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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.

Internat

The main task of technical committees is to prepare International Standards. Draft Internationfl

Standard
Publicat
casting 3

In excep
that whi
decide b}
Report i
consider

Attentio

patent rights. ISO shall not be held responsible for identifying any‘or all such patent rights.

ISO/TR 1
specifica

ISO 142]
(GPS) —

— Part

— Part
equi

—  Part
Sped

— Part

— Part
[Tec

The follo

— Part

onal Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Partp.

|s adopted by the technical committees are circulated to the member bodies for voting.
on as an International Standard requires approval by at least 75 % of the miember bodig¢s
vote.

Fional circumstances, when a technical committee has collected data ofa-different kind from
Ch is normally published as an International Standard (“state of the art®, for example), it mgy
 a simple majority vote of its participating members to publish a Technical Report. A Technical

entirely informative in nature and does not have to be reviewed until the data it provides are
ed to be no longer valid or useful.

1 is drawn to the possibility that some of the elements of-this document may be the subject pf

4253-6 was prepared by Technical Committee [SO/TC213, Dimensional and geometrical produft
tions and verification.

3 consists of the following parts, under the“general title Geometrical product specifications
Inspection by measurement of workpieces and measuring equipment:

1: Decision rules for proving conformance or non-conformance with specifications

2: Guidance for the estimation of uncertainty in GPS measurement, in calibration of measuring
bment and in product verification

3: Guidelines for achieving agreements on measurement uncertainty statements [Technichl
ification]

4: Background onfunetional limits and specification limits in decision rules [ Technical Specificatiof

_

6: Generalized\decision rules for the acceptance and rejection of instruments and workpieces
hnical Report]

wing part is under preparation:

5ZUricertainty in testing indicating measuring instruments

© ISO 2012 - All rights reserved
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Introduction

This part of ISO 14253 is a geometrical product specification (GPS) standard and is to be regarded as
a general GPS standard (see ISO 14638). It influences the measurement, measurement equipment and

calibration chain links of the chains of standards in the general GPS matrix.

The ISO/GPS Masterplan given in ISO 14638 gives an overview of the ISO/GPS system of which this
document is a part. The fundamental rules of ISO/GPS given in ISO 8015 apply to this document and
the default decision rules given in ISO 14253-1 apply to specifications made in accordance with this

dacument, unless otherwise indicated.

br more detailed information on the relation of this part of ISO 14253 to other standardsand t
atrix model, see Annex A.

the communication of other possible rules that can be adapted for different industrial needs.

=09 =3

& =h

e accuracy of the dimensional measurements, and management, who can provide informati
fonomic consequences of various acceptance or rejection scenarios.

D

The selection of a decision rule is only one element6f a manufacturing effort, other activities
a

igsues are interconnected and should be considered together.

o)

pth parties (the manufacturer and the customer) should discuss and agree on the decision
[fects the economics of the product:

o)

F
nj
This document is based on the ISO 14253-1 concept of a decision rule, and expands the terminology
beyond the default rule (stringent acceptance with a 100 % expanded uncertainty guard band] to allow

b the GPS

his document follows the guidance provided in ISO/IEC Guide 98-4. Decision rules determine where the
huging limits are setand do notaffectthe workpiece tolerance; they addréssthe (always present) ungertainty
1} measurement and explicitly state how this uncertainty will impact-aceeptance or rejection decigions.

he selection of the decision rule typically involves the desighet; who can provide informatidgn on the
Enction relative to the dimensional specification, the metrologist, who can provide information on

n on the

that also

ffect the number or conforming (or nonconforming) workpieces include the specification of tolerances,
the selection of the manufacturing process,.and the selection of the measurement process; all of these

rule as it

© IS0 2012 - All rights reserved


https://standardsiso.com/api/?name=24b65cc2e3642e93a88278ba76aec952



https://standardsiso.com/api/?name=24b65cc2e3642e93a88278ba76aec952
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Geometrical product specifications (GPS) — Inspection by
measurement of workpieces and measuring equipment —

Part 6:

f instruments and workpieces

Scope

This part of ISO 14253 expands the scope of decision rules to industrial situationis where the default rule
of ISO 14253-1 might not be economically optimal.

NOTE1 ISO 14253-1 provides a default decision rule having a very high-probability that a measufred value
r¢sulting in product acceptance also yields a product with the correspending measurand confdrming to
specifications.

NOTE 2  Changing the decision rule from the default case to a‘more task-specific case requires ajgreement
between the two parties.

This part of ISO 14253 does not address how to determine the cost of correct decisions (4ccepting
cpnforming workpieces or rejecting nonconforming* workpieces) or incorrect decisions (fejecting
cpnforming workpieces or accepting nonconforming workpieces) as this is a business concern. However,
the terminology and requirements to communicate and implement the particular decision rulef desired
by an organization are provided along with examples to guide the reader.

NOTE 3  The decision rules in this part«fJISO 14253 pertain to a single metrological characterigtic under
consideration. Unless otherwise stated, alliprobability distributions discussed in this document are Gaussian and
c¢éntrally located and the cost functions.are simple step functions; however, the principles of this docyment can
bg applied to any probability distribution function or cost function.

2| Normative references

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

[0 14253:1:1998, Geometrical Product Specifications (GPS) — Inspection by measurement of wprkpieces
ahd megsuring equipment — Part 1: Decision rules for proving conformance or non-conformdnce with
specifications

130°14978:2006, Geometrical product specifications (GPS) — General concepts and requirements for GPS
measuring equipment

[SO 17450-2:2012, Geometrical product specifications (GPS) — General concepts — Part 2: Basic tenets,
specifications, operators and uncertainties

[SO 21747:2006, Statistical methods — Process performance and capability statistics for measured quality
characteristics

ISO/IEC Guide 98-3:2008, Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in
measurement (GUM:1995)

ISO/IEC Guide 99:2007, International vocabulary of metrology — Basic and general concepts and
associated terms (VIM)

© IS0 2012 - All rights reserved 1


https://standardsiso.com/api/?name=24b65cc2e3642e93a88278ba76aec952

ISO/TR 14253-6:2012(E)

3 Terms and definitions

For the purpose of this International document, the terms and definitions givenin ISO 14253-1,1S0 14978,
ISO 17450-2, ISO/IEC Guide 98-3, ISO/IEC Guide 99 and the following apply.

31
acceptance limit
upper or lower bound of permissible measured quantity values

NOTE1 For workpieces, the acceptance limits are often called the gauging limits.

NOTE 2 | Inthe case of a simple-acceptance decision rule, the acceptance limits equal the specification limits:

3.2
acceptance zone

acceptance interval

interval pf permissible measured quantity values

NOTE 1 | Unless otherwise stated in the specification, the acceptance limits belong to the acceptance intervall.

NOTE 2 | InISO 14253-1, the stringent acceptance zone defined by the default decision'rule is (loosely speaking)
called thd conformance zone because of the high probability that a measurement festlt in this zone correspondls
to a confdrming product.

NOTE 3 | Ameasuredvaluethatisintheacceptancezone doesnotnecessarily correspond to a (truly) conforming
characteifistic due to measurement uncertainty.

3.3
binary decision rule
decision|frule with only two possible outcomes, either aceéptance or rejection

34
confornling
having the quality that its true value lies within or on the boundary of the tolerance zone ¢r
specificqdtion zone

NOTE In this part of ISO 14253, it is assumied that the true value of the measurand is essentially unique.

3.5
consumer’s risk
probabiljty that a particular aceepted item is nonconforming

NOTE In ISO/IEC Guide’98-4, this is called “specific consumer’s risk”.

3.6
decision rule
documented rulethat describes how measurement uncertainty will be allocated with regard to accepting
or rejectjng a product according to its specification and the result of a measurement

3.7
guard band
interval between a tolerance limit and a corresponding acceptance limit

NOTE In this part of ISO 14253, the term “tolerance limit” is synonymous with “specification limit”.

2 © IS0 2012 - All rights reserved
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3.8

measurement capability index

Cm

tolerance divided by a multiple of the standard measurement uncertainty associated with the measured
value of a property of an item

NOTE1 Inthis part of ISO 14253, the multiple is taken to be 4; hence, in the case of measuring a characteristic
for conformance to a two-sided tolerance zone of width T, Cy, = T/4up,, where uy, is the standard uncertainty
associated with the measurement of the characteristic.

NOTEZ2—Imthispartof 1SO #2553, the termm “toteramce Hmmit“ TS Syony mous with“specificatiom ity

3i9

npnconforming

hhving the quality that its true value lies outside the boundary of the tolerance zone or specification zone
NOTE In this part of ISO 14253, it is assumed that the true value of the measurand‘is essentially unjique.
3{10

process distribution

probability distribution characterizing reasonable belief in values of(a\characteristic resulting from a
manufacturing process

NOTE The form of this distribution can be inferred from a frequency distribution (usually displayed in a
h|stogram) of measured characteristics from a large sample of items.

3{11

process capability index

C

—
-~

D
dex describing process capability in relation to a’specified tolerance

NOTE1 This definition is specific to this part-ofISO 14253 and is a special case of the more general fefinition
glven in ISO 21747.
N

ODTE 2 In this part of ISO 14253, thetprocess distribution is centred in the middle of the tolefance (i.e.
specification) zone, and the index is-the ratio of the zone width to 6 standard deviations of the pfoduction
stribution.

d
3{12

producer’s risk

probability that a particular rejected item is conforming
N

3

r

OTE In ISO/IEC Guide 98-4, this is called “specific producer’s risk”.

13

plaxed aceceptance
sjtuation"when the acceptance zone is increased, and partially outside, the specification limjit by the
amountef a guard band

zone and
hence decreases the probability that an accepted product is a conforming product.

NOTE 2  Relaxed acceptance and stringent rejection occur together in a binary decision rule.

NOTE3  The magnitude (in mm) of the relaxed guard band should be specified instead of % U to avoid poor
metrology (large U) increasing the number of acceptable workpieces.

NOTE 4  See Figure 2 as an example of relaxed acceptance.

© IS0 2012 - All rights reserved 3
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3.14

relaxed rejection

situation when the rejection zone is increased, and partially inside, the specification limit by the amount
of a guard band

NOTE1 Relaxed rejection increases the size of the rejection zone and hence decreases the probability that a
rejected product is a nonconforming product.

NOTE 2  Stringent acceptance and relaxed rejection occur together in a binary decision rule.

NOTE 3 Soa g 1 oc o aszaanla of wolocad ond fian
ot CTTIgurCTaoolr CAXarpre-oTr T Cra Xt o T e CtroT

3.15
rejection zone

rejection interval

interval pf non-permissible measured quantity values

NOTE In ISO 14253-1, the stringent rejection zone defined by the default decision rule jis\(loosely speaking)
called thegnonconformance zone because of the high probability thata measurementresultin this zone correspondls
to a noncpnforming product.

3.16
simple dcceptance
acceptarice criterion where the specification zone equals the acceptancé.zone

NOTE A common binary decision rule combines simple acceptance'with simple rejection.

3.17
simple nejection
rejection] criterion rule where the rejection zone equals everything outside of the specification zone

NOTE A common binary decision rule combines simple acceptance with simple rejection.

3.18
stringent acceptance
guarded acceptance

situatior] when the acceptance zone is deereased, and completely inside, the specification limit by the
amount ¢f a guard band

NOTE 1 | Stringent acceptance decreases the size of the acceptance zone and hence increases the probability
that an adcepted product is a conferming product.

NOTE 2 | Stringent acceptane€ and relaxed rejection occur together in a binary decision rule.
NOTE 3 | The default¢ule’ ISO 14253-1 is an example of stringent acceptance with a 100 % U guard band.
NOTE 4 | See Figlre 1 as an example of stringent acceptance.

3.19
stringentirejection
situation when the rejection zone is decreased, and completely outside, the specification limit by the
amount of a guard band

NOTE1 Stringent rejection decreases the size of the rejection zone and hence increases the probability that a
rejected product is a nonconforming product.

NOTE 2  Relaxed acceptance and stringent rejection occur together in a binary decision rule.

NOTE3  See Figure 2 as an example of stringent rejection.

4 © IS0 2012 - All rights reserved
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3.20
transition zone
range of values of a characteristic that is neither in the acceptance zone nor rejection zone

NOTE1 There may be more than one transition zone; each should be separately labelled.
NOTE 2 A binary decision rule does not have a transition zone.

3.21

uncertainty interval
<ptathreasturente i
drge fracti

ODTE 1  The width of the uncertainty interval is typically twice the expanded uncertainty:.

DTE 3  The uncertainty interval for the mean of repeated measurements may\déecrease with ihcreasing

N

NOTE 2  The uncertainty interval is also known as the coverage interval [ISO/IEC Guide'99:2007, 2.3p].
N

nfimbers of measurements.

4 General

I§0 14253-1 raised the awareness of the metrology communityyto the importance of uncerfainty in
ecision rules for the acceptance and rejection decisions of products. This part of ISO 14253 |expands
the scope of applications to include cases where the defaultrule of ISO 14253-1 might not be th¢ optimal
choice. The procedure and terminology follow that of recent developments in risk analysis.

(o8

hile the ISO 14253-1 default rule provides a high probability that an accepted product|actually
cpnforms to specifications, in some less critical applications, the economic optimal decision rule may be
lgss stringent. For example, consider a workpiegee production distribution where the true valyes of the
mleasurand form a Gaussian distribution such<hat six standard deviations of the distribution lje within
the specification zone (Cp = 1). Then using the ISO 14253-1 default rule with a measurement system
hhving a measurement capability index offour (Cy, = 4) will have only a 0,000 02 probability of dccepting
a|nonconforming product. Hence, in this case, using the ISO 14253-1 default rule yields an acfeptance
decision that almost certainly resulfs in accepting a conforming product.

I contrast, if a simple-acceptance decision rule is used in this example, which allows acceptance up to
(dnd including) the specification limits, then there isa 0,000 74 probability of accepting a nonconforming
product - a factor of more than 30 times as large as the default case. In safety-critical situations or
sjtuations with very-high consequences for defective products, the ISO 14253-1 default rulq is often
fonomically justified’as it provides very high assurance thatan accepted productis actually conorming

D

nd hence reduces’costly mistakes. The price of this high assurance is that a significant fraction of
bnforming ptoducts will not be accepted; in the above example, the ISO 14253-1 default rule rejects
3 % of cenforming production, in contrast to rejecting 0,3 % of conforming product for the simple
Cceptancefule.

D Wa L

Fprless'critical products where the economic cost ofacceptinganonconforming productisless significant,
aldecision rule that accepts more prndm‘f may he prnnnmir‘nlly npfimn] This is often caost driven
because the requirement of accepting a low number of nonconforming products usually necessitates
rejecting many times as many conforming products. The factors associated with the cost of accepting a
nonconforming product are many; they include replacement of the product, increased warranty costs,
company reputational damage, and potential legal actions (lawsuits). In particular, where safety-critical
factors mightresultin the injury or loss of human life, such an outcome may be very expensive and justify
the costs associated with unintentionally rejecting conforming products to increase the probability that
the products that are accepted are conforming. The financial risk of accepting a nonconforming product
in this situation is usually calculated as the sum of all expected (probability x cost) value outcomes; for
a case involving human safety, the costs may be very high. Ultimately, the choice of the decision rule is
a business decision that is based on all of the relevant costs associated with the product. Additionally, it
should be clear (but beyond the scope of this part of ISO 14253) that many other factors can be optimized.
In particular, changing the manufacturing or the measurement process may be more economical than

© IS0 2012 - All rights reserved 5
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changing the decision rule. In practice, all of these factors should be considered and optimized; in this
document, only the decision-rule factor is considered.

Given a specified process capability (Cp), measurement capability (Cr), and a particular decision rule, the
outcome matrix is completely determined (e.g. see Table 2). Hence, these three quantities determine the
four probabilities associated with accepting or rejecting either conforming or nonconforming products.
Once the output matrix probabilities are known, the economic outcome is computed by multiplying the
output matrix probabilities by the associated costs (e.g. see Table 1) to determine the net profit of that
particular scenario.

NOTE
located, t

5 Ded

5.1 Gu

It the production or measurement probability distribution function (pdt) 1s not Gaussian and central
hen the actual pdfis needed to compute the output matrix probabilities.

ision rules

ard bands

When ¢

ranging ffrom very stringent (conservative) acceptance criteria to very relaxed acceptance rules. T
discuss this continuum, the concept of the guard band is introduced. Thé-guard band, g, offsets t}

measur

limits, s¢e Figure 1. For convenience, this offset is often expressed as‘a percentage of the associate
expandef uncertainty associated with the measurementresult. Itisimportantto note thatthe calculatiq

of meas
calculati

NOTE
addition
statemen
of a value|

5.2 Ac

The situ
is confor
decision
uncertai

reduces the size of the acceptance interval while increasing the confidence that the accepted product

conform

sidering the economic implications of decision rules, there exists a continuum of possibilitig

ent acceptance limits, also known as the gauging limits, from the'specification (i.e. toleranc

rement uncertainty is a technical activity depending 6w the metrology system whereas th
pn of the guard band is a business activity depending en‘the economics of the measurement.

For purposes of acceptance and rejection, a guard band could include an uncorrected bias term
to the measurement uncertainty. This inclusion, is.-'not allowed for the measurement uncertain
[ in a calibration report but can be included in acceptance / rejection decisions, because the assignme
and uncertainty to the measurand is not passed‘on to any subsequent measurement activities.

ceptance zones

htion where increasing the gudrd band increases the probability that the accepted produ
ming to specifications is called-“stringent acceptance”; see Figure 1. The default ISO 14253
rule is an example of stringent acceptance with the guard band equal to 100 % of the expande
hty. It is worth noting the terminology attempts to convey the concept that stringent acceptang

ng to specifications:

y

LS

o8 al o o

y
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e
F

L L

(0]

Ky

a| relaxed rejection zone

b[ stringent acceptance zone
c| specification zone

NOTE A stringent acceptance zone for measured workpieces, defined bylthe'upper (Gy) and lower (Gj
limits that lie inside the tolerance limits Ty and T, which define the specification (tolerance) zone. Also {
tyo relaxed rejection zones. The offsets between the tolerance limits dnd the gauging limits are the gu
gy and g1.. A stringent-acceptance decision rule reduces the probability of accepting a nonconforming w

While many guard bands are designed to producestringent acceptance, in some situations, the

pecification has been assigned a value thatis beyond the state of the artin metrology. In such a s

Ccepted. Hence, in order to accept afeasonable fraction of the product, it may be necessat
r¢laxed acceptance. Similarly, if the\cost of accepting a nonconforming product is approximdg
the production cost, then relaxed acceptance increases profits by accepting more product. Note that
bal and a

the terminology of relaxed aecéptance conveys an increase in the size of the acceptance inter
dgcrease in the confidence that an accepted product is conforming to specifications.

Figure 1 — Stringent acceptance zone for measured workpieces

fect is desired. In order to increase the quantity of accepted product, the guard band 5
gure 2 could be used; this is known as “relaxed acceptance”. This situation might occur if g

) gauging
hown are
ird bands

orkpiece.

opposite

hown in
product
ituation,

stringent acceptance guard band could.result in no acceptance zone and thus zero product ywould be
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- a b ., a -
- IL . | gu
7 _
Gy, | Gy
! C |
i: =
T, Ty

Key
a  stringent rejection zone
b  relaxed acceptance zone

¢ specification zone

NOTE A relaxed acceptance zone for measured workpieces, defined by the uppéry(Gy) and lower (GL) gaugi;tg
limits thdt lie outside the tolerance limits. Also shown are two stringent rejection zones. The offsets between the
tolerance|limits and the gauging limits are the guard bands gy and g1..

Figure 2 — Relaxed acceptance zone for measured workpieces

Historic4lly, the most common acceptance criterion is to aceept product with a measurement result yp
to, and ipcluding, the specification limits. This criterion{(with zero guard bands) is known as simple
acceptar|ce; see Figure 3. While stringent and relaxed acceptance address the allocation of measurement
uncertaipty through guard bands, simple acceptance addresses it by limiting the magnitude of the
measurement uncertainty relative to the specification zone. This is achieved using the measurement
capabilitly index which is the ratio of the specification zone to the uncertainty interval; see Figure B.
A commg¢n application is 4:1 simple acceptance where the width of the uncertainty interval (of width
2 x U) islone-fourth that of the specificationzone, i.e. Cy, = 4.

a b=c a

u U

Cor

N

d

T.=G, Ty=Gy

Key

a simple rejection zone

b  simple acceptance zone
c specification zone

d measurement result

NOTE The measurement uncertainty interval is of width 2 x U, where U is the expanded uncertainty, and the
uncertainty interval is no larger than one-fourth the product’s specification zone. The measurement result shown
verifies product acceptance.

Figure 3 — Simple acceptance and rejection using a 4:1 ratio

8 © IS0 2012 - All rights reserved
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5.3 Rejection zones

For binary decision rules, rejection zones are the counterpart to acceptance zones. Hence, in the case of
simple acceptance, the simple rejection zone extends for all measured values beyond the specification
limits; see Figure 3.

A relaxed rejection zone extends into the specification region and is the counterpart to stringent
acceptance; see Figure 1. Note that the term “relaxed rejection” implies both an increase in the extent
of the zone as it now extends into the specification zone and a decrease in the confidence that a rejected
component is nonconforming to specifications.

Alstringent rejection zone begins somewhat beyond the specification limits and is the countgrpart to
¢laxed acceptance; see Figure 2. Note that the term “stringent rejection” implies both a-decredse in the
ktent of the rejection zone compared to simple rejection and an increase in confidence.that a[rejected
pbmponent is nonconforming to specifications.

o o=

5{4 Transition zones

I some advanced situations, additional alternatives to acceptance or rejection may be desirablle. These
Ain be implemented by the use of transition zones that lie in betwéen the acceptance and fejection
zpnes. The location and decision outcome of any transition zones must be documented in the|decision
yle. Figure 4 presents an example of stringent acceptance, simple rejection, and a transition zone. An
kample of the outcome for a measurement result in the transition zone is to designate the product as a
Igwer class, e.g. class 2, and sell at a reduced price and warrarnty.

a d b d a
VW W

(@)

o =

Key

al simple rejection zone

b| stringent acceptance zoné
c| specification zone

d| transition zone

NOTE A stringent acceptance zone defined by the upper (Gy) and lower (G1) gauging limits that lie |nside the
tqlerance limjts. Also shown are two simple rejection zones and two transition zones. The offsets befween the
tqlerancedimits and the gauging limits are the guard bands gy and gi..

Ty

jgiire 4 — Stringent acceptance, simple rejection, and transition zone defined by gaugilllg limits

5.5 Decision rule requirements

A complete decision rule must have four elements: (1) the region of each zone clearly identified; (2) the
outcome corresponding to each zone is clearly assigned (e.g. reject product); (3) a policy for addressing
repeated measurements; (4) a policy for addressing data rejection, i.e. “outliers”.

For example, if a measurement results lies just inside the rejection zone, a common practice is to repeat
the measurement. If the second result now lies in the acceptance zone, a decision must be made either
to accept or reject the product. One reasonable policy for repeated measurements is to average the
two measurement results and base the decision outcome upon which zone the mean result falls. This
policy for repeated measurements needs to be specific so that, in the case of this example, if the second

© IS0 2012 - All rights reserved 9
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measurement lies just within the acceptance zone but the average is still in the rejection zone, the
operator does not continue making measurements (and then computing the average value) until the
desired outcome is achieved.

Similarly, a decision rule must have a policy for addressing “outliers”, i.e. rejected measurement results.
Measurement results cannot be rejected just because they produce undesirable decision outcomes. One
reasonable policy is to require a documented cause in order to reject data, e.g. measurement result was
rejected due to vibrations created by a passing truck.

6 Examplesof decision rules

6.1 Gdneral

In the eyamples below, the consumer’s and producer’s risk are calculated using techniques found
the biblipgraphy. The examples demonstrate the advantage of working smarter by making appropria
decision$ and illustrate the use of decision-rule terminology to communicate the censequences of th
inspectign process. For brevity, the issue of repeated measurements and outliefs. will be omitted
these examples.

| o oS

6.2 Process capability index = 2/3 and measurement capability.index = 2

6.2.1 (eneral

A produgtion facility manufactures, inspects, and installs a high.accuracy workpiece into an assemblyy.
Due to the very small tolerances specified on the drawing, the-production process has C, = 2/3, where
Co =T/ 6up), and T is the component tolerance and upAS“one standard deviation of the productiqn

e

distribufion. Suppose also that the small tolerances result in a measurement capability index of 2, ife.
Cm = 2, where C,, =T /(4uy,), and up, is one standdrd uncertainty associated with the measurement

value. (Thhis is sometimes referred to as a 2:1 gauging ratio.) It is noteworthy to point out that for thege
smalltolgrancesthe Cr, =2 valuemightbeachieyedthroughthearithmeticaverage of many measurements
which inldependently have Cy, < 2, but through averaging the uncertainty components arising from
random effects yields the Cp, = 2 value for the final (averaged) result. The manufacturer and customer pf
this product have discussed this issue and agreed to change from the default decision rule and select|a
decisionjrule based on an economicanalysis of the situation.

6.2.2 (ost model

The costmodel for this exaniple is given in Table 1. The net profit (selling price minus all costs) of accepting
a compohent conformifigito specifications is $ 0,5. (The monetary units are arbitrary, e.g. they might hje
thousandls of Euros;.0nly the relative values of profits and costs are required in this problem.) The net
loss of refjecting aComponent is $ 1; it does not matter if the component is conforming or nonconforming,
in either|case the‘decision outcome (rejection leading to a discarded workpiece) is the same; hence, the
loss is the sdnye - the production cost. Presented are six different cases of accepting a nonconforming
compongrit)These cases range from no negative impact from accepting a nonconforming component
other than the replacement cost (case A), to very significant impact (case F), where the cost of accepting
a nonconforming component is 50 times the production cost; this last case might be a consequence of
having to rebuild an entire complex assembly due to a defective workpiece, or due to a safety-critical
component that has potential litigation costs if it fails. The net profit margin per workpiece of the
entire process is the profit obtained from accepting a conforming product multiplied by its associated
probability minus the netloss from the other three outcomes multiplied by their respective probabilities;
this is shown in the last six rows of Table 2 (multiplied by 1 000).
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Decision outcome

Conforming to specification

Nonconforming to specification

Case A: -1
Case B: -2
Case C: -5
Accepted +0,5 Case D: -10
Case E: =20
Case F: =50
Rpjprfpd =1 |
6/2.3 Decision rule outcomes
Thble 2 presents six different decision rules ranging from no inspection - which-is equiyalent to
1P0 % acceptance (i.e. relaxed rejection with an infinitely wide guard band) - to-stringent acteptance
with a guard band equal to 100 % of the expanded measurement uncertaintly ‘This latter ryle is the
[§0 14253-1 default rule. The first four rows of Table 2 show, for each rulg, the fraction of wdrkpieces
that are accepted and conforming, accepted and nonconforming, rejected and conforming, and|rejected
ahd nonconforming. The economic consequences of the cost functionsAgiven in Table 1) are algo shown
fgr each decision rule.
Table 2 — The outcome matrix
100% U 75% U 25%U 0% U 25%U 75% U 100% U No
Decision/True | Stringent | Stringent | Stringent Simple Relaxed Relaxed Relaxed Inspec-
Value Accept- Accept- Accept- Accept- Accept- Accept- Accept- tign
ance ance ance ance ance ance ance
Accept/ 0,628 6 0,735 3 0,875 8 09140 09361 09521 09538 |[|09545
Conforming
Accept/ 0,000 3 0,001 1 0,006 6 0,012 4 0,019 7 0,034 0 0,0389 || 0,0455
Nonconforming
Reject/ 0,3259 0,219 2 0,0787 0,0405 0,018 4 0,002 4 0,000 7 0,0000
Conforming
Reject/ 0,045 2 0,044 4 0,0389 0,033 1 0,025 8 0,0115 0,0066 ||0,0000
Nonconforming
Net Profit per 100 %.U. 75%U 25%U 0%U 25%U 75% U 100% U No
1 000 pieces Stringent | Stringent | Stringent Simple Relaxed Relaxed Relaxed Inspec-
Accept- Accept- Accept- Accept- Accept- Accept- Accept- tign
ance ance ance ance ance ance ance
(ase A: cost = $1 -57,14 103,01 313,74 370,96 404,20 428,19 430,77 431,75
(ase B: cost=$2 -57,48 101,90 307,09 358,57 384,51 394,23 391,91 386,25
(ase C:cost = $5 -58,48 98,58 287,14 321,40 325,42 292,33 275,32 249,75
(Jase Dscost = $10 -60,16 93,04 253,90 259,46 226,95 122,51 81,01 22,25
CaseErcost=%$26 =635t 8196 18741 135;57 36;00 =217 30762 -432,76
Case F: cost = $50 -73,56 48,72 -12,06 -236,09 -560,84 -1 236,09 -1473,49 | -1797,76
The outcome matrix shows the outcome of accepting or rejecting either a conforming or nonconforming component for
various decision rules for the case of Cp = 2/3 and C, = 2. The net profits for each of the rules and cases are also shown; the
most profitable outcome for each case is shown in bold font.

Case A:

This is the limiting case where the cost of accepting a nonconforming component is just the

cost of its replacement, i.e. the production cost, which is $ 1 in this example. It should be obvious that in
this case that the “no inspection” rule is the economically optimal decision because there is no penalty
other than the replacement cost of accepting a nonconforming component.
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CasesBand C: Asthe costofaccepting a nonconforming component begins to increase, the economics
favours a relaxed-acceptance decision rule because this rule rejects some of the nonconforming
components which would otherwise result in a cost.

Case D: In this example, when the cost of accepting a nonconforming component is 10 times the
production cost, the economics now favour a decision rule of simple acceptance. For this cost structure,
stringent acceptance rejects too many conforming components thereby reducing revenue and relaxed
acceptance accepts too many nonconforming components thereby excessively increasing costs.

Cases E and F:  As the cost of accepting a nonconforming component becomes relatively large, the
economi{fs favours a stringent-acceptance decision rule because this rule rejects a large percentage pf
nonconfgrming components which would otherwise resultinasignificant costif (due to the measurement
uncertaipty) they were accepted.

For case|F, where the cost of accepting a nonconforming component is very high, a 75 % U-stringent
acceptarce is the best selection. This demonstrates the value of having a decision rule with'a very high
probabiljty thatall accepted components are conforming to specifications. For exampleja High cost might
be assocjated with a safety-critical component that has large litigation costs should the component fdil
in servicg (see 6.2.1).

6.3 Prpocess capability index = 1 and measurement capability index = 4

Consider] the previous example where improved production and measurement technology results |n
Cp = 1 anjd Cy, = 4; the cost structure remains the same as in Tabled yFable 3 presents the outcomes for
the six d|fferent decision rules for each of the different cost structures.

Table 3 — The outcome matrix

100% U 75% U 25%U 0%U 25%U 75% U 100% U No
DeciSiOlL/ True | Stringent | Stringent | Stringent Simple Relaxed Relaxed Relaxed Inspec-
Valpe Accept- Accept- Accept- Accept- Accept- Accept- Accept- tign
ance ance ance ance ance ance ance
Accgpt/ 0,964 8 09775 09912 09943 0,996 0 0,997 1 09973 | 09973

Conforiming

Accdpt/ 0,0000 | 00001 |*.0,0004 | 00007 | 0,0012 0,0020 | 00023 | 00027
Nonconfprming
Reject/ 0,0325 00498/ | 00061 | 0,0030 00013 | 0,002 | 0,000 | 00000
Confoming
Reject/ 00027 [-p0026 | 00023 | 00020 | 00015 | 00007 | 00004 | 0,0000
Nonconfprming

100% U 75%U 25%U 0%U 25% U 75%U 100% U No
Net Profit per Stringent | Stringent | Stringent Simple Relaxed Relaxed Relaxed Inspec-
1000 pieces Accept- Accept- Accept- Accept- Accept- Accept- Accept- tign
ance ance ance ance ance ance ance
Case A: cost=$1 447,26 466,19 486,73 491,44 493,99 495,71 495,89 495,95
Case B: cost = $2 447,24 466,13 486,33 490,70 492,82 493,70 493,59 493,25
Case C: cost = $5 447,18 465,93 485,14 488,49 489,31 487,67 486,70 485,15
Case D: cost = $10 447,08 465,60 483,16 484,81 483,46 477,63 475,21 471,65
Case E: cost = $20 446,88 464,93 479,19 477,43 471,77 457,54 452,24 444,65
Case F: cost =$50 446,27 462,94 467,29 455,32 436,70 397,26 383,32 363,66

The outcome matrix shows the outcome of accepting or rejecting either a conforming or nonconforming component for
various decision rules for the case of C, = 1 and C, = 4. The net profits for each of the rules and cases are also shown; the
most profitable outcome for each case is shown in bold font.

While the trend in decision rules is the same as the previous example, namely toward stringent
acceptance as the cost of accepting a nonconforming product increases, the profitability of the different
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rules is much more uniform. This is a result of the process capability index, C, = 1, and hence there
are far fewer nonconforming products produced. Additionally, the measurement capability index Cp, = 4
improves the decision-making process resulting in still fewer incorrect inspection decisions.

6.4 Measurements without production distributions

The prior two examples had the benefit that the production distribution of the workpiece was known
before the inspection measurements occurred. Indeed, even with €, = 2/3, it is known that the average
workpiece had a 95 % probability of being in conformance with specifications prior to lnspectlon The
pprpese-efinspection-was-te-furtherreduce-the-probabiity-efaceeptinganonconformingweoikpiece -
a

hd the cost of this was primarily the rejection of conforming workpieces.

(@)

bnsider an example where it is assumed that no prior information is known about thé workpiece and
lhat only the tolerance, measurement result, and measurement uncertainty is known. (In the case of
tésting instruments, the analogous quantities are the MPE specification, the test result, and the test
uhcertainty.) In this example, the guard bands needed to ensure that no more,than a specifiefl level of
npnconforming workpieces are accepted will be much larger than the prior examples becausg it is not
khown that most workpieces are conforming. By establishing guard bands/a-known level of canfidence
cqn be assigned to each individual measurement result. Assuming the ‘manufacturer and cugtomer of
this product have discussed this issue and agreed to change from the default decision rule aphd select
aldecision rule based on an economic analysis of the situation, then-Table 4 provides the relgtionship
between the level of confidence and the associated stringent-acceptance guard band assuming a [Gaussian
djstribution for the measurement uncertainty.

=

Table 4 — Relationship between the level of confidence and the associated stringegnt
acceptance guard band

Jonformance probability 0,80 0,85 0,90 0,95 0,977 0,99 0,999
(Quard Band (in % U) 42 % 52 % 64 % 82 % 100 % 116 % 155 %

INOTE The relationship between the level of confidence of accepting a conforming workpiece for a measurement value at
the gauginglimits and the corresponding guard band is expressed as a percentage of the expanded measurement urjcertainty.

Cpnsider the situation where a single workpiece is required to complete a special purpose assembly
ahd this workpiece is purchased “as is” with no additional information provided, i.e. the prpduction
djstribution is unknown. Suppose also that because of contractual time constraints the assembly must
be completed immediately sothat there is no additional time to purchase additional workpieces. At this
ppint in time both the worxkpiece and the nearly completed assembly are “sunk costs”, i.e. the funds have
been spent manufacturing them and they will be worthless unless the assembly is completed pnd sold.
Alconforming workpiece will complete the assembly which can be sold for price P, but a nonconforming
workpiece will create aloss of L, with L > > P since the nonconforming workpiece will not only damage the
ehtire assembly-but also create legal liabilities. Let ¢ be the probability that the workpiece is copforming
t¢ specifications then (1 - ¢) is the probability that the workpiece is nonconforming.

Alreasonable decision rule would require cxP—(l—c)xL >0, i.e. that a profit can be expected; hence,

a

>

. Suppose in this example %z 43, then a minimum value of cis 0,977 and by using Tahle 4, this

P+L
corresponds to a 100 % U guard band. Thus, a decision rule of stringent acceptance with at least 100 %

U guard band would be appropriate. Furthermore, it can be shown that ¢ :ﬁ yields the maximum
+

profit and hence provides the optimal guard band when the production distribution is unknown.
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