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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 comm|ttees Each member body interested in a subject for WhICh a techmcal committee has been

established
non-gove nmental in liaison with 1SO, also take part in the work. 1SO coIIaborates closely Wlth tr
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

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

The mai
adopted py the technical committees are circulated to the member bodies for voting:\ Publication as 3
International Standard requires approval by at least 75 % of the member bodies casting-a vote.

In other [circumstances, particularly when there is an urgent market requirement for such documents,
technicallcommittee may decide to publish other types of document:

O Publicly Available Specification (ISO/PAS) represents an agreément between technical experts
O working group and is accepted for publication if it is approved by more than 50 % of the membeg]

— anl
an |

bO Technical Specification (ISO/TS) represents an agreement between the members of a technid
ittee and is accepted for publication if it is approved\by 2/3 of the members of the committee castir

An ISO/RAS or ISO/TS is reviewed after three years'in order to decide whether it will be confirmed for
further thfee years, revised to become an International Standard, or withdrawn. If the ISO/PAS or ISO/TS
confirmed, it is reviewed again after a further.three years, at which time it must either be transformed into 3
International Standard or be withdrawn.

Attention|is drawn to the possibility that'some of the elements of this document may be the subject of pate
rights. IS shall not be held responsible for identifying any or all such patent rights.

ISO/TS 14253-4 was prepared.by Technical Committee ISO/TC 213, Dimensional and geometrical prody
specificalions and verification,

ISO 14293 consists of«the/following parts, under the general title Geometrical product specifications (GPS) {
Inspectioh by measukement of workpieces and measuring equipment:

— Part|1: Deeision rules for proving conformance or non-conformance with specifications

and

task of technical committees is to prepare International Standards. Draft International Standards

e

n

a

in
Is

g

is
n

— PartR--Guidance for the estimation of uncertainty in GPS measurement, in calibration of measurin

9

equipment and in product verification
— Part 3: Guidelines for achieving agreements on measurement uncertainty statements

— Part 4: Background on functional limits and specification limits in decision rules [Technical Specification]

iv © 1SO 2010 — All rights reserved
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Introduction

This part of 1ISO 14253 is a geometrical product specifications (GPS) standard and is to be regarded as a
global GPS standard (see ISO/TR 14638). It influences the chain links 3, 4, 5 and 6 of all chains of general
GPS standards.

Fpr more detailed information on the relation of this part of ISO 14253 to other standards and the "GPS matrix
model, see Annex A.

The decision rules given in ISO 14253-1, which apply unless otherwise specified, are desighed to enpsure that
wprkpieces and measuring equipment are within the specification and that disputes over-whether wprkpieces
and measuring equipment are within the specification can be avoided.

I order for the decision rules to work as designed, it is important to first give ‘proof of conformancg. In other
wprds, the user/buyer of the product in question should always require the_.manufacturer/supplier/seller of the
product to provide proof of conformance with the product.

Iflsubsequent incoming inspection proves nonconformance, uncertainty budgets can be examined according
tq ISO 14253-3 for mutual assurance of their validity. If it is concldded that both uncertainty budgets|are valid,
the only conclusion is that one or the other or both measurement results are unrepresentative for the
measurement process in question.

=

for some reason, the user of the product does not want the supplier to provide the first proof, blit instead
rglies on incoming inspection, the user should reducé.the functional limits by the measurement uncgrtainty of
tHe incoming inspection to arrive at the contragtual specification limits that are communicated to, and
negotiated and agreed with, the supplier.

Al separate problem is that of the reseller;“who purchases product from a manufacturer and resell$ it to the
user. The decision rules given in ISO 14253-1 will function correctly if the reseller requires the manufacturer of
the product to provide proof of conformance and subsequently provides that proof to the user. If the reseller
fgr some reason decides to prove. conformance to the user independently, there will be cases whefe neither
conformance nor nonconformance can be proven, so the reseller can neither return nor resell the product
based on the original specifigation. Consequently, this approach is not recommended.

The decision rules in ISO114253-1 are also based on a number of assumptions. When these assumptions are
net true, these decision rules may not be economically optimal. This part of ISO 14253 outlines these
agsumptions and discusses why they are the theoretically ideal assumptions.

Fopr workpieces, only the creator of the specification (the designer) can be expected to know whether the
assumptions jare true. Therefore, any deviations from the 1ISO 14253-1 decision rules can only be inifiated and
dpcumented by the specification owner.

Fpr-measuring equipment, a specification may be based on a standard, written unilaterally by the
manufacturer or purchaser of the equipment or written in cooperation between the manufacturer and the
purchaser of the equipment. If the specification is based on an ISO standard, and the standard does not
indicate other decision rules, the rules of ISO 14253-1 apply. In other cases, the decision rules can only be
documented by the specification author(s).

It must be recognized that the decision rules, whether they are given implicitly or explicitly, are part of the
specification.

It must further be recognized that the issues involved in choosing the optimal set of decision rules are

complicated and that it is unrealistic to expect that simple rules can suit every circumstance. Parties should
ensure access to competent technical resources before deviating from the ISO 14253-1 decision rules.

© 1SO 2010 — All rights reserved Vv
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In this case, the specification owner must explicitly recognize that decision rules other than those defined in
ISO 14253-1 apply, and that documentation of this policy needs to be prepared and be made available to
trading partners (customers and/or suppliers) and be referenced in the technical product documentation.
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Geometrical product specifications (GPS) — Inspection by
measurement of workpieces and measuring equipment —

Part 4:
Background on functional limits and specification limits in
decision rules

11 Scope

This part of ISO 14253 outlines the main assumptions behind the theoretically ideal decision rules egtablished
in ISO 14253-1. It discusses why these rules have to be the default rules’and what considerations ghould be
tgken into account before applying different decision rules.

This part of 1ISO 14253 applies to all specifications defined in«general GPS standards (see ISO/TR 14638),
.¢. standards prepared by ISO/TC 213, including

— workpiece specifications (usually given as specification-limits), and

— measuring equipment specifications (usually givenr as maximum permissible errors).

2| Normative references

The following referenced documents-are indispensable for the application of this document. For dated
rgferences, only the edition cited \applies. For undated references, the latest edition of the r¢ferenced
dpcument (including any amendments) applies.

IO 14253-1:1998, Geometrieal Product Specifications (GPS) — Inspection by measurement of wprkpieces
ahd measuring equipment— Part 1: Decision rules for proving conformance or non-conformgnce with
specifications

3| Definitions

3
r¢verse engineering
design process that consists in analysing the shape, dimensions and function of a finished part or |prototype
and using this information to produce a similar product

3.2
product functional level
how well the product functions overall

3.3
product attribute functional level
how well the product functions with regard to a particular attribute

NOTE The overall product functional level depends on the product attribute functional levels for all the product
attributes.

© 1SO 2010 — All rights reserved 1
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3.4

workpiece functional level

how well

3.5

a product made up of the workpiece in question and a set of acceptable workpieces functions overall

workpiece characteristic functional level

how well
regard to

NOTE

a product made up of the workpiece in question and a set of acceptable workpieces functions with
the attributes influenced by the characteristic in question

The overall workpiece functional level depends on the workpiece characteristic functional levels for all the

workpiece

3.6

functional level of metrological characteristic

how well
metrologi

3.7

functional deterioration curve

graphical
geometri

NOTE
characteri
imperfecti

4 Relationship between functional limits and specification limits

4.1 Gehneral

The man
relationsh

In many
workpiec

Choosing
specificat
relevant ¢

Most fun

hole depgnds on its diameter not being too large. There is no lower limit on the range of diameters that can ffit

into the H
function,
weak.

ChaldaClerislics.

a measuring equipment with the metrological characteristic in question and a set .of,acceptable
cal characteristics functions with regard to the attributes influenced by the characteristie-in question

representation of the relationship between the product (attribute) functional level and the value of|a
al characteristic, a combination of geometrical characteristics or a metrelegical characteristic

In general, the translation from product attribute functional level to derived functional limits for geometrigal
stics or metrological characteristics is not perfect. Correlation uncertaifity (see ISO/TS 17450-2) quantifies this
n.

pagement policy for determining specification limits (the specification limit operator) determines the
ip between the functional limits and the specification limits that are specified on the drawing.

cases, several workpieces and ‘several features and characteristics of those features on eagh
p contribute to a given function:

the right characteristics-of-the right features for the specification is crucial for ensuring that the
ion is functionally releyant It is the responsibility of the specification creator to select the functionally
haracteristics for the specification.

tions depend en‘a one-sided specification limit. For example, the ability of a shaft to fit into a given

ole. The doewer limit of the specification for the diameter of such a shaft serves an entirely differept
e.g. thatithe shaft may not fit too loosely, the interface may not leak, or the shaft may not be tgo

42 Th

g one-sided case

The theoretically ideal assumption that is used for defining fundamental rules in GPS, including the decision
rules defined in ISO 14253-1, is that the specification limits are equal to the functional limits and that the
function of the workpiece is 100 % when the specification limit is not exceeded and 0 % when it is exceeded

(see Figu

re 1).

© 1SO 2010 — All rights reserved
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100 Y%o—rf ----------

A

0 %

oy

SL

workpiece characteristic functional level
characteristic value

workpiece conforms

| specification limit

Z 0O 0 W >r X

DTE For an upper specification limit, the workpiece function is 100 %~(full functionality) when thg specified
characteristic value is below the specification limit (SL) and 0 % when theispecified characteristic value is [above the
ecification limit (SL). The situation is similar, but reversed, for a lower specification limit.

Figure 1 — One-sided case with specification limit equal to functional limit

The workpiece functional level deterioration curve generally has a different shape from that shown in Figure 1
dee Figure 2). This functional level curve may represent the diameter of a shaft whose function it ig| to fit into
alhole. As the diameter becomes too large, the;functional level deteriorates rapidly because thel shaft no
langer fits into the hole.

Ai

100 % —F -----~L-t--

0%

oy

KFy
A workpiece characteristic functional level

B characteristic value

NOTE 1 The abore is an example of an upper functional limit where the workpiece function deteriorates gradually as
the specified characteristic value is increased beyond the range where it is 100 %. The situation is similar, but reversed,
for a lower specification limit.

NOTE 2  The “tail” can either represent the situation where a press fit still allows assembly with a perfect counterpart, or
the situation where variation in the counterpart still allows assembly, as the function of fit is dependent on the difference
between the two sizes rather than on the one size only.

Figure 2 — One-sided case with deteriorating functional level of workpiece

© 1SO 2010 — All rights reserved 3
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The functional level deterioration curve has different shapes and deteriorate at different rates for different
functions (see Figure 3).

Al
100 % —t - ----- NK\
B
Key
A workpjece characteristic functional level
B charagteristic value
NOTE For different functions, the workpiece function degrades gradually at different rates as the specifi¢d

characterigtic value is increased beyond the range where it is 100 %.

Figure 3 — One-sided case with different deteriorating functional levels of workpiece

In the cages shown in Figures 2 and 3, it is necessary to define asminimum acceptable functional level befofe
functiona| limits can be considered meaningful (see Figure 4).

An example of this situation is the vibration of a turbine shaft. Vibration is caused by imbalances in the turbine
due to, for example, straightness deviations in the axis-of’the turbine shaft, roundness deviations of the turbine
shaft and variation in the weight of the fan blades. As‘the vibration level increases, the noise increases and
the life of|the turbine decreases. The design criteriafor the turbine include a requirement for minimum life. Itfis
impossible to manufacture a turbine with no ~ibration and the manufacturing cost generally goes up zs
tolerancep are reduced to limit vibration, so.the design is based on an acceptable level of vibration that leadls
to an acgeptable life span. This acceptable-level of vibration defines the X % workpiece functional level fin
Figure 4.| Specifications for the workpieces that make up the turbine can be derived from this minimum
acceptable functional level.

Al
100 % —5----------
C
0% L -
LFL UFL B

Key
A workpiece characteristic functional level LFL lower functional limit
B characteristic value UFL upper functional limit
C  workpiece conforms
NOTE A minimum functional level of X % is determined and the functional limit is determined as the point where the

function degrades beyond this value.

Figure 4 — One-sided case with defined minimum acceptable functional level

4 © 1SO 2010 — All rights reserved
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100 %
F1 % —

F2 %
S D N /
" C NI

0%

ooy

e

FL=UFL2 UFL1 UFL3

workpiece characteristic functional level
characteristic value

workpiece conforms

function 1

function 2

function 3

L functional limit

FL  upper functional limit

O > X

con==—

Figure 5 — A characteristic value determines the functional level for three functions

Flgure 5 shows the situation where one characteristic.value determines the functional level for three
Epch function has a minimum acceptable functionallevel F1, F2 or F3. These minimum acceptable
lgvels each determine an upper functional limit for the characteristic value UFL1, UFL2 or U
functional limit (FL) is the most restrictive of these upper functional limits, in this case UFL2.

Once the functional limit (FL) is determined as in Figure 4 or Figure 5, the specification limit (
optionally, be placed before the functional limit as in Figure 6. In principle, it could also be placed
functional limit, but it is hard to find a case where it would be meaningful to do this on purpose.

many cases, companies.'have a (written or unwritten) management policy that dictates the re
btween specification limits-and functional limits.

o5

functions.
functional
FL3. The

SL) may,
after the

ationship
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Ai

100 % —F ----------

Y

0 %

ooy

SL FL

Key
A workpjece characteristic functional level
B charagteristic value

C workpjece conforms

FL functignal limit

SL specif|cation limit
NOTE For an upper functional limit (UFL), the workpiece function is 100 % (fulkfunctionality) when the specifi¢d
characterigtic value is below the functional limit (FL) and 0 % when the specified\characteristic value is above the

functional [imit (FL). However, the specification limit (SL) is placed before the functional limit. The situation is similar, Qut
reversed, for a lower specification limit.

Figure 6 — One-sided case with specification limit placed before the functional limit

4.3 The two-sided case

In some ¢ases, the characteristic value has to be within an interval for the workpiece function to be acceptabjle.
In such @ case, the workpiece function may\be 100 % when the characteristic value is between the
specificafjon limits and 0 % when it is outside'those limits (see Figure 7).

Al
100 % —----v=+--
C
0. % .
LSl US| B

Key
A workpiece characteristic functional level LSL lower specification limit
B characteristic value USL upper specification limit
C  workpiece conforms
NOTE The workpiece function is 100 % (full functionality) when the specified characteristic value is between the

lower specification limit (LSL) and the upper specification limit (USL) and 0 % when the specified characteristic value is
outside this interval.

Figure 7 — Two-sided case with specification limits equal to functional limits

6 © 1SO 2010 — All rights reserved
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The workpiece functional level deterioration curve generally has a different shape from that shown in Figure 7
(see Figure 8). In general, the shape of the curve is different at the two ends.

Al

100 % —f === mmm oo \

0% >
B
Key
A| workpiece characteristic functional level
B| characteristic value
NDTE The workpiece function degrades gradually as the specified characteristic value falls beyond the rapge where

it}s 100 %. The rate of degradation is different at the two ends of the range.

Figure 8 — Two-sided case with deteriorating.functional levels of workpiece

In the case shown in Figure 8, it is necessary to define*a minimum acceptable function level before functional
lignits can be considered meaningful (see Figure 9)

Al

100 % ——f === ===~ oo
SO I\ \ T N

— C _—
0 % >
LFL UFL B

Key
A workpiece characteristic functional level
B characteristicvalue
C workpiece conforms
LFL lower functional limit
UFL upper functional limit
NOTE A minimum function level of X % is determined and the functional limits are determined as the points where

the function degrades beyond this value.

Figure 9 — Two-sided case with defined minimum acceptable functional levels

© 1SO 2010 — All rights reserved 7
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A characteristic value may determine the functional level for several functions. In this situation, as in the one-
sided case, the overall functional limits are determined by the most restrictive amongst the upper functional
limits and lower functional limits.

Once the functional limits are determined as in Figure 9, the specification limits may, optionally, be placed
inside the functional limit as in Figure 10. In principle, they could also be placed beyond the functional limits,
but it is hard to find a case where it would be meaningful to do this on purpose.

As for the case described in Figure 6, companies may have a (written or unwritten) management policy that
dictates that specification limits have a different relationship to the functional limits (see Figure 10). The

specificatﬁon limits are not necessarily placed at the same distance fTrom the tunctional limits.
Al
100 % —----------
C
0 % e
LFL LSL USL UFL B
Key
A workpiece characteristic functional level
B characteristic value
C workpiece conforms
LFL lowgr functional limit
UFL upper functional limit
LSL lowgr specification limit
USL upper specification limit
NOTE The workpiece function is 100:%" (full functionality) when the specified characteristic value is between the
lower fungdtional limit (LFL) and the upper_functional limit (UFL) and 0 % when the specified characteristic value is outsi;ﬂe
this interval. However, the lower specification limit (LSL) and the upper specification limit (USL) are placed inside tie
functional Jimits.
Higure 10 — Two-sided case with specification limits placed inside the functional limits
The above discussion covers the situation where one characteristic value governs one workpiece functiop.
The commonisituation where one function is impeded if a characteristic value is too large and another function
is impedgd<if it is too small is not addressed in Figures 7 to 10. Rather, these should be considered two

separate incidents of the situation addressed in Figures 1 to 6 (one for the upper limit and one for the lower
limit). In particular, this means that the minimum acceptable function level may be different for the two limits.

In other cases, two different characteristic values related to some aspect of a workpiece feature are used to
control two different functions. For example, the minimum circumscribed diameter may be the characteristic
specified for the upper limit of the size of a shaft and the smallest two-point diameter may be the characteristic
specified for the lower limit of the size of the shaft. In this case, the specification does not define an interval for
one characteristic value, but rather an upper limit for one characteristic value and a lower limit for another
characteristic value. They also control two different functions: the upper limit on the minimum circumscribed
diameter controls the shaft's ability to fit into a hole of a certain size; the lower limit on the smallest two-point
diameter controls another workpiece function, e.g. strength, leakage, longevity or noise. These should also be
considered two separate incidents of the situation addressed in Figures 1 to 6.

8 © 1SO 2010 — All rights reserved
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If knowledge about the shape of the functional level curve is available and a conscious management policy is
applied to the placement of the specification limits relative to the functional limits, it may be technically and
economically advantageous to apply decision rules different from those defined in ISO 14253-1.

In this case, the company shall explicitly recognize that it is using decision rules other than those defined in

ISO 14253-1. The company shall document this policy, make it available to trading partners (customers and/or
suppliers) and reference it in part drawings and/or specifications.

5 How functional limits are determined

5[1 Ideal situation

The ideal situation is that where the functional limits are determined based on an exhaustive investigation
done by experiments or theory, or a combination of both, so that the functional limits aré-known exacily.

5[2 Use of earlier models

The functional limits may be determined by taking functioning workpieces pf\a previous version and pssuming
that, since they function satisfactorily, their specifications equal the functional limits. Alternativgly, these
specifications may be incrementally increased or decreased so as tg obtain new estimated functignal limits
that are perceived to more optimally define the functional limits.

n general, this leads to estimated functional limits that are{within the true functional limits, sinc¢ there is
always feedback, often immediate, in case workpieces that\are in specification do not function, but there is
little or no feedback to indicate that workpieces that are outside the specifications can function satisfdctorily.

5/3 Reverse engineering

The functional limits may be determined by-reverse engineering, which is a process of discovering the
tgchnological principles of a device/object efsystem through analysis of its structure, function and operation. It
often involves taking something (e.g. aumechanical device, an electronic component, a software [program)
apart and analysing its workings in detail, usually with the intention of constructing a new device of program
that does the same thing without actually copying anything from the original.

Il general, reverse engineering is limited by the absence of available knowledge regarding which
clharacteristics of the workpiece to specify. For example, the workpiece's function may depend on the ratio
between the Rz and Rk yalues of the surface of a certain feature, but the engineer may choose to characterize
the surface using only_Ra- In this case, there is likely to be significant correlation uncertainty compared to the
functional
i Rk may
have an Ra valde of less than 3 ym, but not all workpieces with an Ra value of less than 3 ym may| have the

Another/limitation in reverse engineering is the uncertainty of the measurements made on the warkpieces.
Thissmeans that even if the co d may be

A third limitation in reverse engineering is that the population of workpieces chosen for reverse engineering
may not represent the full variation amongst functional workpieces. Especially in the case where the
workpieces are produced using highly capable manufacturing processes, the workpiece population may only
utilize a fraction or the functional range. This tends to lead to specification limits that are (often significantly)
inside the functional limits for the workpiece.
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5.4 Trial and error

This process consists in selecting a possible answer, applying it to the problem and, if it is not successful,
selecting (or generating) another possibility, which is subsequently tried. The process ends when a possibility
yields a solution.

In some versions of trial and error, the option that is a priori viewed as the most likely should be tried first,
followed by the next most likely, and so on until a solution is found, or until all the options are exhausted. In
other versions, options are simply tried at random.

The trial @nd error approach suffers from the same weaknesses as the reverse engineering approach and aiy
other appgroach that is not based on a fundamental understanding of the functional requirements: it is_limited
by the chpracteristics chosen to characterize the workpiece.

5.5 Method based on a set of working examples

This method is quite similar to reverse engineering (see 5.3) of existing designs. In this.¢ase, a number pf
working §amples are analysed.

6 Specification limits and how specification limits are determined relative to
functiopal limits

6.1 General
In order fpr a specification to fulfill its role as a contract, both the“creator and the recipient of the specificatign
shall treat all specification limits as if they were absolute-functional limits, unless otherwise specified.
Consequently, a user cannot reject a product that is in specification because it does not function as expected
and a supplier cannot demand that a product that is out of specification be accepted, even if it functions as
expected

In other ords, function shall not be considered for contractual purposes. Only the specification shall e
consideragd.

6.2 Iddal situation
The ideall situation is that where specification limits are identical to functional limits.

In order fpr a specification to fUlfill its role as a contract, both the creator and the recipient of the specificatign
shall treat all specification.limits as if they were identical to the functional limits, unless otherwise specified.

6.3 Spgcificationreduced by assumed measurement uncertainty

The detefmined:functional limits may be reduced by an assumed measurement uncertainty. This may be done
to simplify the decision rule (accept when measured values are within the specification limits and reject when
they are . e N ' o .
measurement method and conditions. If these change, the specification limits shall be changed as well to
ensure continued functionality. In cases where this approach is used without documenting the functional limits
and/or the original assumed measurement uncertainty, any change in measurement method or conditions
holds the risk that the assumed measurement uncertainty might not be sufficient to apply the simplified
decision rule.

A variation of this approach is to maintain documented specification limits that are equal to the functional limits
yet define separate contractual limits that reduce the specification limits by the assumed measurement
uncertainty of the buyer of the workpieces or equipment. The purpose of this approach is to allow the buyer to
rely on incoming inspection instead of the seller's proof of conformance and still be able to reject all potentially
nonconforming items. As this approach provides the seller of the workpieces or equipment with more
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restrictive contractual limits than the ideal situation, this approach shall be expected to increase the price of

the items.
Ai
100 % —----------
C
= =
0% >
LSL LCL UCL USL B

Key
A workpiece characteristic functional level
B characteristic value
C workpiece conforms
D workpiece contractually acceptable
LSL lower specification limit
UBL upper specification limit
LCL lower contractual limit
UFL upper contractual limit

Figure 11 — Two-sided case with contractual limits placed within the specification limi

6/4 Specification reduced by an arbitrary amount
The functional limits are reduced by-a’ certain amount to account for measurement uncertainty (as ir
designer's confidence in the determined functional limits, the confidence in the manufacturer, etc. tg
thHe specification limits. The reduction is generally not based on a defined policy and may differ|
designers within a company and from one design to another for one designer.

If] as is most commonly the case, the functional limits and the amount of the reduction are not dog
the same limitations-apply as for 6.3.

7| Shape)of assumed functional deterioration curve

711~ _ldeal situation

Is

6.3), the
arrive at
amongst

umented,

The ideal situation is that of a functional deterioration curve for the workpiece where the functional level is

100 % within the specification limits and 0 % outside the specification limits.

7.2 Gradual deterioration

The functional level of the workpiece diminishes gradually as the functional limits are exceeded. This is

probably true for most functions with the exception of fit.

The deterioration in functional level may be so gradual that the change in functional level within the range of

the measurement uncertainty is negligible.

© 1SO 2010 — All rights reserved
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8 Determining specification limits

8.1 Ideal situation

It is recognized, as discussed in Clause 4, that one workpiece or metrological characteristic may influence
several product attributes. Ideally, specification limits are determined by decisions made for the issues
covered in Clauses 5, 6 and 7 with regard to the functional level of all product attributes. These decisions may
or may not be conscious, based on a defined policy or technically meaningful.

8.2 Bafchpartsmade by desiredprocess

This is rgferred to as Production Part Approval Process (PPAP) which consists of a set of advanced, produict
quality planning tools used by major industry customers to approve a supplier's processes for production pars.
In essenge, the PPAP supplier manufactures a set of workpieces based on a preliminary specification. These
workpiecg¢ are subsequently measured and tested. If the workpieces are within the specification and all the
workpiecgs function, the manufacturing process and process parameters are lockedidown and futufe
production from that supplier shall not only meet the specification, it shall also be produced using the
approved manufacturing process and parameters.

In essenge, PPAP turns the specification into a black box that is disconnected frem-the functional limits for the
workpiecg, i.e. we do not know why it works, but it does, and we do notkhow how far we are from the
functiona| limits, but this is not important.

PPAP may lead to severe and unnecessary limitations on manufacturing.and thus to unnecessarily expensiye
workpiecgs.

The advantage of PPAP is that it can be applied without access to engineering resources knowledgeable
about the functional requirements of the workpieces.

9 Altdrnative basis for decision rules

9.1 Gehneral

ISO 14283-1 deals with the concept that.uncertainty shall be considered in product acceptance and rejectign
decisiong and that strict decision rules need to be applied. The standard specifies that the supplier of|a
product i$ to use stringent acceptance in order to sell the product. The customer of the product, using his pr
her own measurement uncertainty; similarly uses a 100 % guard band in stringent rejection. The default rule
uses a stfict interpretation of Gncertainty.

No infornpation is supplied regarding the decision outcome if the supplier's or the customer's measurement
result lieq in their zones.of ambiguity (uncertainty range).

The absgnce ofta~decision outcome for measurement results that lie in the uncertainty range is particulafly
troublesomeAor customers who become resellers of the product.

Contractual specification limits can be documented either in the coniract, or by producing a coniract drawing
that is different from the functional drawing, or by combining the contractual drawing and the functional
drawing by appropriate means.

9.2 Alternative decision rules
An alternative decision rule shall

a) have a well-documented method of determining the location of the conformance, non-conformance, and
any uncertainty range,
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b) make sure that each zone of a decision rule corresponds to a documented decision that is implemented if
the result of measurement lies in that zone; while this is automatic for the conformance and

non-conformance zones by definition, any uncertainty range shall have its corresponding
outcome documented.

If the measuring process is specified and agreed amongst the parties, it shall also

decision

c) state the procedure for addressing repeated measurements of the same characteristic on the same

workpiece or instrument,

d state the procedure tor allowing data rejection with cause, that Is, rejection ot “outliers".

913 Choice of alternative decision rules

a) the cost of rejecting an in-specification product;

b} the cost of accepting an out-of-specification product;

c] the uncertainty associated with the measurement process;

d) the distribution of the product's characteristic under consideration;
e] the cost of making measurements.

It|shall be recognized that the Expected Cost of an Error (ECE) is equal to the probability of making
times the cost of making the error.

Once an alternative decision rule is formulatedthe responsibility for its application shall be unam
defined, in particular which party (customer or-supplier) shall apply a particular rule.

Djsregarding measurement uncertainty in-decisions is never recommended. However, in some cas
be necessary to consider measuremént uncertainty differently when formulating alternative decis
Flture parts of the ISO 14253 series-are planned to deal with such cases.

The choice of an alternative decision rule is ultimately a business decision. It includes such factors as:

the error

biguously

es it may
on rules.
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