 A characteristic can jbe inherent or assigned.

NOTE 2 A characteristic can be qualitative or quantitative.

NOTE 3 Thereare various classes of characteristics, such as the following:

— physical(e.g. mechanical, electrical, chemical or biological characteristics);

— sénsory (e.g. relating to smell, touch, taste, sight, hearing);

— behavioural (e.g. courtesy, Nonesty, veracity);

— temporal (e.g. punctuality, reliability, availability);

— ergonomic (e.g. physiological characteristic, or related to human safety);
— functional (e.g. maximum speed of an aircraft).

[ISO 9000:2005, 3.5.1]

© 1SO 2007 — Al rights reserved 1
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213

quality characteristic
inherent characteristic (2.1.2) of a product (2.1.1), process or system related to a requirement

NOTE 1

NOTE 2
isnotaqu

Inherent means existing in something, especially as a permanent characteristic.

A characteristic assigned to a product, process or system (e.g. the price of a product, the owner of a product)
ality characteristic of that product, process or system.

[ISO 9000:2005, 3.5.2]

214
specific
limiting v

[ISO 353

215
specifieq

differencg between the upper specification limits and lower specification limits (2.14)

[ISO 353

2.1.6

target value

T
preferred

[1SO 353

21.7
distribut
(of a cha

NOTE 1

character
Such a pg
which the

NOTE 2
informatio
should be

NOTE 3
or estimat

[ISO 353

2.1.8

tion limit
lue stated for a characteristic (2.1.2)

1-2:2006, 3.1.3]

tolerance

1-2:2006, 3.1.6]

or reference value of a characteristic (2.1.2) stated in a.specification

1-2:2006, 3.1.2]

on
acteristic) information on the probabilisticibehaviour of a characteristic (2.1.2)

stic (2.1.2) and showing the resulting_pattern of measures or scores in the form of a tally chart or histogra
ttern provides all of the numerical, value information of the characteristic (2.1.2) except for the serial order
Hata arises.

The distribution of a characteristic (2.4:2) can be represented, for example, by ranking of the values of t:’\ne
in

The distribution of a characteristic (2.1.2) is dependent on prevailing conditions. Thus, if meaningful
h about the distribution-of_a characteristic (2.1.2) is desired the conditions under which the data are collect¢d

specified.

It is important’torknow the class of distributions (2.1.8), for instance, normal or log-normal, before predicting
ng process capability or performance measures and indices or fraction nonconforming.

1-2:2006, 2.5.1]

class of distributions
particular family of distributions (2.1.7) each member of which has the same common attributes by which the
family is fully specified

EXAMPLE 1 The two-parameter, symmetrical bell-shaped, normal distribution with parameters mean and standard

deviation.

EXAMPLE 2 The three-parameter Weibull distribution with parameters location, shape and scale.

EXAMPLE 3 The unimodal continuous distributions.

NOTE 1

The class of distributions can often be fully specified through the values of the appropriate parameters.

© 1SO 2007 — All rights reserved
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NOTE 2  Tests for the normality of data can be found in ISO 5479.
NOTE 3  Adapted from ISO 3534-2:2006, 2.5.2.

21.9

distribution model

specified distribution (2.1.7) or class of distributions (2.1.8)

EXAMPLE 1 A model for the distribution of a product characteristic, such as the diameter of a bolt, mi
normal distribution with mean 15 mm and standard deviation 0,05 mm. Here the model is a fully specified one.

ght be the

O]

ftempting to specify a particular distribution. Here the model is the class of normal distributions.
[IBO 3534-2:2006, 2.5.3]
2(1.10

reference limits
bminated quantiles of the distribution (2.1.7) of the product characteristic

>

DTE 1  The conditions of the distribution (2.1.7) of the product characteristic fust be specified, see Notes
1.7.

N =z

NOTE 2  Traditionally the 0,135 % and 99,865 % quantiles have been used.

EKAMPLE 2 A model for the diameter of bolts as in Example 1 could be the class of normal distributiops without

2 and 3 of

EKAMPLE If the distribution (2.1.7) of the product characteristicvis normal with mean x and standard deviation o,
the limits are x +£30 when the traditional 0,135 % and 99,865 % quantiles are used.
2/1.11

reference interval
erval bounded by the 99,865 % distribution quantile, Xggggs9,, and the 0,135 % distribution

0,135 %

TE1 The interval can be expressed” by (X99’865%,X0’135%) and the length of the i
99,865 % ~X0135%) -

.3.3) and process capability index (2.2.3).

NOTE 3  For a normal distribution (2.1.7), the reference interval may be expressed in terms of six standard
6¢, or 6S, when estimated(from a sample.

quantile,

nterval is

NOTE 2  This term is used only as.an arbitrary, but standardized, basis for defining the process performahce index

Heviations,

NOTE 4 For a nob-normal distribution, the length of the reference interval can be estimated by means of gppropriate
pfobability paperst(e.g. log-normal) or from the sample kurtosis and sample skewness using, for examplg, Pearson

curves.

NOTE 5 >A“quantile or fractile indicates division of a distribution into equal units or fractions, e.g. percentiles.
defined in<ISO 3534-1.

[180=3534-2:2006 2 57]

Quantile is

21.12
upper fraction nonconforming

Py

fraction of the distribution (2.1.7) of a characteristic (2.1.2) that is greater than the upper specification limit

(2.1.4), U

© 1SO 2007 — All rights reserved
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EXAMPLE In a normal distribution (2.1.7), with mean, x4, and standard deviation o

put-o(£22)-of 22 ]

where

py i the upper fraction nonconforming;

@

s the distribution function of the standard normal diefrihllfinn;

U

NOTE 1
which givg
(2.1.4), in

distribution function given in the example.

NOTE 2
replaced b

[1SO 353

21.13

lower frdction nonconforming

pr
fraction @
(21.4), L

EXAMPLE

PL

where
Py
D
L

NOTE 1

which give
(2.1.4), in

distribution function'given in the example.

s the upper specification limit.

Tables (or functions in statistical computer packages) of the standard normal distribution are readily’ availabjle
the proportion of process output expected beyond a particular value of interest, such as a specification limit
terms of standard deviations away from the process mean. This obviates the need to work-out the statistiqal

The function relates to a theoretical distribution. In practice, with empirical distributions, the parameters are
y estimates.

1-2:2006, 2.5.4]

f the distribution (2.1.7) of a characteristic (2.1.2) that’is less than the lower specification linjit

In a normal distribution (2.1.7), with mean, y,-and standard deviation, o
( J
o

s the lower fraction nonconforming;

s the distribution functiorn of the standard normal distribution;
s the lower specification limit.

Tables (or functions in statistical computer packages) of the standard normal distribution are readily available
the propertion of process output expected beyond a particular value of interest, such as a specification limit
terms ef-standard deviations away from the process mean. This obviates the need to work out the statistiqal

NOTE 2

The function relates to a theoretical distribution—In prnr\fir\n, with nmpirir\gl distribu |finne, the pqrgmpfprc are

replaced by estimates.

[ISO 3534-2:2006, 2.5.5]

© 1SO 2007 — All rights reserved
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2.1.14
total fraction nonconforming

Pt
sum of upper fraction nonconforming (2.1.12) and lower fraction nonconforming (2.1.13)

EXAMPLE In a normal distribution (2.1.7), with mean, x4, and standard deviation, o
= @(MJ_,.@(L__'UJ
O o
where

py s the total fraction nonconforming;
@ s the distribution function of the standard normal distribution;
U s the upper specification limit;

L s the lower specification limit.

—

50 3534-2:2006, 2.5.6]

N

2 Process capability, estimates and indices

2|21
process capability
(gstimate) statistical estimate of the outcome of a characteristic from a process which has been dempnstrated

tq be in a state of statistical control and which desctibes that process’s ability to realize a charactdfristic that
will fulfil the requirements for that characteristic

NOTE 1 The characteristic from the process needs to be documented to have been in statistical control.

NOTE 2  The outcome is a distribution (2.,1.7), the class of which needs determination and its parameters edtimated.

pd

OTE 3 In certain circumstances,-thé standard deviation, S, that represents only within subgroup variatipn can be
ed as an estimator for S

C

R
Sy =— or
dyp
where
R is the average range calculated from a set of m subgroup ranges;
fal H 4l 1 4 2l alal o £ 4l e o
A_)j 1S5 Ui Ddlllplc L dAlriuarg ucviauuirt ur u IUJLII OUUHIUUP,
m is the number of subgroups of the same size, #;

d,, c, are constants based on subgroup size, n.
Alternatively, for a normal distribution, the process overall standard deviation o;, can be estimated using the formula for S,.

The value of the estimators S, and S, converge for a process in a state of statistical control. A comparison of the two gives
an indication of the degree of stability of the process. For an out-of-control process about a constant mean, or for a
process that is subject to systematic changes in the mean, the value of S, is likely to significantly underestimate the

© 1SO 2007 — Al rights reserved 5
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process standard deviation. Hence S, should be used with extreme caution. Sometimes, too, the estimator S, is preferred
to S,, because it has more tractable statistical properties (e.g. facilitating the calculation of confidence limits).

NOTE 4 For a normal distribution, process capability can be assessed from the expression:

):( + ZSt
where

= 1.7

X = —LXJ-

J=1

and )_(j i the observed mean of the jth subgroup.
The choic¢ of z depends on the particular parts per million capability standard used. Typically z takes the“value of 3, 4 or 5.
If the prodess capability meets the specified requirements, a z value of 3 indicates an expected 2,700 parts per millipn
outside of|specification. Similarly, a z of 4 indicates an expected 64 parts per million and a z of 5,an expected 0,6 parts per
million outkide of specification.
NOTE 5 For a non-normal distribution, process capability can be assessed usjng; for example, an appropriate
probability] paper or from the parameters of the distribution fitted to the data. The expression for process capability takes

the asymmetric form:

T+a
X p

The notat
nominal, g
notation fq
dimension

NOTE 6

— becomes progressively less efficient as the subgroup size increases;

— is ver

— makdg

NOTE 7

— thenm

— techn

on fl‘j is in the same style as standard drawing office practice for expressing specified tolerances about|a
r preferred, value for a characteristic when the preferred-value is not equidistant from each limit. The equivalent
r limits symmetrical about the preferred value is +. This enables a direct comparison to be made between the
Al performance of a characteristic and its specified, requirements in terms of both location and dispersion.

When §,, = di is used, it needs to be appreciated that this estimator:
2

y sensitive to the distribution.of individual values;
s it difficult to estimate.confidence limits.

Capability conditions are very restrictive and include:
ethods appliedto demonstrate that the process is in control;

ical canditions (input batches, operators, tools, etc.);

— them

easurement process (discrimination. accuracy. repeatability. reproducibility. etc.): and

— data collection (duration, frequency).

NOTE 8

2.2.2

Adapted from ISO 3534-2:2006, 2.7.1.

process capability estimate

quantity t

hat describes one or more properties of the distribution (2.1.7) of the product characteristic under

capability conditions

EXAMPLE 1 The standard deviation (ISO 3534-1:2006, 2.37) of the distribution (2.1.7) of the product characteristic
under capability conditions (see 2.2.1, Notes 1 and 7).

© 1SO 2007 — All rights reserved
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EXAMPLE 2 The mean (ISO 3534-1:2006, 2.35.1) of the distribution (2.1.7) of the product characteristic under
capability conditions (see 2.2.1, Notes 1 and 7).

EXAMPLE 3 The reference interval (2.1.11) of the distribution (2.1.7) of the product characteristic under capability
conditions (see 2.2.1, Notes 1 and 7).

223
process capability index

S

index describing process capability (2.2.1) in relation to specified tolerance (2.1.5)

NOTE 1 Frequently, the process capability index is expressed as the value of the specified tolerance~(2\1}5) divided
by a measure of the length of the reference interval (2.1.11) for a process in a state of statistical control, namely as:

U-L

Cp =
X99.865% ~ X0,135%

NOTE 2  For a normal distribution (2.1.7), the reference interval (2.1.11) is equal to 6S) (see 2.2.1, Notes).

NOTE 3  For a non-normal distribution (2.1.7), the reference interval (2.1.11) ¢an be estimated, for exanjple, using
the probability paper method or the Pearson curves method.

NPTE 4  Adapted from ISO 3534-2:2006, 2.7.2.

224

upper process capability index

CokU

ndex describing process capability (2.2.1) in relation te the upper specification limit (2.1.4), U

pd

OTE 1 Frequently, the upper process capability\index is expressed as the difference between the upper
specification limit (2.1.4) and the 50 % distributioncguantile, X5q0, divided by a measure of the length of(the upper
rdgference interval (2.1.11) for a process in a state-of statistical control, namely as:

U-Xs509

C =
pkU
X 99,865 % — 450 %

DTE 2 For a normal distribution (2.1.7), the upper reference interval (2.1.11) is equal to 35, (see 2.2.1, Notes) and
509, represents both the mean-and the median.

e Z

pd

OTE 3 For a non-normal distribution (2.1.7), the upper reference interval (2.1.11) can be estimated, fof example,
ing the probability papermethod or the Pearson curves method and X5, represents the median.

c

NPTE 4  Adapted,from ISO 3534-2:2006, 2.7 4.

N

2.5
gwer process capability index

CokL
ndex describing process capability (2.2.1) in relation to the lower specification limit (2.1.4)

NOTE 1 Frequently, the lower process capability index is expressed as the difference between the 50 % distribution
quantile, Xgy9,, and the lower specification limit (2.1.4) divided by a measure of the length of the lower reference
interval (2.1.11) for a process in a state of statistical control, namely as:

X509, —L

Copy =—— 2% 7
pkL
X509% —X0135%

NOTE 2 For a normal distribution (2.1.7) the lower reference interval (2.1.11) is equal to 35, (see 2.2.1, Notes) and
X500, represents both the mean and the median.

© 1SO 2007 — Al rights reserved 7
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NOTE 3  For a non-normal distribution (2.1.7), the lower reference interval (2.1.11) can be estimated, for example,
using the probability paper method or the Pearson curves method and X 5q ¢, represents the median.

NOTE 4  Adapted from ISO 3534-2:2006, 2.7.3.

2.2.6

minimum process capability index

Cok

smaller of upper process capability index (2.2.4) and lower process capability index (2.2.5)

[ISO 3534-272006, Z.7-5]

2.3 Process performance, measures and indices

2.31

process performance
(measurq) statistical measure of the outcome of a characteristic from a process that may not have begn
demonstiated to be in a state of statistical control

NOTE 1 The characteristic from the process does not need to be documented to have bgen.in statistical control.
NOTE 2 | The outcome is a distribution (2.1.7) the class of which needs determinationand its parameters assessed.

NOTE 3 | Care should be exercised in using this measure as it may contain-a‘component of variability due to special
causes th¢ value of which is not predictable.

NOTE 4 | For a normal distribution (2.1.7) described in terms of thesstandard deviation, S;, estimated from only ofe
sample of[size N, the standard deviation is expressed thus:

=

The descrptor, S;, takes into @ccount the variation both due to random (common) causes together with any special causgs
that may pe present. S; istused here instead of o; as the standard deviation is a statistical descriptive measure. The
sample size can be madeddp of m subgroups each of size n.

NOTE 5 | For anormal distribution (2.1.7) process performance can be assessed from the expression:

)_(iZSt

The choice of z depends on the particular parts per million performance requirement. Typically z takes the value of 3, 4 or
5. If the process capability meets the specified requirements, a z value of 3 indicates an expected 2 700 parts per million
outside of specification. Similarly, a z of 4 indicates an expected 64 parts per million and a z of 5 an expected 0,6 parts per
million outside of specification.

NOTE 6 For a non-normal distribution, process performance can be assessed using, for example, an appropriate
probability paper or from the parameters of the distribution fitted to the data. The expression for process performance
takes the asymmetric form:

8 © 1SO 2007 — Al rights reserved


https://standardsiso.com/api/?name=fa5d80bb8a4167860512010f3fc6a210

ISO/TR 22514-4:2007(E)

The notation fz is in the same style as standard drawing office practice for expressing specified tolerances about a
nominal, or preferred, value for a characteristic when the preferred value is not equidistant from each limit. The equivalent
notation for limits symmetrical about the preferred value is +. This enables a direct comparison to be made between the
dimensional performance of a characteristic and its specified requirements in terms of both location and dispersion.

NOTE 7 Performance conditions are least restrictive, but include:
— technical conditions (input batches, operators, tools, etc.);

— the measurement process (discrimination, accuracy, repeatability, reproducibility, etc.); and

— data collection (duration, frequency).
NPTE 8  Adapted from ISO 3534-2:2006, 2.6.1.

2|3.2

pfocess performance measure

gbiantity that describes one or more properties of the distribution (2.1.7) of the product characteristic under
performance conditions

E

KAMPLE 1 The standard deviation (ISO 3534-1:2006, 2.37) of the distribution'(2.1.7) of the product characteristic
under performance conditions (see 2.3.1, Notes 1 and 7).

m

KAMPLE 2 The mean (ISO 3534-1:2006, 2.35.1) of the distribution-(2.1.7) of the product characteristic under
erformance conditions (see 2.3.1, Notes 1 and 7).

©

EXAMPLE 3 The reference interval (2.1.11) of the distribution (2.1.7) of the product characterigtic under
performance conditions (see 2.3.1, Notes 1 and 7).

3.3
rocess performance index

~NT N

D
ndex describing process performance (2.3:1) in relation to specified tolerance (2.1.5)

NOTE 1 Frequently, the process performance index is expressed as the value of the specified tolerarjce (2.1.5)
divided by a measure of the length of the reference interval (2.1.11) for a process in a state of statistical contriol, namely
a$:
P, - U-L
X99.865% ~X0,135 %
NOTE2  For a normaldistribution (2.1.7), the length of the reference interval (2.1.11) is equal to 65, (see 2.3.1,

pd

btes).

pd

DTE 3  Forra non-normal distribution (2.1.7), the length of the reference interval (2.1.11) can be estimated, for
ample, using the probability paper method or the Pearson curves method.

[¢]

NOTE4" Adapted from ISO 3534-2:2006, 2.6.2.

234
upper process performance index

PpkU
index describing process performance (2.3.1) in relation to the upper specification limit (2.1.4), U

NOTE 1 Frequently, the upper process performance index is expressed as the difference between the upper
specification limit (2.1.4) and the 50 % distribution quantile, Xgy.,, divided by a measure of the length of the upper
reference interval (2.1.11), namely as:

U-X509

PpkU =

X 99,865 % ~ X50%

© 1SO 2007 — Al rights reserved 9
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NOTE 2

For a normal distribution (2.1.7), the upper reference interval (2.1.11) is equal to 35, (see 2.3.1, Notes) and

X500, represents both the mean and the median.

NOTE 3

For a non-normal distribution (2.1.7), the upper reference interval (2.1.11) can be estimated, for example,

using the probability paper method or the Pearson curves method and X 5q ¢, represents the median.

NOTE 4

2.3.5

Adapted from ISO 3534-2:2006, 2.6.4.

lower process performance index

PpkL
index des
NOTE 1

quantile,
interval (2

Poks

NOTE 2
X50 9% reg

NOTE 3

using the probability paper method or the Pearson curves method and X 5q ¢, représents the median.

NOTE 4

2.3.6

minimum process performance index

Fox

smaller o

[ISO 353

3 Symbols and abbreviated terms

3.1 Sy
In additio|
a
B
Po

cribing process performance (2.3.1) in relation to the lower specification limit (2.1.4), L

Frequently, the lower process performance index is expressed as the difference between the 50 % distributipn
=09, and the lower specification limit (2.1.4) divided by a measure of the length of the lower reference
.1.11), namely as:

| Xs09—L
X509 —X0135%

For a normal distribution (2.1.7), the lower reference interval (2.1.11) is equal'to 3S; (see 2.3.1, Notes) and
resents both the mean and the median.

For a non-normal distribution (2.1.7), the lower reference interval (2.4.11) can be estimated, for exampl

®

Adapted from ISO 3534-2:2006, 2.5.3.

f upper process performance index (2.3.4).and lower process performance index (2.3.5)

1-2:2006, 2.6.5]

mbols
h to the symbols listed below, some symbols are defined where they are used within the text.

fraction or proportion
shape parameter in a Weibull distribution

coefficient of kurtosis

il

10

number of nonconformities In a sample of Size n
average number of nonconformities in a sample of size n

constant based on subgroup size, n (see ISO 8258)
process capability index
minimum process capability index

lower process capability index
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Coku upper process capability index

Cr process capability fraction (PCF)

dy constant based on subgroup size, n (see ISO 8258)

e mathematical constant

] distribution function of the standard normal distribution

14 location parameter in a Weibull distribution

% coefficient of skewness

m number of subgroups

K|, K, multipliers for estimating the confidence limits for a process capability index

L lower specification limit

Physsey lower 0,135 % quantile for the Pearson system of curves

U location of the process; population mean value

N total sample size

n number of values or subgroup size (for a:control chart)
np number nonconforming in a sample0f’size n

np average number nonconforming.in a sample of size n
P, o, a percentile

P proportion of noneconforming items in a sample

D) average proportion of nonconforming items in a sample
D] lower fraction nonconforming

P}, process performance index

Pl minimum process performance index

Pokz fower process performance index

Poku upper process performance index

Dt total fraction nonconforming

Py upper fraction nonconforming

Pyg g5 9% Upper 99,865 % quantile for the Pearson system of curves

T geometric constant

© 1SO 2007 — Al rights reserved 11
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Ok process variation index

0 parameter required for the Rayleigh distribution

R average subgroup range

S standard deviation, sample statistic

Si standard deviation, with the subscript ‘t’ indicating total
S average sample standard deviation

Sj observed sample standard deviation of the jth subgroup
o standard deviation, population

Oy estimated standard deviation, total

T target value

U upper specification limit

u number of nonconformities per item in a subgroup

average number of nonconformities per item in a subgroup

<

Xy a % distribution quantile

X; ith value in a sample

X arithmetic mean value, sample

X arithmetic mean, of a number of sample arithmetic means

& scale parameter in a Weibull distribution

Y, Yo values read from a graph

z, quantile of thie standardized normal distribution from —w to «

3.2 Abpbreviated'terms

FRC irst run capability

MSE mean square error

NHU nonconformities per hundred units
NMU  nonconformities per million units
PCF process capability fraction

PCI process capability indices

12 © 1SO 2007 — Al rights reserved


https://standardsiso.com/api/?name=fa5d80bb8a4167860512010f3fc6a210

ISO/TR 22514-4:2007(E)

4 Statistical measures used in process capability and performance

4.1 General

The measures referred to below in 4.2 to 4.6 refer only to measured data. They are unsuitable for count or
attribute data and information concerning the expression of measures for such data will be found later in 4.7.

4.2 Measures of location

Né most common measure of location used IS the mean, gz, alhough the sample median, Ksgo,, iS
bmetimes used. With non-normally distributed process measurements, the median is often~a [preferred
ternative measure.

QO

4|3 Measures of dispersion

413.1 Inherent variability

The preferred measure to quantify inherent process variation (ISO 3534-2:2006, 2.2.2) is the |standard
deviation, o. This is often estimated from the mean range value, R, takén)from a range (R) chart when the
pfocess is stable and in a state of statistical control as indicated in 5.1.-Methods used to estimate thé process
sfandard deviation are given in Annex A.

413.2 Total variability

tlis necessary to differentiate between a standard deviation'that measures only short-term variatior] and that
which measures longer-term variation. Methods of calculating the standard deviations representjng these
variations are given in Annex A.

VEery often, when data are gathered over a long<period of time, the standard deviation is made larder by the
fects of fluctuations in the process. When this standard deviation is computed, the symbol & is uged within
Ris part of ISO 22514.

= @

4|4 Mean square error (MSE)

When minimizing variation some’ practitioners, use the mean square error as the preferred measure. It is
bmpatible with the methods'‘used in off-line quality techniques.

Q

415 Reference limits

—

he lower and ipper reference limits are respectively defined as the 0,135 % and the 99,865 % quantiles of
He distributien<that describe the output of the process characteristic. They are written as X445 ¢, and

(90,865 %

54'_.-

4/6_“Reference interval, also known as process spread

The reference interval is the interval between the upper and the lower reference limits. The reference interval
includes 99,73 % of the individuals in the population from a process that is in a state of statistical control.

4.7 Attributes

Measurement of quality by attributes consists of recording the presence (or absence) of some characteristic or
attribute in each of the items in the subgroup under consideration. Counts are made of how many items do (or
do not) possess the quality attribute or how many such events occur in the item, group of items or unit area.
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When the data are attributive, the usual statistic will be the number of nonconforming items (np) or the number
of nonconformities (c¢) found. Sometimes, it will be necessary to compute the fraction nonconforming (p) or the
number of nonconformities per item (1) depending upon the sampling strategies adopted.

5 Capability

5.1 General

Process ftity— i Tabitity: Tatiti TS i $S
when opgrating in a state of statistical control is known as the inherent process variability. It represents ‘the
variation [that remains after all known removable assignable causes have been eliminated. If the process |is
monitoredl 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 wijthin the produfct
specificafion tolerances. Since a process in statistical control can be described by a predietable distributiop,
the propqgrtion of out-of-specification outputs can be estimated. As long as the process remfains in statistical
control, itfwill 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 consisfently meet the specification requirements.

In short, the following will be necessary:

a) define the process and its operating conditions. If there is a change to those conditions, it will necessitafe
a ney process study;

b) assefss the short-term and long-term measurement variabilities as percentages of the total variability and
minimize them;

c) preserve the process stability and maintain its statistical control;

d) estinpate the remaining inherent variation; and

e) selegt an appropriate measure of capability.

The folloying are the conditions that(will'apply for capability:

— all technical conditions, e.g. temperature and humidity, must be clearly stated;
— the Uncertainty of the~-theasurement system must be specified;

— multiHfactor, multitevel aspects of the process should be allowed;

— the duration-over which the data has been gathered must be recorded;

—  thef egdency of enmpling must be cpnr\ifinr‘l and the start and finish dates of data r\nllnr\finn;

— the process must be controlled with a control chart; and

— the process must be in a state of statistical control.

It is necessary to check the control chart from which the data have been taken for statistical control and to
examine a histogram of the data with any specification limits superimposed upon it. A valid test for normality

should be used in assessing the data such as the Anderson-Darling test [8l. This test is powerful in detecting
departures from normality in the tails of the distribution and is suggested here as this is the region of interest
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for capability and performance indices. Additionally, normal probability paper can be used to look for the

following:

1) verification of normality;

2) outliers;

3) data beyond any specification limit;

4) whether the data are well inside the specification limit(s);

5) evidence of asymmetry (i.e. skewness);
6) evidence of “long tails” in the data (i.e. kurtosis);

7) off-centre distribution; and

[e2)

any unusual features.

ken on the data prior to the calculation of any measure. It would be inappropriate to just discard da
bt appear to fit any preconceived pattern. Such departures mightibe very revealing about the
bhaviour and should be thoroughly investigated.

O 3 ar m

A

2 Process capability

5]2.1 Normal distribution

focess capability is defined as a statistical measure of inherent process variability for a given char
he conventional method is to take the reference interval which describes 99,73 % of the individu
rpm a process that is in a state of statistical control with the 0,135 % remaining on each side. Th
en if the population of individual values®is’not normally distributed. For a normal distribution, this
terval is represented by six standard deviations. See Figure 1.

5@ =4

Xplanations of anomalies should be sought in relation to these mentioned\features and appropriTte action

a that do
process's

acteristic.
al values
s applies
5 process

0,135 % 7 \’ 0,135 %
Key

a8  Reference interval 99,73%.

Figure 1

On occasions, process capability is taken to account for extra sources of variation such as a multip
process, for example, output from a multi-cavity injection moulding press. Under these circumsta
distribution of values may still be approximately normal but with extra variability so that the standard

le stream
nces, the
deviation

must represent the total variation, oy. It is important to state how the standard deviation has been calculated

as well as the sampling strategy used, sample size and the quantity and variability of output
between samples as these will in practice affect the validity of the capability assessment.

© 1SO 2007 — All rights reserved
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Data will usually be taken from a control chart. If the control chart had relaxed control lines or modified control
lines, the real process standard deviation will be larger than that estimated from data taken from a control
chart with standard control lines. Issues such as these and those given earlier will influence the reference
interval and 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 amount. An example of this is shown in Figure 2.

Key
a8  Refer¢nce interval 99,73 %.

Figure 2

5.2.2 Npn-normal distribution

If the disfribution of individual values does not form a normahdistribution but is skewed, then the referenge
interval may appear as in Figure 3. The values Y; and Y,, which will usually be the 0,135 % and the 99,865 b
quantiles| can be estimated using a suitable probability paper (see Figure 4 for an example using an extrenje
value disfribution probability paper) or by the use of suitable computer software (see Annex E). They may algo
be complited using tabular values (see Annex B)*0or/using the particular probability function as suggested |n
Annex C.

0135% [ \’ 0,135 %

a8  Reference interval 99,73 %.

Key

Figure 3

5.3 Process location
Even if a process can be deemed capable by the above definition (in 5.2.1), if the process distribution has

been poorly centred relative to the specification limits, out-of-specification items may be produced. For this
reason, it is necessary to assess the location in addition to the process interval.
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Figure 4

5{4 Process capability indices for measured data
5/41 General
It|should~be noted that when the capability indices given in this part of ISO 22514 are computed, fthey only
fgrm_point estimates of their true values. It is therefore recommended that wherever possible the indices'
confidence intervals are compl ited and rnpnrtnd Methods h‘/ which these can he (‘ﬁmpllfpd are described in

Annex D.

It is effective to express the capability of a process with the use of an index number. Several indices are given.
Care must be taken when handling non-normal distributions.

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
5=
X99865% — X0135%

C (1)
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where

L i

s the lower specification limit;

U is the upper specification limit.

There are other indices that incorporate both the location and the variation; of these, the most widely used is

the Cpk

index. If the index is less than a given value, the process is deemed to be producing an excessive

proportion of items outside of the specification.

The Cpk Index IS the ratio of the difference between a specitied tolerance limit and the process location 1o, the

differencg between the corresponding natural process limit and the process location.
U-Xs09
CpkU = (2)
X99,865% ~ X50%
and
Xepo, — L
Cora| = 50%
X50% —X0135%
where
L is the lower specification limit;
U is the upper specification limit;
Xsop, I8 the median value.
The Cpk index is reported as the smaller value of thése.

Some practitioners report both of the above-values that are also known as CPU and CPL, respectively. This

provides
These in

produce
centred p

542 T

If the indi

the inhergnt procéss’standard deviation. Therefore, the Cp index can be expressed as:

nformation about both sides of theprocess.

lices will provide informatian)about whether a process is poorly centred and whether it will possibly
put-of-specification items\Even if the C, index is high, a low value of the Cok index will reveal a poorfly
rocess and a high probability of producing out-of-specification items.

ne C, index (normal distribution)

vidual values form a normal distribution, the length of the reference interval is equal to 6, where ofs

U~L

C. 4

p

6o

An estimate (& ) of the inherent process standard deviation (o) is required to obtain an estimate of the C
index. When this has been obtained, usually with data from a control chart once the process is shown to be

statistical

18

ly stable (see 5.1), the index is estimated:
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5.4.3 The Cok index (normal distribution)

When the distribution of individual values forms a normal distribution, the median X5q o, is equal to the mean
(#). Further, Xggg65 9, — X550 9, and Xsq o, — X135 9, are each equal to 3c. Therefore, the C index can be

expressed as the minimum of:

U-u
C ==~
pkU 35
ot
u—L
Coup =——
pkL 3o
,x may be estimated by the minimum of:
A U-X
C == =
pkU 35
0
. X-L
Copr =
PKL =35

r computing a capability index, thought must be given to-the measure of the process variation us
bnominator. Here, o is given to represent the variationavhen the data comes from a process that is
statistical control.

o Qo

The data might come from a multiple stream process such as a multi-headed filling machine or a mu
machine where the total output is treated together, where data from all streams are simul
considered. The lower the index, the greater'the proportion of items produced out-of-specification.

5|5 Process capability indices-for measured data (non-normal)

5|5.1 General

Ifithe distribution of individual values is non-normal, the expressions in Equations (1) and (2) still app
stimation of the indices becomes more complicated. Three approaches to estimate the reference
ven.

bmewhat crude. The approach given in 5.5.4 is computationally more involved but is superior to

e
g
The probability- paper method described in 5.5.2 is fairly simple and requires little computati
s
nmethod-as far as accuracy is concerned.

ed in the
in a state

ti-spindle
aneously

ly but the
limits are

n but is
any other

a

15.2”_Probability paper method

From graphs similar to that shown in Figure 4, estimates of the quantiles X435 ¢, and Xggges ¢, Can be

obtained. The estimates are denoted by Y; and Y, respectively and Equation (1) becomes:

. -L
Cp: v
Y, -1,
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In a similar way, the Cy, formulae become:

CpkU:Y X
27250 %
or
u Xgg o, —L
Cokr =+
250 % 11

whichever gives the lower value. If the index is less than a given value, the process is deemed._to he
producing an excessive proportion 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 thepnproportion pf
nonconforming items produced depends on the class of distributions. Care should be taken'hot to interprgt
indices on the basis of cut-off points that have been derived for the normal distribution and-hence are only
applicablg for that distribution.

Note that|the probability paper method directly estimates fairly extreme quantiles and\this can be inaccurate.

5.5.3 Pearson curves method

As an alfernative to using probability paper, standardized Pearson cufves may be used. The method |is
described by way of an example (see Annex B). The index is computéd using the formula:

~ U-L
Cp 7

X 99865 % —X0,135 %

where )?0‘135 9 and )?997865 o are the 0,135 % and 99,865 % quantiles estimated from the standardizgd
Pearson gurves.

Also, we have the formulae:

pkdy — 2 I
X99865 % —X50 %
or
n Xs0 5L
Cond =

X50 9='%0135 %

where X, o I8 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.
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;
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unless the estimation technique is applied skilfully, it is possible to obtain fitted curves
meaningless over certain ranges of the data. For example, with the method of moments, an ea
mistake is to fit a Pearson Type Il distribution whose estimated threshold is less than the lower
the process output, thereby invalidating the estimates of X 135 ¢, and Cpy;

the method of moments does not yield estimates of the variability in the estimated indices.
these methods do not yield confidence intervals for the indices;

not every data distribution can be described adequately with a Pearson or Johnson curve;

:2007(E)

that are
sily made
bound for

Likewise,

goodness-of-fit tests are limited to the chi-squared test since more powerful tests are nat
available for the Pearson and Johnson systems;

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

5.4 Distribution identification method

hnex C describes certain families of distribution functions (such as the logznormal distribution, the
nd the Weibull distributions) that are commonly found when investigating process capability. The

st to identify the appropriate family of distributions, secondly to estimate_the parameters of the dist
e family that best explain the data by some efficient estimation method and finally to express the gy
rms of the parameters of that distribution.

his is analogous to the procedure adopted in the case of the'hormal distribution where o is estimate
represented by (Xggges5 % — X 0135 %) -

arious types of probability paper may be useful to identify the appropriate family of distributions.

6 Alternative method for describing-and calculating process capability estimates

ne bases for this method are the widely.used definitions of C, and C,, for the “ideal process” with 3
stributed characteristic X, where the expectation x4 and variance o? are constant with time
prresponding estimates are X and 52,

Table 1 —{Process capability indices and estimates (normal distribution)

generally

g simple

Rayleigh

ethod is

ibution of
antiles in

d and 6o

normally
and the

Index Estimate
U-L A U-L
C, = ==
P 60 P 6S
_U-n . U-X
CpkU - 36 pkU 3S
u-L =
7 PkL ~ 3¢
ka =IIIIII\kaL,kaU} ~ i ~ ~
Cpk =min(Cpkz, Cokv)

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

When these measures of process capability have to be extended to characteristics that are not normally
distributed, it is necessary to begin from the point of view that these measures are meant to be managerial
tools, that they display and reflect the conformance of the actual values of a characteristic with its
corresponding specification limits. Therefore, these measures must be linked to the fraction of actual values
conforming or nonconforming. In particular, the same fraction conforming or nonconforming has to yield the

©
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same values of capability or performance independent of the shape of the distribution of the actual values of a
characteristic.

The following formulae are equivalent to those in Table 1:

Table 2 — Process capability indices and estimates (normal distribution) — Equivalent formulae

Index Estimate
e Cow + Coig o Courct Cos
2 P 2
Corv = Z1;)PU épkU _ 21—3[7(/

where p{; and p; are the fractions nonconforming at the upper and lower specification limits and p;;, p|;
are the corresponding estimates. The formulae in the above table can be applied to any distribution.

It is assumed that the user has knowledge of the shape of the distribution because of what is known about the
manufacfuring process or by some evaluation of a sample by an appropriate probability paper.

For thosg distributions that are frequently observed (normal, log-normal,yRayleigh and Weibull), the required
relations pnd formulae are given in Annex C.

5.7 Other capability indices for measured data in other special cases

5.7.1 Process capability fraction (PCF)

The PCF|is the inverse of the Cp index:

69
U-f

il
Cp
It can be expressed as a percentage\value and occasionally named Cg (%).

5.7.2 Indices when the spécification limit is one-sided or no specification limit is given

5.7.21 General

it

Sometimes, a spegification is given that has only one limit, e.9. a maximum value. In these circumstances,
will only e possible to compute a Cp, or a Py, 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.

5.7.2.2 Mean square error (MSE)

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

o?+(u-T)
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where
o s the standard deviation of the process;
4 is the achieved mean value of the process;
T is the given target value for the process.

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

5(7.2.3 Oy index

This index uses the mean square error given in 5.7.2.2, but expresses the whole valueas'a coefficient of
variation and is computed as follows:

10002 +(u-T)? o)

O = T

far 7 #0.

Ah interesting property of this index is if the process drifts from its target, the index will increase in value, and
if[the process variation increases, it will also increase the value of the index. The smaller this index becomes,
tHe better the process is deemed to have performed.

A

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

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

ZI}U = 3CpkU
apd

Z[}L = 3CpkL
Hy and p; are found as_the proportions exceeding Zpy and Zpo respectively, in a standard normal
d{stribution.
Afdditionally, the process yield can be computed as 100 % minus the total percentage nonconformipg, in the

case of a controlled process.

fla charagteristic, in statistical control and stable, has a Cpy; of 0,86 and a Cy; of 0,91, the proportion of
it-of-specification can be determined using the method given above as follows.

]

a) ~Calculate the “upper” standardized deviate:
2, =3CokL
=3x0,91
=273

b) Calculate the “lower” standardized deviate:

= 3CpkU
=3x0,86
=2,58

7
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c) Using a standard normal table, look up the values p;; and p; for the proportions of the distribution
beyond the specification limits U and L, Zpy and Zp, respectively.

For convenience and ease of use, Table 3 gives look-up values for the estimated proportion out-of-

specification. Table 3 is indexed by C,;; or Cpkz, the process capability indices (PCI). Table 3 should not be

used to derive C,, nor Cy values for attribute data.

Using the above example of a C,.;; of 0,86 and a C,,; of 0,91, the estimated proportion beyond the
specification limits U and L may be read directly from Tagle 3 as 0,004 9 and 0,003 2.

Table 3 — C,; or C; (PClin the table) and proportion of the normal distribution remaining
in the tails of the distribution beyond a specification limit

PCI  0,p0 0,01 0,02 0,03 0,04 0,05 0,06 0,07 0,08 0,09

1,6 17,9 x|1097 6,8 x 1097 5,9 x 10797 5,0 x 10797 4,3 x 10797 3,7 x 10797 3,2 x 10797 2,7 x 10797 2,3 x 10797 2,0 x 107
1,513,4 x|10963,0x 109626 x 109622 x 1096 1,9 x 10796 1,7 x 10796 1,4 x 10796 1,2 x 10796 1.4)x10706 9,2 x 107
1,411,3%x10951,2x10951,0x10958,9%x 1096 7,8x10966,8x 10959 x 1079652 x 10<9%8.4,5x 1079639 x 106
1,314,8x|10954,2%x10953,7%x10953,3x10952,9%x10952,6x 109523 x10952,0x400951,7x100951,5x 10>
12| 0,002 0,0001 00001 00001 00001 00001 00001 ~0,0001 0,0001 0,000 1
1,1] 0,005 0,0004 00004 00003 0,0003 0,0003 0,00030" 00002 0,0002 0,0002
1,0| 00013 0,0012 00011 00010 0,0009 00008 00007 0,0007 0,0006 0,0005
09] 0,0035 00032 00029 0,0026 00024 0,0022 .~ 60,0020 00018 00016 0,0015
08| 0,082 00075 00069 00064 00059 0,0054> 0,0049 00045 00041 0,0038
0,7] 0,079 00166 00154 00143 00132 00122 10,0113 00104 00096 0,0089
06| 00359 00336 00314 00294 00274 -10,0256 0,0239 0,0222 00207 0,0192
05| 0,068 00630 00594 00559 0,0526,"° 00495 00465 00436 00409 0,0384
04| 01151 0,093 0,038 0,0985 00934 00885 0,0838 00793 00749 0,0708
03| 0,1841 0,1762 0,685 0,161 1-..0,1539 0,469 0,401 0,335 0,271 0,1210
02| 02143 02643 02546 02451 02358 02266 02177 02090 02005 0,1922
0,1] 0,3821 03707 0,3594 _0;3483 03372 03264 0,3156 0,3050 0,2946 0,284 3
00| 05000 04880 04761( ;04641 04522 04404 04286 04168 04052 0,3936

5.9 Atfributes

5.9.1 General

It is often| thel case with attribute processes that the objective is zero nonconformities or zero nonconformirng
items. Cqnisequently, process capability in the case of a controlled process is restricted to statements abolt
the level of monconformities or noncontforming items. 1his usually takes the form of the process average, jor
example, p, and the indices given above and Table 3 do not apply.

If attributes data are generated by a measurement system that evaluates a variables measurement as a pass
or fail judgement, care must be taken to minimize any measurement system variation.

5.9.2 Capability measures and indices in the case of nonconforming units (np) or proportion of
nonconforming units (p)

When a process is monitored using a np-chart or a p-chart (see ISO 7870-1 for a description), the process
capability can be described by the average level p or np once the process is shown to be statistically stable.
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The process yield, sometimes called the first run capability (FRC), can be computed as shown in Equ
i.e. FRC is the percentage of satisfactory items produced:

100(1-5) (%)

2007(E)

ation (3),

®)

or
100( -Q] (%)
n
5/9.3 Capability measures and indices in the case of number of nonconformities (c) or proportion of

npnconformities (u)

When a process is monitored using a c-chart or a u-chart (see ISO 7870-1 for a description), thg process
performance should be expressed by recording the average level, ¢ or u , once the-process is shown to be
s{atistically stable.
Afdditionally, the rate of occurrence of nonconformities can be computed as/he nonconformities per hundred
uhits (NHU):

100(ij

n

o}

100u
where n is the subgroup size taken.
If|the occurrence of nonconformities per hundred is so low that the NHU is very much less than theg value 1,
consider the number of nonconformities per million instead, i.e. NMU. When processing discrete ifems, this

3

easure is often given as parts per million (ppm).

The NHU is a useful measure when comparing processes under different subgroup sizes and
formation concerning the expected rate of the nonconformity in the output from the process.

5

6| Performance

6/1 General

o T

btween performance and capability is that for performance there is no requirement for the process
{ate“of statistical control nor for the process to be controlled using a control chart. The followin

Q W

provides

rocess pérformance for a characteristic is the achieved distribution of results. The single important difference

o be in a
j are the

bnditions that will apply for performance:

— all technical conditions, e.g. temperature and humidity, must be clearly stated;
— the uncertainty of the measurement system must be specified;

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

— the duration over which the data has been gathered must be recorded;

— the frequency of sampling must be specified and the start and finish dates of data collection;

© 1SO 2007 — All rights reserved
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— thep

— thep
unkn

rocess need not be controlled with a control chart;

rocess need not be in a state of statistical control, in particular historical data where the sequence is
own can be used to evaluate process performance.

Indices are given below to express process performance. Their form is similar to those already given in the
clause on capability and the general relationships given in Equations (1) and (2) for measured data are used
except they are named F,, Py and By, respectively.

6.2 Process performance indices for measured data (normal distribution)

621 T

When th¢ individual values form a normal distribution, the length of the reference interval is equal to 64

he Pp index

—_

where oy is the total standard deviation. Therefore, the F, index can be expressed as:
P, - U-L
60t
An estimpte, &, of the total standard deviation (o) is required to obtain an‘estimate of the F, index. |n
practice, |6y will be the standard deviation (S;) of all of the data. When this ‘has been obtained, the index |s
estimateq:
6.2.2 The P, index
When the distribution of individual values forms a normal distribution, the median Xgg 0, is equal to the megn
(#). Furfher, Xggges59 — X509 and Xsgo, — Xo1359, arexeach equal to 3oy. Therefore, the Fy index s
the smallger of the two values:
U—-p
P =
pky 3O't
or
u—L
P =
pkL 30't
where Py is estimated by:
- U-X
P =
Y~ 36,
or
. X-L
P, =
PL =35,
The lower the index, the greater the proportion of items produced out-of-specification.
26 © 1SO 2007 — Al rights reserved
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6.3 Process performance indices for measured data (non-normal distribution)

6.3.1 General

The approaches adopted in this clause for non-normal data is the same as that given earlier i
capability indices.

6.3.2 Probability paper method

i"i;i""'; O TOSe—Otven 1 . - 3 stiat€s—o 1 gtrat’ S 0 .;'i
obtained. The estimates are denoted by Y;and Y, respectively and the formula becomes:
ﬁp _U-1L
Y -1

rl a similar way, the 7, formulae become:

~ U_XASOO
PpkU=—AAJ
Yo - X509
(0]
s Xsog-L
pkL_A—
X509 =14

whichever gives the lower value. If the index isiless than a given value, the process is deemeq
pfoduced an excessive proportion of items (oGtside of the specification. The proportion noncg
depends upon the distribution and the value, of the index. The link between the index and the pro
npnconforming items produced depends,on-the class of distributions. Care should be taken not tg
indices on the basis of cut-off pointscthat have derived for the normal distribution and hence
applicable for that distribution.

Note that the probability paper,'method directly estimates fairly extreme quantiles and that thi
inaccurate. Additionally, the, _estimation method using probability paper, although very simple t
nevertheless somewhat crude and computational procedures are preferred (see Annex C).

[=2)

3.3 Pearson curves method

5 an alternative-to using probability paper, standardized Pearson curves are sometimes used. The
bscribed by, way of an example (see Annex B). The index is computed using the formula:

o »

e U-L

n 5.5 for

can be

to have
nforming
bortion of
interpret
are only

5 can be
D use, is

method is

b= — .
X 99865 % —X0,135 %

where )?0,135% and )?99‘865% are the estimated 0,135 % and 99,865 % quantiles from the standardized

Pearson curves.

Also, we have the formulae:

n U—X50%
PpkU = = ~
X 99,865 % —X50%
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X509 —L

X509 —X0135%

where X5, 0, 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 ang

This met

further cqmments about the use of this method.

634 T

See Ann

the Raylgigh and the Weibull distributions that are commonly found when investigating{process performanc

See also

6.4 Ot

All of the indices given earlier for capability will have counterpartscwhen considering performance. Any

standard
5.2.1.

6.5 As

The sam

substitutg F; and By, respectively for Cp; and” Cpy, . Table 3 may also be used to determine the

proportio
Cokr -

6.6 Attributes

The perfq

d-standsa aticon-fa ato-—ca o ok thao aba-on o

nod is not preferred but is presented here due to its occasional use for completeness. See 5.5:3 for

he distribution identification method

bx C for a description of certain families of distribution functions such as the log-normal distributio

=)

[

5.5.4 for further comments about the method.

her performance indices for measured data

deviation will represent the total variation (o) instead of the*inherent variation (o). See 4.3 ard

sessment of proportion out-of-specification\(normal distribution)
e method to estimate the proportion of out-of-specification is used here as in 5.8. The reader should

n out-of-specification and the reader should enter the table with £y, or By, instead of Cpy pr

rmance indices will be the.same as those given earlier. See 5.9 for a description of the measures.
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Annex A
(informative)

Estimating standard deviations

A-t—General

2]

bviation and this is described in A.3.

[eRg)]

A.2 Inherent standard deviation

A.2.1 Estimation using the mean range value

O -

stimated from a range control chart using the following formula:
. R
c=—
dg
where d, is a control chart factor taken from Table A.1.

Table A.1 — Control chart factors for the estimation of process standard deviation

Subgroup size (1) d, Cy
2 1,128 0,797 9
3 1,693 0,886 2
4 2,059 0,9213
5 2,326 0,9400
6 2,534 0,9515
7 2,704 0,959 4
8 2,847 0,9650
9 2,970 0,969 3

102 3,078 0,9727
@  Values for d, and ¢, may be found in textbooks for sample sizes
greater than 10.

© 1SO 2007 — All rights reserved

tlis necessary to estimate the standard deviation in order to calculate the indices referred to.in this part of
80 22514. There are two types of standard deviation to consider. The first is what might be’ déscribed as the
hort-term standard deviation or instantaneous (inherent) standard deviation. It is often calculgted from
{atistics taken from a control chart and this is shown in A.2. The other is the estimation of the total|standard

he inherent (process) standard deviation (the data will be taken from an “in control” control charf) may be
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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 the following formula:

GA:

where ¢,

s

€4

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

A.2.3 ELtimation using subgroup standard deviations

If the with
precise v

Qs
Il

where thgre are m subgroups of n observations in each.

A.3 Es

When da’ra are generated from a process which is “out-of-control” or if no control chart has been used, it jis

inapprop
used inst

Ot H

The circd
caused bj
the rema
performa

When co|

desired t¢ treat the data from all the cavities as if they came from a single process. The data from each cavity

might for
different

the procgssstreams can be considered to yield a normal distribution, the best estimate of the process

variation

in subgroup standard deviation is calculated for every subgroup, the following formula gives a mofe
blue than those in A.2.1 and A 2.2 for the inherent standard deviation:

limation of total standard deviation

iate to compute the standard deviation using the methods of A.2. The following formula should be
pad:

mstances that lead to the use of this equation are when fluctuations exist in the process megn
y assignable causes that'might not be removable, and this extra variation is to be incorporated with
ning random cause variation. It is the appropriate measure of variation for use in calculating the
hce indices.

hsidering multiple stream processes, such as a multiple cavity injection moulding press, it is often

m a singléynormal distribution. However, the reality is often that each cavity produces a slightly
Jistribution”because either the means or the variabilities or both are different. If the data from all pf

will-be given by this equation.

30
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Estimating capability and performance measures using Pearson

curves — Procedure and example "

B.1 Record specification limits

C

pper limit, U= 0,30

-

pwer limit, L = 0,20

.2 Record process statistics

The process is shown to be statistically “in control”

<

ean, x =0,235

(@)

tandard deviation, 6 =0,012 2

n

kewness, 74 = 0,7 (rounding to one decimal place)

PN

urtosis, ,5’2 = 3,5 (rounding to one decimal place)

.3 Look up standardized 0,135 percentile

n

br positive skewness, use Table B.1; for negative skewness, use Table B.2.

(=)

135 percentile, Fj 4359, 73,056 by interpolation

.4 Look up.standardized 99,865 percentile

T

br positive-skewness, use Table B.2; for negative skewness, use Table B.1.

©

D,865'percentile, Pyg ges9, = 4,656 by interpolation

B.5 Look up standardized median in Table B.3

For positive skewness, reverse the sign; for negative skewness, leave positive.

Standardized median, Psq0, =—0,067 5 by interpolation

1) Procedure based on that in Reference [10] (see the Bibliography).
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B.6 Compute estimated 0,135 % quantile

X01359% =X~ 61359

= 0,235 (0,012 2x3,056)
~0,1977

B.7 Compute estimated 99,865 % quantile

XooBe5% = X + 6 Pagges %

= 0,235+ (0,012 2x 4,656
=0,2918

B.8 Compute estimated median

Xsopy =X + 6 P50,

= 0,235+(0,012 2x-0,067 5)
=0,234 2

B.9 Compute process capability indices

Cokd

o>

32

pklZ

U-L
X99865% —X0135%
0,30-0,20

102918-0197 7
1106

U-X509

X99,865% ~ X50%
~0,30-0,2342
©0,2918-0,234-2
=114

X509, — L

X509 % —X0135%
02342-020

T 0.2342-01977
- 0,94
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Table B.1

PEARSON CURVES (STANDARDIZED TAILS)

P0,135 % (0,135 percentile) for 7= 0. P99’865 % (99,865 percentile) for 7 < 0.

Kurtosis Skewness (y,)

(B,) o0 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 v
-1,4 1,512 1,421 1,317 1,206 1,092 0,979 0,868 0,762 -1.4
-1,2 1,727 1,619 1,496 1,364 1,230 1,100 0,975 0,858 0,747 -1.2
-1,0 1,966 1,840 1,696 1,541 1,384 1,232 1,089 0,957 0,836 -1,0
-0,8 12,210 2,072 1,912 1,736 1,555 1,377 1,212 1,062 0,927 0,804 0,692 -0,8
-0,6 |2,442 2,298 2,129 1,941 1,740 1,539 1,348 1,175 1,023 0,887 0,766 0,656 -0,6
-0,4 2,653 2,506 2,335 2,141 1,930 1,711 1,496 1,299 1,125 0,974 0,841 0,723 0,616 -0,4
-0,2 12,839 2,692 2,522 2,329 2,116 1,887 1,655 1,434 1,235 1,065 0,919 0,791 0,677 0,574 -0,2
0,0 |3,000 2,856 2,689 2,500 2,289 2,059 1,817 1,578 1,356 1,163 1,000 0,861 0,739 0,630 0,531 0,0
0,2 |3,140 2,986 2,834 2,653 2,447 2,220 1,976 1,726 1,485 1,269 1,086 0,933 0,801 0,686 0,583 0,2
04 |3,261 3,088 2,952 2,785 2,589 2,368 2,127 1,873 1,619 1,382 1,178 1,008 0,865 0,742-0,634 0,536 0,4
0,6 |3,366 3,164 3,045 2,896 2,714 2,502 2,267 2,015 1,754 1,502 1,277 1,087 0,931 0,799 0,658 0,583 0,489 0,6
0,8 |3,458 3,222 3,118 2,986 2,821 2,622 2,396 2,148 1,887 1,625 1,381 1,172)1,000 0,857 0,736 0,629 0,533 0,8
1,0 (3,539 3,266 3,174 3,058 2,910 2,727 2,512 2,271 2,013 1,748 1,491 {,262 1,072 0,917 0,787 0,675 0,575 0,484 1,0
1,2 (3,611 3,300 3,218 3,115 2,983 2,817 2,616 2,385 2,132 1,876 1,602*1,357 1,149 0,979 0,840 0,721 0,617 0,524 1,2
1,4 (3,674 3,327 3,254 3,161 3,043 2,893 2,708 2,488 2,243 1,984\1,713 1,456 1,230 1,045 0,894 0,768 0,659 0,562 0,475 1,4
1,6 (3,731 3,349 3,282 3,199 3,092 2,957 2,787 2,581 2,345 2,089 1,821 1,556 1,316 1,113 0,950 0,815 0,701 0,600 0,510 1,6
1,8 (3,782 3,367 3,306 3,229 3,133 3,011 2,855 2,664.2,438 2,189 1,925 1,664 1,404 1,185 1,008 0,863 0,743 0,638 0,546 0,461 1,8
2,0 (3,828 3,382 3,325 3,255 3,167 3,055 2,914,2,¥36 2,524 2,283 2,023 1,755 1,494 1,261 1,068 0,913 0,785 0,676 0,580 0,494 2,0
2,2 (3,870 3,395 3,342 3,277 3,196 3,093 2,964 2,800 2,600 2,369 2,116 1,850 1,584 1,339 1,132 0,964 0,828 0,714 0,615 0,52¢ 0,445| 2,2
2,4 (3,908 3,405 3,356 3,295 3,220 3,426 3,006 2,855 2,669 2,448 2,202 1,940 1,673 1,420 1,198 1,018 0,873 0,752 0,649 0,557 0,475| 2,4
2,6 (3,943 3,415 3,367 3,311 3,241 3,153 3,043 2,904 2,730 2,521 2,283 2,026 1,760 1,501 1,267 1,073 0,918 0,791 0,683 0,589 0,504| 2,6
2,8 [3,975 3,423 3,378 3;324.3,259 3,177 3,075 2,946 2,784 2,586 2,358 2,107 1,844 1,581 1,338 1,131 0,965 0,830 0,717 0,62Q0 0,533| 2,8
3,0 |4,004 3,430 3,387..3,326 3,274 3,198 3,103 2,983 2,831 2,646 2,427 2,183 1,924 1,661 1,410 1,191 1,013 0,870 0,752 0,651 0,562| 3,0
3,2 |4,031 3,436+3,395 3,346 3,288 3,216 3,127 3,015 2,874 2,699 2,491 2,254 2,000 1,738 1,483 1,253 1,063 0,911 0,787 0,681 0,590 3,2
3,4 |4,056 3/444.3,402 3,356 3,300 3,233 3,149 3,043 2,911 2,747 2,549 2,321 2,072 1,813 1,555 1,317 1,115 0,953 0,822 0,717 0,618| 3,4
3,6 ~|4,079 3,446 3,408 3,364 3,311 3,247 3,168 3,069 2,945 2,790 2,602 2,383 2,140 1,884 1,626 1,381 1,169 0,996 0,858 0,744 0,646| 3,6
3,87 |4,101 3,450 3,414 3,371 3,321 3,259 3,184 3,091 2,974 2,829 2,651 2,440 2,205 1,953 1,695 1,446 1,224 1,041 0,895 0,774 0,674| 3,8

4,0 (4,121 3,454 3,419 3,378 3,329 3,271 3,200 3,111 3,001 2,864 2,695 2,494 2,265 2,018 1,762 1,510 1,281 1,088 0,932 0,807 0,702| 4,0
4,2 [4,140 3,458 3,423 3,384 3,337 3,281 3,213 3,129 3,025 2,895 2,735 2,543 2,321 2,080 1,827 1,574 1,338 1,135 0,971 0,839 0,730| 4,2
4,4 |4,157 3,461 3,428 3,389 3,344 3,290 3,225 3,145 3,047 2,923 2,771 2,588 2,374 2,138 1,889 1,636 1,396 1,184 1,011 0,872 0,758| 4,4

4,6 (4,174 3,464 3,431 3,394 3,350 3,299 3,236 3,160 3,066 2,949 2,805 2,629 2,424 2,194 1,948 1,697 1,453 1,234 1,052 0,905 0,786| 4,6
4,8 (4,189 3,466 3,435 3,399 3,356 3,306 3,246 3,173 3,084 2,972 2,835 2,668 2,470 2,246 2,005 1,756 1,510 1,285 1,094 0,939 0,815| 4,8
50 |4,204 3,469 3,438 3,403 3,362 3,313 3,256 3,186 3,100 2,994 2,863 2,703 2,513 2,296 2,059 1,813 1,566 1,336 1,137 0,975 0,844| 5,0
52 |4,218 3,471 3,441 3,406 3,367 3,320 3,264 3,197 3,114 3,013 2,888 2,735 2,562 2,342 2,111 1,867 1,621 1,387 1,181 1,010 0,874 5,2

54 4,231 3,473 3,444 3,410 3,371 3,326 3,272 3,207 3,128 3,031 2,911 2,765 2,589 2,386 2,160 1,920 1,675 1,438 1,225 1,047 0,904| 5,4
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Table B.1 (continued)

P0,135 % (0,135 percentile) for 7= 0. P99’865 % (99,865 percentile) for 7 < 0.

PEARSON CURVES (STANDARDIZED TAILS)

Kurtosis

Skewness (71)

(ﬂz) o0 01 02 03 04 05 06 07 08 09 10 11 1,2 13 14 15 16 17 18 19 20 (ﬂZ)
5,6 |4,243 3,475 3,446 3,413 3,375 3,331 3,279 3,216 3,140 3,047 2,933 2,793 2,624 2,427 2,206 1,970 1,727 1,489 1,270 1,085 0,935| 5,6
58 |4,255 3,477 3,448 3,416 3,379 3,336 3,286 3,225 3,152 3,062 2,952 2,818 2,656 2,465 2,260 2,019 1,778 1,539 1,316 1,123 0,966| 5,8
6,0 |[4,2p6 3,478 3,451 3,419 3,383 3,341 3,292 3,233 3,162 3,076 2,970 2,841 2,685 2,501 2,292 2,065 1,827 1,588 1,361 1,162 0,999416,p
6,2 |4,2)y6 3,480 3,453 3,422 3,386 3,345 3,297 3,240 3,172 3,089 2,987 2,863 2,713 2,535 2,332 2,109 1,874 1,635 1,407 1,202 1,031} 6,p
6,4 |4,2B6 3,481 3,454 3,424 3,389 3,349 3,303 3,247 3,181 3,100 3,003 2,883 2,739 2,567 2,369 2,151 1,919 1,682 1,452 1,242 1,065| 6,¢
6,6 |[4,2P6 3,483 3,456 3,426 3,392 3,353 3,308 3,254 3,189 3,111 3,017 2,902 2,763 2,597 2,405 2,191 1,962 1,727 1/496.1,282 1,099| 6,p
6,8 |4,3p5 3,484 3,458 3,429 3,395 3,357 3,312 3,260 3,197 3,122 3,030 2,919 2,785 2,624 2,438 2,229 2,004 1,771 1,540 1,323 1,134| 6,8
7,0 |4,3[13 3,485 3,459 3,431 3,398 3,360 3,316 3,265 3,204 3,131 3,043 2,936 2,806 2,651 2,469 2,265 2,044.1,814 1,583 1,363 1,169| 7,p
7,2 |4,3p2 3,486 3,461 3,432 3,400 3,363 3,321 3,270 3,211 3,140 3,054 2,951 2,825 2,675 2,499 2,300 2,083+1,855 1,625 1,403 1,204| 7,p
74 |4,3B0 3,487 3,462 3,434 3,403 3,366 3,324 3,275 3,218 3,148 3,065 2,965 2,843 2,698 2,527 2,333.2;120 1,895 1,666 1,443 1,240| 7.4
7,6 |4,3B7 3,488 3,464 3,436 3,405 3,369 3,328 3,280 3,224 3,156 3,075 2,978 2,860 2,720 2,55472,364 2,155 1,933 1,706 1,482 1,276| 7,p
7,8 |4,3¢4 3,489 3,465 3,437 3,407 3,372 3,331 3,284 3,229 3,164 3,085 2,990 2,876 2,740 2,579 2,394 2,189 1,970 1,744 1,521 1,311| 7,8
8,0 [4,3p1 3,490 3,466 3,439 3,409 3,374 3,335 3,289 3,235 3,171 3,094 3,002 2,8912,759 2,603 2,422 2,221 2,005 1,782 1,559 1,347| 8,p
8,2 |4,3p8 3,491 3,467 3,440 3,411 3,377 3,338 3,292 3,240 3,177 3,103 3,013 2,906 2,777 2,625 2,449 2,252 2,040 1,818 1,596 1,382| 8,p
8,4 |4,3p5 3,492 3,468 3,442 3,412 3,379 3,340 3,296 3,244 3,183 3,111 3,023,2,919 2,794 2,646 2,475 2,282 2,073 1,854 1,632 1,418| 8¢
8,6 |[4,3F1 3,492 3,469 3,443 3,414 3,381 3,343 3,300 3,249 3,189 3,148 3,033 2,932 2,810 2,666 2,499 2,310 2,104 1,888 1,667 1,452| 8,p
8,8 |4,3[77 3,493 3,470 3,444 3,416 3,383 3,346 3,303 3,253 3,195 3,125 3,042 2,943 2,825 2,685 2,522 2,337 2,135 1,921 1,702 1,486| 8,8
9,0 |4,3B2 3,494 3,471 3,445 3,417 3,385 3,348 3,306 3,257..3,200 3,132 3,051 2,955 2,839 2,703 2,544 2,363 2,164 1,953 1,736 1,520| 9,p
9,2 |(4,3B8 3,495 3,472 3,447 3,418 3,387 3,351 3,309-3,261 3,205 1,138 3,059 2,965 2,853 2,720 2,565 2,388 2,192 1,984 1,768 1,553| 9,p
9,4 |4,3P3 3,495 3,473 3,448 3,420 3,388 3,353 3,312 3,265 3,209 3,144 3,067 2,975 2,866 2,738 2,585 2,411 2,219 2,014 1,800 1,586| 9,#
9,6 |4,3P8 3,496 3,473 3,449 3,421 3,39Q 3,355 3,315 3,268 3,214 3,150 3,075 2,985 2,878 2,752 2,604 2,434 2,245 2,042 1,831 1,617| 9,p
9,8 |[4,4P3 3,496 4,474 3,450 3,422 3,392°3,357 3,317 3,272 3,218 3,156 3,082 2,994 2,890 2,766 2,622 2,456 2,271 2,070 1,861 1,648| 9,8
10,0 |[4,4p8 3,497 3,475 3,451 3,424 -3,393 3,359 3,320 3,275 3,222 3,161 3,088 3,003 2,901 2,780 2,639 2,476 2,295 2,097 1,890 1,679|10|0
10,2 3,425 3,395 3,361 3,322 3,278 3,226 3,166 3,095 3,011 2,911 2,793 2,655 2,496 2,318 2,123 1,918 1,708|10|2
10,4 3,396 3,363 3,325 3,281 3,230 3,171 3,101 3,019 2,921 2,806 2,671 2,515 2,340 2,148 1,945 1,737|10|4
10,6 3,364 3,327 3,283 3,233 3,175 3,107 3,026 2,930 2,818 2,686 2,533 2,361 2,172 1,972 1,765| 10|6
10,8 3,329 3,286 3,237 3,179 3,112 3,033 2,940 2,829 2,700 2,551 2,382 2,196 1,998 1,793 10(8
11,0 9,209 95,240 5,104 S5,110 O,URU Z£,9480 £,04U £,/ 14 £,007 Z£,4UT £,Z10 Z,UZS5 1,019 II,O
11,2 3,243 3,188 3,123 3,046 2,956 2,851 2,727 2,583 2,420 2,240 2,047 1,845|11,2
11,4 3,191 3,128 3,053 2,964 2,861 2,739 2,598 2,438 2,261 2,070 1,870| 11,4
11,6 3,195 3,132 3,058 2,972 2,870 2,751 2,613 2,456 2,281 2,093 1,895| 11,6
11,8 3,137 3,064 2,979 2,879 2,762 2,627 2,473 2,301 2,115 1,919(11,8
12,0 3,141 3,070 2,986 2,888 2,773 2,641 2,489 2,320 2,136 1,942(12,0
12,2 3,075 2,993 2,896 2,784 2,653 2,505 2,338 2,157 1,965| 12,2
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Table B.

2

ISO/TR 22514-4:2007(E)

PEARSON CURVES (STANDARDIZED TAILS)

P99,865 % (99,865 percentile) for 7= 0. P0,135

% (0,135 percentile) for 7 < 0.

Kurtosis Skewness (y,) %)
) |00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20
-1,4 (1,512 1,584 1,632 1,655 1,653 1,626 1,579 1,516 -1,4
~1,2 (1,727 1,813 1,871 1,899 1,895 1,861 1,803 1,726 1,636 12
1,0 1,966 2,065 2,134 2,170 2,169 2,131 2,061 1,966 1,856 -1,0
0,8 12,210 2,320 2,400 2,446 2,454 2,422 2,349 2,241 2,108 1,965 1,822 -0,8
10,6 2,442 2,560 2,648 2,704 2,726 2,708 2,646 2,540 2,395 2,225 2,052 1,885 -0,6
04 (2,653 2,774 2,869 2,934 2,969 2,968 2,926 2,837 2,699 2,518 2,314 2,114 1,928 04
-0,2 12,839 2,961 3,060 3,133 3,179 3,194 3,173 3,109 2,993 2,824 2,608 2,373 2,152 1,952 -0,2
0,0 [3,000 3,123 3,224 3,303 3,358 3,387 3,385 3,345 3,259 3,116 2,914 2,665 2,405 2,169 1,960 0,0
0,2 |3,140 3,261 3,364 3,447 3,510 3,550 3,564 3,546 3,488 3,378 3,206 2,970 2,690 2,412 2,167 0,2
0,4 |3,261 3,381 3,484 3,570 3,639 3,688 3,715 3,715 3,681 3,603 3,468 3,264 2,993 2,687_2;398 2,149 0,4
0,6 |[3,366 3,485 3,588 3,676 3,749 3,805 3,843 3,858 3,844 3,793 3,693 3,529 3,290 2;984 2,658 2,366 2,119 0,6
08 [3.458 3575 3,678 3,768 3,844 3,905 3,951 3,978 3,981 3,953 3,883 3,758.3,561 3,283 2,945 2,609 2,322 08
1,0 |3,539 3,654 3,757 3,847 3,926 3,991 4,044 4,080 4,096 4,087 4,043 3)9523,797 3,561 3,243 2,881 2,547 2,269 1,0
1,2 |3,611 3,724 3,826 3,917 3,997 4,066 4,124 4,167 4,194 4,208 417+ 4,115 3,998 3,808 3,529 3,172 2,798 2,476 1,2
14 |3.674 3,786 3,887 3,978 4,060 4,131 4,193 4,243 4,278 4,296(%,290 4,252 4,168 4,020 3,789 3,463 3,075 2,705 2,399 1.4
1,6 [3,731 3,842 3,942 4,033 4,115 4,189 4,253 4,308 4,351/4,378 4,386 4,367 4,311 4,200 4,015 3,736 3,364 2,961 2,609 1,6
1,8 3,782 3,891 3,990 4,081 4,164 4,239 4,307 4,365-4,414 4,449 4,468 4,472 4,431 4,352 4,209 3,979 3,646 3,238 2,840 2,511 1,8
2,0 13,828 3,936 4,034 4,125 4,208 4,285 4,354 4,416 4,468 4,511 4,539 4,549 4,532 4,479 4,372 4,189 3,907 3,522 3,095 2,719 2,0
2,2 13,870 3,976 4,073 4,164 4,248 4,325 4,396\4,460 4,517 4,564 4,600 4,620 4,619 4,587 4,510 4,369 4,137 3,796 3,370 2,949 2,603 | 2,2
24 (3,908 4,013 4,109 4,199 4,283 4,361 4,433 4,500 4,559 4,611 4,653 4,682 4,693 4,678 4,627 4,521 4,336 4,047 3,648 3,201 2,808 | 2,4
2,6 (3,943 4,046 4,142 4,231 4,315.4,394 4,467 4,535 4,597 4,653 4,700 4,736 4,757 4,756 4,725 4,649 4,506 4,269 3,916 3,471| 3,033 2,6
2,8 13,975 4,077 4,172 4,261°4,344 4,423 4,498 4,567 4,631 4,690 4,741 4,783 4,812 4,824 4,809 4,758 4,650 4,460 4,160 3,744 3,280| 2,8
3,0 (4,004 4,105 4,199+4;287 4,371 4,450 4,525 4,596 4,662 4,723 4,777 4,824 4,860 4,882 4,881 4,850 4,771 4,623 4,376 4,007 3,544| 3,0
3,2 4,031 4,131 4;224.4,312 4,396 4,475 4,550 4,622 4,689 4,752 4,810 4,861 4,903 4,932 4,944 4,929 4,875 4,762 4,563 4,247 3,813| 3,2
3,4 (4,056 4,155(4,247 4,335 4,418 4,498 4,573 4,645 4,714 4,779 4,839 4,893 4,940 4,976 4,997 4,996 4,963 4,880 4,723 4,461 4,072| 3,4
36 [4.079%4177 4,269 4,356 4,439 4,518 4,504 4,667 4,737 4,803 4,865 4,922 4,973 5015 5,044 5055 5038 4,980 4,859 4,647 4,311| 3,6
3,8/4[4101 4,197 4,288 4,375 4,458 4,537 4,614 4,687 4,757 4,825 4,888 4,948 5,002 5,049 5,085 5,106 5103 5,066 4,976 4,808 4,524 3,8
4.0~ 14121 4217 4,307 4393 4476 4555 4631 4,705 4776 4845 4910 4972 5029 5080 5122 5150 5159 5139 5.075 4,943 4,712 4,0
42 14,140 4,234 4,324 4,410 4,492 4,571 4,648 4,722 4,794 4,863 4,929 4,993 5,052 5,107 5,153 5,189 5,208 5,202 5,159 5,059 4,873 | 4,2
4.4 14,157 4,251 4,340 4,425 4,508 4,587 4,663 4,737 4,809 4,879 4,947 5,012 5,074 5,131 5,181 5,223 5,250 5,257 5,232 5,159 5,012 4,4
46 (4,174 4,267 4,355 4,440 4,522 4,601 4,677 4,752 4,824 4,895 4,963 5,029 5,093 5,152 5,207 5,253 5,288 5,305 5,295 5,244 5131| 4,6
4,8 14,189 4,281 4,369 4,454 4,535 4,614 4,691 4,765 4,838 4,909 4,978 5,045 5,110 5,172 5,229 5,280 5,321 5,346 5,349 5,318 5,233 | 4,8
50 (4,204 4,295 4,383 4,467 4,548 4,627 4,703 4,778 4,851 4,922 4,992 5,060 5,126 5,190 5,249 5,303 5,350 5,383 5,396 5,381 5,320| 5,0
52 [4.218 4,308 4,395 4,479 4,560 4,638 4,715 4,789 4,862 4,934 5004 5073 5141 5206 5267 5,325 5376 5415 5437 5436 5,395| 5.2
54 (4,231 4,321 4,407 4,490 4,571 4,649 4,725 4,800 4,873 4,945 5,016 5,086 5,154 5,220 5,284 5,344 5,399 5,443 5,474 5,483 5,460| 5,4
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ISO/TR 22514-4:2007(E)

Table B.2 (continued)

PEARSON CURVES (STANDARDIZED TAILS)

P

P99,865 o, (99,865 percentile) for y; > 0. 0.135

% (0,135 percentile) for 7 < 0.

Kurtosis

Skewness (;/1)

(B) |00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 v
56 4,243 4,332 4,418 4,501 4,581 4,659 4,736 4,810 4,884 4,956 5,027 5,097 5,166 5,233 5,299 5,361 5,418 5,468 5,505 5,525 5,516 5,6
5,8 4,255 4,343 4,429 4,511 4,591 4,669 4,745 4,820 4,893 4,966 5,037 5,108 5,177 5,246 5,312 5,376 5,436 5,491 5,533 5,561 5,565| 5,8
6,0 (4,246 4,354 4,439 4,521 4,600 4,678 4,754 4,829 4,902 4,975 5,046 5,117 5,188 5,257 5,325 5,390 5,452 5,511 5,558 5,593 5,6084| 6,0
6,2 4,276 4,364 4,448 4,530 4,609 4,695 4,763 4,837 4,911 4,983 5,055 5,126 5,197 5,267 5,336 5,403 5,467 5,529 5,581 5,621 5645, 6,2
6,4 4,286 4,373 4,457 4,538 4,618 4,703 4,771 4,845 4,919 4,991 5,063 5,135 5,206 5,276 5,346 5,414 5,480 5,542 5,600 5,646 5678 | 64
6,6 4,296 4,382 4,466 4,547 4,626 4,710 4,778 4,853 4,926 4,999 5,071 5,143 5,214 5,285 5,356 5,425 5,492 5,557 3;618,5,669 5,706 | 6,6
6,8 14,305 4,391 4,474 4,554 4,633 4,717 4,785 4,860 4,933 5,006 5,078 5,150 5,222 5,293 5,364 5,434 5,503 5,569 5,634 5,688 5,732| 6,8
7,0 (4,313 4,399 4,481 4,562 4,640 4,724 4,792 4,867 4,940 5,013 5,085 5,157 5,229 5,301 5,372 5,443 5,513(5,581 5,648 5,706 5,754 | 7.0
72 4,332 4,406 4,489 4,569 4,647 4,730 4,799 4,873 4,946 5,019 5,091 5,164 5,236 5,308 5,380 5,451 5,522"5,591 5,658 5,722 5,775| 7
7,4 4,330 4,414 4,496 4,576 4,654 4,736 4,805 4,879 4,952 5,025 5,097 5,170 5,242 5,314 5,387 5,459,5;530 5,601 5,669 5,736 5,792 74
76 4,337 4,421 4,503 4,582 4,660 4,742 4,811 4,885 4,958 5,031 5,103 5,175 5,248 5,320 5,393-5,466 5,538 5,609 5,679 5,749 5,808 | 7,6
7,8 14,3944 4,428 4,509 4,588 4,666 4,747 4,817 4,890 4,963 5,036 5,109 5,181 5,253 5,326 5,399 5,472 5,545 5,617 5,688 5,760 5,823| 78
8,0 [4,3%1 4,434 4,515 4,594 4,672 4,753 4,822 4,896 4,969 5,041 5,114 5,186 5,259\5,381 5,404 5,478 5,551 5,624 5,696 5,771 5,836| 8,0
8,2 4,398 4,441 4,521 4,600 4,677 4,758 4,827 4,901 4,974 5,046 5,118 5,191 5,268 5,336 5,410 5,483 5,557 5,631 5,704 5,775 5,847 | 8P
8,4 4,345 4,447 4,527 4,605 4,682 4,762 4,832 4,905 4,978 5,051 5,123 5,195,5,268 5,341 5,414 5,488 5,562 5,637 5,710 5,783 5,858 | 84
8,6 4,371 4,452 4,532 4,611 4,687 4,767 4,837 4,910 4,983 5,055 5,127 5,200 5,272 5,345 5,419 5,493 5,587 5,642 5,717 5,790 5,867 | 86
8,8 (4,317 4,458 4,538 4,616 4,692 4,772 4,841 4,914 4,987 5,059 5,132 5,204 5,276 5,349 5,423 5,497 5,572 5,647 5,722 5,797 5,875| 88
9,0 14,382 4,463 4,543 4,621 4,697 4,776 4,845 4,918 4,994 (5,063 5,135 5,208 5,280 5,353 5,427 5,501 5,576 5,652 5,727 5,803 5,883 | 9,0
9,2 4,348 4,468 4,548 4,625 4,701 4,780 4,850 4,923.4,995 5,067 5,139 5,211 5,284 5,357 5,431 5,505 5,580 5,656 5,732 5,808 5,890 | 9.
9,4 (4,393 4,473 4,552 4,630 4,705 4,784 4,854 4,926 4,999 5,071 5,143 5,215 5,287 5,361 5,434 5,509 5,584 5,660 5,736 5,813 5,889 | 94
9,6 4,398 4,478 4,557 4,634 4,710 4,788 4,857 4,930 5,002 5,074 5,146 5,218 5,291 5,364 5,437 5,512 5,587 5,663 5,740 5,817 5,894 | 96
9,8 (4,403 4,483 4,561 4,638 4,714 4,791 4,861 4,934 5,006 5,078 5,149 5,222 5,294 5,367 5,440 5515 5,590 5,667 5,744 5,821 5,898 | 9,8
10,0 |4,4(Q8 4,487 4,565 4,642 4,717-4,795 4,865 4,937 5,009 5,081 5,153 5,225 5,297 5,370 5,443 5,518 5,593 5,670 5,747 5,825 5,903 [ 10,0
10,2 4,721 4,798 4,868 4,940 5,012 5,084 5,156 5,228 5,300 5,373 5,446 5,521 5,596 5,673 5,750 5,828 5,906 [ 10,2
10,4 4,871 4,943 5,015 5,087 5,158 5,230 5,303 5,375 5,449 5,523 5,599 5,675 5,753 5,831 5910|1014
10,6 4,874 4,947 5,018 5,090 5,161 5,233 5,305 5,378 5,451 5,526 5,601 5,678 5,755 5,834 5,913| 10,6
10,8 4,949 5,021 5,092 5,164 5,236 5,308 5,380 5,454 5,528 5,603 5,680 5,757 5,836 5,915 1018
11,0 5,024 5,095 5,166 5,238 5,310 5,383 5,456 5,530 5,605 5,682 5,760 5838 5918|1140
11,2 5,098 5,169 5,240 5,312 5,385 5,458 5,532 5,607 5,684 5,762 5,840 5,920| 11,2
11,4 5,171 5,243 5,314 5,387 5,460 5,534 5,609 5,686 5,763 5,842 5,922| 11,4
11,6 5,173 5,245 5,316 5,389 5,462 5,536 5,611 5,687 5,765 5,844 5,924 (11,6
11,8 5,247 5,318 5,391 5,464 5,538 5,613 5,689 5,767 5,845 5,925| 11,8
12,0 5,249 5,320 5,393 5,465 5,539 5,614 5,690 5,768 5,847 5,927 (12,0
12,2 5,322 5,394 5,467 5,541 5,616 5,692 5,769 5,848 5,928 (12,2
36 © ISO 2007 - All rights reserved
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Table B.3

ISO/TR 22514-4:2007(E)

PEARSON CURVES (STANDARDIZED MEDIAN)

Psg o, (50 percentile). Change sign for 7> 0.

Kurtosis Skewness (y,) %)
) |00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20
-1,4 10,000 0,053 0,111 0,184 0,282 0,424 0,627 0,754 -1,4
-1,2 ]0,000 0,039 0,082 0,132 0,196 0,284 0,412 0,591 0,727 -1,2
1,0 (0,000 0,031 0,065 0,103 0,151 0,212 0,297 0,419 0,586 -1,0
0,8 (0,000 0,026 0,054 0,085 0,123 0,169 0,231 0,317 0,439 0,598 0,681 -0,8
0,6 (0,000 0,023 0,047 0,073 0,104 0,142 0,190 0,254 0,343 0,468 0,616 0,653 -06
0,4 0,000 0,020 0,041 0,064 0,091 0,122 0,161 0,212 0,280 0,375 0,504 0,633 0,616 -0,4
0,2 (0,000 0,018 0,037 0,058 0,081 0,108 0,141 0,183 0,237 0,311 0,413 0,542 0,638 0,574 -0,2
0,0 [0,000 0,017 0,034 0,053 0,073 0,097 0,126 0,161 0,206 0,266 0,347 0,456 0,579 0,621 0,531 0,0
0,2 0,000 0,015 0,032 0,049 0,068 0,089 0,114 0,145 0,183 0,233 0,299 0,388 0,501 0,605 0,582 0,2
04 [0,000 0,014 0,029 0,045 0,063 0,082 0,105 0,132 0,165 0,208 0,263 0,336 0,433 0,545.0,607 0,536 0.4
06 [0,000 0,013 0,028 0,043 0,059 0,077 0,097 0,122 0,151 0,188 0,235 0,297 0,379 0481 0,579 0,579 0,489 06
0,8 0,000 0,013 0,026 0,040 0,055 0,072 0,091 0,113 0,140 0,172 0,213 0,266,'9,336 0,425 0,527 0,590 0,533 0,8
1,0 {0,000 0,012 0,025 0,038 0,053 0,068 0,086 0,106 0,130 0,159 0,196 €}242 0,301 0,379 0,474 0,563 0,569 0,484 1,0
1,2 0,000 0,011 0,024 0,036 0,050 0,065 0,082 0,100 0,122 0,148 0,18%,0,222 0,274 0,341 0,426 0,520 0,576 0,524 1,2
14 0,000 0,011 0,023 0,035 0,048 0,062 0,078 0,095 0,116 0,140(0,69 0,206 0,252 0,310 0,385 0,474 0,554 0,555 0,475 1,4
1,6 0,000 0,010 0,022 0,034 0,046 0,060 0,074 0,091 0,11020,132 0,159 0,192 0,233 0,285 0,351 0,432 0,518 0,564 0,510 1,6
1,8 0,000 0,010 0,021 0,032 0,044 0,057 0,072 0,087-0,105 0,126 0,151 0,180 0,217 0,264 0,323 0,396 0,480 0,549 0,540 0,461 1,8
2,0 0,000 0,009 0,020 0,031 0,043 0,055 0,069 0,084 0,101 0,120 0,143 0,171 0,204 0,246 0,299 0,365 0,443 0,521 0,552 0,494 2,0
2,2 0,000 0,009 0,020 0,030 0,042 0,054 0,0670,081 0,097 0,115 0,137 0,162 0,193 0,231 0,279 0,338 0,410 0,488 0,544 0,524 0,445| 2,2
2,4 0,000 0,009 0,019 0,029 0,040 0,052 0,065 0,078 0,094 0,111 0,131 0,155 0,183 0,218 0,261 0,315 0,381 0,456 0,524 0,534 0,475| 2,4
2,6 |0,000 0,008 0,018 0,029 0039-0,051 0,063 0,076 0,091 0,107 0,126 0,148 0,175 0,207 0,246 0,295 0,355 0,426 0,498 0,534 0,503| 2,6
2,8 0,000 0,008 0,018 0,028"0,038 0,049 0,061 0,074 0,088 0,104 0,122 0,143 0,167 0,197 0,233 0,278 0,333 0,398 0,470 0,524 0,522| 2,8
30 [0,000 0,008 0,017~0:627 0,037 0,048 0,059 0,072 0,085 0,101 0,118 0,138 0,161 0,189 0,222 0,263 0,313 0,374 0,443 0,504 0,530| 3,0
3,2 0,000 0,008 0;01770,027 0,037 0,047 0,058 0,070 0,083 0,098 0,114 0,133 0,155 0,181 0,212 0,250 0,296 0,352 0,417 0,483 0,525| 3,2
34 [0,000 0,008{0;017 0,026 0,036 0,046 0,057 0,068 0,081 0,095 0,111 0,129 0,150 0,174 0,203 0,239 0,281 0,333 0,394 0,46( 0,513| 3,4
36 [0,000%0,007 0,016 0,025 0,035 0,045 0,056 0,067 0,079 0,093 0,108 0,125 0,145 0,168 0,196 0,228 0,268 0,316 0,373 0,431 0,495| 3,6
3,8 0,000 0,007 0,016 0,025 0,034 0,044 0,054 0,066 0,078 0,091 0,105 0,122 0,141 0,163 0,188 0,219 0,256 0,301 0,354 0,414 0,475| 3,8
A’n 0000 n’nn7 {'\’01!»2 n’nor: n’nu 0043 0053 0064 n’n7n n’ngq n’m'z 01419 0137 n’ms{ 0182 0’711 0246 n")sm n"n7 0394 0’455 4’0
4,2 0,000 0,007 0,015 0,024 0,033 0,043 0,053 0,063 0,075 0,087 0,101 0,116 0,133 0,153 0,176 0,204 0,236 0,276 0,322 0,376 0,435| 4,2
44 10,000 0,007 0,015 0,024 0,033 0,042 0,052 0,062 0,073 0,085 0,099 0,113 0,130 0,149 0,171 0,197 0,228 0,265 0,308 0,359 0,416 4,4
4,6 0,000 0,007 0,015 0,023 0,032 0,041 0,051 0,061 0,072 0,084 0,097 0,111 0,127 0,145 0,167 0,191 0,220 0,255 0,296 0,344 0,399| 4,6
48 0,000 0,006 0,015 0,023 0,032 0,041 0,050 0,060 0,071 0,082 0,095 0,109 0,124 0,142 0,162 0,186 0,213 0,246 0,285 0,330 0,382 4,8
5,0 0,000 0,006 0,014 0,023 0,031 0,040 0,049 0,059 0,070 0,081 0,093 0,107 0,122 0,139 0,158 0,181 0,207 0,238 0,274 0,317 0,367| 5,0
52 [0,000 0,006 0,014 0,022 0,031 0,040 0,049 0,058 0,069 0,080 0,092 0,105 0,119 0,136 0,155 0,176 0,201 0,231 0,265 0,306 0,353 5,2
54 0,000 0,006 0,014 0,022 0,030 0,039 0,048 0,057 0,068 0,078 0,090 0,103 0,117 0,133 0,151 0,172 0,196 0,224 0,257 0,295 0,340| 5,4
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ISO/TR 22514-4:2007(E)

Table B.3 (continued)

PEARSON CURVES (STANDARDIZED MEDIAN)

Psg o, (50 percentile). Change sign for 7> 0.

Kurtosis|

Skewness (;/1)

() |00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 v
5,6 0,000 0,006 0,014 0,022 0,030 0,039 0,047 0,057 0,067 0,077 0,089 0,101 0,115 0,131 0,148 0,168 0,191 0,218 0,249 0,285 0,328| 5,6
58 {0,000 0,006 0,014 0,022 0,030 0,038 0,047 0,056 0,066 0,076 0,087 0,100 0,113 0,128 0,145 0,164 0,186 0,212 0,242 0,277 0,317 | 58
6,0 0,0po 0,006 0,014 0,021 0,029 0,038 0,046 0,055 0,065 0,075 0,086 0,098 0,111 0,126 0,142 0,161 0,182 0,207 0,235 0,268 0,307\ 6J0
6.2 |0,0p0 0,006 0,013 0,021 0,029 0,037 0,046 0,055 0,064 0,074 0,085 0,097 0,110 0,124 0,140 0,158 0,178 0,202 0,229 0,261 Q;298{ 612
6,4 0,0po 0,006 0,013 0,021 0,029 0,037 0,045 0,054 0,063 0,073 0,084 0,096 0,108 0,122 0,137 0,155 0,175 0,197 0,223 0,254 0;289| 6}4
6,6 0,0po 0,006 0,013 0,021 0,028 0,037 0,045 0,054 0,063 0,073 0,083 0,094 0,107 0,120 0,135 0,152 0,171 0,193 0;218. 0,247 0,281| 6J6
6,8 |[0,0p0 0,006 0,013 0,021 0,028 0,036 0,044 0,053 0,062 0,072 0,082 0,093 0,105 0,118 0,133 0,150 0,168 0,189 0213 0,241 0,273| 6J8
7,0 0,0po 0,005 0,013 0,020 0,028 0,036 0,044 0,053 0,061 0,071 0,081 0,092 0,104 0,117 0,131 0,147 0,165 0,185 0,209 0,236 0,267 | 7)0
7,2 |0,0p0 0,005 0,013 0,020 0,028 0,036 0,044 0,052 0,061 0,070 0,080 0,091 0,103 0,115 0,129 0,145_.0,162 0,182 0,205 0,230 0,260( 7J2
7,4 0,0po 0,005 0,013 0,020 0,027 0,035 0,043 0,052 0,060 0,070 0,079 0,090 0,101 0,114 0,128 0,143,0,160 0,179 0,201 0,226 0,254| 7}4
7.6 |0,0p0 0,005 0,012 0,020 0,027 0,035 0,043 0,051 0,060 0,069 0,079 0,089 0,100 0,113 0,12670,141 0,157 0,176 0,197 0,221 0,249| 76
7,8 0,0po 0,005 0,012 0,020 0,027 0,035 0,043 0,051 0,059 0,068 0,078 0,088 0,099 0,41 0,124 0,139 0,155 0,173 0,193 0,217 0,243| 718
8,0 |0,0p0 0,005 0,012 0,019 0,027 0,034 0,042 0,050 0,059 0,068 0,077 0,087 0,098\0,110 0,123 0,137 0,153 0,170 0,190 0,213 0,238| 80
8,2 0,0po 0,005 0,012 0,019 0,027 0,034 0,042 0,050 0,058 0,067 0,076 0,086 0,097 0,109 0,121 0,135 0,151 0,168 0,187 0,209 0,234| 8J2
84 |0,0p0 0,005 0,012 0,019 0,026 0,034 0,042 0,050 0,058 0,067 0,076 0,086.0,096 0,108 0,120 0,134 0,149 0,165 0,184 0,205 0,229 8}
8,6 0,0po 0,005 0,012 0,019 0,026 0,034 0,041 0,049 0,057 0,066 0,075 0,085 0,095 0,107 0,119 0,132 0,147 0,163 0,181 0,202 0,225| 8J6
8,8 |[0,0p0 0,005 0,012 0,019 0,026 0,033 0,041 0,049 0,057 0,066 0,075 0,084 0,094 0,106 0,118 0,131 0,145 0,161 0,179 0,199 0,221 88
9,0 0,0po 0,005 0,012 0,019 0,026 0,033 0,041 0,049 0,057.0,065 0,074 0,084 0,094 0,105 0,116 0,129 0,143 0,159 0,176 0,196 0,218| 9)0
9,2 |(0,0p0 0,005 0,012 0,019 0,026 0,033 0,040 0,048~0;056 0,065 0,073 0,083 0,093 0,104 0,115 0,128 0,142 0,157 0,174 0,193 0,214| 92
9,4 0,0po 0,005 0,012 0,019 0,026 0,033 0,040 0,048 0,056 0,064 0,073 0,082 0,092 0,103 0,114 0,127 0,140 0,155 0,172 0,190 0,211| 9}4
9,6 0,0po 0,005 0,012 0,019 0,025 0,033-0,040 0,048 0,055 0,064 0,072 0,082 0,091 0,102 0,113 0,125 0,139 0,153 0,170 0,188 0,208| 9J6
9,8 |0,0p0 0,005 0,012 0,018 0,025 (;032.0,040 0,047 0,055 0,063 0,072 0,081 0,091 0,101 0,112 0,124 0,137 0,152 0,168 0,185 0,205 98
10,0 |0,0p0 0,005 0,011 0,018 0,02570,032 0,040 0,047 0,055 0,063 0,071 0,080 0,090 0,100 0,111 0,123 0,136 0,150 0,166 0,183 0,202| 10,0
10,2 |0,0po 0,032 0,039 0,047 0,054 0,063 0,071 0,080 0,089 0,099 0,110 0,122 0,135 0,149 0,164 0,181 0,200| 19,2
10,4 |(0,0p0 0,032 0,039 0,047 0,054 0,062 0,071 0,079 0,089 0,099 0,109 0,121 0,133 0,147 0,162 0,179 0,197| 10,4
10,6 |0,0p0 0,039 0,046 0,054 0,062 0,070 0,079 0,088 0,098 0,109 0,120 0,132 0,146 0,160 0,177 0,195| 10,6
10,8 |[0,0p0 0,046 0,054 0,061 0,070 0,078 0,088 0,097 0,108 0,119 0,131 0,144 0,159 0,175 0,192| 10,8
11,0 0,000 0053 00R1 00ARI 0078 0087 0097 0107 0148 0130 0143 0157 0173 0190(110
11,2 {0,000 0,061 0,069 0,078 0,087 0,096 0,106 0,117 0,129 0,142 0,156 0,171 0,188| 11,2
11,4 {0,000 0,069 0,077 0,086 0,095 0,105 0,116 0,128 0,141 0,154 0,169 0,186| 11,4
11,6 (0,000 0,068 0,077 0,086 0,095 0,104 0,116 0,127 0,139 0,153 0,168 0,184| 11,6
11,8 (0,000 0,076 0,085 0,094 0,104 0,115 0,126 0,138 0,152 0,166 0,182 11,8
12,0 {0,000 0,076 0,085 0,094 0,104 0,114 0,125 0,137 0,150 0,165 0,181 12,0
12,2 {0,000 0,084 0,093 0,103 0,113 0,124 0,136 0,149 0,163 0,179| 12,2
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