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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 thgPeec 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.
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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. (SymeasurementSee 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 equatios-the 4.2.1 The specified measurement tolerances tell the operator
mathematical formula, derived from the test method equatiorfhow 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@n 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 rest, 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 exampe(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 interlabd2t€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 fonW, a value ofr is obtained.
10.2.2 The determination tolerance term can also be calcu-

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

MATHEMATICAL RELATIONSHIPS lated as the sum of the measurement tolerance terrhsc,
_ _ etc., which have been calculated from specified valuesAf
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, tovay 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 ternss, 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
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a test method it is usually the test result tolerance that idefore an acceptable set of specified test method tolerances and
specified rather than the determination tolerance. Therefore, raeasurement values is obtained.
bridge from the test result tolerance to the determination 13.1.1 In Step 2, acceptable measurement tolerance ranges

tolerance is necessary. This is supplied by Eq 3. are calculated from the desired determination tolerance, the
AR = AQ\/A 3) specifigd measurement values, and the consistency criterion
stated in 12.2.

where: 13.1.2 In Step 3, the selection of new tolerance and mea-
AR = the determination tolerance, to three significant dig- surement values follows after comparing the starting values
Its, assembled in the first step with the acceptable ranges calculated

AQ = the test result tolerance, to one significant digit, and j the second step. In making this selection, consideration is
n = the number of determinations per test result. given to the feasibility of attaining the selected measurement
See Al1.3 for a derivation of Eq 3. tolerances with the apparatus and procedure given in the test

Note 2—While only one significant digit should be used for test result Method.

and measurement tolerances, three significant digits should be retained in13.1.3 In Step 4, the selected values from Step 3 are next

the determination tolerance since it is a mathematical extension of the teglvaluated for consistency. To do this, these values are put in

result tolerance. In an extended calculation it is good practice to proteqylerance term form and the tolerance ratios are compared

significant information being transmitted through intermediate stages Oairectly with the consistency criteria

the calculation by retaining one or two extra significant digits on . . . .

intermediate values used in the calculation. 13.1.4 This consistency evaluation usually will suggest
further study of the test method to see what changes can be

12. Consistency Criteria made to achieve adequate consistency. If changes in any of the

12.1 Two types of inconsistencies have been observed ifest method tolerances or in any of the specified measurement
test method tolerances. The first occurs between the specifid@lues are made, Steps 2, 3, and 4 must be repeated.
determination tolerance and the value of the effective determi- 13.2 Step 1, Preliminaries
nation tolerance actually obtainable from the specified mea- 13.2.1 Propagation Equatior-Obtain the measurement tol-
surement tolerance, as discussed in 10.3. The second occ@mance propagation equation corresponding to the test method
between the specified measurement tolerances. In compariggjuation. If the equation is not listed in Table A2.1, follow the
the measurement tolerance terms of two measurements, it ¢drections given in Annex A2.
often found that the one term will be more than 10 times the 13.2.2 Tolerance Terms-ldentify the individual tolerance
other so that the larger term dominates (and the smaller term terms in the propagation equation and label theay b, c,etc.
negligible) in its effect on the effective determination toleranceas described in Section 10.
term,u. Such inconsistencies need to be examined. The means13.2.3 Measurement ValuesWhen any of the tolerance
used in this practice is to study the tolerance term ratipg/r,  terms contains measurement value(s) found by testing, select at

b/r, cir, etc. least two values oR which are representative of the range in
12.2 Corresponding to these two inconsistencies are twahich the test method is to be used. Calculate the correspond-
norms which are stated in Eq 4 and Eq 5. ing measurement values from the selected determination values
02=ur=20 (4) using the test method equation.
0.2k = alr, bir, oIr, etc.= 2.0k ) 13._2.3.1 As c_iescrlb_epl in 3.1.7, measurement values are of
two kinds. One is specified in the test method, for example, the
where: dimensions of a specimen. The other is found by testing and
u = the sum of the measurement tolerance terms,varies with the material being tested, the mass of a specimen,
r = the specified determination tolerance term, for instance. Changes in the determination vaRjeyill result
= the number of measurements, and from changes in measurement values found by testing.
a, b, cetc, = the measurement tolerance terms. 13.2.3.2 The magnitudes of these measurement values affect

12.3 These ranges of acceptable ratio values should not hge rejationship between the measurement tolerances and the

used rigidly. Rather, they should be taken as guidelines fofjeermination tolerance. Therefore, specific values of each
constructive evaluation of the test method tolerances specifieg, st pe selected.

For instance, an unusually low measurement tolerance term 13.2.3.3 The process of evaluating the tolerances for con-

may b? acceptable_pecause there is ittle or no agded cost Q?stency and feasibility may lead to changes in the specified
achieving the specified measurement tolerance instead of feasurement values in order to achieve one or the other
larger one.

objective.
APPLICATION OF PRINCIPLES 13.2.4 Starting Tolerance ValuesList all available test
method tolerances, and label them as described in Section 6.
13. Procedure Convert relative tolerances to absolute tolerances, using the

13.1 Introduction—The procedure in this practice falls into selected measurement values, so that the effect of the latter
four steps. In the first step the propagation equation is obtainethay be seen more readily.
and all available information on the test method tolerances and 13.2.4.1 When the test method specifies that more than one
measurement values is assembled. This is done only once. Tetermination is to be made for a test result, calculate the
remaining three steps probably will be repeated at least oncgtarting determination tolerance value, to three significant
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digits, from the selected test method tolerance value and the 13.5.5 Compare each afr, b/r, c/r, etc. with 0.2¢ and 24;.
number of determinations specified in the test method, using 13.5.5.1 This comparison should disclose no surprises,
Eq 3 (11.1). Even if no other test method tolerance is specifiedsince a measurement tolerance below the lower limit estab-
specify a determination tolerance valueR. lished in 13.3 will have a ratio lower than Ogdnd vice versa.
However, comparing these ratios with the consistency criterion

Note 3—Refer to Practice D 2905 for guidance in using available . . . ;
g 9 will reveal the extent of the inconsistency that exists.

precision data to obtain starting valuesrofo achieve the selected test

method toleranceAQ, from the determination tolerancaR. 13.5.5.2 If the ratio is greater than ZlofftUdy the tolerance
and any measurement value included in the tolerance term.
13.3 Step 2, Acceptable Tolerance Ranges Will a change in measurement value decrease the tolerance

13.3.1 Calculate the specified determination tolerance termg m value?
r, to two significant digits, fromAR for each of the values of 13.6 Successive TrialsThe remainder of the procedure
R selected. consists of a succession of trials in which changes are made in
~13.3.2 For each value @, calculate a lower and an Upper test method tolerances and specified measurement values until
limit for a/r, b/r, c/r, etc. from Eq 5 in 12.2, using a value Qf 5 gt of values is obtained which is both feasible and reason-
equal to the number of measurements in the test methoghy consistent. There are three aspects to the feasibility
equation. Retain only wo significant d'g',ts', evaluation, which are summed up in the following questions
13.3.3 Multiply each of the above limit values by the e a5k group members must answer to their satisfaction.
corresponding value af to obtain the lower and upper limit 13 5 1 |5 the test result tolerance small enough to meet the

values ofa, b, c,etc. Retain only two significant digits.  heeds of the users of the test method? Is it smaller than need
13.3.4 Calculate lower and upper limit values of the indi- g5

vidual measurement tolerances fram b, c, etc. using the 1362 Can each measurement tolerance be achieved with

f(_)rm_u_las |d¢ntlfled as directed in 13.2. Retain only oneyq apparatus and procedure given in the test method?

significant (_i|g|t. . _ ) 13.6.3 If changes in the test method (new apparatus, larger
13.3.5 Display the values obtained in 13.3 in a table forgnecimens, more determinations, changes in technique, etc.)

convenience in evaluating. are necessary to achieve consistency, will the cost of testing be
13.4 Step 3, New Values increased unreasonably?

13.4.1 Compare the specified tolerance values with the
lower and upper tolerance limits calculated as directed in 13.3,4  Mass per Unit Area Example

13.4.2 If any tolerance is less than the lower limit, it is o .
y 14.1 Test Method Directions-The example chosen to illus-

usually wise to delay further consideration until the other h q q ibed in Section 13 ith th
tolerances have been dealt with. Then, decide whether thefEt€ the procedure described in Section 13 starts with the

would be any appreciable saving in equipment, material, 0Followmg dlrect[ons: Cut five specimens 2450.05in. by 10.0
labor that would make going to a larger tolerance worthwhile = 0-05 in., weigh each specimen to the nearest @0and

A small tolerance on one measurement may permit the use GficUlate the average mass per unit area in ounces per square
an “oversize” tolerance for another measurement in meetin2'd to the nearest 0.1 ozATrypical areal densities for this

the consistency criterion for the determination tolerance. aterial range ffo”? 1.0 to 60 0z/yd

13.4.3 If any measurement tolerance is greater than the 14.2 Step 1, Prghmmarles_
upper limit, consider what changes in measurement tolerance 14.2.1 Propagation Equation L
are feasible. In general, select the smallest practical tolerance 14-2-1.1 The test method equation is Eq 6.
for use in the next step. W = KM/DE (6)

13.5 Step 4, Consistency Evaluatiesifter a new set of .
test method tolerances has been selected and evaluated f |herf'
feasibility, it is ready for consistency evaluation. K _

13.5.1 Substitute the selected values of test method toler-
ances and measurement values, together with the correspong
ing determination values, in the appropriate tolerance termgy specimen width, in., and
and calculate values af a, b, c,etc. to two significant digits. E specimen length, in.

13.5.2 Calculate the sum of the measurement tolerance term14.2.1.2 As shown in 9.1.2 and A2.4, the corresponding
valuesu=a+b+c+.... propagation equation is Eq 7.

13.5.3 Calculate the ratios/r, a/r, b/r, c/r, etc. to two
significant digits.

13.5.4 Comparey/r with 0.2 and 2.0. Ifu/r is greater than  \yhere:
2.0, study the measurement tolerance terms for the cause(s). Kw = specified determination tolerance,

u/r is less than 0.2, consider reducing the determination andAM = specified measurement tolerance for specimen mass,
test method tolerances. Also keep in mind that the value of theAD = specified measurement tolerance for specimen

mass per unit area, ozAd

constant to convert the measurement dimensional
units to oz/yd ,

specimen masg,

(AWW) 2 /2 = (AM/M)? + (AD/D)? + (AE/E)? 7

test result tolerance is determined by the determination toler- width, and

ance value and the number of determinations specified by thdE = specified measurement tolerance for specimen
test method according to Eq 3. Thus,can be reduced or length.

increased by changing 14.2.2 Tolerance Terms
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14.2.2.1 The tolerance terms in this propagation equatiob, andc, using Eq 9, Eq 10, and Eq 11. For instard = M

are given by Eq 8, Eq 9, Eq 10, and Eq 11. \/a =547 x\/(17x 10 %) =0.02 g, for the 10 oz/yd
r = (AWW)? /2, @  Material. _ _ |
a— (AMIMP?, ©) Tat?égf All of the above values in 14.3 are summarized in
b= (AD/D)*, and (10) 14.4 Step 3, New Values
c = (AE/E)®. (11) 14.4.1 The specified mass tolerance of 0.01 g is obviously

r§maller than need be to meet the consistency criteria. However,

14.2.2.2 The effective determination tolerance term is giverr. L .
with present-day laboratory balances, it is no easier or less

u=a+b+c (12)  expensive to measure to a tolerance of between 0.02 and 0.07
14.2.2.3 The specified determination tolerance term &  g. Therefore leavéM at 0.01 g.
given by Eq 8. 14.4.2 The specified specimen dimension tolerance of 0.1
14.2.3 Determination and Measurement Values in. is larger than the upper limit for all but the length

14.2.3.1 The propagation equation contains both absolut®easurement at 10 ozAicA study of the dimension measure-
tolerances AW, AM, AD, and AE) and determination and ment process indicates a tolerance of 0.02 in. should be
measurement value¥ M, D, andE) for which values must feasible. This is lower than need be for the length measurement

be selected. at 10 oz/yd but just below the upper limit for 60 oz/§dFor
14.2.3.2 The specimen dimensions are specified a.5 the width measurement, however, 0.02 in. is still much too
in. andE=10.0 in. large at 60 oz/y8l An obvious solution to this problem would

14.2.3.3 The specimen mass is calculated from the expecté?f to increase the specimen width to 10 in. so that the tolerance
range of test results by means of Eq 1, wih= 45.72 to  'anges foD would be the same as f&: However, this would

convert from gfir? to oz/yd. For the initial consistency quadruple the amount of material required and increase the cost

evaluation, choose two values M 10 oz/yd and 60 oz/yd. of testing. Alternativelya 5 by 5 in.specimen would have no
The corresponding values ®f are 5.47 g and 32.8 g. longer area than the 2.5 by 10.0 in. specimen, and the tolerance

14.2.4 Starting Tolerance Values range for the width would be the same asEpbetter forD and

14.2.4.1 The rounded-off mode of expressing the absoluté’®>® forE. ) _
14.5 Step 4, Consistency Evaluation

tolerances is used. ) ]
14.2.4.2 The test method directions in 14.1 give the mea- 14:5-1 Table 3 shows the effect of going & 5 by 5 in.

surement tolerances &= 0.01 g,D = 0.1 in., ancE = 0.1 in. specimen and measuring the specimen dimensions to the
14.2.4.3 The specified determination tolerance is calculateﬂelareSt ?tgz tml In the tupperbhalf ogthe tzt)_letﬁrebgzen the
from the specified test result tolerance of 0.1 0Z/gdd the values of the tolerance termas b, ,andu, and in the bottom

specified number of determinations, 5, using Eq\®/ =0.1 half, the tolerance ratioaft, bir, cfr andu/r.. .
\/5 =0.224 ozlyd 14.5.2 Table 4 shows the effect of going to a 10 by 10 in.

specimen and measuring the specimen dimensions to the
nearest 0.02 in.
14.5.3 Keeping in mind the ratio criterion range of 0.067 to

0.67, from these two tables it can be seen that while the 5 by
n%,’ in. specimen size is adequate for the material having a mass

per unit area of 10 oz/yfdand up to 32 oz/yd), it is still not

satisfactory for 60 oz/ydmaterial. On the other hand, the 10

by 10 in. specimen size is about right for the 60 oZ/yd

14.2.5 Summary of ValuesAll of these initial values are
given in Table 1.

14.3 Step 2, Acceptable Tolerance Ranges

14.3.1 Calculate the specified determination tolerance ter
r, from W=0.224 oz/yd for the two values oW selected,
using Eq 8.

14.3.2 For each value &, calculate a lower and an upper
Iimit value for a/r, b/r, andc/r from Eq 5 in 12.2 using| = 3, material, and much larger than need be for 10 cZ/yd
since there are three measurements. .

14.3.3 Multiply each of the values calculated as directed in 14'5'4 ThL.JS' the task group appears to_be faced_ with the
14 3'2 .by the corresponding valuerohese are the lower and choice of using larger specimens for heavier materials or of

e accepting a greater test result tolerance for heavier materials. A
upper limits ofa, b, andc.

14.3.4 Obtain lower and upper limit values of the measure-

ment toleranceaM, AD, andAE from the above values @, TABLE 2 Mass per Unit Area Example—Acceptable Tolerance

Ranges
w 10 oz/yd? 60 ozlyd?
TABLE 1 Mass Per Unit Area Example—Starting Determination, AW 0.224 ozlyd? 0.224 ozlyd?
Measurement, and Tolerance Values r 250 x 107 7.0 X 107°
Equation Element Tolerances Determinatior:/alnd Measurement Lower Upper Lower Upper
alues am, bir, e | 0.067 0.67 0.067 0.67
Mass per unit area, W AW =0.224 oz/yd 10 oz/yd? 60 ozlyd? a b, c 17 X 107 170 X 10°® | 0.47 X 107 4.7 X 107
Specimen Mass, M AM=0.01g 54749 32849 AM 0.02 g 0.07 g 0.02 g 0.07 g
Specimen Width, D AD=0.11in. 2.5in. 2.5in. AD 0.01 in. 0.03in. 0.002 in. 0.005 in.
Specimen Length, E  AE=0.1in. 10.0 in. 10.0in. AE 0.04 in. 0.13in. 0.007 in. 0.022 in.
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TABLE 3 Mass per Unit Area Example—Consistency Evaluation 5 by 5 in. Specimen

Tolerance Terms

Measurement Measurement Values Tolerances
10 oz/yd? 60 oz/yd?
M 5.47,32.8¢g 0.01g a3.3x10° a 0.093 x 10°®
D 5in. 0.02 in. b 16 X 107 b 16 X 107°
E 5in. 0.02 in. c16 x 10°® c16 X 10°®
u35x10°°® u32x10°®

Ratio Tolerance Ratios
M ar 0.013 0.013
D b/r 0.064 2.3
E c/r 0.064 2.3

u/r 0.14 4.6

TABLE 4 Mass per Unit Area Example—Consistency Evaluation 10 by 10 in. Specimen

Tolerance Terms

Measurement Measurement Values Tolerances
10 oz/yd? 60 oz/yd?
M 5.47,328¢g 0.01g a3.3x10°® a 0.093 x 1076
D 10 in. 0.02 in. b 4.0 x 10°° b 4.0 x 10°°
E 10 in. 0.02 in. c4.0x10°¢ c4.0x 107
u11.3x 10°® u8.1x10°
Ratio Tolerance Ratios
M alr 0.013 0.013
D b/r 0.016 0.57
E c/r 0.016 0.57
u/lr 0.045 1.16

way of dealing with this latter option is to specify a relative TABLE 5 Mass per Unit Area Example—Acceptable Tolerance

- - Ranges with 5 by 5 in. Specimens and a Relative Test Result
tolerance instead of an absolute tolerance for reporting the test Tolerance of 0.5 %

result, 10 ozlyd? 60 ozlyd?
14.6 Relative Test Result Tolerance Y Y
14.6.1 The relative test result tolerance could be given in a Lower Upper Lower Upper
statement such as: Report the mass per unit area to the neare’st 63x107° [ 63X 107 | 63x10° 63 X 107
0.5 % arr, b/, c/r 0.067 B 0.67 ~ 0.067 B 0.67 B
9 0. i o i abc 42x10° |42x10° |[42x10°® 42 % 10°°
14.6.2 For evaluating the effect of specifying a relative test am 0.01g 0.04g 0.07 g 0249
method tolerance, express the relative tolerance as a fractio? 0.0Lin. 0.03in. 0.0Lin. 0.03in.
0.01 in. 0.03in. 0.01 in. 0.03 in.

rather than a percent. The determination tolerance correspong

ing to 0.5 % is 0.005\/5 =0.0112 (by Eq 3, since the test

result value equals the average of the individual determination

values) and = 63 X 107° for all Ieve]s of mass per unit area. 14.7 Additional Work

Table 5 shows the effect of the relative test method tolerance on _ _ _

the acceptable tolerance ranges, gsin5 by 5 in.specimen 14.7.1 The task group may, at this point, decide that enough

size. Table 6 shows the effect on the toleranceratios. work had been done and choose one of the above options to
14.6.3 This approach, using 5 by 5 in. specimens and a te§iclude in the test method standard.

result tolerance of 0.5 %, brings the dimension tolerances and 14.7.2 The next step will be to conduct an interlaboratory

the tolerance ratios both within the acceptable ranges estabtudy, using the selected measurement tolerances, in order to

lished by the consistency criteria at the expense of acceptingstablish the precision of the test result obtained under these

larger absolute test result tolerances for heavier materials. conditions.
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TABLE 6 Mass per Unit Area Example—Consistency Evaluation with 5 by 5 in. Specimens and a Relative Test Result
Tolerance of 0.5 %

Tolerance Terms

Measurement Measurement Values Tolerances
10 oz/yd? 60 oz/yd?
M 5.47,328¢ 0.01g a3.3x10° a0.093 x 107
D 5in. 0.02 in. b 16 x 107 b 16 x 10°®
E 5in. 0.02 in. c16 X 107 c16 X 10°®
u35x10°° u32x10°°
Ratio Tolerance Ratios
M ar 0.05 0.001
D b/r 0.25 0.25
E c/r 0.25 0.25
u/r 0.56 0.51
ANNEXES

(Mandatory Information)

Al. GENERAL MEASUREMENT TOLERANCE PROPAGATION EQUATION

Al.1 Statement of General Equation TABLE Al1.1 Determination Tolerance Term Divisor As Function
of Measurement Tolerance Ratio for Eq A1.5
Al.1.1 For any specific test method, the test method equa — - ID‘ : j+ T
tion relating the measurement tolerances to the determination aor Misor @+ Y K )
tolerance is obtained by applying Eq Al.1, the general mea- 29 o
surement tolerance propagation equation, to the test method 02 1.38
equation. 0.3 1.55
0.4 1.69
a 0.5 1.80
AR /2= 3 (aRIOX )* AX ? (AL1) 056 188
= 0.7 1.94
where: 0.8 1.98
) . 0.9 1.99
X = the measurements made on a test specimen, 10 2.00
q = the number of independent measurements,
AXi2 = the specified measurement tolerances,
AX; = the square oAX;, .
R = the dqeterminatilon value, a function of the Al.2.3 The sum,R(Xl,_Xz)_ of_two variables,X, and X,
measurements,, X,, X ' X, having rectangular distributions of the same range
AR — the determination tolerance. (AX, = AX,) has a triangular distributio¢8). When the ranges
AR2 = the square oAR ’ are different(AX; # AX,), the distribution of the sum is an
9RIX, = the partial differential oR with respect toX;, and  iSOSceles trapezoftiBy settingAX, = pAX; with 0=p =1,
a = the operation of summing tigterms of the form  the range of R can be expressedbyR = (1 + p)AX, and the
! (IRIDX;)AX2. variance of the trapezoidal distribution is given by Eq Al1.3.
I : AR? (1+p?)
Al.2 Derivative of General Equation Var R=—5 T p? (AL13)

Al.2.1 This general measurement tolerance propagation gqA1.3 is derived by applying the integration for the second
equation is derived from the well known law of error propa- mement about a zero mean to the probability density equations
gation(2) given in Eq A1.2. of an isosceles trapezoidal distribution. The distributiofRés

g . rectangular ap = 0, trapezoidal for 0 < 1 and triangular at
Var R= 2, (9RIaX; )" Var X (Al2)  p=1.The corresponding variances for 0 andp = 1 from Eq
Al1.3 are AR? /12 and AR?/24, respectively. The trapezoidal

where: i variances are intermediate to those for rectangular and trian-
Var R = the variance ofR=the square of the standard gular distributions as shown in Table A1.1.

deviation ofR, and Al.2.4 Substituting the measurement varianc&¥,%/12
VarX; = the variance ofX; =the square of the standard 5,4Ax 2112, and the determination variance expressed by Eq

deviation ofX;. Al1.3 in Eq Al.2 produces Eq Al.4.

Al1.2.2 Since theX; are rounded values, their distributions
are rectangulafl). The range of each distribution isX;, and
the_umform prpbab"'ty dens'W_ of _the _d|str_|but|or21 iSAK. The ° The isosceles trapezoidal probability density curve is determined by convolu-
variance of this rectangular distributigh) is AX;“/12. tions as described in R¢#).
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ARZ (1 + p2)I(1 + p)? = (IRIOX, )2 AX, 2 + (IRIDX, )2 AX, 2 rectangular but are approximately normal and the distribution
(A1.4)  of the test result is also normal.

SincedRbX; anddRHX, are both 1, Eq A1.4 reduces to Eq Al.3.2 The variance of a normally distributed variable is

Al.5. given by Eq A1.8 (see A1.2.5).
ARZ[(L+ p)2 /(1 + p?)] = AX, 2 + AX, 2 (A1.5) Var R = 'AR? /4z? (A1.8)
From Table Al.1 we see that 2 is a good approximation for\yhere:
(1+p) ?/(1 +p?) for values ofp greater than 0.5. R the normally distributed variable,

Al.2.5 The distribution of the sunR, of four or more  VvarR the variance ofR=the square of the standard
rectangularly distributed variables of the same range is essen- deviation ofR,
tially normal (5). The effective range of a normal distribution AR the expected range &, and
at a given probability level iAR = 2z /Var R , wherezis the z the number of standard deviation units associated
number of standard deviation units associated with the given with a given probability level.
probability level, and so VaR = AR %/4z? Therefore, for a ~ A1.3.3 The equation relating the test result to the determi-
determination having a normal distribution the test methodhation value is Eq A1.9.
tolerances are related as shown in Eq A1.6.

q Q= > R/n (A1.9)
AR ? = (422/12) 3 (aRIOX, )% AX; 2 (A1.6) =
e here:

This equation is derived by substituting the above value of v '
Var Rin Eq Al.2 as well as VaX; = AX;%/12. For 4%/12 = 2,
as suggested in A1.2.4= 2.45. This value of corresponds to the number of determination values, and
a probability level of 98.6 % that the determination valRe, the operation of summing the determination
lies within the rangeAR. 2 values.

Al1l.2.6 The above discussions |nd|cat§a that since the mea- Al.3.4 Applying Eq AL.2-A1.9 we obtain Eq AL.10.
surement valuesy; , have rectangular distributions and the

the test result,
the ith determination value,

M:D—;-U'O
I ||

determination valueR, may have a trapezoidal, triangular, VarQ = z”: (9QIR )? VarR (A1.10)
normal or some intermediate distribution, the relationship i=1
betweenAR and theAX, has the form shown in Eq Al.7. App|y|ng Eq Al.8 toQ and '[hd?1 in Eq Al1.10, and deriving
q the 9Q/0R;, from Eq A1.9, we obtain Eq A1.11.
AR k=Y, (9RIoX > A X ? (A1.7)
i=1 AQ? = AR?/n (A1.11)

Furthermore, for accomplishing the purposes of this practice
setting, k=2 is considered an adequate allowance for the\g’here
differences in distribution betweddand theX;. Substituting 2 Q
for kin Eq A1.7 produces the general measurement toleranceﬁ
propagation equation used in this practice.

the specified test result tolerance,

the specified determination tolerance, and

the number of determinations averaged.

A1.3.5 The specified determination tolerance used in the
A1.3 Test Result and Determination Tolerances procedure of this practice is calculated from the specified test

A1.3.1 When a test result is calculated as the average of £SUlt tolerance fby means of Eq AL1.12 which is merely a
number of determination values, Eq Al.1 does not apply€arrangementof EqAl.11.
because the distributions of the determination values are not AR = AQ\/n (A1.12)

A2. SPECIFIC MEASUREMENT TOLERANCE PROPAGATION EQUATIONS

A2.1 Introduction

A2.1.1 Test Method EquatiorsThe equations by which
determination values are calculated from measurement Value\?/here'

in textile testing usually involve simple sums or differences, A tolerance expected for the determination vaRie

products or ratios, or combinations of these. _ AX; tolerances specified for the measurement values,
A2.1.2 Propagation Equations-The following sections X.

present typical examples of such test method equations and thgr/x p:a’lrtial derivatives oR by X;, and
derivation of the corresponding specific measurement toleranced operation of summing thg terms of the form
propagation equations by applying the general measuremeng1 (9R/X;)2AX2.

tolerance propagation equation, Eq A2.1, to the test method See Annex AL. for the derivation of Eq A1.1
equations. ' o

AR2 = _i (IRIAX, )2 AX, 2 (A2.1)
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A2.1.3 Tolerance Terms—As state_d in 10.1, every measure- x = (9R/9X,)?AX;?, the tolerance term for the measurement
ment tolerance propagation equation can be expressed in the value, X;.

form of Eq A2.2 A2.1.4 Equation Types and Exampledor each of three

3 % A2 types of test method equation, a specific case having only a few
F=2% (A22) " measurements is presented. For the first two equations, the

general case having an indefinite number of measurements is

where: ; ; i i
O N also given. A list of propagation equation terms for test method
r= éRZ/Zd the tolerance term for the determination value, equations commonly occurring in textile testing is given in
» an Table A2.1.
SIMPLE SUMS OR DIFFERENCES
A2.2 Specific Case since G and T are independent measurements and, thus,

A2.2.1 Test Method EquaticrThe net mass of a test 1/0G =0anddG/iT = 0. Substituting these partial derivative
specimen is obtained by subtracting the tare mass of a watcfplues in_Eq A2.4 produces the specific measurement tolerance
glass, on which the specimen is placed for weighing, from théropagation equation Eq A2.6.

gross mass of the specimen together with the watch glass. The AN2/2 = AG2 + AT? (A2.6)
net mass of the specimen is calculated using Eq A2.3.
N=G-T (A2.3) A2.2.3 Tolerance Terms-The tolerance term form of Eq
' A2.6 is Eq A2.7.
where: _ r=a+b (A2.7)
N = net mass of the test specimen,
G = gross mass of the specimen together with watch glass,where:
and r = AN?2, the tolerance term for the net mass determina-
T = tare mass of the watch glass. tion value,
A2.2.2 Propagation Equatior-Applying Eq Al1.1-A2.3 a = AG?, the tolerance term for the gross mass measure-
produces Eq A2.4. ment value, and
b = AT“ the tolerance term for the tare mass measurement
ANZ/2 = (0NJoG) 2 AG? + (aN/aT)2 AT? (A2.4) value.
where: )
AN = tolerance expected for the net mass determinationA2.3 General Case for Sums or Differences
A - ){/a}lue,N, ied for th A2.3.1 Test Method Equatiea-For any number of different
B n(q);:?c;?u;(psec' Ied Tor Ihe gross mass Measures,easurements on the same specimen, the test method equation
AT = tolerance specified for the tare mass measurement® EqA2.8.
value, T, _ N
dN/oG = partial derivative ofN by G, and R= i;a" X (A2.8)
ON/OT = partial derivative ofN by T. _
The solutions for the two partial derivatives are: Whefe' o
R = determination value,
aNIOG = aG/aG — aT/9G = 1, and (A25) X, = measurement value of thith property,

INIOT = oG/aT — 9T/oT — 1,

TABLE A2.1 Propagation Equation Tolerance Terms for Typical Test Method Equations for Textiles

Test Method Equation r =a +b +cC +d ASTM Standard
R=K(A-B) AR? 2 =K2AAZ2 +K2AB? D 2654
R = KA/B (AR/R)?12 = (AA/A)? +(AB/B)? D 1775
R = KA/AA + B) (AR/R)?12 = [BAA + B)I*(AA/A)? + [BAA + B)]>(A/B)? D 1574
R = KAAB - A) (AR/R)?12 = [BAB - A)? (AA/A)? + [B/BA)? + (AB/B)? D 885
R=A(B+C-D) (AR/R)?12 = (AA/A)? +[ABAB + C - D)]? +[ACAB + C - D))? +[AD/AB + C - D))? D 1585
R =K(A - B)J/A (AR/R)?12 = [BAA/A(A - B)J? +[ABAA - B))? D 204
R =K(A - B)/B (AR/R)?12 =[AA/A - B)]? + [AAB/B(A - B)]? D 461
R =K(A -B)IC (AR/R)?12 = [AA/A - B)J? +[ABAA - B))? +(AC/C)? D 461
R =K(A - B)/IBC (AR/R)?12 =[AA/A - B)]? + [AAB/B(A - B)]? +(AcC/C)? D 76
R=K(A-B)I(C-B) (AR/R?2 =[AA[A -B)? +[(A - C)ABAA - B)(C - B)]?> + [AC/AC - B))? D 2402

Note 1—As described in the text, the lowercase letters represent the tolerance terms of a propagation equation. The uppercase letters symbolize th
constants and variables in a test method equakois. a dimensional constari is the determination valué, B, CandD are measurement values.

10
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g, = areal number that is the coefficient of the ith term in & = JRX;, the partial derivative oR by X;.
the test method equation (for example, in Eq A2.3the A2 3.3 Tolerance Terms-The tolerance term form of Eq
coefficient of G is + 1 and that fof is — 1, and A2.9 is Eq A2.10.
g = number of properties measured.
A2.3.2 Propagation Equatior-Applying Eq Al.1-A2.8 r= i X (A2.10)
produces the specific measurement tolerance propagation equa- =1
tion Eq A2.9. where:
a L, r = AR?/2, the tolerance term for the determination value,
AR [2 = Z atAX (A2.9) R and
X = a°X? the tolerance term for the measurement value,
where: X..
AR = tolerance expected for the determination vaRe,
AX; = tolerance specified for the measurement va)e,
and
SIMPLE PRODUCTS, RATIOS, OR POWERS
A2.4 Specific Case (AWW) 2 /2 = (AM/M)? + (AD/D)? + (AE/E)?  (A2.14)

A2.4.1 Test Method and EquatierThe mass per unit area  A2.4.3 Tolerance Terms-The tolerance term form of Eq
of a rectangular test specimen obtained by weighing and2.14 is Eq A2.15.
measuring the length and width of a test specimen is calculated r—a+b+c (A2.15)
using Eq A2.11.

- where:
W= KMWDE (A2.11) r = (AW/W?%2, the tolerance term for the mass per unit

where area,W,
W = mass per unit area, a = (AM/M)? the tolerance term for the test specimen
K = constant to chang#/ from one set of units to another, mass,M,
M = mass of the test specimen, b = (AD/D)? the tolerance term for the test specimen
D = width of the test specimen, and width, D, and
E = length of the test specimen. c = (AE/B)? the tolerance term for the test specimen

Here theX; of Eq Al.1 areX; =M, X, =D andX;=E. The length, E.

determination valu&k = W.

. . . A2.5 General Case
A2.4.2 Propagation Equatior-Applying Eq Al1.1-A2.11

produces Eq A2.12 A2.5.1 Test Method Equatiea-For any r_lumber of different
measurements on the same test specimen, the test method
AWA 12 = (0WIOM)* AM? + (8W/9D)? AD? equation is Eq A2.16.
+ (IWIOE)? AE? (A2.12) q
where: R=K I X m (A2.16)
AW = tolerance expected for the mass per unit a¥éa,
AM = tolerance specified for the test specimen mass, where:
M, R = determination value,
AD = tolerance specified for the test specimen width, K = constant to change R from one set of units to
D, another,
AE = tolerance specified for the test specimen length, X = measurement value of the ith property,
E, m = exponent of X(Note A2.1),
dWIbM = partial derivative ofW by M, q = number of properties measured, and
dW/D = partial derivative ofW by D, and q = operation of multiplying the terms of the form
OWRE = partial derivative ofW by E. I XM .

. . I i=1
The solutions of the thr%e partlal derivatives a{MZ// Note A2.1—The value ofm is +1 for measurement values in the
oM = K/DE, WD =-KM/D” E and dWPE =-KM/DE®.  numerator, -1 for those in the denominatok;fer positive powers andk-
Substituting these values in Eq A2.12 produces Eq A2.13. for negative powers, whelemay be any positive integer or real number.
AWR/2 = (KIDE2 AM? + (KM/D? E)? AD? A2.5.2 Propagation Equation-Applying Eq Al.1 to Eq
+ (KM/DE)? AE? (A2.13)  A2.16 produces Eq A2.17.

Dividing both sides of Eq A2.13 by the square of Eq A2.11, R ,( 3 ) )
W2 = (KM/DE)?, simplifies it to Eq A2.14, the specific mea- AR 2= K* 30X ™ oX,) i Elxj AR
surement tolerance propagation equation. (A2.17)

11
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2

where: 5 I m

X; orX = one particular measurement. because th&“ and the| U 1Xj factors all cancel
Since the)X;™/oX; all equalm, X,™*, Eq A2.17 becomes Eq out, leaving only the (mX-‘£)2 factors

A2.18. ’ e '

A2.5.3 Tolerance Terms-The tolerance term form of Eq

q .
AR /2= Kzil < il xn > mx 1PAx?  (azis A2191s EQA220.
i= j=

q
and dividing both sides of this equation by the square of Eq = i;lxi (A2.20)
q 2
A2.16, RR=K? [ IT X ™) | simplifies Eq A2.18 to Eq where: ) o
i=1 r = (AR/R</2, the tolerance term for the determination
A2.19, the specific measurement tolerance propagation equa- value,R, and
tion. x = (MAX/X)? the tolerance term for the measurement
q value, X;.
(ARIR? /2 = ,Zl (m A X /X )? (A2.19)
COMBINATIONS OF SUMS AND PRODUCTS
A2.6 Specific Case AP?2/2 = (100B)2 AA? + (—1004/B2)2 AB? (A2.23)

A2.6.1 Test Method Equatiea-The percent change in the A 6.3 Tolerance Terms-The tolerance term form of Eq
length of a yarn skein resulting from immersion in boiling A2.23 is Eq A2.24.

water is calculated using Eq A2.21.

r=a+b (A2.24)
P = 100A — B)/B (A2.21)
_ where:
where: . . r = AP?2, the tolerance term for the percent charige,
P = percent change in skein length, a = (100B)?AA? the tolerance term for the after treatment
A = skein length after treatment, and lengthA, and
B = skein length before treatment. - ’

(1008/B%)?AB?, the tolerance term for the before treat-

A2.6.2 Propagation Equation-Before applying Eq Al.1- ment lengthB.

A2.21, expand this equation to Eq A2.22 for ease in differen-

tiating. A2.7 General Case-The possible combinations of sums

P =1004B — 100 (A2.22)  and products are too diverse to be represented by one general
Since 9P/0A = 100B and 9P/dB = —1008/B?, applying Eq  equation and thus there is no general measurement tolerance
Al1.1-A2.22 produces Eq A2.23, the specific measuremenpropagation equation for such combinations.
tolerance propagation equation.

OTHER TEST METHOD RELATIONSHIPS

A2.8 Propagation Equations-The measurement tolerance anyone having a knowledge of algebra and differential calculus
propagation equations for other relationships between determplus a table of derivatives).
nation values and measurement values can be derived by

12
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