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FOREWORD

The intent of these guidelines is to facilitate the development of understanding between

suppliers and customers regarding measurement uncertainty in the decision to accept or to
reject a product. Metrologists are continuously faced with the task of making decisions in
the presence of measurement uncertainty. To formalize this task, procedures known as
decision rules have been developed. A decision rule is a prescription for the acceptance
or rejection of products based on the measurement result of a characteristic of the product,
the permissible variation associated with that characteristic, and the uncertainty of\ the
measurement result. For workpieces, the permissible variation is commonly called the
tolerance; for instruments it is often given by the specification limits or maximunipermissible
error (MPE). The terminology of 1SO 14253-1 has been adopted and the permitted variation
of a product’s characteristic is referred to as the specification zone. ~This document is
intended to provide guidance on decision rules and their implementation:

A related document, ASME B89.7.2-1999, Dimensional Measurenient Planning, specifies
requirements for preparation and approval of dimensional measurement plans and for the
use of approved plans in making dimensional measurements. The"dimensional measurement
plan must contain or reference all information for making measurements, including specification
of a decision rule. ASME B89.7.3.1 serves as a resourceno the dimensional measurement
planner by providing terminology and specifying the requirements for decision rules for
use in dimensional measurement plans.

The Guide to the Expression of Uncertainty.in Measurement, (GUM), NCSL Z540-2-
1997 provides a unified means of evaluating and expressing the uncertainty of a measurement
result; consequently the calculational detailsof evaluating the uncertainty of a measurement
result will not be discussed. Unless otherwise stated, the term “measurement uncertainty”
will be used to mean the expanded-Uncertainty, U, with a coverage factor of two, which
is the most common coverage factor used nationally and internationally.

Although all traceable measurement results include an uncertainty statement not all
measurement results involve-decision rules. (See 1SO International Vocabulary of Basic and
General Terms in Metrology.) Many calibrations, particularly at National Measurement
Institutes (NMIs), typically state a description of the measurement, its result, and its
uncertainty; decision~rules are not involved since there are no specifications. Most products,
however, haveStated specifications and a decision must be reached regarding the product’s
characteristie-relative to its stated specifications.

The decision rule in use should be well documented to prevent ambiguity in the acceptance
or rejection of product. The selection of a particular decision rule is ultimately a business
decision; some of the factors to be considered are outlined in nonmandatory Appendices
Asand D.

The concept of a decision rule has a long history and over the years has developed

ADY\ Y

maty-variationsinctading—gatgemaker-srite;testacetracyratio{(FAR);test trcertainty
ratio (TUR),” “four-to-one rule,” “gauging ratio,” “guard bands,” “gauging limit,” and many
more. Most of these terms were defined before the development of the GUM and hence
concepts such as “accuracy” or “uncertainty” were nebulously defined. One of the motivations
of these guidelines is to explicitly define the decision rule concept and have some well-
documented decision rules that can be referenced. Consequently, these guidelines have
encapsulated some of the commonly used procedures and their specifically-named deci-
sion rules.
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The terminology used in these guidelines is consistent with national and international
standards whenever possible. Descriptors such as “stringent” and “relaxed,” used in describing
conformance and nonconformance, have been carefully chosen. For example, stringent
acceptance is meant to imply both a decrease in the acceptance zone width and an increase
in confidence that a measurement result in this zone is associated with an in-specification
product. Similarly, stringent rejection results in a decreased size of the rejection zone while
increasing the confidence that a measurement result in this zone is associated with an out-

of=specificatiom product—The converse situatiom appties to Tetaxedacceptarce ard Tejectio:

The decision rules formulated using these guidelines ensure a self-consistent procedure
for an organization to accept or to reject products. The situation becomes more complicated
when two or more parties are involved, commonly a supplier and a customer, each of
which is using a different measurement system with a different uncertainty and possibly
using a different decision rule (this topic is very briefly discussed in nonmandatory Appéndix
A). Such a situation has the potential for conflicting decisions by the different parties; and
conflict resolution is outside the scope of this document. When using decisionrules in
multi-party commerce, it is prudent to anticipate the potential conflicts that can arise (which
depend on the details of the decision rules and the measurement systemsxinvolved) and
agree upon a conflict resolution procedure prior to performing measurenents.

Comments and suggestions for improvement of this Standard are welcomed. They should
be addressed to: ASME, Three Park Avenue, New York, NY 10016-5990

This Standard was approved by the American National Standards Institute on December
11, 2001.
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CORRESPONDENCE WITH THE B89 COMMITTEE

represent the consensus of concerned interests. As such, users of this Standard may interact
with the Committee by requesting interpretations, proposing revisions, and attending Committee
meetings. Correspondence should be addressed to:

Secretary, B89 Main Committee

The American Society of Mechanical Engineers
Three Park Avenue

New York, NY 10016-5990

Proposed Revisions. Revisions are made periodically to the standard to/incorporate changes
that appear necessary or desirable, as demonstrated by the experience gained from the
application of the standard. Approved revisions will be published periodically.

The Committee welcomes proposals for revisions to this Standard. Such proposals should
be as specific as possible: citing the paragraph number(s), ‘the proposed wording, and a
detailed description of the reasons for the proposal, in¢luding any pertinent documentation.

Interpretations. Upon request, the B89 Committee will render an interpretation of any
requirement of the standard. Interpretations capnsonly be rendered in response to a written
request sent to the Secretary of the B89 Main Committee.

The request for interpretation should be clear and unambiguous. It is further recommended
that the inquirer submit his/her request. in the following format:

Subject: Cite the applicable paragraph number(s) and provide a concise description.

Edition: Cite the applicable edition of the standard for which the interpretation
is being-Yequested.

Question: Phrase Jthe question as a request for an interpretation of a specific

requirement suitable for general understanding and use, not as a request
for an approval of a proprietary design or situation.

Requests¢that are not in this format may be rewritten in the appropriate format by the
Committee prior to being answered, which may inadvertently change the intent of the
original request.

ASME procedures provide for reconsideration of any interpretation when or if additional
information which might affect an interpretation is available. Further, persons aggrieved by
an interpretation may appeal to the cognizant ASME committee or subcommittee  ASME

does not “approve,” “certify,” “rate,” or “endorse” any item, construction, proprietary device,
or activity.

Attending Committee Meetings. The B89 Main Committee regularly holds meetings that
are open to the public. Persons wishing to attend any meeting should contact the Secretary
of the B89 Main Committee.

vii
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ABSTRACT

These guidelines provide suggestions for decision rules when considering measurement

TTCETtaimty T determmimimg—conformarnce tospecifications. —Apptyingtheseguidetimes—can
assist businesses in avoiding disagreements with customers and suppliers about conformance
to specifications and in managing costs associated with conformance decisions.

viii
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ASME B89.7.3.1-2001

GUIDELINES FOR DECISION RULES:
CONSIDERING MEASUREMENT UNCERTAINTY
IN DETERMINING CONFORMANCE TO

1 SCQPE

Thede guidelines provide terminology and specify
the coptent that must be addressed when stating a
decisioh rule used for deciding the acceptance or rejec-
tion off a product according to specification.

2 DEFRINITIONS

decisiop rule: a documented rule, meeting the require-
ments pf section 3 of these guidelines, that describes
how measurement uncertainty will be allocated with
regard [to accepting or rejecting a product according to
its spegification and the result of a measurement.

binary|decision rule: a decision rule with only two
possible outcomes, either acceptance or rejections

specifigation zone (of an instrument or workpiece): the
set of yalues of a characteristic between,,and including,
the spqcification limits.> 3

measurand: particular quantity subject to measure-
ment. Bee VIM, 2.6.°

expanded uncertainty: quantity defining an interval
about the result of a measurement that may be expected
to encpmpass a large “fraction of the distribution of
values that could reasonably be attributed to the measur-
and. Sgee GUM2.3.5.

SPECIFICATIONS

uncertainty interval (of a measurement)D " the set ¢f
values of a characteristic about the result of a measurg-
ment that may be expected to encampass a large fractign
of the distribution of values tha could reasonably Re
attributed to the measurand:®”’

N:1 decision rule: ~a situation where the width of th
specification zone is at least N times larger than t
uncertainty iriterval for the measurement result.?

D @D

acceptance zone: the set of values of a characteristit,
forla specified measurement process and decision rulg,
that results in product acceptance when a measurement
result is within this zone.’

rejection zone: the set of values of a characteristi,
for a specified measurement process and decision rulg,
that results in product rejection when a measurement
result is within this zone.X®

transition zone: the set of values of a characteristi¢
for a specified measurement process and decision rulg
that is neither in the acceptance zone nor rejectig
zone.!!

>

o

® The width of the uncertainty interval is typically twice the expand
uncertainty.

1A binary decision rule does not have any transition zones (see 2.10).

The width of the specification zone is a positive number.

In the case of workpieces, the width of the specification zone is
identical to the tolerance.

Specification zone is equivalent to “tolerance interval” or “tolerance
zone” defined in 1SO 3534-2.

The specification of a measurand may require statements about
such quantities as time, temperature, and pressure.

2

4

5

" The uncertainty interval for the mean of repeated measurements
may decrease with increasing numbers of measurements.

8 A common example is the 4:1 ratio.

® When claiming product acceptance, it is important to state the
decision rule; e.g., “acceptance using the XX rule.”

10 when claiming product rejection, it is important to state the
decision rule; e.g., “rejection using the XX rule.”

1 There may be more than one transition zone; each should be
separately labeled.
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guard band: the magnitude of the offset from the
specification limit to the acceptance or rejection zone

boundary.

12, 13, 14, 15, 16, 17

simple acceptance: the situation when the acceptance
zone equals and is identical to the specification zone.

Slmple ralochian: thao citiiation \ahan tha vralnotion oo

GUIDELINES FOR DECISION RULES

stringent rejection: the situation when the rejection
zone is increased beyond the specification zone by a
guard band.?°

mean measurement result:  results of repeated measure-
ments are arithmetically averaged to yield a mean
measurement result. The mean result is used to deter-

CJCTTroTTT THCoroTtroTT v Tt TCJeCtroTrT—ZoTic

consistp of all values of the characteristic outside the
specifi¢ation zone.

stringept acceptance: the situation when the accept-
ance zpne is reduced from the specification zone by

a

guarfl band(s). See Fig. 1. 18 1°

relaxedq rejection: the situation when the rejection
zone i$ partially inside the specification zone by the

amount of a guard band. See Fig.

1.18

relaxed acceptance: the situation when the acceptance
zone i§ increased beyond the specification zone by a
guard pand.?°

12

13

14

15

16

17

18

19

20

The symbol g is deliberately used for the guard band, instead of
the symbol U employed in 1ISO 14253-1 since U is reserved for
the ejpanded uncertainty which is associated with a measurement
result| and hence it is confusing to attach U to a specification
limit. [The evaluation of U is a technical issue, while the evaluation
of g |s a business decision.

The guard band is usually expressed as a percentage, of the
expanded uncertainty, i.e., a 100% guard band has the magnitude
of thq expanded uncertainty U.

Two-gided guard banding occurs when a guard band“is’applied to
both the upper and lower specification limits. (Innsome exceptional
situatfons the guard band applied within thétspecification zone,
O, cpuld be different at the upper specification limit and at the
lower|specification limit. This would reflectja different risk assess-
ment pssociated with an upper or lower out-of-specification condi-
tion depending on whether the characteristic was larger or smaller
than gllowed by the specification-zone.) If both the upper and
lower|guard bands are the same\size then this is called symmetric
two-sfded guard banding-

A gugrd band is sometimes distinguished as the upper or lower
guard|band, associated~with the upper or lower specification limit.
Subsdripts are sometimes attached to the guard band notation, g,
to prqvide clafity,/e.g., gup and g, See Fig. 1.

The 1uard band, g, is always a positive quantity; its location,

e.g., |nside-or outside the specification zone, is determined by

mine acceptance or rejection.

data rejection with cause: repeated measurements-mgy
indicate that one or more measurement results signifj
cantly deviate from the rest of the results of measurg
ment. If the measurement procedure has & documentd
policy for addressing measurement-rejection then th
policy takes precedence. Otherwise, measurement r¢
sults may only be rejected if a‘physical cause can he
established. Examples of physical causes for measurg-
ment rejection include:Cimproper instrument settingp,
loose or improperly, fixtured components, known traf-
sient events such~as vibrations caused by doois
slamming.

wn Q

3 REQUIREMENTS FOR DECISION RULES

3.7 Zone ldentification

o

A decision rule must have a well-documented methg
of determining the location of the acceptance, rejection
and any transition zones.

3.2 Decision Outcome

Each zone of a decision rule must correspond to
documented decision that will be implemented shou
the result of measurement lie in that zone. While th
is automatic for the acceptance and rejection zong
by definition, any transition zones must have the
corresponding decision outcome documented.

= n nu QP

3.3 Repeated Measurements

A decision rule must state the procedure for a
dressing repeated measurements of the same characteri-

the tvpe—of acceptance or rejection-desired.—See Section-4
Y g )

While these guidelines emphasize the use of guard bands, an
equivalent methodology is to use gauging limits as in ASME
B89.7.2-1999.

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

The stringent acceptance zone is analogous to the conformance
zone described in 1SO 14253-1.

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

tic on the same workpiece or instrument. See Appendix
B for further discussion of this issue.

3.4 Data Rejection

A decision rule must state the procedure for allowing
data rejection with cause, that is, rejection of “outliers.”
See Appendix C for further discussion of outliers.
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Lower
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specification N =
limit

9lo

Y

Specification zone Iup \ Upper

specification
limit

<X |t

;|4 .

I
Relaxed rejection zone

FIG. 1 AN EXAMPLE OF GUARD BANDS USED FOR CREATING A BINARY DECISION RULE/WITH
STRINGENT ACCEPTANCE AND RELAXED REJECTION ZONES

Lower
specification

Iimit\

- .

Stringent acceptance zone

Specification zone =
Simple acceptance zone

I
Relaxed rejection zone

Upper
specifieation
limit

-

A

Simple
rejection zone

|<—><—>| rejection zone

Y

>

U Simple

GENERAL NOTE: The measurement uncertainty interval is of width-2U, where U is the expanded uncertainty, and th
uncertajnty interval is no larger than one-fourth the product’s spgcification zone. The measurement result shown verifig

produci acceptance.

4 ACCEPTANCE AND REJECTION ZONES IN
DECISION RULES

4.1 Simple Acceptance and Rejection Using
an N:1 Decision Rule

This| is the most common form_of acceptance and
rejectign used in industry and is(the*descendant of MIL-
STD 45662A. Simple acceptance means that product
conforfance is verified®\if the measurement result
lies in|the specification_zone and rejection is verified
otherwjse (see Fig.(2); provided that the magnitude of
the mepsurementsuncertainty interval is no larger than
the fraction 1#NVof the specification zone. In recent
years, ps tolerances have become increasingly tighter,
the wdll-known ten-to-one ratio has transitioned to a

Measurement result

FIG.2 AN EXAMPLE OF SIMPLE ACCEPTANCE AND REJECTION USING A 4:1 RATIO

» @

result should be no larger than one-fourth of the allow-
able product variation, which requires the expandgd
uncertainty, U, to be no larger than one-eighth of the
specification zone. Once the uncertainty requirement |s
satisfied, then the product is accepted if the measurement
result lies within the specification zone and rejectqd
otherwise. Note that instrumentation is sometimes specj-
fied by a maximum permissible error (MPE), whigh
places a limit on the magnitude of the error regardle
of sign. Hence the specification zone has a width ¢f
twice the MPE, i.e.,, MPE, and a four-to-one ratfo
requires the expanded uncertainty to be one-fourth the
MPE value; see Appendix D for further details. While
the simple acceptance and rejection approach is straigh-
forward, difficulties develop for measurement resulfs

[72)

more commonly used ratio of four-to-one (see MIL-
STD 45662A) or even three-to-one (see International
Standard 10012-1). A 4:1 decision rule means the
uncertainty interval associated with the measurement

2 The term “verified” or “verification” is used in the 1SO Guide
25 sense; specifically avoided is the term “proven to conformance”
as only a statistical confidence level is asserted, not a proof in
the mathematical sense of the word.

close 1o the specification Timits. Even using the mean
of repeated measurements, if the mean result is near
the specification limit there may be a significant chance
that a product characteristic with simple acceptance
verified is actually out-of-specification and vice versa.
To address this issue, an alternative decision rule based
on “guard banding” can increase confidence in accept-
ance decisions.
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Lower
specification N = > \
limit 9in Specification zone 9in Upper
<—>| specification
limit
- - -l -
Relaxed Stringent acceptance zone Relaxed

rejection zone

(a) Symmetric Two-Sided Guard Banding

rejection zone

rejection zone

4.2 Stringent Acceptance and Relaxed
Re¢jection Using a Z% Guard Band

Strirjgent acceptance increases confidence dn product
quality| by reducing the probability of accepting an
out-of-ppecification product through the\use of guard
banding. The acceptance zone is created by reducing
the spgcification zone by the guard_band amount(s) as
deemed necessary for economic.or other reasons, thus
ensurirlg product complianee—at a specified level of
confidgnce, or conversely;at an acceptable level of
risk. Ir} a binary decision rule, stringent acceptance is
accompanied by relaxed rejection. Relaxed rejection
allows the rejection of products even when the measure-
ment result Jiesvwithin the specification zone by the
guard pand-amount. The size of the guard band is
expresged(as a percentage of the expanded uncertainty.

Lower Specification zone

specification X | > \

limit 9in Uppér

|<—> specification
limit
&
< >l< >l -
- > > >
Simple Stringent acceptance zone Relaxed

(b) One-Sided Guard Banding

GENERAL NOTE: Products are accepted if the measurement result is-within the acceptance zone.

FIG. 3 STRINGENT ACCEPTANCE AND:RELAXED REJECTION EXAMPLES

rejection zone

lishing an “acceptable risk” of accepting out-of-specif
cation products. One-sided stringent acceptance is usgd
to guard band only one of the specification limits. For
example, workpiece “form error” is always positive Ry
e
e

definition, hence the lower limit (zero) does not requi
a guard band. Measurement results that lie in th
acceptance zone are considered to verify the produg
to its specification.

~+

4.3 Stringent Rejection and Relaxed
Acceptance Using a 2% Guard Band

Stringent rejection increases confidence that a rejectdd
product is actually out-of-specification. Adding the
guard band amount(s) to the specification zone creatgs
the rejection zone. It is typically the supplier who
requests stringent rejection of the customer who may

It is typically the customer who requests stringent
acceptance of the supplier and enforces this through
the contract. Some of the factors that should be consid-
ered when establishing the size of the guard band are
given in Appendix E.

Figure 3 illustrates examples of stringent acceptance/
relaxed rejection. The guard band applied within the
specification zone, g, usually is determined by estab-

be seeking a refund for a product that is claimed to be
out-of-specification. In a binary decision rule stringent
rejection is accompanied by relaxed acceptance. Relaxed
acceptance allows acceptance of products with measure-
ment results that lie outside the specification zone by
the guard band amount. Relaxed acceptance is often
used when a state-of-the-art measurement system still
has such large uncertainty that a significant number of
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Lower
specification

limit —\
9out

A

ASME B89.7.3.1-2001

Upper
specification
limit

9out

Specification zone

< <
- >

Stringent
rejection zone

GENERAL NOTE: Products are rejected if the measurement result is within the rejection zone.

Lower

Relaxed acceptance zone

FIG. 4 SYMMETRIC TWO-SIDED RELAXED ACCEPTANCE AND STRINGENT REJECTION

< -~
>l >

Stringent
rejection zone

specification N [
limit

gin Specification zone 9in \ Upper

Y

specification
limit

A
C

Simple Transition
rejection zone zone

GENERAL NOTE: Products are accepted if the measurement resultxis. within the acceptance zone, rejected if in the rejectig
zong, and subject to a different rule in the transition zone.

FIG. 5 STRINGENT ACCEPTANCE, SIMPLE REJECTION, AND A TRANSITION ZONE EXAMPLE
USING SYMMETRIC*TWO-SIDED GUARD BANDING

good pfoducts would be rejected under simple or strin-
gent agceptance rules. Figure 4 is af-example of a
binary |decision rule using relaxed-acceptance.

4.4 Decision Rules With sa\Fransition Zone

In spme measurement tsituations additional alterna-
tives td acceptance oragjection may be desirable. These
can be|implemented by the use of transition zones that
lie in Qetween theracceptance and rejection zones. The
locatiop and degision outcome of any transition zones
must He dactimented in the decision rule.?? Figure 5
presents \an example of stringent acceptance, simple

e

Stringent acceptance zone

Transition Simple
zone rejection zone

=]

5 EXAMPLES OF DECISION RULES

—

A decision rule must fulfill the requirements
section 3. Hence the concepts of simple, stringent, i
relaxed acceptance or rejection discussed in section
need elaboration in order to become decision rule
Some examples of complete decision rules are givg
in paras. 5.1-5.4. For binary decision rules a shorthan
name appears in parentheses describing the acceptand
properties (since rejection can be deduced).

=

® o S5 7B~

rejection, and a transition zone created by symmetric
two-sided Z% guard banding. An example of a decision
outcome for a measurement result in the transition zone
is the acceptance of the product at a reduced price.

22 |t is crucial that both the supplier and customer agree upon both
the size of the guard band and the decision outcome for a
measurement result occurring in this zone; lack of these agreements
may lead to costly negotiations and legal expenses.

5.1

(Simple 4:1 Acceptance)
Simple Acceptance Using a 4:1 Ratio with Mean
Measurement Results and Rejection with Cause.?

2 See Fig. 2.
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5.2
(100

% Stringent Acceptance)

Stringent acceptance and relaxed rejection using sym-

metric
ment r

100% two-sided guard bands with mean measure-
esults and rejection with cause.?*

GUIDELINES FOR DECISION RULES

Transition zone outcome is 20% price reduction for
measurement results in these zones.?®

In the examples given in 5.1-5.4, if repeated measure-
ments are performed then the mean result is used to
verify acceptance.?’ The uncertainty of the mean of
multiple measurements may be less than the uncertainty
of a single measurement. Similarly, measurements can

5.3

(100
Rela
metric
ment r

5.4

(Stri
Symmg

Do Relaxed Acceptance)

Ked acceptance and stringent rejection using sym-
100% two-sided guard bands with mean measure-
bsults and rejection with cause.?®

ngent Acceptance and Simple Rejection Using
tric 50% Two-Sided Guard Bands with Mean-

Measugement Results and Rejection with Cause)

% See H

ig. 3 (first drawing).

only be rejected if a physical effect is identified. as
the cause for the spurious result.

Appendix F briefly discusses the 1SO 14253-1 stan-
dard as it pertains to decision rules.

% See Fig. 4.
% gee Fig. 5.

21 Using the mean of several measurement results is appropriate
workpiece characterisitCs. For some instrument specifications tl
mean measurement result may be inappropriate. See Appendix

e =
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NONMANDATORY APPENDIX A
APPLICATION OF DECISION RULES IN THE CUSTOMER-SUPPLIER
RELATIONSHIP

The
decisio

(@

(b)

product;

(©

procesy;

(d)
under

(e)

Onc
for its

choice of a decision rule is ultimately a business
n. It includes such factors as

he cost of rejecting an in-specification product;
he cost of accepting an out-of-specification

incertainty associated with the measurement
he distribution of the product’s characteristic
consideration; and

he cost of making measurements.

 a decision rule is formulated, the responsibility
application should be unambiguously defined,

in parjcular, which party (customer or supplier) will

apply 3
accepta
require
tainty

particular rule. For example, the use of stringent
nce with a 100% guard band may be a reasonable
ment on the supplier if their measurement uncer-
s small relative to the specification zone. On

the ot
custo
tive t

er hand, the same decision rule used by a
r having a large measurement uncertainty rela-
the specification zone could result inNwvery

few prpducts being accepted.® Since there are obvious
economic consequences associated with .the” use of

LA larg
indicat
band p]
ucts W

e uncertainty relative to the specification zone may be an
pr of inappropriate measurement equipment; the 100% guard
Fotects against accepting potentially out-of-specification prod-
ith a significant economic Cost.

decision rules and which party employs them, this issU
should be resolved in the contract negotiations. TH
negotiated price of the product may “vary significant
depending on which party applies.which decision rul
the uncertainty of the measurements, and the require
level of confidence.

In some contractual situations different decision rulg

may be used for the stigplier and the customer, e.g.

see International Standard 14253-1. For example,
supplier may be required to use a decision rule involvin
stringent acceptance and relaxed rejection in order {

sell the produet to the customer. The same contragt

may require the customer to use stringent rejection arn
relaxedacceptance in order to demonstrate that th
product is out-of-specification. In this example, the
is\an additional burden on the supplier (i.e., stringe
acceptance) before they can sell the product, similar

there is an additional burden on the customer (i.4.

stringent rejection) before they can reject a produg
The use of this contract in this situation should great
reduce any conflict regarding the acceptance or rejectid
of the product. If conflict still exists, e.g., the suppli
demonstrates acceptance and the customer demonstrats
rejection, then a first step in a resolution could |
to examine the reliability of each party’s uncertaint
statement. This issue is considered in ASME B89.7.3
(in the course of preparation).

o< ®© @

w

a
9
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NONMANDATORY APPENDIX B
REPEATED MEASUREMENT

B1 WPRKPIECES

It i not uncommon for workpiece inspectors to
repeat |measurements, particularly if the measurement
result ljes just outside the acceptance zone. A subsequent
measurement may lie within the acceptance zone leading
to a dilemma regarding the status of the product. Ad-
hoc prpcedures, such as selecting the best two out of
three easurement results (see Youden) or rejecting
measurements deviating more than three or four standard
deviatipns from the mean, are unreliable, hence an
alternative procedure is needed. A conservative approach
appropriate for workpiece characteristics is to use the
mean ¢f the measurement results as the best estimate
of the|product characteristic under inspection. If the
mean result lies in the acceptance zone then the product
can be|considered acceptable. Measurement results can-
not be fejected simply because they produce undesirable
results| and measurements should be rejected only if
it cleafly can be shown that the result was spurious.
See Appendix C.

Depé¢nding on the details of the measurement progess,
it may| be possible to reduce the combined-standard
uncertdinty with the use of repeated measurements.
Hence [in the case of stringent acceptanee, the guard
band, ¢;,, might be reduced in magnitude. Many uncer-
tainty pudgets for workpiece characteristics are devel-
oped for a single measurement yresult; if significant
uncertginty contributors arel\present that arise from
independent random variables,! e.g., uncertainty due to

1 Often [these sources—will be “Type A” uncertainty sources as
ted in the‘GUM; however, “Type B” uncertainties sometimes
represgnt independent and random uncertainty sources and conse-
quently willalso be reduced in magnitude as a result of repeated
measuferiients. An example of a “Type B” uncertainty that may

repeatability, then the standard uncertainty far thes
sources is expected to decrease when using the meg
of several measurement results. For these sources, tf
standard uncertainty of these contributors-will typical
decrease inversely with the squarecrgot of the numbg
of measurements. Hence a new,)Somewhat small¢
combined standard uncertainty may be calculated, r¢
sulting in a smaller guard ‘kand, g;,. If the mean ¢f
the repeated measureménts lies within this enlargdd
acceptance zone the, product can be accepted according
to the decision rules:

= =< ® 5 @

B2 INSTRUMENTS

With respect to the testing of instrumentation, th
number of repeated measurements that may be pe
formed during a performance test is controlled an
often repeated measurements are not allowed as th
instrument reproducibility is one of the characteristi
under investigation by the test. Accordingly, repeatg
measurements during instrument performance tests a
generally not allowed unless explicitly permitted in th
testing procedure. For example, suppose the acceptang
test for a caliper is to measure a calibrated gauge blog
ten times and determine that the largest observed errgr
is less than the supplier’s stated MPE appropriated for
single measurement. If the caliper’s errors are randomly
distributed (i.e., no systematic errors) then some will
be positive (i.e., the block is measured too long) and
some will be negative (i.e., the block is measured tdo

S
S

N

X D©® ® ® QA »nw ©

fsb]

short). Since the measurand of interest in this test
the error of a single reading, no averaging of erro
is permitted.

Whatever method is chosen for addressing repeatdd

repres ecHiea
tion” provided on an instrument specification sheet of the instrument
that is used to inspect a workpiece characteristic.

measurements, it must be clearly defined and referred
to when defining a decision rule.
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NONMANDATORY APPENDIX C
OUTLIER MEASUREMENT RESULTS

The [literature regarding outliers contains many defi-
nitions| often differing on the technical method used
to identify the outlier; however, most agree on two
basic properties. An outlier can be described as a
nonrepgatable, anomalous, erroneous measured value
that ddes not represent the system under test. From a
measurement point of view, an outlier must satisfy two
conditipns simultaneously:

(a) the anomalous reading cannot be repeated; and

(b) the anomalous reading does not represent the
system| under test.

The [first condition is fairly straightforward and is a
necessary but not sufficient condition for an outlier.
Nonrepeatability may be an (undesirable) metrological
characteristic of a poorly designed or implemented
measurement system, and hence the anomalous measure-
ment dpes not represent an outlier and is representative
of the easurement system performance. In some cases
additiopal measurements may be necessary; this s
particufarly true if the outlier occurs at the end of-a
time sgries of measurements. In this case, additional
measurements will reveal if the anomalous méasurement
will repeat in the time series, as would bé .the case if
a suddegn shift occurred in some measufement influence
quantity. If the anomalous measurement'can be repeated,
then it] is either a valid measurement of the system,
or it i§ the result of some unmadeled convolution of
characteristics of the measdrement system. Further test-
ing is|then required toudiscover the reason for the
anomalous measurement.

The second condition requires that the anomalol
measurement does not represent the system under teg
A workpiece or artifact being measured might sho
outliers due to some extraneous influence, such 3
contamination or poor fixturing. In this. case the anoma
lous measurement can be considered an outlier.
many cases, however, it will not\be possible to identi
suspect data at the time of<.collection, so means
identifying “outlier candidates” after the fact, may i
necessary.

Several statistical-methods of identifying outliers hay
been proposed<in the past. All of them are useful,
though they_all) carry some risk of a “false positivg”
indication_ifthe measurement cannot be rechecked. As
a general~rule, the process for handling outliers cgn

be summarized as follows.
(a)”Use some form of robust technique to determire

how “different” a suspected outlier actually is fro
the rest of the measurements. This in many cases wm
involve some statistical process, for example see ANS$I
ASTM E 178 (1989).

(b) Thoroughly check the data for obvious error
such as data transpositions, etc. If a known caus
can be assigned, the anomalous measurement may &
identified as an outlier.

(c) Perform the same analysis with and without th
suspected outlier in order to verify what effect |i
actually has.

The most conservative approach is to assume that
unless there is a known, documented reason for dig-
carding an anomalous measurement, all data is consig-
ered valid.

m—heQD.mE!"‘m
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NONMANDATORY APPENDIX D
SPECIAL ISSUES OF DECISION RULES FOR INSTRUMENTATION

The [specification of instruments typically is in terms is described as “uncertainty in realizing the measurand”
of a maximum permissible error (MPE), i.e., the largest of the standard (see Phillips, et al.). It is this uncertainty,
observed error (regardless of sign) from a test procedure combined in an RSS manner with the uncertainty in
must be less than a supplier-specified MPE. Hence the the instrument’s resolution, that is propagated through
specifi¢ation zone has a width of twice the MPE, i.e., the test analysis to yield the finalctest' uncertainty.
+MPE |and an N:1 decision rule require the uncertainty It is sometimes erroneously believed that the systenp-
interva] (of width 2 U) to be no greater than 1/N of atic error and reproducibility ,of“the instrument undgr
this vdlue, hence the expanded uncertainty, U, is to test are also to be includedtinthe uncertainty analysip.
be no greater than 1/N of the MPE value. (In contrast, This is incorrect, as the(syStematic error and reprodu¢-
with g true one-sided guard band, as occurs with ibility are the metrological characteristics under examj-
workpiece form errors, an N:1 decision rule requires nation by the performance test. It is only the RSS o¢f
the exganded uncertainty to be 1/(2N) of the specifica- the uncertainty ifi the instrument’s resolution and the
tion vglue.) uncertaintyin\the realization of the measurand of the

An nstrument specification is often the result of standard ~used in the testing procedure that must He

some fype of evaluation test; hence the specification consideted by a decision rule.
zone is in units of the test result! Similarly, the Theé calculation of the guard bands proceeds similarly
guard pand values are calculated in terms of the test to“the general case discussed in Appendix E, i.e., g +
uncertginty. To determine the uncertainty in the test i, U, where U is the expanded uncertainty of the teft
result, fiirst the uncertainty associated with each of the result. In the case of instrumentation, the optimal valye
individpal test measurements must be determined. Then of the guard band is typically larger than in the
these uncertainties must be propagated through the TSt \yorkpiece case, since errors associated with an instry-
analysig; this may weight the uncertainty of__some ment will typically propagate into a large number %f
measurements more significantly than othefs,)e.g., as subsequent measurements performed using the instry-
in a RMS-formulated test result. ment, so economic considerations will tend to increage
_ The uncertainty of an individual t€st measurerqent the magnitude of the guard band.
IS Just h? root-sum-of-§quares (RSS_) of the uncertainty When verifying the specifications of an instrument
in the| display resolution of the instrument and the using the guard banding approach, it is crucial that tHe
uncertainty In the realization OT ¥e’measurand embodle_d customer use a reference standard with an uncertainfy
by thg calibrated stanc‘i‘ard n USS' The standard is no greater than that prescribed by the supplier. Similarly
intendad to represent 3 ghe value™ of the_measurand. when a supplier establishes an instrument’s specificatign
Upfortmnaﬁtely, all saddards havg an associated uncer- limits, the uncertainty of the realization of the measurar|d
tainty. [This .|nclu.des the uncertalnty_ doc_umented in its of the standard will play an important role in tHe
report pf calibration and the uncertainty in the standard

economics of establishing the specification limit. Fro
this perspective, it is instructive to consider how the
uncertainty of the standard becomes incorporated info
the specification limit.

Consider a supplier who seeks to establish a specifi-
cation limit on an instrument according to a given
performance test. (Assume for simplicity, that the test
procedure is just to select the largest of a series of
MS of the test result need not be the same as those of a observed errors in the measurem-ent of a calibrated

i standard.) The supplier uses a calibrated standard and
measurement result; for example, the test may report the sum-of- )

squares of the measurement errors. tests several instruments and observes that the worst-

due to fhe conditions at the time it is used as a reference
«Uneertainty sources associated with the condi-

the accuracy of the standard. The combined uncertainty
due to both the calibration report uncertainty and the
uncertainty due to the conditions at the time of use,

10
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