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Establishing Consistent Test Method Tolerances
This standard is issued under the fixed designation D 4356; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.
1. Scope Propagation Equations 9
. . : Jolerance Terms 10
1.1 This practlge should be u'sed' in the de_velopment of ang;erminaﬂon Tolerances 1
test method in which the determination value is calculated frontonsistency Criteria 12
measurement values by means of an equation. The practice is | APPLICATION OF PRINCIPLES s
H H H ceaure
not applicable to such dete.rr_nmatlo.n values as those cr;xlgulatc%ffSS per Unit Area Example 1
from counts of nonconformities, ratios of successes to failures, ANNEXES

gradings, or ratings. General Propagation Equation Annex Al
1.2 The purpose of this practice is to provide guidance in thgPeeic Propagation Equations Annex A2
specifying of realistic and consistent tolerances for making 1.7 This standard does not purport to address all of the
measurements and for reporting the results of testing. safety concerns, if any, associated with its use. It is the
1.3 This practice can be used as a guide for obtaining theesponsibility of the user of this standard to establish appro-
minimum test result tolerance that should be specified with griate safety and health practices and determine the applica-
particular set of specified measurement tolerances, the maxility of regulatory limitations prior to use
mum permissible measurement tolerances which should b
specified to achieve a specified test result tolerance, and mo
consistent specified measurement tolerances. 2.1 ASTM Standards:
1.4 These measurement and test result tolerances are notD 123 Terminology Relating to Textilés
statistically determined tolerances that are obtained by using D 2905 Practice for Statements on Number of Specimens
the test method but are the tolerances specified in the test for Textiles’
method. E 29 Practice for Using Significant Digits in Test Data to
1.5 In the process of selecting test method tolerances, the Determine Conformance with Specificatidns
task group developing or revising a test method must evaluate E 456 Terminology Relating to Quality and Statistics
not only the consistency of the selected tolerances but also trée Terminol
technical and economical feasibility of the measurement toler=" erminclogy
ances and the suitability of the test result tolerance for the 3.1 Definitions:
purposes for which the test method will be used. This practice 3.1.1 determination processr—the act of carrying out the
provides guidance only for establishing the consistency of theeries of operations specified in the test method whereby a

Referenced Documents

test method tolerances. single value is obtained. (Sydetermination.See Section 4.)
1.6 This practice is presented in the following sections: 3.1.1.1 Discussior—A determination process may involve
several measurements of the same type or different types, as
Number well as an equation by which the determination value is
Scope L calculated from the measurement values observed.

N

Referenced Documents

TERMINOLOGY 3.1.2 determination tolerancen—as specified in a test
Definitions 3 method the exactness with which a determination value is to
g)i(S;rL;SSSSii?]Z ?I'fe-sr?rl\'/Inesthod Tolerances g be calculated and recorded.
Tolerance Symbols 6 3.1.2.1 Discussior—In this practice, the determination tol-
SUMMARY AND USES erance also serves as the bridge between the test result
i‘emsf“;z Cs’fl '::Egzie ; tolerance and the measurement tolerances. The value of the
¢ MATHEMATICAL RELATIONSHIPS determination tolerance calculated from the specified test result

tolerance is compared with the value calculated from the
specified measurement tolerances.

* This practice is under the jurisdiction of ASTM Committee E11 on Quality and

Statistics and is the direct responsibility of Subcommittee E11.20on Test Method————

Evaluation and Quality Control. 2 Annual Book of ASTM Standardgol 07.01.
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3.1.3 determination valuen—the numerical quantity calcu- length and mass. Two different length measurements are made,
lated by means of the test method equation from the measuréie length and the width of the specimen. One determination
ment values obtained as directed in a test method. (Symnalue of the mass per unit area is calculated by dividing the
determination.See Section 4.) mass measurement value by the product of the length measure-

3.1.4 measurement process—the act of quantifying a ment value and the width measurement value from one
property or dimension. (SymeasuremeniSee Section 4.) specimen.

3.1.4.1 Discussior—One test method determination may 4.1.3 If the test method directs that mass per unit area
involve several different kinds of measurement. determinations are to be made on three test specimens, the test

3.1.5 measurement tolerancen—as specified in a test result is the average of the three determination values, each
method the exactness with which a measurement is to be madebtained as directed in 4.1.2.
and recorded. 4.2 Test Method Tolerances

3.1.6 measurement tolerance propagation equations-the 4.2.1 The specified measurement tolerances tell the operator
mathematical formula, derived from the test method equatiorhow closely observations are to be made and recorded. “Weigh
which shows the dependence of the determination tolerance dhe specimen to the nearest 0.01 g” and “Measure the length of

the measurement tolerances. (Sgropagation equation the specimen to the nearest 0.02 in.” are examples of typical
3.1.6.1 Discussior—Propagation equations and the propa-measurement tolerance specifications in a test method.
gation of errors are discussed in Annex Al. 4.2.2 The specified determination and test result tolerances

3.1.7 measurement valuye—the numerical result of quan- tell the operator how many significant digits should be re-
tifying a particular property or dimension. (Symeasurement. corded in the determination value and in the test result,
See Section 4.) respectively.

3.1.7.1 Discussior—Measurement values in test methods .
are of two general types: those whose magnitude is specified ﬁ1 Expressing Test Method Tolerances
the test method, such as the dimensions of a specimen, and>.1 Tolerances in test methods are commonly specified in
those whose magnitude is found by testing, such as thene of four ways which are combinations of two general

measured mass ofaspecimen_ distinctions. A test method tolerance may be absolute or
3.1.8 propagation equationn—Synonym ofmeasurement relative and may be expressed eitheras a range havmg an upper
tolerance propagation equation. and a lower limit or as the result of rounding-off. These

3.1.9 test method equatipm—the mathematical formula distinctions are illustrated by the following equivalent instruc-
specified in a test method, whereby the determination value i#ons that are possible in weighing a 5.00 g test specimen:
calculated from measurement values. Absolute Relative

3.1.10test method tolerances+—as specified in a test Upperand Lower Limit within £0.005 g within 0.1 %

. R Rounding-off to the nearest 0.01 g  to the nearest 0.2 %
method the measurement tolerances, the determination toler-

ance, and the test result tolerance. 5.2 Within one method, state all test method tolerances in
3.1.11 test result n—a value obtained by applying a given €ither the rounding-off mode or the upper and lower limit

test method, expressed either as a single determination orMode. The rounding-off mode is preferred for all test methods.

specified combination of a number of determinations. Use a series of absolute tolerances for successive levels of a
3.1.11.1Discussion—In this practice the test result is the Measurement or determination in preference to a relative

average of the number of determination values specified in th&lerance. _ _
test method. 5.3 The numerical value of a tolerance expressed in terms of

3.1.12 test result toleranga—as specified in a test method rounding-off is twice that for the same tolerance expressed as

the exactness with which a test result is to be recorded an@" upper and lower limit. A discussion of rounding-off appears
reported. in Section 3 of Practice E 29 and in Chapter 4 of REF.

3.1.13 tolerance terms n—the individual members of a Numbers are usually rounded-off to the nearest 1, 2, or 5 units

measurement tolerance propagation equation in which eadf the last place.
member contains only one test method tolerance.

3.1.14 For the definitions of other terms used in this
practice, refer to Terminology D 123 and Terminology E 456.

6. Tolerance Symbols

6.1 An absolute tolerance is symbolized by a capital delta,
A, followed by a capital letter designating a measurement
4. Discussion of Terms value, a determination value or a test result. TRAK,

4.1 Test Results, Determinations, and Measurements 6.2 A relative tolerance is symbolized by the absolute

4.1.1 A test result is always a value (numerical quantity)folerance,A A, divided by the corresponding measurement
but measuremeranddeterminatiorare often used as referring value, determination value, or test resit, Thus, AA/A.
to general concepts, processes or values—the context indicat-6-3 Relative tolerances are expressed as percentages by
ing which meaning is intended. In this practice it is necessary O0AA/A All relative tolerances for a specific test method must
to make these distinctions explicit by means of the terms giveR€ expressed in the same way throughout, either as fractions or
in Section 3. as percentages.

4.1.2 The necessary distinctions can be illustrated by a test
method for obtaining the mass per unit area of a fabric. TWO 4 he poidface numbers in parentheses refer to the list of references at the end of
kinds of measurement are required for each test specimemjs standard.
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SUMMARY AND USES E = the specimen length.

. 9.2.2 The corresponding propagation equation is Eq 2,
7. Summary of Practice derived in A2.4.1.

7.1 A specific measurement tolerance propagation equation
relating the determination tolerance to the measurement toler-
ances is derived by applying an adaptation of the law of errorynere:
propagation to the test method equation. In this measurementaw/wy/2 the mass per unit area determination toler-
tolerance propagation equation, the determination tolerance ance term,
term should equal the sum of individual measurement tolerancg AM/M)? the mass measurement tolerance term,
terms. (AD/D)? the width measurement tolerance term, and

7.2 Tentative measurement and determination tolerance val(AE/EY the length measurement tolerance term.
ues are substituted in the propagation equation terms, and the
consistency of the selected test method tolerances is judged BY. Tolerance Terms
the relative magnitudes of the tolerance terms. 10.1 As shown in Annex A2, every propagation equation

7.3 Successive adjustments in the selected test methqén be expressed in the formofa+b+c . . ., in which
tolerance values are made until a consistent set of test meth%ch of the terms of this equation contains 0n|y one test method
tolerances is established. tolerance. The term contains the determination tolerana®,

8. Significance and Use and the other terms contain such measurement tolerances as
' AA, AB, andAC. The termg, a, b, andc are tolerance terms.

8.1 In any test method, every direction to measure a 10.1.1 For the mass per unit area exampte(AW/W?/2,
property of a material should be accompanied by a measurgr= (AM/M)?, b= (AD/D)?, andc = (AE/E)?, as can be seen
ment tolerance. Likewise, determination and test result toleffrom Eq 2.
ances should be specified. This practice provides a method for

evaluating the consistency of the test method tolerances Note 1—The number of measurement tolerance terms is not rgstrlcted
specified to 3, of course, but matches the number of measuremgnter which

. . . tolerances are specified.
8.2 This practice should be used both in the development o? P

new test methods and in evaluating old test methods which are 10-2 The key to this practice is the recognition that there are
being revised. two ways of calculatnjg the determination tolerance term:

8.3 The test result tolerance obtained using this practice is 10-2:1 The determination tolerance term.can be calcu-
not a substitute for a precision statement based on interlabd@t€d from a specified value &R using the expression far
ratory testing. However, the measurement tolerances select&@/€n N tr21e propagation equation. For example, in Eq 2
by means of this practice will be an important part of the tesf = (AW/W?2. By substituting a typical value foW and a

method conditions affecting the precision of the test method.SPecified value folW, a value ofr is obtained.
10.2.2 The determination tolerance term can also be calcu-

(AWIW) 2 /2 = (AMIM)? + (AD/D)? + (AE/E)? )

MATHEMATICAL RELATIONSHIPS lated as the sum of the measurement tolerance terrhsc,
_ _ etc., which have been calculated from specified values/Af
9. Propagation Equations AB, AC, etc. For the mass per unit area example, an estimate

9.1 The test method equations by which determinatiorof the value ofr may be obtained from values af b, andc
values are calculated from measurement values in textiléound by substituting values &M, M, AD, D, AE, andE in
testing usually involve simple sums or differences, products othe tolerance term expressioeM/M)?, (AD/D)? and AE/E).
ratios, or combinations of these. Measurement tolerance propa-10.3 These two ways of calculating the determination tol-
gation equations for each of these types of relationships arerance term usually produce different results, often radically
derived in Annex A2 by applying the general measurementlifferent. In order to deal with this inconsistency, the second
tolerance propagation equation, developed in Annex Al, tevay of calculating the determination tolerance term is labelled
each of the typical test method equations. Propagation equ#&; which equalsa+b+c+ ... .
tions for a number of textile test method equations are given in 10.3.1 Therefore, in the following sectionsjs the deter-
Table A2.1. mination tolerance term value calculated from the specified

9.2 In the following discussion, the determination of massdetermination tolerance by means of the expressionrfor
per unit area is used to illustrate the principles involved insupplied in the propagation equation, amé the determina-

obtaining consistent tolerances. tion tolerance term value calculated from the specified mea-
9.2.1 Eq 1 is a typical mass per unit area equation. surement tolerances by means of the expressions for the
W = KM/DE 1) measurement tole.rance terngs, b, c, etc., supplied in the
propagation equation.
where: 10.3.2 The termr, is the specified determination tolerance
W = the mass per unit area, term andu is the effective determination tolerance term.
K = a constant to chang® from one set of units to
ahnother, 11. Determination Tolerances
M = the specimen mass, ; ; oAt
D = the specimen width. and 11.1 The propagation equation relates the determination

tolerance to the specified measurement tolerances. However, in



