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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

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

The methodology introduced through this part of ISO 22514 provides the platform for producing the items
required for building a long-term process capability and its leading, for a given product characteristic.
This can, for example, make it possible to

— define the in-process or mid-process sampling procedure,

— predict, for batch furnaces, a process capability variation range covering all the parts in the batch
load, once a recorded partial load variation has been characterized beforehand, and

— |follow, for multi-cavity casting, the changes of extreme variation field based on differert positions
in the mould, each variation of the mould cavities have been characterized beforeliand.

© IS0 2014 - All rights reserved v
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Statistical methods in process management — Capability
and performance —

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

5 part of ISO 22514 aims to define the evaluation method to quantify the,shert-term
production process (capacity of the production tool, widely termed capahility), i.e. t}
formance index, to ensure compliance to a toleranced measurable product‘characteristic
ress does not feature any kind of sorting system.

1ld be analysed independently.

5 part of [SO 22514 does notaim to define evaluation methodsof the capability of a product
is gauged through long-term observation (capability précess or performance process in

5 part of ISO 22514 defines
the principles guiding the development of indicators for quantifying capability, and
the statistical methods to be employed.

characteristics used to evaluate production process capability have statistical distribut]
Fesumed, a priori, that at least one ofthese distributions is multi-modal. A distribution is
e multimodal if it results from the-marked effect of at least one cause inducing a significan{
veen the produced items.

5 part of ISO 22514 applies; for example, to characteristics generated by processes s
wing:

multi-cavity castifig:” simultaneously producing several identical parts from a mould
several cavities(

Since each.cavity has its own geometry and its own position in the mould architecture, if
a systemie'difference on the output result;

multi*fixture machining: a part produced at the same time, but the produced parts are pd
relation to the production tool by different fixture systems.

capability
e machine
when said

e production process integrates a sorting system, then this one (cleafing away nonconforming parts)

on process
dices).

jons, and it
presumed
difference

uch as the

| featuring

can create

sitioned in

Since each fixture has its own geometry, mount clamps, etc., it can create a systematic difference on

the output result;

batch load treatments: heat treatment applied at the same time on a set of identical parts (the batch
load), distributed within a pre-defined space of furnace. The position of an item of the batch relative

to the furnace can influence the output result.

Each cavity, fixture, or position in the batch load corresponds to a different state. The multi-state
process can be understood as the result of the combination of different states within the same process

(eg

NOTE

. cavity, fixture, position in the batch load).

of permissible error so that their impact is harmless and do not affect the capabilities of the process.

©IS
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2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO 3534 (all parts), Statistics — Vocabulary and symbols
[SO 5725 (all parts), Accuracy (trueness and precision) of measurement methods and results

ISO 22514-3, Statistical methods in process management — Capability and performance — Part 3: Machine
performan{eStudies for measured data om discrete parts

ISO/IEC Gyide 98-3:2008, Uncertainty of measurement — Part 3: Guide to the expression of uncertainfy in
measurem@nt (GUM:1995)

ISO/IEC Gulide 99:2007, International vocabulary of metrology — Basic and general conceptsand associgted
terms (VIM)

3 Terms and definitions

For the puiposes of this document, the following terms and definitions apply.

31
productioh tool
machine or production machinery performing all the operations necessary for production, ffom
delivered supplies through product deliverable

3.2
process
set of interfrelated or interacting activities which transforms inputs into outputs

Note 1 to enftry: Inputs to a process are generally outputs of other processes.

Note 2 to er]try: Processes in an organization are generally planned and carried out under controlled conditjons
to add valug.

Note 3 to eptry: A process where th€ conformity of the resulting product cannot be readily or economigally
verified is ffequently referred to ag-a “Special process”.

Note 4 to enfry: This setincludesal the factor resources necessary: production tools, labour, operating procedyres,
maintenande, etc.

[SOURCE: ISO 9000:2095, 3.4.1]

3.3
equipment (ot tools)
interchangtable component of a production tool for producing different products, and which cannoft be

considered a wear-out component

EXAMPLE Mould of an injection-moulding machine — Counter-example: in machining, a cutting tool cannot
be considered as a piece of equipment.

34
process operation
step in the production process leading to a final or intermediate product status

3.5

toleranced characteristic of the product

quantitative characteristic of the product, and for which the upper specification limits (1SO 3534-2)
and/or lower specification limits (ISO 3534-2) are prescribed

2 © ISO 2014 - All rights reserved
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dispersion interval (or dispersion of a characteristic)
interval within which all items are produced

Note 1 to entry: Where the dispersion interval is estimated based on statistical methods, it is estimated based on
its reference interval (ISO 3534-2).

Note 2 to entry: Any one process carries as many dispersion intervals as it does characteristics produced. For
example, a product presenting four different characteristics, i.e. length, width, height, and weight, is produced
including systematic (controllable) and random (uncontrollable) sources of variation by a single production tool

ina

single operation. This operation is thus associated with four different dispersion intervals.

3.7

intrinsic dispersion interval (or instantaneous dispersion)
obspervable dispersion interval for a characteristic observed on produced items over,a per
which the process implementation parameters have not varied: same operator, same me

€q

Not
Not
pra

disg

Not

progluction at a given point in time.

Not
pro
asi

Not

ipment, same batch of homogeneous raw materials, same temperature, etc.
e 1 to entry: The underlying statistical distribution is called intrinsic (or instanhtaheous) distribu

e 2 to entry: In the event of drift in a process setting (such as drift cauSed*by tool wear-out), it
tice to include this drift in the production dispersion instead of integrating it into the estimatg
ersion.

e 3 to entry: This intrinsic dispersion interval is also calledsinstantaneous dispersion becau

4 to entry: Any one process operation carries as many intrinsic dispersion intervals as it does chg
uced. A product presenting four different characteristics, i.e. length, width, height, and weight, is

Igle operation. This operation is thus associated with*four different intrinsic dispersion intervalg.

e 5 to entry: The intrinsic dispersion interval is'same as natural or inherent spread.

iod during
thod, same

ion.
is common
of intrinsic

se it affects

racteristics
produced in

Notg¢ 6 to entry: In some industries, the intrinsic dispersion interval is called “production tool disgersion”; the
progluction tool featuring machine and its equipment.

3.8

intyinsic factor

intgrnal condition to the produdtion process and involved in the intrinsic dispersion interval} and which
has|different aspects, each produced item comes across only one of these aspects

EXAMPLE1 The caviti€s of a mould; each cavity defines one aspect of the “cavity” factor; machiniing fixtures

assy

EXA

prodluct (a firstatin at low speed followed by a second run at high speed), then the speed is not an intt

39

med to be identicaty each fixture defines one aspect of the “fixture” factor.

MPLE 2 If\two different speeds are applied during the same production process to mant

facture the
insic factor.

EXAMPLE

See Figure 1.

This setup involves six states:

©IS

State C1 F1;
State C2 F1;
State C3 F1;
State C1 F2;
State C2 F2;

02014 - All rights reserved
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— State C3 F2.
Process
Intrinsic factors (selected for a given characteristic)
Hart inputs moulded with 3 different cavities Production tool with two fixtures

C1
F1

Gl F2

C3

Fig|
Note 1 to er]
different st4

Note 2 to ejf
quality of i

ure 1 — Process with two intrinsic factors (cavity identifier;fixture udentifier)

try: One process state generates one statistical distribution. The/statistical distributions tied tg
tes of the process can be similar or different.

try: For a simple process that only produces one part at a time using single equipment and a si

simultaneoysly under different conditions (different equipment, different positions in the batch load, etc.), t

will, a prior

Note 3 to er
states.

3.10

multi-stat
process th
widths and

, be different states.

try: If the production process simultaneously handles a set of p parts, then there can be p diffe

e (production) process
rough which different stateS:generate statistical distributions that have different disper
Jor dispersion locations-(see Figure 2)

the

hgle

hputs, there will, a priori, be only one state. Fromi(tlie moment that several parts are prodiced

ere

rent

bion

Figure 2 — Example illustrating the distribution of a multi-state process and its breakdown

into states that each follow Gaussian distribution

3.11

local intrinsic dispersion (interval)

observable intrinsic dispersion interval associated with one of the process
EXAMPLES

— local intrinsic dispersion interval connected to mould No. 2 on cavity No. 5;

4

states

© ISO 2014 - All rights reserved
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— local intrinsic dispersion interval at coordinates X = 500, Y = 500, Z = 500 inside the batch furnace;

— local intrinsic dispersion interval on the left-hand side of the conveyer over a given time slot in a

continuous furnace.

3.12

global intrinsic dispersion (interval)
observable intrinsic dispersion interval when pooling the results of the combination of different process
states

3.13

production dispersion (interval)

obs
rep

Not

Not
Not
are
bety

3.14

measurement uncertainty

par
tha

Not

exp
meg

[SO
Not
con

4

For

brvable dispersion interval for a characteristic, observed on produced items over
resentative period during which the different process implementation parameterssmay h

e 1 to entry: The parameter that has varied in the production dispersion interval, can be; for exar
change of operators,

settings, or

change in raw material batch, etc.

b 2 to entry: The underlying statistical distribution is called production distribution.

e 3 to entry: The production timeframe observed is not standatdized. Depending on how the capal
used, this time frame is set either internally by the product manufacturer or contractually by

veen supplier and customer.

3

hmeter, associated with the result of a measurement, that characterizes the dispersion o
could reasonably be attributed to the measurand (quantity-of-interest)

e 1 to entry: The parameter defining(@n interval bounding the result of a measurement and

surand, is called enlarged uncertainty.
[JRCE: adapted to the VIM]

e 2 to entry: This part(©f,ISO 22514 works on the basis that enlarged uncertainty is evaluated 3
idence level, as is cofamon practice.

Symbols and abbreviations

the purposes of this document, the following symbols and abbreviations apply.

lower specification limit

a typical
ave varied

hple,

ility indices

agreement

the values

that can be

bcted to encompass a large fraction of the distribution of values that could reasonably be attributed to the

ta 9544 %

Di

Dig

©IS

upper specification limit

specified tolerance (= U - L)

generic term used to denote the width of intrinsic dispersion
width of the global intrinsic dispersion

number of investigated states

sampling size (number of measured parts per state), which is considered the same for all states

total sample size (total number of parts sampled: N=n - k)

02014 - All rights reserved
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Di;
Dil
Di])j
Diyj

Diy el

Diu,er

Diy
Xo %

Xa %,

Nal

2

>l

Am*

Aa

width of the local intrinsic dispersion in state j

width of the local intrinsic dispersion when widths are not state-dependent

half-width of the bottom-slope side of the local intrinsic dispersion interval in state j (see Figure 3)

half-width of the top-slope side of the local intrinsic dispersion interval in state j (see Figure 3)

half-width of the bottom-slope side of the local intrinsic dispersion interval of the state with the
smallest dispersion bound

h 1€ sl £l 4 1 el £l 1 h BT " . il dande (PR R | Lo ol P
AT VVIULIT Ul LIIT LUlJ DlUlJC SIUT UL LIIT TUCAT TIILT ITISIC ulDlJCl SIUIT UT UIIT SU4dlT VWILIT LIIT lllslleL ulbl)cl

on bound

wn

hlf-width of the bottom-slope side of the local intrinsic dispersion when widths are not state-
bpendent

[oV=x

=

h1f-width of the top-slope side of the local intrinsic dispersion when widths are not state-depend
gpantile at @ % of the distribution without taking into account the different states

ghantile at a % of the distribution of state j

=

ean of state j

=

edian of state j

njean of the values of samples, once outliers have been€liminated

(oMl

fferent from zero

=

aximal value of the observable Am when'the relative locations of the different local intrinsic disy
on intervals vary independently of eaeh other over time

%]

o8]

mplitude of the outlier (expressed algebraically), in the event an outlier is recorded

5 Preliminary technical-analysis of the process

5.1 General

The prelinfinary analysis is designed to determine the intrinsic factors and their aspects, and thu
define the process-States liable to be found.

For a process eperation, an assumption should be made, per characteristic, on whether or not the pro
produces almultimodal distribution. If it is assumed to be multimodal, then it will be necessary to de
the states liable to be found.

5.2

inge of extreme locations of local intrinsic dispefsion intervals when this difference is significang

bnt

b, to

fess
fine

Identification of intrinsic factors

The analyst tasked with this upstream preliminary analysis shall first define the intrinsic factors liable
to act as sources of differentiation and thus generate different statistical distributions. The analyst shall
also define the various different aspects possible for each intrinsic factor identified.

EXAMPLES

— part positioning in relation to the machine (multi-station fixtures, heat treatment load);

— product-machine interface (different fixtures, different clampings, etc.);

© ISO 2014 - All rights rese
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— different mounting patterns (guide-slots, die cavities, positions on the conveyor, etc.).

5.3 Determination of process-specific states

The process analyst shall integrate different constraint factors (economic, organizational, etc.) so as to
shortlist only the specific states deemed representative of extreme process states.

EXAMPLES

— for a heat treatment process involving a batch furnace, where each load contains 300 parts, the
process analyst could, for example, select four positions from the 300 states possible: one at the

Onsg
imp
catq

Att
tak
bui

Thd

furnace gate, one near the back of the furnace, and two near the centre (one at load centf
at the top of the load), which the analyst’s knowledge of the furnace tells them when-are t
state effects;

for a cylinder head machining process for which 400 fixtures (adapters) are used, t
analyst could only select six fixtures. Based on an analysis of the geometrie surveys tak

select a series of occurrences tied to these surveys (extreme cases;possibly combined
intermediate cases).

process operation can generate different observable characteristics. These characteristi
acted differently in different process states. This can guide-the analyst to select states a
gories of characteristics.

e into account the process knowledge needed in order to lead root cause analysis as a s
ding a process tracking system.

pla

quallity of the knowledge on each of these states.

number of states envisaged, a priori, at this.éarly stage can be revised when defining whig
to apply. The aim is to determine the besttrade-off between number of states investiga

re and one
he extreme

he process
bn on these

fixtures (defects tied to the support bases, defects tied to clamping quality, etc.), the amalyst shall

with some

's are often
ccording to

his point, the analyst shall arbitrate between the options'to select the states. Their selection shall also

fep toward

h sampling
ed and the

Examples are presented in Annex A,

6 [Preliminary verifications before calculating the machine performance indices
6.1f Measurement system

Regardless of the process to qualify and the characteristic, it is first necessary to start by verifying
that the measurement uncertainty is compatible with the pre-set capability objectives defining the
maximum pernitissible global intrinsic dispersion.

Thi
of e

5 is dene by running an estimate of measurement uncertainty taking into account the vari
rots repeatability, reproducibility, bias error, etc.

us sources

Thisstep can be determined using the GUM (Guide to the expression of uncertainty in measurement) and
the ISO 5725 series of International Standards. The analysts can turn to an approach of the measurement
uncertainty estimation set out, for example, in ISO 22514-7 or in the guide MSA (measurement systems
analysis).

In order to move on to qualify the process, the measurement uncertainty shall not be too high. Excessively
high measurement uncertainty impacts significantly on any estimates of real product dispersions,
making it difficult to differentiate between process states.

A necessary prerequisite is that the enlarged uncertainty shall be less, for example, than a sixth of the
maximum acceptable global intrinsic dispersion in order to make sure the judgement on the production
tool does not become overly biased.

© IS0 2014 - All rights reserved
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6.2 Defi

nition of the sampling plan for estimating global intrinsic dispersion

The sampling plan is dictated by the number N of parts, on which measurements will be realized. It is
often the case that N is set at around 30 or 50. In order to eliminate any time-related bias, the N parts
shall be manufactured under the most identical conditions possible (although obviously excluding state
switchovers), which therefore means in a short time span.

The number of states to be investigated is denoted as k. Number k can be different from the number
initially planned for in the preliminary analysis, as N is often imposed. For each state, the sample size
shall be identical and is equal to n. The n value shall never, under any circumstances, be less than 3 (5 is
the value most widely used). N is calculated as n x k.

Ifthe prod\llction process simultaneously handles a set of products, then a sample is compiled of predu

parts thro
studied. Si
campaign.

EXAMPLE

= 6 parts p4
sampled frg
the edges o
position. W
of samples |

NOTE

Once glob
to distribu
for estimat

EXAMPLE
treatment, {
been valida|
sample for
dispersion Y

7 Estini
mance ir

7.1 Gen

Global intr

and widthg

Each local
width. Thi
each state.

which
and th

I

igh different production cycles, where only the outputs from one of the selected state
ice sample size is set at n, there will be n measurement campaigns with k measdrements

In the case of a batch-load furnace heat treatment, for the validation of ifitrinsic dispersid
r load will be sampled from k = 5 different loads. A sample of five parts is put-together using p
m the same in-furnace location but from five different loads. Two of the samples will be taken f
F the load but from opposite locations, plus two from the load centre and.two from an intermed

ut from a lower number of loads (parts per sample).

efinition of the sampling plan for estimating production dispersion (see ISO 3534-2).

intrinsic dispersion has been estimated, the next stépJs to identify the process states leac
[ions that present extreme dispersion widths or locations. These states will serve as the b
ing production dispersion.

In the case of a continuous furnace treatingséveral parts in parallel or a batch-load furnace
he very first step is to validate the intrinsic dispersion. It is only when the intrinsic dispersion
ked that it becomes possible, if necessary,to validate production dispersion. The definition of

alidation step.

Jation of global intrinsic dispersion and calculation of machine perfor-
i dices

bral

nsic dispersignTesults from a mixing of local intrinsic dispersions, integrating their locat
plus thepessibility that a value detected can be an outlier yet having a real physical ef
ntrinsicdispersion linked to a given state is defined by its central tendency (location) an
5 makes'it possible to define the upper and lower bounds of the local intrinsic dispersio
Eor, each state indexed j, the following estimators should be calculated (see Figure 3):

i

ced
s is
per

n, n
arts
rom
iate

here the process involves particularly voluminous loads, the analyst can opt to take a higher nunpber

ling
hsis

heat
has
the

yalidating production dispersion is actually dependent on the results recorded during the intrinsic

ons
ct.
its
h of

the location of the lower bound of the local intrinsic dispersion in state j: X 135 o j;

the location of the upper bound of the local intrinsic dispersion in state j: X99 865 %,j;

gives the width of the local intrinsic dispersion, Dij = X99 865 %,j — X0,135 %,j;

e half-widths of dispersion:

— lower-bound local intrinsic dispersion, Dij j = X50 o,j — X0,135 %,j;

— upper-bound local intrinsic dispersion, Diyj = X99 865 %,j = X50 %,j;

© ISO 2014 - All rights reserved
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Di.

Di. . /.
inf)j sup.,j

—

X X x X

Thd
inst

dispersion).

In o
the
the

step.

The
sigrl
If th
the

7.2

For
rep

If aj
aga
tha

Wh

valyies from.all samples; instead, continue with the analysis.

Eac

0,135%,j 50%,)  99,865%,

gure 3 — Parameters estimated for each state in relation to each localrintrinsic di

multi-state process has to be split up into a set of states before capability indices relatg
antaneous dispersion can be determined (there is no indicator_available for local ins

rder to achieve this splitting up, itis first necessary to checkthat there are no outliers liable
later estimates produced. Next, the widths of local intrinsic¢ dispersions shall be estimd
r locations can be compared. Statistical hypothesis testing is performed for this cross-g

statistical tests applied in this part of ISO 22534 employ a default 5 % significance 4
ificance level corresponds to the risk to rejectwrongly the hypothesis.

e calculated value of the statistic is greaterthan the tabulated value at 5 % level of signifi
hypothesis is rejected, otherwise accepted.

Verification on the absence of outliers in the set of made measurement res

pated a second time buton-the full data set (all process states collected).

1 outlier is detected; it-shall be eliminated from the sample, after which the Grubbs’ test
n and again if neeessary, up until no more outliers are detected. Care needs to be taken th
h one third of the-data gets eliminated in the process.

htever the Yesults of this Grubbs’ test for outliers, it is important not to question the w

h time an outlier is detected, determine whether the outlier is in order by

spersion

d to global
antaneous

to corrupt
ited before
omparison

vel. A5 %

rance, then

ults

each drawn sample on a process state, a Grubbs’ test for outliers is applied (see Annex B) and then

s repeated
atno more

hole set of

a data transcription error,
a measurement error, and

a physical reality.

Depending on the case (dealt with in order)

a)

b)

©IS

if the outlier is a data transcription error: if the original intended value is known, it shall be inserted

to replace the outlier value. Otherwise, the following rule (b) is applied.

ifthe outlier isa measurementerror: if the part concerned can be re-measured, then the outlier value

shall be replaced by the new result of measurement; otherwise, it shall be excluded. Fu
the measurement process shall need to be made reliable.
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c) ifthe outlier is a physical reality: first, estimate the effect of the outlier by calculating the difference
between the outlier value and the mean of the other values for the state concerned. This difference
is given the symbol Aa. Second, this outlier value is excluded from the statistical treatments tied to
local intrinsic dispersion (width and location), but to end with, it is, nevertheless, integrated into the
estimation of global intrinsic dispersion.

If the test reveals several outliers related to a physical reality, then a more advanced analysis shall need
to be led on the causes of the outliers in order to be in a position to even consider estimating global
intrinsic dispersion.

'7 3 D t, izaaiiaz ~Cal. o Lot Al o A€l o] S o3 o 1 CINAIRCIAINC
. e TN acoIr orarewidddn O Totar rra rrsricutspcT STUTIS

The width [of intrinsic dispersion is estimated (via its reference interval) for each process state, on|the
data for anly one given sample. This width is split into two half-widths (upper and lower), whieh can be
different if|the distributions are asymmetrical (see Figure 4).

Depending|on the type of characteristic under analysis, it should be assigned an a pripfidistribution.[The
same characteristic for a given production process is considered to share the sameétype of distributjion,
regardless|of process state.

N
Ji
AN
N

Figure 4'— Illustrations of state distributions

(g

These distribution selectiotis/are not tested for goodness-of-fit test, the size n of each sample is often|too
low. The choices are this.made based on the type of characteristic under analysis and on the analyst’s
experience.

EXAMPLES

— for a djmensional characteristic, a normal distribution;

— for a geometric characteristic, a Rayleigh distribution, a non-uniform distribution, a Weibull
distribution, or a Galton distribution (log-normal off-centred);

— for a characteristic defined as the impurity burden in a solution, a Galton distribution.
Thus, the width of local intrinsic dispersion Dij is then estimated for each process state .

The various different estimations, each tied to a process state, are then cross-compared. The aim is
to answer the question, “Can we accept (within a specified risk) that the widths of the local intrinsic
dispersions are identical, regardless of the process state considered?”

To answer this question, it is recommended to cross-compare variances using a Bartlett’s test, if there
are more than two process states, or a Fisher’s test, if there are only two process states (see Annex B).
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If this hypothesis can be accepted, then all the widths of local intrinsic dispersions are considered equal

toa

value that is calculated according to the system given in Annex B.

If this hypothesis cannot be accepted, there are two possible scenarios:

— to identify the cause of the difference and eliminate this cause from the production process, in
which case the previous protocol should be repeated, either partially or in full depending on the

cause suggested (cylinder head, for example);

— to accept this cause as being inherent to the production process, in which case it is possible to
consider whether or not to pool together several different local intrinsic dispersions (that all share

NOT

NOTI

7.4

Thd
firs
ind

The

pro
but

medlian as location estimator.

Thd
if th

estimations are not cross-compared if there are more than two process states.

If th
fit-4
of t

qg

To

the same causal erfect). 1h1s makes 1T possible to derine the Iinal conclusive retained

widths, by providing a narrower confidence interval (see the example set out in Annex’A
E1 AnnexB also gives the conventional limits for the Bartlett’s test.

E2  The Bartlett’s test can be dropped and replaced by a Levene’s test.

Determination of the locations of local intrinsic dispersions

analysis of the locations of local intrinsic dispersions shall not be‘performed until the

dispersion
.2).

inalyst has

I determined the widths of these dispersions and, if these widths are deemed non equal, led the

spensable process investigations.

location of local intrinsic dispersion X5 o j is estimated {via its mean )?j or its median 3

Cess state, on the data for any one given sample. By default, this location is estimated via ]
where the distribution is symmetrical or close to‘Symmetrical, the mean shall be prefe

different location estimations, each in relation to a process state, are cross-compared
e widths of local dispersions have beenndeemed identical. If this is not the case, then t

e locations of dispersion intervals are compared by running a goodness of fit test, then th
est is to answer the question, “Can we accept (within a specified significance level) that th
he local intrinsic dispersions-are identical, regardless of the process state considered?”

nswer this question, it istecommended to use the following:

an F-test if more.than two states are being tackled, and if the variances of the states
estimated to be'the same;

if only two-states are being tackled, and if the variances of the states have been estimatsg

thessame, then a t-test, and

—+., different, then an aspin-welch’s test (t-test with unequal variances, also called paire

'i) for each

he median,
rred to the

if and only
he location

b aim of the
e locations

have been

d to be:

d t-test).

Annex B describes these tests and the limits to their use.

If this hypothesis can be accepted, then all the locations of local intrinsic dispersions are considered
equal to the mean, in this case, the difference between the locations of local dispersion interval is
considered equal to zero (Am = 0).

If this hypothesis can no longer be accepted, then the analyst should look to integrate the observed
differences between the extreme means or between the extreme medians into the estimation of the
range of extreme locations of local intrinsic dispersion intervals (Am).

If the hypothesis of equal locations has not been tested (more than two states and unequal variances),
the range of extreme locations of local intrinsic dispersion intervals (Am) is considered equal to the
range in the extreme locations of these states.

© ISO 2014 - All rights reserved 11
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7.5 Global intrinsic dispersion: type and estimation

Global intrinsic dispersion corresponds to the range covered by all the local intrinsic dispersions
combined together (widths and locations), plus the effect of any outliers having a physical reality (see
Figure 5).

Min (X0135/ i Max (X9986‘3/ i
A
Oiy, X503, 1 |
am |
| | |
| AR
‘ X502 L
I Dlu‘z
| |
| | | x
| | |
Utg[

Figure § — Illustration of global intrinsic distribution based on local intrinsic distribution

7]

The resultg on the homogeneity of the widths and the locations of local intrinsic dispersions, as obtained
via the preious sections, can be used to determine the type of global intrinsic dispersion that matghes
the produdtion process.

In cases where the locations of the local dispersion intervals are estimated as different (Am # 0), then
analysis shppuld be conducted to decide whether this difference Am is liable to vary quickly or, conversely,
whether is|expected to remain stable“over time. This analysis has an impact on how capability indjces
will be calqulated.

The differdnt types of globalintrinsic dispersion are defined in Table 1.
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Table 1 — Definitions of different types of global intrinsic dispersion

Type of process | Widths of local Estimation of the Type of global Illustration
intrinsic differences in intrinsic
dispersions locations of local production
(Dij) intrinsic dispersions dispersion
(Am)
equal Am=0 See SO 22514-3

Am#0
and is deemed constant

Uni-modal Type 1

equal
d Am#0

and is deemed variable

Type 2
Am=0
Type 3
Am=#0
and is deemed constant
Nlulti-modal different Type 4
Am#0
and is deemed variable
Type 5

NOTE  Theillustrations in this table show the distributions of two extreme states and, where appropriate, their variations
(variable differences in location).

The bounds of local intrinsic dispersion intervals shall be cross-compared on both bottom-slope side
and top-slope side in order to define the lowest-performance state on each side (denoted g on the bottom
slope and d on top slope).

If there are no outliers having a real physical effect, the global intrinsic dispersion is equal to the
interval between the extreme-left lower bound and the extreme-right upper bound (the extreme-left
and extreme-right locations of the points Xo, 135 ¢ j and X99 865 9 j).

If there is an outlier having a real physical effect, the Aa value shall be integrated in the estimation of
global intrinsic dispersion.

© ISO 2014 - All rights reserved 13
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There are two scenarios:

— either the outlier Aa can only occur in one direction, in which case:
— if Aa is negative, it shall be added as an absolute value, but only to all the Dij j values,
— if Aais positive, it shall only be added to all the Diy j values;

— the outlier Aa can occur in both directions, in which case:

— the absolute value for Aa shall be added to all the Dijj values and to all the Diy j values.

This operafion modifies the widths of the local intrinsic dispersions of each state: Dij = Diyj + Diyy, [It is
these new pstimations that shall be integrated into the calculation of the capability indicators,

7.6 Calculation of capability indices Py, and Py

Estimations of multi-state process capability indices cannot be globalized without picturing all|the
states in their entirety. These indices are therefore equally dependent on extreme states.

The standdrds in place today hinge around two types of indices (see ISO 22514-1):

— indications of potential, which compare the width of the dispersion with the width of the tolerarnces
limits [i.e. the tolerance interval), i.e. Ppy;

— indicators that also integrate the location of the dispersion: i.e. Pyk;

Table 2 — Calculation of capability indicators

Type of global Estimation of Py, or Pp depending on the.type Estimation of Py or Pk depending on tte
intrinsic of production process observation type of production process observatio
productiorLdisper- Pmk = min (Pmk,l; Pmk,u)
sio
el T—-Am
Typ Di 1Dl U_maX(XSO%J)1<'<k
Am # 0 is cofstant 1 +01§ P — Sj=
mk,u Di
Widths of lo¢al Di are u
equal
Type2 N — min (Xsqy;) __ L
Am # 0 is vatfiable Diy+Diy, +Am Poi= 1<j<k
Widths of lo¢al Di are Diy
equal
Type 3 T U—Xsg0,
= : Py = ;
Am=0 maX(Dlj)1<_<k max<D1u].)
<j< 17 1<
Widths of logal Di dve J 1sj<k
unequal XSO% —L
Pml(] = /D N
max 1
ax(Dn) 1<j=k

Am*When the relative locations of the various different local intrinsic dispersions are considered to vary independently of
each other over time, it is possible to overestimate the difference Am observed in the calculation of Pm. This overestimation
is defined by the process analysts who use their experience to evaluate the maximum Am liable to be encountered. This
deviation is denoted via the symbol Am*.
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Table 2 (continued)

Type of global Estimation of Py, or P, depending on the type Estimation of Py or Ppk depending on the
intrinsic of production process observation type of production process observation
production disper- Pmk = min (Pmk,l; Pmk,u)
sion
Type 4 T—-Am _ ( )
ﬁ U —max XSO%,j 1<i<k

Am # 0 is constant Iel T Dlyer Potu = <js

Widths of local Di are maX(DlUJ)lSjﬁk

unequal

TypeS T Prakan = 000 (P T o

3 1 . . *
Am 0 is variable max (Dll’]- ) Lk + max (Dzu’j ) 1<k +Am where
Widths of local Di are - - U—X )
50%,j
unefgual mkuj =
’ Dlu'j
Py = min (Pmkl,j)lgjsk
where
X500, — L
P )
m Dll,j

AmTWhen the relative locations of the various different local intrinsic dispetsions are considered to vary indgpendently of

each other over time, it is possible to overestimate the difference Am observed in the calculation of Pm. This ovgrestimation

is dpfined by the process analysts who use their experience to evaluaté.the maximum Am liable to be encoyntered. This
devjation is denoted via the symbol Am*.

7.7| Acceptance thresholds for the machine’performance indices

Maghine performance, process capability, and process performance indices have objectives that are set

according to various different criteria:

— |reasons for which the dispersions~estimated during the analysis are liable to evolve, and
quantification of the likely evolution (the aim is to ensure that all products will stay fonform to
specification over the long term]j;

— |difficulties involved in atfempting to bring global intrinsic dispersion back to its origin;11 state;

— |degree of guarantegd)conformity according to how important the characteristic is t¢ customer
expectations;

— |policy adopted to determine the tolerance interval.

The acceptaneg thresholds to be applied can take into account the quality of the statistical [estimators

incgrporating’the size of the samples using for determining states, or possibly even the full Jample size

(seq ISQ 22514-2).

Itis impnri’:\nf tounderstandthe difference between f:n'gnf machine pnrfnrmanr‘n indicesand Cceptance

threshold.

However, at this point, it is useful to underline that when it is calculated, a machine performance index
from a sample having, for example, a sampling size of 30, the machine performance index Py, is estimated

by ﬁm .Ifa 95 % confidence interval of the machine performance index (Py,) is to be calculated then with
a sample size of 30 items, the performance machine index is contained in an interval of plus or minus

26 % of the value of the estimation of the machine performance index Pp, (calculated value) around the
same value.

This is what prompts the recommendation to use at least 30 product copies in order to minimize the
risks while maintaining a workably low number of measurements. As the number of states increases,
the number of produced items shall also be increased.

© IS0 2014 - All rights reserved 15
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Annex A
(informative)

States qualifying a processing process

A 1 u Lification of a2 nrocessing nrocess using avacuumchamhber
LA Qlld i ea8 838+ 4P £P £ VaAeHtHR-€ T3EL

A.1.1 Ovjerview of the process

—e

The principle guiding the processing of parts in a vacuum chamber is illustrated in Figure A/l. Inject
guns sprayla material onto products attached to a rotary bell that has clear-marked positions.

1

on

Key

1 rotary bell

2 vacuun] chamber
3 diffuse
4

coatingk evaporator

Figure A.1 — Sketch of the principle of the coating system device

Various different responses are measured: coating thickness, visual appearance metrics, etc.

The products targeted for processing are positioned on a bell jar. The bell jar spins at a constant rotation
speed throughout the process. The process is controlled by an automated system.

One rotary bell contains an average of 150 products.

A.1.2 Characteristic targeted for analysis and threshold

This example focuses on a single characteristic, the thickness of the material coating, which is measured
in microns and for which the post-treatment tolerance interval specified is 25,0 pm to 45,0 pm.
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In the example quantified here, the inspection system has an expanded uncertainty of 1.
The target set for production tool capability is over 1,33.

Expanded uncertainty is less than (7/1,33)/6 = 2,5.

A.1.3 Intrinsic factors
A single intrinsic factor has been identified for this operation: product position on the bell jar.

Given that there are 150 possible positions, there are 150 states.

Thif leads into the following question, “Is part position in the rotary bell an influential factoi«(on average
or dn dispersion)?”

A.1l4 Process states

The process analyst suggests selecting only three of these 150 states.

The process states selected are

— |product positioned at the centre of the bell, in position 1 (state €),

— |product positioned intermediately on the bell, in position 50{(state I), and
— |product position at the outer perimeter of the bell, in poSition 145 (state P).

Each of these states is assumed to be normally distributed.

A.1l5 Sampling plan
The following sampling plan is applied.

Ovdr 10 successive production cycles on 150 products, parts are sampled at each cycle from thg identified
posjtions, i.e. three parts per cycle to'form 10 samples.

NOTE It is important not to cenfuse sample with state. This is why the analyst shall not sample 10 parts
from the outer bell periphery dusinig the same cycle, as there would be no means of assessing the cycle-to-cycle
flucfuations that are intended-tg-be estimated.

A.1.6 Measurementsobtained

Table A.1 — Measurements obtained

Eyeles Samples
State P State I State|C
1 26,3 31,5 35,6
2 25,8 32,3 35,1
3 27,3 30,0 36,3
4 28,1 32,4 37,4
5 26,9 31,3 36,0
6 26,4 31,1 35,5
7 27,4 29,4 36,6
8 26,5 29,6 37,3
9 27,7 31,5 359
10 24,7 32,5 379
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A.1.7 Analysis of the results of the measurement campaign

A.1.7.1 Screening for outliers

The Grubbs’ test for outliers is performed on three subsamples of 10 values and on all 30 values.

Forthe 10-value subsamples, the critical value of Grubbs’ test statisticat 5 % significance level = 2,289 947
and the calculated values of Grubbs’ test statistic calculated for each 10-measurement subsample are

2,016, 1,53

Across the

9,and 1,671.

ull data set of 30 measurements, the critical value of Grubbs’ test statistic at 5 % significa

nce

level = 2,9(

Conclusion)

Al172 1

Test for ho
of Bartlett
statistic is

Conclusion|:
Tviation can be estimated as 1,01.

standard
Goodness

The cr
Fisher
consed

Conclu
Differg
26,71)

Anillustra
P, I, and C

locations off local;intrinsic dispersions are clearly different and their widths are relatively comparg

(see Figurd

8 (rounded value of 2,908 47) and the calculated value of Grubbs’ test statistic = 1,624}

: no outliers detected, which means no values to be eliminated for the later analyses:
hfluence of state

Table A.2 — Statistics per state

State P State State C
Mean 26,710 31,160 36,360
Standard devia- 0,997 1,143 0,922
tion

mogeneity of the widths of local intrinsic dispersions-using Bartlett’s test. The critical v
S test statistic at 5 % significance level is 5991cdnd the calculated value of Bartlett’s
0,414 (calculated p-value for Bartlett’s test statistic is 0,813 which is greater than 0,05).

it can be accepted that the widths of ldcal intrinsic dispersions are identical, and t

f fit test for homogeneity of the logations of local intrinsic dispersions, Fisher’s test:

tical value of Fisher’s test statistic at 5 % significance level is 3,35 and the calculated valy

uence not greater than 8,05);

sion: it cannot be accepted that the locations of local intrinsic dispersions are ident
nce in locations is\estimated at Am = 9,65 pm (range of the local location estimation: 36,

fion of the Widths and the location of the local intrinsic dispersions for respectively the st
s giveny.xelatively to the data given in Tables 1 and 2, to show that the test determine

| A 2\below).

hlue
test

heir

e of

s test statistic is 222 (calculated p-value for Fisher’s test statistic is lower than 0,001 andl by

cal.
B6 —

htes
the
ble.
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Figure A.2 — Widths and the location of the local intrinsic dispersions

7.3 Capability indices

ther sample was taken from outer periphery position; P (Position 120); there was no
veen outer periphery positions. It is therefore concluded that the mean difference An
tion and to device configuration. This thereforeplaces us in a type-1 configuration, con
erence, with widths of local intrinsic dispersions considered equal.

difference is

b _T—Am_20-9,65_

= =1,69
™ Di 6x1,01

toughest local intrinsic dispersion with the worst performance is the outer-periphery d

min (X5 %J)lgjgk L 26,71-25

P . = = =0,56 (with estimation of X: via
mk = Pmk 1 D, 3x1.01 ( 50 %

value)

5 is not acceptable (being Pk < 1,33).

his juncture, since Py, is satisfactory (being Py, > 1,33), there are two solutions possible:

difference
1 is tied to
Etant mean

spersion:

the mean

coat more material hv increasing nracessing time. However althouch this sounds an eql
o 5 5 7 5

to implement, it carries added processing time and material costs;

y solution

change the process configuration to bring the means at centre closer to the means at the outer

periphery. This solution needs more effort to implement, but is more cost efficient.

A.2 Qualification of a heat treatment process using a continuous conveyor fur-
nace assumed to be a multi-state process

The continuous conveyor furnace is a production tool capable of being adapted for use in heat treatment
processing.

© IS0 2014 - All rights reserved

19


https://standardsiso.com/api/?name=eb45d363fe4580809db4f690b768e283

ISO 22514-8:2014(E)

This example works with a per-campaign treatment. It uses Pp and Ppk indicators rather than Pp and
Pk since the full campaign is considered a production line.

A.2.1 Overview of the process

The principle guiding the processing of parts in a conveyor furnace is illustrated in the figure below:

Key

load
harden
wash-d
certain

Ul s W N =

temper;

Thesteelp
speed thro|
flow rates,
in a step-d

ng furnace

pwn machine or wash-down/rinse-down tank
processes (e.g. bainitic hardening) do not employ the tempeting furnace
ng furnace

Figure A.3 — Sketches of principle for continuous-furnace heat treatments

irtsareloadedinthehardening furnaceonamoving conveyor. The conveyor travelsatacer
ugh a tunnel furnace which is configired with pre-set operating settings (temperatures,
etc.); the parts are processed inthe‘furnace (austenitization step) before being oil-quend
pdicated oil.

They are then degreased and, whefe)necessary, tempered following the same procedural pring

as for the
characterig

The operat
have a maj
step.

hustenitization step. Thie aim of this processing step is to provide the required mechan
tics.

ion selected for process qualification is the operation during which any slight variability
br impact on the metallurgical and mechanical properties of the parts, i.e. the austenitiza

A.2.2 Ch“F

racteristic targeted for analysis

fain
gas
hed

iple
ical

can
Fion

This exampletracks a single characteristic: Rockwell hardness, for which the specified tolerances (p

oS t-

hardening) are [55 HRC, 60 HRC].

In the example quantified here, the hardness measurement process has an expanded measurement
uncertainty of 0,5 HRC. This value remains under IT/6 (5/6 = 0,84), therefore, the measurement system

is, a priori,

acceptable.

A.2.3 Intrinsic factors

There are a total of two intrinsic factors identified for the process operation selected

— part position on the conveyor (left - middle - right), and

— timepoint during the campaign (also termed “series” or “convoy”) where the partis processed (start

- main

20

body of production - end).
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launching the following series:

[s part position on the conveyor an influential factor (on average or on dispersion)?

Each time there is a change of batch or reference part, the conveyor is completely emptied before

[s there an influence of the head or tail of the series (or “campaign” or “convoy”, depending on the

business terminology used), such as that due to energy input per part?

Are there any in-production fluctuations?

Key]

A.2

Giv
des

NOT1I

| 2) /Z/F

start of the series
main body of production
end of series

Figure A.4 — Part stacking during a continugustreatment process

.4 Process states

en that under normal operational process conditiens, the parts are all piled up, the proc
gns the following two-step process qualification-approach:

phase one: cross-analysis of process behaviour at campaign start and campaign end;

and process states to analyse the main body of production.

E The left-side, middle, and right-side states can only be comfortably implemented at camp:

camlpaign end. States tied to in-pile\position are difficult to capture since it would be necessary to

part

The

Thd

s while identifying their positions within the pile.
selected process statésin phase one of the analyses are the following:

for the start ofCayseries, the position of parts across the width of the conveyor, for w
aspects wereselected (states By, By, and Bg);

for the end‘of a series, the position of parts across the width of the conveyor, for which th
were selected (states Er, Ep, and ER);

selected process states in phase two of the analysis are the following:

bss analyst

phase two: building on the results of the phase-one analysis, the analyst defines sampling protocol

ign start or
arrange the

hich three

'ee aspects

— if phase one identified that the “position across the width of the conveyor” factor has no effect on
the location or the width of local intrinsic dispersions, then parts are sampled randomly to form a

sample set at a timepoint ¢;

— if this is not the case, then a more detailed experimental protocol needs to be designed, involving

the identification of all part positions. Since it is extremely difficult to recover all the

parts pre-

identified and pre-positioned on the conveyor, this heavier experimental protocol shall only be
envisaged if the position-related differences are assessed to be important in terms of the tolerance

interval (Am > 1T/6).
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A.2.5 Sampling plan

The following sampling plan is applied:

within any one given series, three parts are sampled for each of the six states, By, Bm, Br, E, Em,
and Eg. This first sample set shall gauge the influence of part position on the conveyor and of the
timepoint at which they enter the cycle;

within at least five series, three parts are randomly sampled during the steady output rate. The
analysis of this second sample set shall further refine the influence of the timepoint at which parts
enter the cycle and make it possible to determine capability indicators for the selected process

operawhlLon
A.2.6 Phjase-one analysis (start — end of series + on-conveyor position)
A.2.6.1 Measurements obtained (start — end of series)

Table A.3 — Measurements obtained (start — end of series)

Beginning of the series End of the'series
Left Middle Right Left Middle Right
59 58,4 58,3 58,3 58,3 58,3

58,2 58,5 58,6 58,6 58,6 58,6

58,7 58,6 58,5 58,5 58,5 58,5

58,5 58,5 59 59 59 59

58,4 58,4 58,6 58,6 58,6 58,6

58,9 58,4 58,6 58,6 58,6 58,6
Before continuing with the analysis, the process-analyst shall check that there are no outliers liable to
hamper the¢ later analyses. This is done by runhing one Grubbs’ test for outliers on six subsamples of six
values and|another on all 36 values.
For the 6-yalue subsamples, the critical value of Grubbs’ test statistic at 5 % significance level is 1,887

(rounded yalue of 1,887 147) and the calculated values of Grubbs’ test statistic calculated for ¢
6-measurement subsample are 1,361, 1,633, 1,754, 1,754, 1,754, and 1,754.

Across theffull data set of 36-measurements, the critical value of Grubbs’ test statistic at 5 % significd
level is 2,991 (rounded yvalue of 2,990 584) and the calculated value of Grubbs’ test statistic = 1,940,

In conclusipn, no outliers were detected, which means no values to be eliminated for the later analy
can validate the measurements and continue with the qualification process.

ach

nce

SES.

A.2.7 Repults analysis (beginning — end of series)

Table A.4 — Statistics per state

State Bi, BMm Br EL Em Er
Mean 58,617 | 58,467 | 58,600 | 58,600 | 58,600 | 58,600
Standard devia- | 0,306 | 0,082 | 0,228 | 0,228 | 0,228 | 0,228
tion
Range 0,8 0,2 0,7 0,7 0,7 0,7
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The first step is to test whether the hypothesis of homogeneity of the widths of local intrinsic dispersions

can

be accepted. A Bartlett’s test is run for this purpose:

— The critical value of Bartlett’s test statistic at 5 % significance level is 11,070 and the calculated
value of Bartlett’s test statistic is 6,470 (calculated p-value for Bartlett’s test statistic is 0,263 which

is greater than 0,05).

Conclusion: it can be accepted that the widths of local intrinsic dispersions are identical and their

standard deviation can be estimated as 0,227 HRC.

The second step is to test whether the hypothesis of homogeneity of the locations of local intrinsic

dis

Thd
int

NOT

Thi
sigr
as d
pos

NO']
for ¢

A.2

A2

ersions can be accepted. Isher s test1s run Ior tinis purpose:

The critical value of Fisher’s test statistic at 5 % significance level is 2,53 and theCalcu
of Fisher’s test statistic is 0,369 (calculated p-value for Fisher’s test statistic is 0,66whic
than 0,05).

t, or campaign end) have no effect
on the width of local intrinsic dispersions and
on the location of local intrinsic dispersions.

analyst decides to continue with the investigation by confirming that only the time state
he phase-two analysis.

E1l

compare campaign start against campaign-end.

5 would have led the analyst to thessame conclusion. However, had the six-state analysis
ificant difference, then the analyst would have had to lead a technical analysis on this
escribed above, to correlate.the deviation recorded with an effect factor, campaign star
tion on the conveyor.

E?2
quality of means, provided that the test for equality of variances is positive at 99 % (rather than

.8 Phase-twe’analysis (main body of production)
8.1 MeaSurements obtained — phase two

Table A.5 — Measurements obtained — Phase two

can therefore accept that the pairs (position of parts across the widthefthe conveyor

at campaign start, cross-compare the locations and widths of local intrinsic dispersions at all thrg

Jated value
1is greater

campaign

s observed

The analyst could have opted to segment this analysis into the following three sub-analyses:

e positions;

at campaign end, cross-compare the locations\and widths of local intrinsic dispersions at all thr¢e positions;

revealed a
difference,
L or end, or

For each factorf@analysed, if the test for homogeneity of variances fails, it still remains pogsible to test

95 %).

Any position across the width of the conveyor

Sample 1

Sample 2

Sample 3

Sample 4

Sample 5

Sample 6

Sample 7

Main body of
production

58,1

58,3

58,0

58,0

57,8

577

58,2

57,8

57,6

579

57,8

58,0

57,3

57,8

58,2

57,5

58,3

58,5

57,4

57,0

58,2

Before continuing with the analysis, the process analyst shall check that there are no outliers liable to
hamper the later analyses in this second phase. This is done by running one Grubbs’ test for outliers on
seven subsamples of three values and another on all 21 values.

© IS0 2014 - All rights reserved
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For the 3-value subsamples, the critical value of Grubbs’ test statistic at 5 % significance level is 1,154
and the calculated values of Grubbs’ test statistic calculated for each 3-measurement subsample are
1,121, 1,147,1,121, 1,109, 1,091, 1,044, and 1,155.

Across the full data set of 21 measurements, the critical value of Grubbs’ test statistic at 5 % significance
level is 2,734 and the calculated value of Grubbs’ test statistic is 2,327.

Sample 7 presents a significantly higher outlier value at 5 % significance level but notata 1 % significance
level, and the test remains negative for the full 21-measurement data set.

In conclusion, the analyst considers that no outliers were detected, which means no values to be

eliminatedr_ﬁﬁ_rﬁ_rfh—ﬁ_ﬁor € later analyses. 1he analyst can validate the measurements and continue with]the
qualificati¢n process.

NOTE1 An ANOVA analysis can be used to evaluate the variances from various components.

NOTE 2  Ata5 % significance level, if there is no outlier, the risk of raising the alarm is 5 %»AS the test is[run
seven times], the probability that it will yield at least one positive response is equal to 1 - 0,957 = 30 %, whi¢h is
why the anglyst does not take the value as an outlier.

A.2.8.2 Results analysis — Phase-two analysis (main body of production)

Table A.6 — Statistics per sample

Sampple Nbr. 1 2 3 4 5 6 7
Mean 58,033 57,800 58,067 58;100 57,733 57,333 58,047
Standard deviation 0,208 0,436 0,208 0,361 0,306 0,351 0,231

The first step is to test whether the hypothesis of homogeéneity of the widths of local intrinsic dispersjons
can be accgpted. A Bartlett’s test is run for this purpose:

— The crfitical value of Bartlett’s test statisti¢-at 5 % significance level is 12,59 and the calculgted
value of Bartlet’st test statistic is 1,71 (ealeulated p-value for Bartlett’s test statistic is 0,94 whigh is
greatef than 0,05).

— Conclusion: it can be accepted that.the widths of local intrinsic dispersions are identical and their
standdqrd deviation can be estimated as 0,306 HRC.

The second step is to test whether the hypothesis of homogeneity of the locations of local intripsic
dispersionf can be accepted-A Fisher’s test is run for this purpose:

— The crftical value 6fFisher’s test statistic at 5 % significance level is 2,85 and the calculated value
of Fishler’s test statistic is 2,42 (calculated p-value for Fisher’s test statistic is 0,094 which is grefter
than 0[05).

Thus, in this-experiment, it can be accepted that positions in time and across the conveyor

— have no effect on the widths of local intrinsic dispersions and
— have no effect on the locations of local intrinsic dispersions.
NOTE For this calculation, the process is accepted as stable, but the phenomenon should be monitored closely.

The analyst then decides to compare the results obtained between campaign-start and campaign-end
transient output rates and the “steady” output rate (main body of production), with each output rate
corresponding to a state.

24 © ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=eb45d363fe4580809db4f690b768e283

IS0 22514-8:2014(E)

Table A.7 — Comparison of results between campaign-start and campaign-end transient output
rates and the “steady” output rate

Steady-rate state Start state End state
58,1 59,0 58,3
57,8 58,2 58,6
58,2 58,7 58,5
58,3 58,5 59,0
576 584 586
57,5 58,9 58,6
58,0 58,4 58,3
579 58,5 58,6
58,3 58,6 58,5
58,0 58,5 59,0
57,8 58,4 58,6
58,5 58,4 58,6
57,8 58,3 58,3
58,0 58,6 58,6
57,4 58,5 58,5
57,7 59,0 59,0
57,3 58,6 58,6
57,0 58,6 58,6
58,2
57,8
58,2

Stafistical tests shall be runon the homogeneity between widths and locations of locgl intrinsic

dispersions.

The first test run is a Bartlett’s test:

— | The critical value of Bartlett’s test statistic at 5 % significance level is 5,991 and the calcuflated value
of Bartlett’s\test statistic is 7,270 (calculated p -value for Bartlett’s test statistic is 0,026 which is not
greaterthan 0,05);

— |Conclusion: it can be accepted that the widths of local intrinsic dispersions are not identfical.

NOTE The p-value heing upper than 1 % this can lead usinto running a Fisher’s test, even thoilgh, a priori,

the variances cannot be considered equal at a 5 % significance level.

The second step is to test whether the hypothesis of homogeneity of the locations of local intrinsic
dispersions can be accepted. A Fisher’s test is run for this purpose:

— The critical value of Fisher’s test statistic at 5 % significance level is 3,15 and the calculated value of
Fisher’s test statistic is 42,91 (calculated p-value for Fisher’s test statistic is lower than 0,001, and
which is not greater than 0,05).

It can therefore be accepted that the output rate (transient — steady) causes a mean difference that the
analyst considers significant and variable and a width difference in intrinsic width dispersions. Global
intrinsic dispersion is therefore a type-5 configuration (Am # 0 is variable and the local Di widths are
unequal).
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A.2.9 Calculation of treatment process capability indicators

Since global intrinsic dispersion was estimated as type 5, the analyst applies the formulae given in

Clause 7.

As the characteristic is assumed to be normally distributed, the analyst is in a position to estimate the
local intrinsic dispersions and the distribution quantiles. The specified tolerances (post-hardening) are
[55 HRC, 60 HRC].

Table A.8 — Tabulated calculation of capability indicators

State Body of production Transient
No. of state j 1 2
§ample size n; 21 36
Mean 57,876 58,581
Stapdard deviation 0,371 0,216
Am 0,705
Am* 0,705
X0,135 %, 56,763 57933
X99,865 %, 58,989 59,229
el 1
er 2
Diyj 1,113 0,648
Diy; 1,113 0,648
Dij g 1,413
Diyd 0,648
Pmkl,j 2,58 5,53
Pmku,j 191 2,19
Pmky 191
Pkl 2,58
Pmk 191
P 2,25
Given the pbjective~ef the capability indicator and its threshold, the analyst is able to declare|the
treatment process-as’fully capable.

A3 Qualification of i hini :

A.3.1 Overview of the process

The parts are mounted on adapters that are moved into position opposite machine tool units.
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if the parts delivered are homogeneous (i.e, they present characteristics that, a priori, ar
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tool
adapter, having its height, H
machined part, with a characteristic D to control

Figure A.5 — Sketch of the principle of the machining eperation under study

h adapter is mounted with a different copy of the same part:

adapter is successively moved into position oppositéeach machine tool unit so that the p
ndergo each operation in its production process/Each machine tool unit produces dif
racteristics. There will obviously be a different capability indicator for each characteristi

hny one machine tool, for a characteristicproduced, if the adapter does not affect the
ributed), then there is every reason to-assume a uni-modal distribution. However, if

ension, D, is dependent on the {thickness, H, of the adapter if the tool, when performi
pferenced in relation to the machine frame (reference R) rather than in relation to the
adapter. Since not all adapters are strictly identical (down to the nearest micron), then|
hining operation, the machine should be re-adjusted to the top face of the adapter.

bre there are 400 adapters in action, there are 400 potential states.

.2 Analysisded

h adapteris taken geometrically, one by one. The analyst can then confidently consid

ada

aspects.

ter effect will also generate a normal distribution because it can adopt such a large

art is made
ferent part
produced.

result and
e normally
he adapter

bes the characteristic, then the analyst can assume multi-modal distribution. In Figufre A.5, the

ng its task,
top face of
before the

pr that the
number of

At thisquncture the analyst has twao solutions:

©IS

Sample parts randomly. If process observation reveals a normal distribution, then the ¢

alculations

can be performed using the usual standards. However, if a result proves non-satisfactory, it will be

impossible to determine the relative weight of the adapters and the machine itself;

Organize the structure of the sampling plan to simultaneously determine the relative weight of
the adapters and the machine and decide on whether to accept or refuse to qualify the tool. The

cross-comparison of relative weights will decisively shape the adapter monitoring pla

n for when

the production tool is in operational use. If certain adapter parameters turn out to have a non-

negligible influence on the result, then it will be essential to ensure that these parame
show within-series variation.
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The analyst has obviously opted for the second solution. The analyst has identified two adapter
parameters liable to create differences in the end product; the parallelism between the inner face of the

support and the three-product bearing points and the Y dimension of a clamping position locator.

The analyst therefore selected six (of the 400) adapters based on readings of their geometric

characteristics and indicated in the inspection report sent with the adapter batch delivery:

adapter 1:

adapter 2:

excellent parallelism — nominal geometric location;

excellent parallelism — maximum geometric location;

adapter3:
adaptdr 4:

adaptdqr 5:

PN H L& J_F, ) ] RN | 3
VCT y PpOOTpar arrCIrSIIT (Cap tTTttTTOT vWwartry oI g CUTITC T T TU T AtIOTY,

very poor parallelism (tapered forward) — maximum geometric location;

very poor parallelism (tapered backward) — minimum geometric location;

The analys
practice.

For tool acq

widths wo
generated
(this pararn

present hig

The charag
characterij

theoretical
added to tH

The deviat
related to §

adaptqr 6:

eptance, the analystdecided to accept that mean differences could\be observed (provided
the capabillity coefficients fitted with the analyst’s specifications) but that any differences in disper
1ld disqualify the tool. These decisions were based on thé.rationale that if certain adap
different widths, then the cause was either parts being poorly clamped on the adap
heter was not considered influential at the analysis).etya potential interference between
adapters apnd the unworked sections of the part, in which case certain part copies could someti

hly divergent measurements.

teristic employed in this example is a spegcification symbolized in the diagram below.
tic that is actually read on the measurements is an algebraic deviation from the pre
position of 20 mm in relation to specifiedreference point A, and this deviation is subseque

very poor parallelism (tapered backward) — maximum geometric location.

t estimated that the adapters selected represented the extreme cases liable to be foun

1 in

that
fion
Lers
fers
the
mes

The
Cise
htly

e theoretical set-point value. This gives a tolerance interval that equates to 20 mm * 0,2 qam.

Figure€ A6 — Definition of the characteristic targeted for analysis

jon read-out shall only be taken at a position along the face, which introduces a component
| fofm'defect of the toleranced surface into the degree of measurement uncertainty.

The statistical state of a distribution selected s considered a normal distribution, based on the fact

the characteristic measured can be likened to a dimensional characteristic.

that

In the example quantified here, measurement uncertainty was estimated to be 0,02 mm, i.e. less than a

sixth of the tolerance interval (0,4/6 = 0,067 mm).

A.3.3 Sampling plan

As tool wear-out across 30 parts is assumed to have a negligible effect on the output result, the following
sampling plan was selected:

— produce 30 successive parts on the production tool, in the following order:

— part1onadapter Al;
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— part 2 on adapter AZ;
— part 3 on adapter A3;
— part 4 on adapter A4;
— part 5 on adapter A5;
— part 6 on adapter A6;

— part7 on adapter Al;

— part8onadapter AZ;

— part 12 on adapter A6;

— part 13 on adapter Al; etc.

Drift in tool wear-out is therefore included in local intrinsic dispersion.

— |the samples will therefore be formed of copies produced from the same'adapter:
— sample 1: parts 1, 7, 13, 19, and 25;

— sample 2: parts 2, 8, 14, 20, and 26;

— sample 6: parts 6, 12, 18, 24, and 30.

The tests are thresholded at 5 %, as recommended herein.

Givén the company’s quality policy and the technology implemented, acceptance thresholds|for Py, and
Pmy are setat 1,3.

A.3l14 Measurements obtained

Table A.9 — MeaSurements obtained on the different adapters

Al A2 A3 A4 A5 A6
20,12 20,11 20,14 20,12 20,08 20,01
20,11 20,13 20,11 20,12 20,07 20,03
20,11 20,11 20,12 20,11 20,06 20,01
20,12 20,10 19,95 20,13 20,09 0,02
20,10 20,10 20,11 20,12 20,09 0,05

A Grubbsitest is performed to validate the measurements obtained.

ThelGrubbs’ test applied sample-by-sample indicates the 1995 value is an outlier.

For the 5-value subsamples, the critical value of Grubbs’ test statistic at 5 % significance level = 1,715
(rounded value of 1,715 036) and the calculated values of Grubbs’ test statistic for adapter 3 is at 1,766
(rounded value of 1,766 1).

NOTE Applying the Grubbs’ test to the full value-set results in the same outcome (the calculated values of
Grubbs’ test statistic is 3,093 (rounded value of 3,092 8) for the critical value of Grubbs’ test statistic at 5 %
significance level is 2,908 (rounded value of 2,908 47). The test should ideally be performed sample-by-sample,
then on the full value-set. As soon as one of the signals is tagged, an outlier is declared.

The outlier shall be eliminated in order to process the results. An investigation revealed that this outlier
was not a measurement error or a data transcription error but was due to the presence of a foreign body
between the part and the adapter.
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