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QH”) Designation: D 2905 — 97

Standard Practice for

Statements on Number of Specimens for Textiles *

This standard is issued under the fixed designation D 2905; 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 epsilonej indicates an editorial change since the last revision or reapproval.

1. Scope when the user does not have a reliable estimate of the

1.1 This practice provides a mechanism for calculating the/ariability of the method in his own laboratory. _
number of specimens per laboratory sampling unit. It also 1.4 The instructions in this practice are spemﬂcall_y appli-
provides recommended texts to be used in exceptional cas€@ble to methods based on the measurement of variates. The
Ordinarily, it is preferable to specify in the section on samplinginstructions are not generally applicable to data based on
a small fixed number of specimens for each laboratory sanAttributes, and as a result, are not usually used for methods
pling unit. Occasionally, however, the task group writing a testa@sed on “go, no-go” tests. _ _ _
method may think that the variability among the observations 1.5 This practice does not specify or discuss sampling plans
on specimens within a laboratory sampling unit will probablyPut assumes that sampling has been adequately covered in
differ significantly from laboratory to laboratory. It is in other sections of the test method under preparation. However,

unusual cases of this sort that the recommended texts in thi§ obtain the total number of specimens on which to base a
practice should be used. decision to accept or reject a lot when acceptance testing a
1.1.1 Paragraph A14.8 of thRecommendations on Form commercial shipment, multiply the number of specimens for
and Stylespecifies that statements on the number of specimerfach unit or the laboratory sample by the total number of such
be included in all test methods. units in the entire lot sample. Instructions on the number of
1.2 This practice covers six optional recommended text$Nits in the laboratory sample to be taken from each of the
which serve as guides for the preparation of statements on tfdimary sampling units in the lot sample should be in the
number of specimens required to determine the average qualigPplicable material specification or other agreement between
of each unit of the laboratory sample under various conditionst® purchaser and the supplier.

The choice of the text to be used in a specific method will
; : . 2. Referenced Documents
depend on the purpose of the test and the available information.

This practice covers the following six different conditions. 2.1 ASTM Standards: .
Recom- D 123 Terminology Relating to Textilés
mended D 2904 Practice for Interlaboratory Testing of a Textile Test
Text dord Cﬁnditionsd g Sections Method that Produces Normally Distributed Data
1 Standard Deviation with Two-sided Limits 10, 11 . - .
> standard Deviation with One-sided Limits 13, 14 D 2905 Practice for Statements on Precision and Bias for
3 Coefficient of Variation with Two-sided Limits 16, 17 Textile$
4 CoefchIient of Variation(;/vith Oge-si?ed Limits 19, 20 D 4271 Practice for Writing Statements on Sampling in Test
5 Variability Known, Fixed Number of Specimens 22 :
6 Variability Not Known, Fixed Number of Speci- 24 Methods f‘?r Textile$ . . .
mens E 122 Practice for Choice of Sample Size to Estimate a

Measure of Quality for a Lot or Procé'ss

456 Terminology Relating to Quality and Statisfics

E 691 Practice for Conducting an Interlaboratory Study to
Determine the Precision of a Test Mettod

1.3 Recommended Texts 1 through 4 are preceded by E
examples. Each example states part of the data from an
interlaboratory test and illustrates the decisions needed in the
course of calculating the numerical values required for inclu- . )
sion in a specific text. Each of these texts describes two %EZXAPSATCIZ\‘SA Adjuncts:
conditions: () the procedure to be followed when the user has
a reliable estimate of the variability of the method in his own Note 1—Tex-Pac is a group of PC programs on floppy disks, available

laboratory, and Z) the fixed number of specimens required through ASTM Headquarters, 100 Barr Harbor Drive, West Consho-
hocken, PA 19428, USA. The calculations for the numbers of specimens

1 This practice is under the jurisdiction of ASTM Committee D-13 on Textiles, 2 Annual Book of ASTM Standardggl 07.01.

and is the direct responsibility of Subcommittee D13.93 on Statistics. 3 Annual Book of ASTM Standardéol 07.02.
Current edition approved Sept. 10, 1997. Published August 1998. Originally “Annual Book of ASTM Standardgl 14.02.
published as D 2905 — 71 T. Last previous edition D 2905 — 91. 5 PC programs on floppy disks are available through ASTM. Request ADJD2904.

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.
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described in the various sections of this practice can be performed usingandomly drawn specimens from one sample of the material
one of the programs in this adjunct. being tested.

3.1.8.1 Discussior—Results obtained under conditions of
single-operator precision represent the optimum precision that

3.1 Definitions: can be expected when using a method. Results obtained under

3.1.1 accuracy n—of a test methadthe degree of agree- conditions of within-laboratory and between-laboratory preci-
ment between the true value of the property being tested (afion represent the expected precision for successive test results
accepted standard value) and the average of many observatiogen a method is used respectively in one laboratory and in
made according to the test method, preferably by manynore than one laboratory.

observers. See aldmas and precision 3.1.9 precision n—under conditions of within-laboratory
3.1.1.1 Discussion—Increased accuracy is associated with recision with mu|tip|e Operatorghe mu|ti-operator' 5ing|e-
decreased bias relative to the true value; two methods witlaboratory-sample, single-apparatus-day (within operator) pre-
equal bias relative to the true value have equal accuracy evefision of a method; the precision of a set of statistically
if one method is more precise than the other. The true value i;\dependent test results all obtained in one laboratory using a
the exact value of the property being tested for the statisticadingle sample of material and with each test result obtained by
universe being sampled. When the true value is not known o4 different operator, with each operator using one apparatus to
cannot be determined, and an acceptable standard value is fHtain the same number of observations by testing randomly

available, accuracy cannot be established. No valid inferenCQﬁ'awn specimens over the shortest practical time interval.
on the accuracy of a method can be drawn from an individual 3.1.10 precision n—under conditions of between-

3. Terminology

observati_on. _ o _ ~ laboratory precision the multi-laboratory, single-sample,
3.1.2 bias n—in statistics a constant or systematic error in single-operator-apparatus-day (within-laboratory) precision of
test results. a method; the precision of a set of statistically independent test

3.1.2.1 Discussion—Bias can exist between the true value results all of which are obtained by testing the same sample of
and a test result obtained from one method; between test resufigaterial and each of which is obtained in a different laboratory
obtained from two methods; or between two test resultsy one operator using one apparatus to obtain the same number
obtained from a single method, for example, between operatoisf gbservations by testing randomly drawn specimens over the
or between laboratories. shortest practical time interval.

3.1.3 coefficient of variation, CVn—a measure of the  3.1.11 specimenn—a specific portion of a material or a
dispersion of observed values equal to the standard deviatiggboratory sample upon which a test is performed or which is
for the values divided by the average of the values; may b@elected for that purpose. (Sytest specimei
expressed as a percentage of the average (CV %). 3.1.12 standard deviation, s7— of a samplea measure of

3.1.4 determination valuen—the numerical quantity calcu- the dispersion of variates observed in a sample expressed as the
lated by means of the test method equation from the measurgositive square root of the sample variance.
ment values obtained as directed in a test method. (Syn. 3.1.13 test result n—a value obtained by applying a given
determination) test method, expressed as a single determination or a specified

3.1.5 laboratory samplen—a portion of material taken t0 combination of a number of determinations.
represent the lot sample, or the original material, and used in 3.1.14 variance &, n— of a sample a measure of the

the laboratory as a source of test specimens. dispersion of variates observed in a sample expressed as a
3.1.6 percentage pointn—a difference of 1% of a base function of the sum of the squared deviations from the sample
quantity. average.
3.1.6.1 Discussionr—A phrase such as “difference ¥f%” is 3.1.15 For definitions of other terms used in this practice,

ambiguous when referring to a difference in percentages. Faefer to Terminology D 123. For definitions of statistical terms

example, a change in the moisture regain of a material fronpefer to Terminology D 123 and Terminology E 456.
5% to 7 % could be reported as an increase of 40 % of the

initial moisture regain or as an increase of two percentagé- Significance and Use
points. The latter wording is recommended. 4.1 Standard Deviations versus Coefficients of Variation

3.1.7 precision n—the degree of agreement within a set of The term “standard deviation” is used throughout this section.
observations or test results obtained as directed in a methodVhere it is applicable, the term “coefficient of variation” may

3.1.7.1 Discussior—The term *“precision,” delimited in be substituted. It should be realized, however, that the coeffi-
various ways, is used to describe different aspects of precisiogient of variation should be used in a test method to describe
This usage was chosen in preference to the use of “repeatabilariability only when the standard deviation has been found to
ity” and “reproducibility” which have been assigned conflict- increase in direct proportion to the average for determinations
ing meanings by various authors and standardizing bodies. at different levels of the property of interest.

3.1.8 precision n—under conditions of single-operator pre- 4.2 Fixed Number of Determinationrs For most test meth-
cision, the single-operator-laboratory-sample-apparatus-dagds, the variability for individual determinations will be
precision of a method; the precision of a set of statisticallyrelatively constant from laboratory to laboratory. For this
independent observations all obtained as directed in the methadason, it is usually advisable to specify some small fixed
and obtained over the shortest practical time interval in on@umber of determinations to be made on each laboratory
laboratory by a single operator using one apparatus ansampling unit rather than to use the procedures given in this
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practice. The task group can determine the value of the fixethere is not a good estimate of variability which was obtained
number of specimens per laboratory sampling unit using Eq I the user’s laboratory.
or Eq 3.

4.2.1 A small fixed number of determinations on each
laboratory sampling unit is practical because the estimated
variance for averages of all determinations on the entire lo
sample is based on Eq 1:

5. Basis for Calculations

5.1 In order to determine the number of specimens required,
formation is needed on the variability of individual observa-
ions made as directed in the method to be used. The variability
of individual observations depends upon the test method itself,
V(A) = V(L)/n + V(T)/mn + V(E)/kmn (1) upon the experience and training of the operator, upon the
calibration and maintenance of the apparatus used, and espe-

where: . S X ! .
V(A) = estimated variance for the average of all determi- cially upon thg varlab|llty Qf the property in the material being
nations on the entire lot sample, tested._For this reason, itis prgf_erable for the user of thg test to
V(L) = component of variance due to lot sampling units, determine the variability of individual observations experimen-
V(T) = component of variance due to laboratory sampling tally under the actual test conditions of interest and upon
units within lot sampling units, specimens from the types of material to be tested by use of the
V(E) = component of variance due to specimens within method. Less satisfactorily, the user may act on information
laboratory sampling units, obtained by using the proposed method on typical materials
n = number of lot sampling units in the lot sample,  before the method was published. Such general information is
m = number of laboratory sampling units per lot sam- usually obtained as directed in Practice D 2904 or Practice
pling unit, and E 691 and is reported in the section of the method on Precision
k = number of specimens (determinations) per labora-and Bias as directed in Practice D 2906.
tory sampling unit. 5.2 In addition to the variability of individual observations,

4.2.2 Eq 1 shows that onl/(E), the component of variance the required number of specimens depends upon the values
due to specimens, is affected by the number of specimens pehosenfor the allowable variation and probability level. Both
laboratory sampling unit. Instead of testing a relatively largeof these factors are based on engineering judgment, but the
number of specimens per laboratory sampling unit, it is usuallyriginal recommendations of the task group preparing the
more cost effective to increase the divisor Y{E) by increas- method must be approved by the members of the subcommit-
ing m, the number of laboratory sampling units per lottee.
sampling unit, on, the number of lot sampling units in the lot 5.3 The recommendations in this standard consider only the
sample, or both. Increasing or n or both not only decreases Vvariability of individual observations made under conditions of
the contribution of/(E), but also decreases the contribution of single-operator precision. Other sources of variation, such as
V(T) or of bothVV(L) and V(T). differences between instruments, operators, laboratories, or

4.3 Calculated Number of Determinationrdn those cases differences with time may also have to be taken into account
where the authors of a test method think that the variability foivhen certain test methods are being written or revised. For a
individual determinations is likely to vary significantly from general discussion of the precision that can be expected with
laboratory to laboratory, they may wish to specify a number ofdifferent numbers of specimens, both within and between
specimens per laboratory sampling ukijtthat is a function of ~ laboratories, refer to Practice D 2906.
the observed variability. This practice provides a procedure for 5.4 When a specified number of specimens are tested as
determining the value df under such conditions. directed in a method, the mean of the resulting observations is

4.3.1 In cases wherk is to be calculated, the task group an estimateof the true average of the property being tested
needs also to specify a fixed value lofo be used when an When measured as directed in the method. The larger the
estimate of the variability for determinations within a labora-number of observations and the smaller the variability among
tory sampling unit is not available. In the absence of thethe observations, the nearer the test result (the average of the
necessary information, it is advisable for such a fixed value ofbServations) will tend to approach the true average.

k to be somewhat larger than would ordinarily be obtained Nore 2—The term “true average” as used here refers to the average that
from an estimate of the variability of determinations in a user'swould be obtained by testing the entire laboratory sampling unit as
laboratory. Such a fixed value & is normally obtained by directed in the specified method.

using a value of the variability, that is 1.414 times the best 55 The required number of specimens per unit of the

estimate for a typical value of the variability. This procedure|ahoratory sample is usually calculated using either Eq 2 or Eq
will result in a calculated value df that is twice what would 3 \which are as follows:

be obtained from the typical value of the variability. See 12.1.2, )
15.1.2, 18.1.2, and 21.1.2 for examples of calculations of a k= (ts/E) @
fixed number of specimens per laboratory sampling unit when k= (tv /A 3)
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TABLE 1 Values of Student’'s t for One-Sided and Two-Sided Limits and the 95 % Probability ~— #
df One-Sided Two-Sided df One-Sided Two-Sided df One-Sided Two-Sided
1 6.314 12.706 11 1.796 2.201 22 1.717 2.074
2 2.920 4.303 12 1.782 2.179 24 1.711 2.064
3 2.353 3.182 13 1771 2.160 26 1.706 2.056
4 2.132 2.776 14 1.761 2.145 28 1.701 2.048
5 2.015 2571 15 1.753 2.131 30 1.697 2.042
6 1.943 2.447 16 1.746 2.120 40 1.684 2.021
7 1.895 2.365 17 1.740 2.110 50 1.676 2.009
8 1.860 2.306 18 1.734 2.101 60 1671 2.000
9 1.833 2.262 19 1.729 2.093 120 1.658 1.980
10 1.812 2.228 20 1.725 2.086 o 1.645 1.960

A Values in this table were calculated using Hewlett Packard HP 67/97 Users’ Library Programs 03848D, “One-Sided and Two-Sided Critical Values of Student’s ¢” and
00350D,“ Improved Normal and Inverse Distribution.” For values at other than the 95 % probability level, see published tables of critical values of Student’s tin any standard
statistical text (2), (3), (4), and (5).

where: does not seem to increase in proportion to the mean value of

k = number of test specimens per unit of the laboratory the observations, select the standard deviation as the measure
sample required, rounded to the next higher whole of variability and use either Text 1 or Text 2 depending on
number or to the next higher multiple of five depending whether one-sided or two-sided limits are required. If the
on the judgment of the task group preparing the standard deviation seems to increase in proportion to the mean

method. value of the observations, select the coefficient of variation as
s = standard deviation of individual observations, in units the measure of variability and use either Text 3 or Text 4

of the property being evaluated (Note 3), depending on whether one-sided or two-sided limits are
v = coefficient of variation of individual observations, needed.

expressed as percent of the average. 6.2.1 If the individual observations have a frequency distri-
t = constant depending upon the desired probability levelbution that is markedly skewed or if the standard deviation

and equal to Student’s for the degrees of freedom seems to be correlated with the mean of the observations but
associated with the measure of variabilgyor v (see  does not vary proportionally to the mean, consider making a
Table 1), transformation of the original data which will result in a

E = allowable difference or the smallest difference of normally distributed variate with a standard deviation which is
practical importance in the test results expressed inindependent of the mean. Arbitrary grades or classifications,
units of the property being evaluated, which in some scores for ranked data, and counts of an observed condition are
cases may be percentage points, (Notes 3 and 4), anémong the types of data that normally require transformation.

A = allowable difference or the smallest difference of

practical importance in the test results expressed as a Note 5—An empirically chosen transformation is often considered
percent of the average (Note 4) satisfactory if a cumulative frequency distribution of the transformed data

gives a reasonably straight line when plotted on normal probability graph
Note 3—When the property being evaluated is measured as a perceri'tlapeﬁ A number of articles and standard statistical texts discuss the
age of a specified value, for example, elongation measured as a percentdgiice of suitable transformatiorfs), (2), (3), (4).and(5).”

of the original gage length, the allowable variation and the standard Note 6—Use of thg coefficient ofvariati_on_v_vhen the standard_deviation
deviation should be expressed in percentage points. is the more appropriate measure of variability can cause serious errors.

Note 4—The arbitrarily chosen values for bothand A refer to the Likewise, the use of the standard deviation when the coefficient of
allowable difference or the smallest difference of practical importance irvariation is the more appropriate measure of variability can result in

a test result based on observations still to be carried out under conditior@rious errors. In both cases, an erroneous answer will be obtained when
of single-operator precision. calculating the number of specimens required for a material having an

. . . . average value significantly different from the average of the material from
5.6 For a detailed discussion of the calculation of thewhichgthe variab?lity was )(/)riginally estimated. 9

number of specimens and of the estimation of the standard

deviation, refer to Practice D 2904 and Recommended Practice 8-3 If the property being evaluated ought to be controlled in

E 122 oth directions, select one of the recommended texts which
' specifies two-sided limits. If the property being evaluated
6. Criteria for Selection of the Recommended Text needs to be controlled in only one direction, select one of the

6.1 The selection of the appropriate recommended text wilfécommended texts which specifies one-sided limits.

normally be based upon decisions on the following matters: §h6'3'1 Ehxamplbes—Yarn r;lurgpertl)s ?}n §xam_p|e of adproperty
1) choice between the standard deviation or the coefficient of &t c_’clj‘gdtl,to, chgntro e mh ot | h|rect|ons anc reqlf]re.s
variation as the appropriate measure of variabilig), ¢hoice ~ tWo-sided limits. Fabric strength need have no maximum limit
between one-sided or two-sided limits for the property being
evaluated, and 3} determination if special circumstances
dictate specifying a prescribed number of specimens_ S Normal Probability Graph Paper may be bought from most suppliers. The

6.2 On the basis of data for materials having a wide range 0Qquivalent of Keuffel and Esser Co. Style 46-8000 or of Codex Book Co., Inc.,

’ . . .. . i . Norwood, MA 02062, Style 3127, is acceptable.

values, determine if the standard deviation is relatively inde-"71pe poidface numbers in parentheses refer to references listed at the end of this

pendent of the mean values reported. If the standard deviatighactice.
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while shrinkage must only stay below a permissible valueonly in cases where the task group thinks that the variability
Both fabric strength and shrinkage are examples of propertieemong specimens from a laboratory sampling unit will differ
which need to be controlled in only one direction and requiresignificantly among laboratories.

one-sided limits. 9.2 Each of the first four recommended texts is preceded by

6.4 Special circumstances sometimes make it desirable tan example illustrating the reasoning and the calculations
specify a prescribed number of observations. Among theequired prior to using the text. The examples do not refer to a
reasons for requiring a specific number of specimens andpecific method of test. The allowable difference and selected
suggested courses of action are the following: probability level used in the different examples have been

6.4.1 If an allowable variation which is substantially below varied for illustrative purposes and should not be used as
normal industry requirements requires one or fewer observaguides by task groups preparing methods of test for similar
tions by an experienced operator at the 95 % probability levelproperties. See previous sections for suggestions on selecting
specify one observation. an allowable variation and a selected probability level.

6.4.2 If an allowable variation that is substantially below 9.3 Each of the first four recommended texts shows numeri-
normal industry requirements requires no more thasbser-  cal values for some or all of the following terms which are
vations by an experienced operator at the 95 % probabilitpased on the example which immediately precedes the recom-
level; and if observations are very inexpensive or very quicklymended text: (1) the selected probability level,2) the
done; specify at least the next higher multiple of five observaallowable difference, and3] the fixed number of specimens
tions. with the value of the measure of variability used to calculate

6.4.3 If information about test precision is incomplete, butthe fixed number of specimenshen there is no reliable
there is wide industry acceptance of a certain number oéstimate of single-operator precision for the user’s laboratory.
observations in a test result; specify that number of observafFhe correct numerical values for the method in preparation
tions. must be substituted for the values used in the recommended

6.5 Consider the use of Text 5, Variability Known, Fixed text.

Number of Specimens, Section 22, when realistic values of the 9.4 If widely different values of the measure of variability
allowable variation, the selected probability, and the measurare applicable to different types of materials, or if the number
of single operator variability obtained in the interlaboratory testof specimens is being specified for more than one property
used in Recommended Texts 1, 2, 3, or 4 specify fewer thawithin a single section of a method, expand the recommended
half the number of specimens customarily tested in the traddext to list the appropriate values for each type of material or

each property being considered. The appropriate numerical
7. Selection of an Allowable Difference values may be tabulated to conserve space.

7.1 Select an allowable difference, that is, the smallest 9.5 Ineach of the recommended texts, the modified decimal
difference of practical importance, small enough to ensure thatumber of the sections and the numbers of the equation are
the variability of the test results will not exceed the normalincidental and are not to be copied since they will vary from
needs of the trade but not so small that an unrealistically largene method to another.
number of observations are required. (See 1.5.) There are ng
formal rules for selecting such values. Base the selection on KECOMMENDED TEXT 1—STANDARD DEVIATION
knowledge of the probable use of the test results and the WITH TWO-SIDED LIMITS
approximate cost of testing. ValuesBfare expressed in units
of measure (Note 3), values Afin percent of the average (see o }
Eq 2 and Eq 3). In both cases, values between 2.5 and 7.0 % of 10-1 Initial Choice of Recommended TextFrom the re-

10. Example 1—Moisture in Textile Materials

the expected average are often recommended. sults of an interlaboratory test, it was concluded that variability
was not proportional to the level of moisture in the samples.
8. Selection of a Desired Probability Level The single-operator component of variance expressed as a

¢ Standard deviation was calculated to be 0.20 percentage point.

8.1 Selection of a probability level is largely a matter of > . X -
engineering judgment. Experience has shown that for botl’?Irlce moisture shoulq be controlled in both dlrect!on_s,_ two-
sided limits are required. Recommended Text 1 is initially

one-sided and two-sided limits, a 95 % probability level is;

indicated.
often a reasonable one. 10.2 Initial Choice of Allowable Difference and Selected

Note 7—Numerically, the value of for a one-sided limit at a 95% Probability Level—-Based on its judgment of industry require-
probability level is equal to the value bfor two-sided limits atthe 90 %  ments. the task group might initially choose 0.25 percentage

probability I_e_vel. The fact that the_same numerlca_l value is associated meoint asE, the allowable difference, and 95 % as the selected
two probability levels under two different sets of circumstances should noprobability level

be allowed to influence the choice of a probability level. The conse- . . .
quences of error, not the choice between one-sided and two-sided limits, 10-3 Calculation of Numerical Values for Use in the Rec-

should be used as the basis for selecting a probability level. ommended Text Selecteterform the following operations:
) 10.3.1 Select from Table 1 the value bf 1.960, corre-
9. Use of lllustrative Examples and Recommended Texts  gponding to two-sided limits and an infinite number of degrees
9.1 Although Eq 2 or Eg 3 should be used during theof freedom at the 95 % probability level.
preparation of most test methods involving the measurement of 10.3.2 For those situations where the user has no reliable
a variable, the first four recommended texts are appropriatestimate of, calculate a value afthat is somewhat larger than
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is usually found in practice by multiplying the typical value of k = number of specimens per bundle of fiber (rounded
s=0.20 percentage points by 1.4 to get 0.28 percentage points. upward to a whole number),

Note 8—The factor 1.4 is arbitrary and was chosen because it gives & — reliable estimate of the standard deviation of individual
value of s (or v) that approximately doubles the number of specimens observations or similar materials in the user’s labora-
calculated by the equations in 5.5 when the user estimates the vasue of tory under conditions of single-operator precision,

(or v) based on a very large number of degrees of freedom. Doubling thet the value of Student’s for two-sided limits, a 95 %

number of specimens is likely to assure that the test result does not exceed probability level, and the degrees of freedom associ-

the allowable variation at the selected probability level even when the user ated with the estimate of and
is inexperienced. E = 0.25 percentage points, the value of the allowable
10.3.3 Using Eq 2, the value okelected in 10.3.1, and the difference.

value of s calculated in 10.3.2, calculate = (1.960X% 0.28/ 12.1.2 No Reliable Estimate ofsWhen there is no reliable
0.25¥ = 4.8 specimens. Round this value to five specimens. estimate of for the user’s laboratory, Eq 4 should not be used

Note 9—The task group must decide on the basis of industry practicedlreCtly' Instead, specify the fixed number of five specimens

and the cost of sampling and testing, whether to round the calculated valRe" b_undle of fiber. T_h's number of specimens per t?“”‘?”e of
of the number of specimens upward to the next whole number or to théiber is calculated using= 0.28 percentage point which is a
next multiple of five. Rounding instructions may be included with the somewhat larger value af than is usually found in practice.
equations in Recommended Texts 1 through 4. When a reliable estimate sffor the user’s laboratory becomes

10.4 Evaluation of Preliminary Resukts After determining ~ available, Eq 4 will usually require fewer than five specimens
the values based upon the initial choices of text, allowabld®€r bundle of fiber.
difference, and probability level, the task group must decidleReECOMMENDED TEXT 2—STANDARD DEVIATION
whether to: {) accept the recommended text initially chosen WITH ONE-SIDED LIMITS
and the calculated number of specimens as satisfactorng)or ( o .
if the calculated number of specimens are considered unsatid3:- Example 2—Impurity in a Fiber
factory for any reason, modify the initial choice of allowable 13.1 Initial Choice of Recommended TextFrom the re-
difference, selected probability level, or both and calculatesults of an interlaboratory test, it was concluded that variability
values on the revised basis, @ (se Recommended Text 5. was not proportional to the level of the impurity in a sample of
fiber. The single-operator component of variance expressed as
11. Recommended Text 1—Standard Deviation with Two- a standard deviation was calculated to be 0.45 percentage
Sided Limits point. Since the presence of an impurity needs to be controlled

11.1 Use the text illustrated in 12.1, 12.1.1, and 12.1.2. only to detect materials with an unacceptably high impurity

) content, one-sided limits are required. Recommended Text 2 is
Note 10—In recommended texts, the numbers of sections, notes, anﬁilitially indicated.

equations are for illustrative purposes and are not intended to conform to o . .
the numbers assigned to the other parts of this practice. In corresponden e,l‘?"2 Initial Choice of Allowable Difference and Selected

they can best be referenced by such phrases as ‘the illustrative teltrobability Level—Based on their judgment of industry re-

numbered as 12.” quirements, the task group might initially choose 0.25 percent-
Note 11—For illustrative purposes in the recommended texts, a nam@ge point ask, the allowable difference, and 95 % as the

as been arbitrarily given the laboratory sampling units. In adapting theselected probability level.

recommended texts to a specific test method, the appropriate name of the13 3 Calculation of Numerical Values for Use in the Rec-

laboratory sampling units for that test method should be substituted forthSmmended Text Selecte®erform the following operations:

name in the recommended text. Typical names for the laboratory sampling
units include such terms as: “bundle of fiber,” “package,” “swatch,” and 13.3.1 Select from Table 1 the value of 1.645 corre-

“garment.” sponding to one-sided limits anq_ an infinite number of degrees
of freedom at the 95 % probability level.
12. Number of Specimens 13.3.2 For those situations where the user has no reliable

12.1 Take a number of specimens per bundle of fiber sucRstimate of, calculate a value afthat is somewhat larger than
that the user may expect at the 95 % probability level that thés usually found in practice by multiplying the typical value of
test result for a bundle of fiber is no more than 0.25 percentagé= 0.45 percentage points by 1.4 to get 0.63 percentage points
points above or below the true average for the bundle of fibeNote 8).

Determine the number of specimens per bundle of fiber as 13.3.3 Using Eq 2, the value bkelected in 13.3.1, and the
follows: value of s calculated in 13.3.2, calculate= (1.645X% 0.63/

12.1.1 Reliable Estimate of-sWhen there is a reliable 0.25F =17.2 specimens. Round this value upward to 20
estimate ofs based upon extensive past records for similarspecimens (Note 9).
materials tested in the user's laboratory as directed in the 13.4 Evaluation of Preliminary Resuks See 10.4 for
method, calculate the required number of specimens per bundl@structions on alternative courses of action to be considered at
of fiber using Eq 4 (same as Eq 2, but renumbered to coincid®is point.

with section number). 14. Recommended Text 2—Standard Deviation with One-
k= (t¥E)* (4 sided Limits
) 14.1 Use the text illustrated in 15.1, 15.1.1, and 15.1.2
where:

(Notes 10 and 11).
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15. Number of Specimens 16.3 Calculation of Numerical Values for Use in the Rec-

15.1 Take a number of specimens per garment such that tgmmended Text Selecte®erform the following operations:
user may expect at the 95 % probability level that the test result 16.3.1 Select from Table 1 the value bf 1.960, corre-
for a garment is not more than 0.25 percentage points belowponding to two-sided limits and an indefinite number of
the true average for the garment. Determine the number afegrees of freedom at the 95 % probability level.
specimens per garment as follows: 16.3.2 For those situations where the user has no reliable
15.1.1 Reliable Estimate of-sWhen there is a reliable estimate of/, calculate a value of that is somewhat larger than
estimate ofs based upon extensive past records for similaris usually found in practice by multiplying the typical value of
materials tested in the user’s laboratory as directed in thg=3.0 % of the average by 1.4 to get 4.2 % of the average
method, calculate the required number of specimens pgiNote 8).

garment using Eq 5 (same as Eq 2, but renumbered to coincide 1 3 3 Using Eq 3, the value oelected in 16.3.1, and the

with section number). value of v calculated in 16.3.3, calculate= (1.960x 4.2/
k= (tJE)2 (5) 2.0¥ = 16.9 specimens. Round this value upward to 17 speci-
mens (Note 9).
where: 16.4 Evaluation of Preliminary Resuls See 10.4 for

k = number of specimens per garment (rounded upward to
a multiple of five),

s = reliable estimate of the standard deviation of individual
observations on similar materials in the user’s labora-
tory under conditions of single-operator precision.

t = the value of Student’s for one-sided limits, a 95 %
probability level, and the degrees of freedom associ- 17.1 Use the text illustrated in 18.1, 18.1.1, and 18.1.2

nstructions on alternative courses of action to be considered at
this point.

17. Recommended Text 3—Coefficient of Variation with
Two-sided Limits

ated with the estimate af and (Notes 10 and 11).
E = 0.25 percentage points, the value of the allowable
difference. 18. Number of Specimens

15.1.2 No Reliable Estimate ofsWhen there is no reliable
estimate of for the user’s laboratory, Eq 5 should not be used
directly. Instead, specify the fixed number of 20 specimens pe
garment. This number of specimens per garment is calculat

18.1 Take a number of specimens per package such that the
ser may expect at the 95 % probability level that the test result
qr a package is not more than 2.0 % of the average above or

using s= 0.63 percentage point which is a somewhat large elow the true average of the package. Determine the number

value of s than is usually found in practice. When a reliable of SPECIMeNs per pac_kage as follows: _ )

estimate of for the user’s laboratory becomes available, Eq 5 18.1.1Reliable Estimate of +When there is a reliable

will usually require fewer than 20 specimens per garment. €stimate ofv based upon extensive past records for similar
15.2 Recommended Text 2, above, is written for the situaMaterials tested in the user's laboratory as directed in the

tion in which only an upper limit for test results is required. For Method, calculate the required number of specimens per

the situation in which only a lower limit is required, substitute Package using Eq 6 (same as Eq 3, but renumbered to coincide

the word “above” for the word “below” in the first sentence of With section number).

Section 15.1. Note that “above” is used whelower limit is k= (tv/A)2 (6)
required and that “below” is used when apper limit is
required. where:
k = number of specimens per package (rounded upward to
RECOMMENDED TEXT 3—COEFFICIENT OF a whole number),
VARIATION WITH TWO-SIDED LIMITS v = reliable estimate of the coefficient of variation of
individual observations on similar materials in the
16. Example 3—Yarn Number of Spun Yarns user's laboratory under conditions of single-operator
16.1 Initial Choice of Recommended TesFrom the results precision,
of an interlaboratory test, it was concluded that variability of t = the value of Student’s for two-sided limits, a 95 %
yarn number was proportional to the level of yarn number. The probability level, and the degrees of freedom associ-
single-operator component of variance expressed as a coeffi- ated with the estimate of, and
cient of variation was found to fall between 2 and 4 % of the A = 2.0% of the average, the value of the allowable

average yarn number over a wide range of yarn numbers. A difference.
value of 3.0 % of the average was selected as typical. Since 18.1.2 No Reliable Estimate of+When there is no reliable
yarn number should be controlled in both directions, two-sidedstimate of for the user’s laboratory, Eq 6 should not be used
limits are required. Recommended Text 3 is initially indicated.directly. Instead, specify the fixed number of 17 specimens per
16.2 Initial Choice of Allowable Difference and Selected package. This number of specimens is calculated using
Probability Level-Based on their judgment of industry re- v=4.2 % of the average which is a somewhat larger value of
quirements, the task group might initially choose 2.0 % of thev than is usually found in practice. When a reliable estimate of
average a#, the allowable difference, and 95 % as the selected for the user’s laboratory becomes available, Eq 6 will usually
probability level. require fewer than 17 specimens per package.
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RECOMMENDED TEXT 4—COEFFICIENT OF where:
VARIATION WITH ONE-SIDED LIMITS k = number of specimens per swatch, (rounded upward to
a whole number),

19. Example 4—Fabric Tensile Strength v = reliable estimate of coefficient of variation of indi-

19.1 Initial Choice of Recommended TextErom the re- vidual observations on similar materials in the user’s
sults of an interlaboratory test, it was concluded that variability laboratory under conditions of single-operator preci-
of fabric strength was proportional to the level of fabric slon, , , o
strength. Over a wide variety of fabrics, the single-operatort = the value of Student's for one-sided limits, a 95%
component of variance expressed as a coefficient of variation probability level, and the degrees of freedom associ-
was found to vary from 2 to 11 % of the average fabric ated with the estimate of, and

strength. There was no apparent correlation between thé* = 4:0% of the average, the value of the allowable

coefficient of variation and the level of fabric strength. A value difference. _ _ _
of 5.5 % of the average was selected as typical. Since fabric 21-1.2 NO Reliable Estimate oRvWhen there is no reliable
strength should only be controlled to detect materials with loweStimate o for the user's laboratory, Eq 7 should not be used

strength, one-sided limits are required. Recommended Text 4 firectly. Instead specify the fixed number of ten specimens per
initially indicated. swatch. This number of specimens per swatch is calculated

19.2 Initial Choice of Allowable Difference and Selected usingv=7.8 % of the average which is a somewhat larger

Probability Level—Based on their judgment of industry re- value ofv than is usually found in practice. When a reliable

quirements, the task group might initially choose 4.0 % of theestimate ofv for the user’s laboratory becomes available, Eq 7

average a8, the allowable difference, and 95 % as the selectecYVIII usually require fewer than ten Specimens per swatch_.
probability level. 21.2 Recommended Text 4, above, is written for the situa-

19.3 Calculation of Numerical Values for Use in the Rec- tion in which only a lower limit for test results is required. For

ommended Tex Seecie@ertorm te olowing operatons: 11 Sl 1 W oy anupperft s edured ubetut
19.3.1 Select from Table 1 the value wof 1.645 corre-

sponding to one-sided limits and an infinite number of degree?ection 21.1. Note that "above” is used whefoaer limit is
e i that “below” i h limit i
at the 95 % probability level. equired and that “below” is used when apper limit is

L ., required.
19.3.2 For those situations when the user has no reliable

estimate of/, calculate a value ofthat is somewhat larger than RECOMMENDED TEXT 5—VARIABILITY KNOWN,

is usually found in practice by multiplying the typical value FIXED NUMBER OF SPECIMENS
v=5.5% of the average by 1.4 to get 7.7 % of the average?2. Text 5—Variability Known
(Note 8).

22.1 If information is available about the single-operator
precision of the method but special circumstances, such as
. : ) those described in 6.4.1 or 6.4.2, make it advisable to specify
4.0¥ = 10.0 specimens. Use this value as ten specimens (Note fived number of specimens, use a text similar to that
9). . o illustrated in 23.1. Derive the numerical values used in the text
~ 19.4 Evaluation of Preliminary Resuks See 10.4 for g5 shown in Examples 1, 2, 3, or 4. Select the specific example
instructions on alternative courses of action to be considered g} pe ysed as a guide based on whether the standard deviation

19.3.3 Using Eq 3, the value okelected in 19.3.1, and the
value of v calculated in 19.3.2, calculate= (1.645X 7.7/

this point. or the coefficient of variation has been chosen to measure

] o . variability and whether one-sided or two-sided limits are

20. Recommended Text 4—Coefficient of Variation with required. If one-sided limits are required, delete the words

One-sided Limits “above or below” from the second sentence of the suggested

20.1 Use the text illustrated in 21.1, 21.1.1, and 21.1.Zext and () substitute the word “above” when onlylawer

(Notes 10 and 11). limit is required for the test result, oR) substitute the word
“below” when only arupperlimit is required for the test result.

21. Number of Specimens The term* percent of the average” will be used instead of the

21.1 Take a number of specimens per swatch such that it of measure when the coefficient of variation is used (Notes
user may expect at the 95 % probability level that the test resuftO and 11).

for a swatch is no more than 4.0 % of the average above thg3. Number of Specimens
true average for the swatch. Determine the number of speci- 53 1 Take five specimens per spool. If it is assumed shat

mens per swatch as follows: _ . = 0.028 percentage points, which is a somewhat larger value
21.1.1Reliable Estimate of-wWhen there is a reliable of sthan is usually found in practice, it is expected at the 95 %
estimate ofv based upon extensive past records for similarropapility level that the average of five specimens per spool is

materials tested in the user's laboratory as directed in theot more than 0.025 percentage points above or below the true
method, calculate the required number of specimens pejyerage of the spool.
swatch using Eq 7 (same as Eq 3, but renumbered to coincide _
with section number). Note 12—To calculate th_e _number of specimens per spool for other
values of the allowable variation or for other probability levels, refer to
k= (tv/A)2 (7)  Practice D 2905.
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RECOMMENDED TEXT 6—VARIABILITY Note 13—While data on single-operator precision are not available, the
UNKNOWN, FIXED NUMBER OF SPECIMENS use of two specimens per zipper is generally accepted in the trade.
24. Text 6—Variability Unknown 26. Keywords

24.1 Use the text illustrated in 25.1. If applicable, follow the 26.1 number of Specimens; precision; Statistics; Wr|t|ng
text with a note explaining the basis for selecting the fixedsiatements

number of specimens specified in the text (Notes 10 and 11).

25. Number of Specimens
25.1 Take two specimens per zipper.
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