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QHny) Designation: D 3777 — 97

Standard Practice for

Writing Specifications for Textiles *

This standard is issued under the fixed designation D 3777; 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 2. Referenced Documents

1.1 This practice covers general methods for specifying 2.1 ASTM Standards:
textile product characteristics that may be measured or D 123 Terminology Relating to Textilés

counted. D 2906 Practice for Statements on Precision and Bias for
1.2 There are many different types of acceptance samplings Textiles
plans. This practice describes five types. (See 1.5.) D 4271 Practice for Writing Statements on Sampling in Test

1.3 This practice describes general methods for writing the  Methods for Textile
sampling plans of the types named in 1.5 whose characteristics 2.2 Adjunct
may be measured or counted. The requirements are describedTEX-PAC*
in terms of what the basic unit is and what limit constitutes a N . . .

. . . . ote 1—Tex-Pac is a group of PC programs on floppy disks, available
nqnconformlng item. Tables are prpwded from Wh'Ch appro'through ASTM Headquarters, 100 Barr Harbor Drive, West Consho-
priate sampling plans can be designed. Numerical exampl@cken, PA 19428, USA. The points on the operating characteristic (OC)
illustrate the design of sampling plans and the construction ofurves described in the Annexes of this Standard can be calculated using
their consequent operating characteristic curves. programs in this adjunct.

1.4 This standard does not purport to address all of the 23 Other Standards:

safety concerns, if any, associated with its use. It is the ANSI/ASQC Z1.4 Sampling Procedures and Tables for
responsibility of the user of this standard to establish appro-  |nspection by Attribute®

priate safety and health practices and determine the applica- \mj_-STD-105D Sampling Procedures and Tables for In-

bility of regulatory limitations prior to use. spection by Attribute®
1.5 This practice includes the following sections: MIL-STD-414 Sampling Procedures and Tables for Inspec-
Section tion by Variables by Percent Defectfre
Soope ! Tables of the Binomial Probability Frequency Distribution
eferenced Documents 2 ) A - i
Terminology 3 (No. 6 Of the Applied Mathematics Series), National
Significance and Use 4 Institute of Standards and Technology (NIST)
Organizational Form for Specifications 5
Introductory Sections 6 ;
Requirements Section 7 3. Termln-ollo-gy
Sampling 8 3.1 Definitions:
ot g/llii?%?;ns I 3.1.1 acceptable quality level, (AQL or,p n—in accep-
Operating Characteristic Curve 11 tance samplingthe maximum fraction of nonconforming items
Keywords 12 at which the process average can be considered satisfactory;
1.6 The annexes include: the process average at which the risk of rejection is called the
Topic Title Annex Number producer s risk. i i
Types of Sampling Plans: 3.1.2 acceptance number, (ch—in acceptance sampling
Single-Sample Fraction-Nonconforming Attribute Annex Al the maximum for the number of nonconforming items in a
Data H
Single-Sample Nonconformances-per-Unit Annex A2 sampl_e th_at allows the conclusion that the lot conforms to the
Single-Sample by Variables to Control Fraction-Non- Annex A3 speC|f|cat|on.
conforming with Standard Deviation Known
Single-Sample by Variables to Control Fraction-Non- Annex A4 _—
conforming with Standard Deviation Unknown 2 Annual Book of ASTM Standardgol 07.01.
Chain Sampling Annex A5 3 Annual Book of ASTM Standardgol 07.02.
4PC programs on floppy disks are available through ASTM. Férich disk
request PCN:12-429040-18, for &5nch disk request PCN:12-429041-18.
5 American Society for Quality Control, 230 West Wells Street, Milwaukee, WI
53203.
* This practice is under the jurisdiction of ASTM Committee D-13 on Textiles & Available from Standardization Documents Order Desk, Bldg. 4 Section D, 700
and is the direct responsibility of Subcommittee D13.93 on Statistics. Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.
Current edition approved Sept. 10, 1997. Published August 1998. Originally 7 Available from National Institute of Standards and Technology, NIST, Gaith-
published as D 3777 — 79. Last previous edition D 3777 — 91. ersburg, MD 20899.
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3.1.3 acceptance samplingr—sampling done to provide sampling plan where the size of the lot being sampled is taken
specimens for acceptance testing. into consideration.

3.1.4 acceptance testingn—testing done to decide if a  3.1.21 type B operating characteristic curve—an operat-
material meets acceptance criteria. ing characteristic curve which describes the operation of a

3.1.5 chain sampling n—in acceptance samplinga sam- sampling plan where items are drawn at random from a
pling plan for which the decision to accept or reject a lot istheoretically infinite process.
based in part on the results of inspection of the lot and in part 3.1.22 For definitions of textile and statistical terms used in
on the results of inspection of the immediately preceding lotsthis practice refer to Terminology D 123.

3.1.6 consumer’s risk, §), n—in acceptance samplinghe .
probability of accepting a lot when the process average is at th%‘ Significance and Use
limiting quality level. 4.1 All purchase agreements should be based on a specifi-

3.1.7 laboratory samplen—a portion of material taken to cation of the material to be purchased which is agreeable to
represent the lot sample, or the original material, and used iROth parties. The parties should have a common understanding
the laboratory as a source of test specimens. of thr—_z quality (_)f material despribed by the spgcification. This

3.1.8 limiting quality level, (LQL or p), n—in acceptance Practice describes how to write such a spec!f|cat|on. _
sampling the fraction of nonconforming items at which the 4.2 All purchase agreements should contain a sampling plan
process average can be considered barely tolerable; the procé@suse to determine the disposition of lots of material. A
average at which the risk of acceptance is called the consun§Pecification is not complete without a sampling plan. This
er's risk. (Syn.lot tolerance fraction nonconforming practice describes how to write sampling plans which, when

3.1.9 lot, n—in acceptance samplinghat part of a consign- used as part of a purchase agreement, will give the parties a

ment or shipment consisting of material from one production?®Mmmon understanding of the quality of material described, the
lot. risks connected with the sampling and testing procedures, and

3.1.10 lot tolerance fraction nonconformingr—seelimit-  the procedures to follow when a lot is rejected. .

ing quality level. _ 4.3 _It should k_)e clea_rly understood that no sampling plan,
including 100 % inspection, can make certain that all accepted

elots will have a certain quality. No matter what the quality level

a vendor supplies, if the purchaser continues to receive

r§hipments from the same vendor, a portion of the shipments

will be accepted by the sampling plan. All a sampling plan can

do is increase the probability of acceptance of good lots, and

3.1.11 nonconforming adi—a description of a unit or a
group of units that does not meet the unit or group toleranc
3.1.12 nonconformityn—an occurrence of failing to satisfy
the requirements of the applicable specification; a conditio

that results in a nonconforming item.
3.1.13 operating characteristic curve, OC-cyr,va—m.ac- decrease the probability of acceptance of bad lots.
ceptance samplingthe curve which has as its abscissa an

hvbothesized lot averaae. and which has as its ordinate the 4.4 When inspection is inexpensive and not destructive, or
yp ge, When it is extremely important that all nonconforming items be

glrggtazlgtx 8:);‘;‘Eﬁg':r?a:ggté?itét\i’grleu?;]hgt%zan'i;;;%'nése%etected, conformance to the specification may be determined
chargcteristic curve by complete ins_pection of every _item in the_ lot. _ _
d e K h bability of reiecting a 4.5 When neither of the situations described in 4.4 pertain,
Iotg\}vlri::: ?r:(; ;;Jrg?:resssnsav’e()r[:)a’gr:e_is aet fr:g ei:clegtablejqualitg/ lev sampling plan which involves less than 100 % inspection
ay be used. A plan should be chosen which will divide the

the AQL _— . . cost of imperfect judgments caused by inspecting only a
3.1.15rejection numbern—in acceptance samplinghe  nqrion of the lot between producer and buyer. This practice
minimum number of nonconforming items in a sample thatyegeripes some simple methods for preparing sampling plans.
requires the conclusion that the lot does not conform to thg,q e complex sampling plans may be justified when the costs
specification. ) , .. of inspection are high. Such plans may be found in Durfcan,
3.1.16 sample n—(1) a portion of a lot of material which is MIL-STD-105D, and in MIL-STD-414. In any case, sampling

taken for testing or for record purposes) (& group of  hiang can be compared using their operating characteristic
specimens used, or observations made, which provide infols,es and their costs.

mation that can be used for making statistical inferences about 4 g The operating characteristic curves in this practice are of

the population(s) from which they were drawn. _ the type B. That is, that the lots being inspected are assumed to
3.1.17 sampling unif n—an identifiable discrete unit or pe infinitely large. This assumption is convenient, and no

subunit of material that could be taken as part of a sample. sjgnificant error is introduced, if the lot size is 1000 or more
3.1.18 single samplingn—in acceptance sampling sam-  jtems, or if the sample size is no more than 10 % of the lot size.

pling plan for which the decision to accept or reject a lot is|n other cases the consumer’s risk will be somewhat over-
based on a single sample. stated.

3.1.19 specification n—a precise statement of a set of
requirements to be satisfied by a material, product, system, ot———
service, that indicates the procedures for determining whether ® Duncan, Acheson JQuality Control and Industrial StatisticsRichard D.
each of the requirements is satisfied. Irwin, Inc., Homewood, IL, 1974. . .

3.1.20 type A Operating characteristic curve—an operat- Hahn, Gerald J., Schilling, Edward G., “An Introduction to the MIL-STD-105D

) o ' ! : Acceptance Sampling SchemeStandardization NewsAmerican Society for
ing characteristic curve which describes the operation of desting and Materials, September 1975, pp. 20-26.
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TABLE 1 Requirements of Acceptance Criteria  * listed in the section on referenced documents. If it is necessary
Requirement Test Method Lot Acceptance Criteria to make minor changes in the test method, add a section on
No Separation of components D XXXX accept if nonconforming units prec|s|on and blas as fo”ows: “The prec|s|on and blas Of thls
< 2 in sample of 36 units hod h d sianifi v by th . h
Tenacity, min = 1200 mN/tex D YYY acceptif X>1779.9 mNkex, (€St method are not changed significantly by the minor changes
o' = 324 for sample of 22 items specified above.” (See Practice D 2906.)
A X = observed average. 9.2.2 If the less desirable option of writing a test method
within the specification is used, the test method cannot be
TABLE 2 Basis for Acceptance Sampling Plan referenced in another specification. In addition, the test method
Fraction of Lot Out of , must include sections on scope, significance and use, proce-
P Risk Factors . . . .
Specification _ dure, and precision and bias as required by PartPasfn and
Property Acéﬁg}ft‘)?'e 'E')T:;ng Pro- Con- Style for ASTM Standard$ For practical purposes, this option
Level Level ducer's sumer's is no easier than writing a separate test method and contains
Component separation 0.01 0.11 0.05 0.10 serious drawbacks.
Tenacity 0.015 0.07 0.04 0.075

9.3 If neither a measurement nor a count can be made on a
unit of the sample, state in writing what is to be done and how
o e conformance is to be decided. If appropriate, specify that
S Organgtlonal Form for Specmcaygns. ~_ physical samples of satisfactory and unsatisfactory materials

5.1 The important parts of a specification are: designatiomre to be exchanged by the producer and the buyer.
number, title, scope, reference documents, terminology, re- 9.4 |n case of a dispute arising from differences in reported

quirements, sampling plan, test methods, and operating chast results follow the procedure described in the applicable test
acteristic curve. See Part B dform and Style for ASTM method.

Standard&® for further information regarding parts and their
order of presentation. 10. Sampling Plans
6. Introductory Sections of Specifications 10.1 Single-Sample Fraction-Nonconforming Attribute

ata—Attribute inspections are summarized in terms of frac-
1on of units not conforming. Simple two-point plans are based

6.1 Write the sections on title, scope, referenced document
and terminology in accordance wilorm and Style for ASTM

Standard<® on two selected points on the operating characteristic curve.
Single-sample plans base the decision to accept or reject the lot
7. Requirements Section of Specification being sampled on one sample only. The plans in this standard

7.1 State the requirements for a laboratory sampling unitee based on the binomial frequency distribution. They do not

Requirements may be expressed as attributes or as variablé%l.(e Into account inspections made on prior lots from the same

Tolerances may be one-sided or two-sided. It is recommendet ndor. The calculation of such plans is described N AnnexAL.
10.2 Single-Sample Nonconformances-Per-Kemsingle-

that the sections specifying the requirements are preceded by a . .
center heading readirigequirements sample nonconformance-per-unit plan consists of one sample

7.2 Table 1 illustrates the requirements and acceptanc%fSiien afnq an accept?nce nur;ﬂnarlf the s?mplehhas a total |

criteria for an attribute and a variables plan. This table is basefUmber of instances of nonconformances less than or equal to

on the examples in Annex A1 and Annex A3. C, acc_ept the !ot; o_ther\lee reject it. The calculation of such
7.3 Tabulate the key parameters, specifying the OC-curveldlans is described in Anne>.< A,‘Z‘

of sampling plans in a table similar to Table 2. Table 2 is based 10-2.1 For such plans, it is assumed that the number of

on the examples of Annex Al and Annex A3. nonconformances per unit are distributed in the form of a
Poisson distribution with mean equal té. g
8. Sampling 10.3 Single-Sample by Variables to Control Fraction-
8.1 Follow the directions of Practice D 4271 in describinghonconforming with Standard Deviation Knowivariables
how sampling is to be done. inspections are based on the assumption that the normal
distribution is a suitable model for the data. Simple two-point
9. Test Methods plans are based on two selected points on the operating

9.1 Specify a test method for every property for whichcharacteristic curve. They do not take into account results of

requirements are indicated. List the test methods for théSpections made on prior lots from the same vendor. Single-
properties in exactly the same order that they are listed in th&ample plans base the decision to accept or reject the lot on the
sections and tables on requirements. It is recommended that tR@Sis of one sample. The calculation of plans with such data
sections specifying the test methods to be used are preceded \Wh the stgndard deviation known and with one sided limits is
a center heading readirgst Methods described in Annex A3.
9.2 Specify a test method in one of two ways: 10.4 Single-Sample by Variables to Control Fraction-
9.2.1 Use the preferred option of stating that the propertylonconforming with Standard Deviation UnknowiWariables

will be tested as directed in an existing test method which ignspections are based on the assumption that the normal
distribution is a suitable model for the data. Simple two-point

[ plans are based on two selected points on the operating
10 Available from ASTM Headquarters. characteristic curve. They do not take into account results of
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inspections made on prior lots from the same vendor. Singletl. Operating Characteristic Curve

Sa”?p'e plans base the decision to accept or rejec.t the lot on the11 1 The operating characteristic curve of a sampling plan
basis of one sample. The calculation of plans with such datg " . .
escribes how the plan will behave. The abscissa of the curve

and with two-sided limits is described in Annex A4. . : . :
10.5 Chain Sampling—Chain sampling takes into account IS an hypothe5|zed cplndmon of the I(.)t being samplgd. Its
the results of prior inspections made on lots of material fromordlnate is the probability that the lot will be accepted, if that

the same vendor. The calculation of a chain sampling plan igondition is true. Tabulate the parameters of the operating
described in Annex A5. characteristic curve in a table similar to Table 2. Tabulate and

10.5.1 According to Duncahfor chain sampling plans to draw the OC-curve and incorporate it into the specification.

be used properly all of the following conditions should be met:Table 2 is based on the examples in the annexes.
10.5.1.1 The lot should be one of a series in a continuing 11.2 In the case of chain sampling plans, the hypothesized

supply; condition of lots is assumed to remain the same over the period
10.5.1.2 Lots should normally be expected to be of esseref sampling.
tially the same quality; 11.3 Every sampling plan has an operating characteristic

10.5.1.3 The consumer should have no reason to believg,e The annexes describe how to calculate such curves.
that the lot currently sampled is poorer than the immediatelyy;s, the help of someone versed in statistics, calculate the
preceding ones, and curve for other plans not in the annexes.

10.5.1.4 The consumer must have confidence in the supplier . L L
and have confidence that the supplier would not take advantage 114 Every OC-curve discussed in this practice is of the type

of a good record to slip in a bad lot now and then when it would>-
have the best chance of being accepted. 11.5 In the interest of conserving space, no plots of operat-

10.5.2 In addition to the information about chain samplinging characteristic curves are shown.
given here and in Annex A5, additional information can be
found in Stephen&t 12. Keywords

12.1 sampling plans; specifications; statistics; writing speci-

fications
1 Stephens, Kenneth S/l 2: How to Perform Continuous Samplirymerican
Society for Quality Control, Milwaukee, WI 53203.

ANNEXES
(Mandatory Information)

Al. SINGLE-SAMPLE FRACTION-NONCONFORMING ATTRIBUTE DATA

Al.1 Design of Plar—To design a two-point sampling plan ment is that there be no separation of fabric in any roll. It is
for attribute data, perform the following steps: desired to design a sampling plan which will have the

Al1.1.1 Based on the objectives of the sampling plan, seled@llowing parameters: _
the two points AQL, 1-w) and (QL, B) on the operating  A1.3.1.1 The acceptable quality level, = 0.01,
characteristic curve, whe®&QL is the acceptance quality level ~ A1.3.1.2 The producer’s risky = 0.05,
and is denoted by,, and whereLQL is the limiting quality A1.3.1.3 The lot tolerance fraction defectiyg,= 0.08, and
level and is denoted byg,. Al1.3.1.4 The consumer’s risig = 0.10.

Al1.1.2 Calculate the ratiq./p, A1.3.2 The value op,/p, = 8.

A1.1.3 From the appropriate columns of Table Al1.1, obtain A1.3.3 Inthex = 0.05 and3 = 0.10 column of Table A1.1,
the acceptance number,and the valuenp,, corresponding to  the number just greater than the ratio calculated in A1.3.2 is
the number in the body of the table just equal to or greater thaf0.946. Corresponding to this ratio the acceptance nunsber,

the ratiop,/p;. =1, andnp, = 0.355.

Al.1.4 Determine the sample size,= np,/p,, wherenp, is A1.3.4 As directed in Al1.1.4, the sample size,= np,/
obtained from Table Al.1. Roundup to the nearest whole p; = 0.355/0.01= 35.5= 36.
number. A1.3.5 Using Table A1.2p’ = E/n, and forc = 1, several

points, @', P(A)), on the operating characteristic curve are
given in Table A1.3.

Al1.3.6 Sincen must be an integer, whei = 0.10,
p, = 0.108 instead of 0.08. Whep = 0.08, 3 is approxi-
] mately 0.227, by interpolation in the first two columns of Table
A1.3 Numerical Example: A1.3. If this situation is not satisfactory, make a new calcula-

A1.3.1 A lot consists of 1000 rolls of fabric. The require- tion with another value op..

Al.2 Operating Characteristic Curve-Points on the oper-
ating characteristic curve ar&/f, P(A)) whereE andP(A) are
from Table A1.2.E is the entry in the body of the table
corresponding t@ and P(A).
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TABLE Al.1 Single-Sampling Two-Point Sampling Plan for Attributes—( polp B
Values of p./p; for: Values of p./p; for:
c - — - 1Pz c - — - n
a = 0.05 o =0.05 a = 0.05 a=0.01 o =0.01 a=0.01 P1
B =0.10 B =0.05 B =0.01 B =0.10 B =0.05 B =0.01

0 44.890 58.404 89.781 0.052 0 229.105 298.073 458.210 0.010
1 10.946 13.349 18.681 0.355 1 26.184 31.933 44.686 0.149
2 6.509 7.699 10.280 0.818 2 12.206 14.439 19.278 0.436
3 4.890 5.675 7.352 1.366 3 8.115 9.418 12.202 0.823
4 4.057 4.646 5.890 1.970 4 6.249 7.156 9.072 1.279
5 3.549 4.023 5.017 2.613 5 5.195 5.889 7.343 1.785
6 3.206 3.604 4.435 3.286 6 4.520 5.082 6.253 2.330
7 2.957 3.303 4.019 3.981 7 4.050 4.524 5.506 2.906
8 2.768 3.074 3.707 4.695 8 3.705 4.115 4.962 3.507
9 2.618 2.895 3.462 5.426 9 3.440 3.803 4.548 4.130
10 2.497 2.750 3.265 6.169 10 3.229 3.555 4.222 4.771
11 2.397 2.630 3.104 6.924 11 3.058 3.354 3.959 5.428
12 2.312 2.528 2.968 7.690 12 2.915 3.188 3.742 6.099
13 2.240 2.442 2.852 8.484 13 2.795 3.047 3.559 6.782
14 2.177 2.367 2.752 9.246 14 2.692 2.927 3.403 7.477
15 2.122 2.302 2.665 10.035 15 2.603 2.823 3.269 8.181
16 2.073 2.244 2.588 10.831 16 2.524 2.732 3.151 8.895
17 2.029 2.192 2.520 11.633 17 2.455 2.652 3.048 9.616
18 1.990 2.145 2.458 12.442 18 2.393 2.580 2.956 10.346
19 1.954 2.103 2.403 13.254 19 2.337 2.516 2.874 11.082
20 1.922 2.065 2.352 14.072 20 2.287 2.458 2.799 11.825
21 1.892 2.030 2.307 14.894 21 2.241 2.405 2.733 12.574
22 1.865 1.999 2.265 15.719 22 2.200 2.357 2.671 13.329
23 1.840 1.969 2.226 16.548 23 2.162 2.313 2.615 14.088
24 1.817 1.942 2.191 17.382 24 2.126 2.272 2.564 14.853
25 1.795 1.917 2.158 18.218 25 2.094 2.235 2.516 15.623
26 1.775 1.893 2.127 19.058 26 2.064 2.200 2.472 16.397
27 1.757 1.871 2.098 19.900 27 2.035 2.168 2.431 17.175
28 1.739 1.850 2.071 20.746 28 2.009 2.138 2.393 17.957
29 1.723 1.831 2.046 21.594 29 1.985 2.110 2.358 18.742
30 1.707 1.813 2.023 22.444 30 1.962 2.083 2.324 19.532
31 1.692 1.796 2.001 23.298 31 1.940 2.059 2.293 20.324
32 1.679 1.780 1.980 24.152 32 1.920 2.035 2.264 21.120
33 1.665 1.764 1.960 25.010 33 1.900 2.013 2.236 21.919
34 1.653 1.750 1.941 25.870 34 1.882 1.992 2.210 22.721
35 1.641 1.736 1.923 26.731 35 1.865 1.973 2.185 23.525
36 1.630 1.723 1.906 27.594 36 1.848 1.954 2.162 24.333
37 1.619 1.710 1.890 28.460 37 1.833 1.936 2.139 25.143
38 1.609 1.698 1.875 29.327 38 1.818 1.920 2.118 25.955
39 1.599 1.687 1.860 30.196 39 1.804 1.903 2.098 26.770
40 1.590 1.676 1.846 31.066 40 1.790 1.887 2.079 27.587
41 1.581 1.666 1.833 31.938 41 1.777 1.873 2.060 28.406
42 1.572 1.656 1.820 32.812 42 1.765 1.859 2.043 29.228
43 1.564 1.646 1.807 33.686 43 1.753 1.845 2.026 30.051
44 1.556 1.637 1.796 34.563 44 1.742 1.832 2.010 30.877
45 1.548 1.628 1.784 35.441 45 1.731 1.820 1.994 31.704
46 1.541 1.619 1.773 36.320 46 1.720 1.808 1.980 32.534
47 1.534 1.611 1.763 37.200 47 1.710 1.796 1.965 33.365
48 1.527 1.603 1.752 38.082 48 1.701 1.785 1.952 34.198
49 1.521 1.596 1.743 38.965 49 1.691 1.775 1.938 35.032

A Cameron, J. M., Quality Progress, September 1974, p. 17.

B

c

Palpy=

[¢3

B

acceptance number,
ratio of LQL and AQL,
producer’s risk, and
consumer’s risk.
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TABLE A1.2 Single-Sampling Two-Point Sampling Plan for Attributes— EAB

. pa)= | pay= | Pay= | Pay= | Pia)y= | Pyy= | Pay= | Py= | Pay= | Piay= | Piay= | Pia)y= | Pa)=
0.995 0.990 0.975 0.950 0.900 0.750 0.500 0.250 0.100 0.050 0.025 0.010 0.005

0 0.00501 0.0101 0.0253 0.0513 0.105 0.288 0.693 1.386 2.303 2.996 3.689 4.605 5.298

1 0.103 0.149 0.242 0.355 0.532 0.961 1.678 2.693 3.890 4.744 5572 6.638 7.430

2 0.338 0.436 0.619 0.818 1.102 1.727 2.674 3.920 5.322 6.296 7.224 8.406 9.274

3 0.672 0.823 1.090 1.366 1.745 2.535 3.672 5.109 6.681 7.754 8.768 10.045 10.978

4 1.078 1.279 1.623 1.970 2.433 3.369 4.671 6.274 7.994 9.154 | 10242 | 11.605 | 12.594

5 1.537 1.785 2.202 2.613 3.152 4.219 5.670 7.423 9.275 | 10513 | 11.668 | 13.108 | 14.150

6 2.037 2.330 2.814 3.286 3.895 5.083 6.670 8.558 10.532 11.842 13.060 14.571 15.660

7 2,571 2.906 3.454 3.981 4,656 5.956 7.669 9684 | 11.771 | 13.148 | 14.422 | 16.000 | 17.134

8 3.132 3.507 4.115 4.695 5.432 6.838 8.669 10.802 12.995 14.434 15.763 17.403 18.578

9 3.717 4.130 4.795 5.426 6.221 7.726 9.669 11.914 14.206 15.705 17.085 18.783 19.998

10 4.321 4.771 5.491 6.169 7.021 8.620 10.668 13.020 15.407 16.962 18.390 20.145 21.398
11 4.943 5.428 6.201 6.924 7.829 9.519 11.668 14.121 16.598 18.208 19.682 21.490 22.779
12 5.580 6.099 6.922 7.690 8.646 | 10422 | 12.668 | 15217 | 17.782 | 19.442 | 20962 | 22.821 | 24.145
13 6.231 6.782 7.654 8.464 9.470 11.329 13.668 16.310 18.958 20.668 22.230 24.139 25.496
14 6.893 7.477 8.396 9.246 10.300 12.239 14.668 17.400 20.128 21.886 23.490 25.446 26.836
15 7.566 8.181 9.144 | 10.035 11.135 | 13.152 | 15.668 | 18.486 | 21.202 | 23.098 | 24.741 | 26.743 | 28.166
16 8.249 8.895 9.902 10.831 11.976 14.068 16.668 19.570 22.452 24.302 25.984 28.031 29.484
17 8.942 9.616 10.666 11.633 12.822 14.986 17.668 20.652 23.606 25.500 27.220 29.310 30.792
18 9.644 10.346 | 11.438 | 12.442 13672 | 15907 | 18.668 | 21.731 | 24756 | 26.692 | 28.448 | 30.581 | 32.092
19 10.353 11.082 12.216 13.254 14.525 16.830 19.668 22.808 25.902 27.879 29.671 31.845 33.383
20 11.069 11.825 12.999 14.072 15.383 17.755 20.668 23.883 27.045 29.062 30.888 33.103 34.668
21 11.791 12574 | 13.787 | 14.894 16.244 | 18682 | 21.668 | 24956 | 28.184 | 30.241 | 32.102 | 34.355 | 35.947
22 12.520 13.329 14.580 15.719 17.108 19.610 22.668 26.028 29.320 31.416 33.309 35.601 37.219
23 13.255 14.088 15.377 16.548 17.975 20.540 23.668 27.098 30.453 32.586 34.512 36.841 38.485
24 13.995 14.833 | 16.178 | 17.382 18.844 | 21.471 | 24.668 | 28167 | 31584 | 33.752 | 35710 | 38.077 | 39.745
25 14.740 15.623 16.084 18.218 19.717 22.404 25.667 29.234 32.711 34.916 36.905 39.308 41.000
26 15.490 16.397 17.793 19.058 20.592 23.338 26.667 30.300 33.836 36.077 38.096 40.535 42.252
27 16.245 17.175 | 18.606 | 19.900 21.469 | 24.273 | 27.667 | 31.365 | 34.959 | 37.234 | 39.284 | 41.757 | 43.497
28 17.004 17.957 19.422 20.746 22.348 25.209 28.667 32.428 36.080 38.389 40.468 42.975 44.738
29 17.767 18.742 | 20241 | 21.594 23.229 | 26.147 | 29.667 | 33.491 | 37.198 | 39541 | 41.649 | 44.190 | 45.976
30 18.534 19.532 21.063 22.444 24.113 27.086 30.667 34.552 38.315 40.690 42.827 45.401 47.210
31 19.305 20.324 21.888 23.298 24.998 28.025 31.667 35.613 39.430 41.838 44.002 46.609 48.440
32 20.079 21120 | 22.716 | 24.152 25885 | 28.968 | 32.667 | 36.672 | 40.543 | 42982 | 45.174 | 47.813 | 49.665
33 20.856 21.919 23.546 25.010 26.774 29.907 33.667 37.731 41.654 44,125 46.344 49.015 50.888
34 21.638 22721 | 24.379 | 25870 27.664 | 30.849 | 34667 | 38.788 | 42.764 | 45266 | 47512 | 50.213 | 52.108
35 22422 23525 | 25214 | 26.731 28556 | 31.792 | 35.667 | 39.845 | 43.872 | 46.404 | 48.676 | 51.409 | 53.324
36 23.208 24.333 26.052 27.594 29.450 32.736 36.667 40.901 44,978 47.540 49.840 52.601 54.538
37 23.908 25.143 26.891 28.460 30.345 33.681 37.667 41.957 46.083 48.676 51.000 53.791 55.748
38 24,791 25955 | 27.733 | 29.327 31.241 | 34.626 | 38667 | 43.011 | 47.187 | 49.808 | 52.158 | 54.979 | 56.958
39 25.586 26.770 28.576 30.196 32.139 35.572 39.667 44.065 48.289 50.940 53.314 56.164 58.160
40 26.384 27587 | 29.422 | 31.066 33.038 | 36.519 | 40.667 | 45.118 | 49.390 | 52.069 | 54.469 | 57.347 | 59.363
41 27.184 28.406 30.270 31.938 33.938 37.466 41.667 46.171 50.490 53.197 55.622 58.528 60.563
42 27.986 29.228 | 31.120 | 32.812 34839 | 38.414 | 42667 | 47223 | 51.589 | 54.324 | 56.772 | 59.717 | 61.761
43 28.791 30.051 | 31.970 | 33.686 35742 | 39.363 | 43667 | 48274 | 52.686 | 55.449 | 57.921 | 60.884 | 62.956
44 29.596 30.877 32.824 34.563 36.646 40.312 44.667 49.325 53.782 56.572 59.068 62.059 64.150
45 30.408 31.704 33.678 35.441 37.550 41.262 45.667 50.375 54.878 57.695 60.214 63.231 65.340
46 31.219 32534 | 34534 | 36.320 38.456 | 42.212 | 46.667 | 51.425 | 55972 | 58816 | 61.358 | 64.402 | 66.529
47 32.032 33.365 35.392 37.200 39.363 43.163 47.667 52.474 57.065 59.936 62.500 65.571 67.716
48 32.848 34.198 36.250 38.082 40.270 44,115 48.667 53.522 58.158 61.054 63.641 66.738 68.901
49 33.664 35032 | 37.111 | 38.965 41179 | 45.067 | 49.667 | 54571 | 59.249 | 62.171 | 64.780 | 67.903 | 70.084

A Cameron, J. M., Quality Progress, September 1974, p. 17.
acceptance number,
entry in body of table; E/n = p ' an abscissa on OC-curve, and
probability that a lot with fraction nonconforming will be accepted by the plan.

Bo —
E =
P(A) =
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TABLE AL.3 Operating Characteristic Curve ( p’, P(A)) for Single- a fabric separation accept the lot. This plan hasL@b of
Sample Fraction-Nonconforming Attribute Data 0.108 with a consumer'’s risk of 0.10, and A@L of 0.01 with
Lot Fraction Probability of a producer's rlsk of 0.05.
Nonconforming Acceptance Ordinate, E from Table A1.2
Abscissa, p’ P(A)
0.003 0.995 0.103
0.004 0.990 0.149
0.007 0.975 0.242
0.010 0.950 0.355
0.015 0.900 0.532
0.027 0.750 0.961
0.047 0.500 1.678
0.075 0.250 2.693
0.108 0.100 3.890
0.132 0.050 4.744
0.155 0.025 5.572
0.184 0.010 6.638
0.206 0.005 7.430

Al1.3.7 Restating the acceptance plan we have the follow-
ing: Take a sample of 36 rolls of fabric, if one or fewer rolls has

A2. SINGLE-SAMPLE NONCONFORMANCES-PER-ITEM

A2.1 Design of Plar—To design a single-sample plan for A2.1.3 The average number of nonconformances in a
nonconformances-per-unit perform the following steps: sample will be 1= np’, anda the probability that the lot will

A2.1.1 Based on the objectives of the plan select a pointP€e rejected.
(p’, 1) on the operating characteristic curve whetéas the A2.1.4 The body of Table A2.1 gives the probabilityx]-
average number of instances of nonconformances per item, amigat a lot with an average number of nonconformances per item
1-a is the probability that a lot with that average will be of ' and a rejection number af will be accepted.
accepted.

A2.1.2 Selectn, a reasonable guess of the number of items
to be taken in a sample.

TABLE A2.1 Summation of Terms of the Poisson Distribution A

, Values of ¢
H 0 1 2 3 4 5 6 7 8 9
0.02 980 1.000
0.04 961 999 1.000
0.06 942 998 1.000
0.08 923 997 1.000
0.10 905 995 1.000
0.15 861 990 999 1.000
0.20 819 982 999 1.000
0.25 779 974 998 1.000
0.30 741 963 996 1.000
0.35 705 951 994 1.000
0.40 670 938 992 999 1.000
0.45 638 925 989 999 1.000
0.50 607 910 986 998 1.000
0.55 577 894 982 998 1.000
0.60 549 878 977 997 1.000
0.65 522 861 972 996 999 1.000
0.70 497 844 966 994 999 1.000
0.75 472 827 959 993 999 1.000
0.80 449 809 953 991 999 1.000
0.85 427 791 945 989 998 1.000
0.90 407 772 937 987 998 1.000
0.95 387 754 929 984 997 1.000
1.00 368 736 920 981 996 999 1.000
1.1 333 699 900 974 995 999 1.000
1.2 301 663 879 966 992 998 1.000
1.3 273 627 857 957 989 998 1.000
14 247 592 833 946 986 997 999 1.000
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TABLE A2.1 Continued
, Values of ¢

! 0 1 2 3 4 5 6 7 8 9
15 223 558 809 934 981 996 999 1.000
1.6 202 525 783 921 976 994 999 1.000
1.7 183 493 757 907 970 992 998 1.000
1.8 165 453 731 891 964 990 997 999 1.000
1.9 150 434 704 875 956 987 997 999 1.000
2.0 135 406 677 857 947 983 995 999 1.000
2.2 111 355 623 819 928 975 993 998 1.000
2.4 091 308 570 779 904 964 988 997 999 1.000
2.6 074 267 518 736 877 951 983 995 999 1.000
2.8 061 231 469 692 848 935 976 992 998 999
3.0 050 199 423 647 815 916 966 988 996 999
3.2 041 171 380 603 781 895 955 983 994 998
34 033 147 340 558 744 871 942 977 992 997
3.6 027 126 303 515 706 844 927 969 988 996
3.8 022 107 269 473 668 816 909 960 984 994
4.0 018 092 238 433 629 785 889 949 979 992
4.2 015 078 210 395 590 753 867 936 972 989
4.4 012 066 185 359 551 720 844 921 964 985
4.6 010 056 163 326 513 686 818 905 955 980
4.8 008 048 143 294 476 651 791 887 944 975
5.0 007 040 125 265 440 616 762 867 932 968
5.2 006 034 109 238 406 581 732 845 918 960
54 005 029 095 213 373 546 702 822 903 951
5.6 004 024 082 191 342 512 670 797 886 941
5.8 003 021 072 170 313 478 638 771 867 929
6.0 002 017 062 151 285 446 606 744 847 916

10 11 12 13 14 15 16
2.8 1.000
3.0 1.000
3.2 1.000
3.4 999 1.000
3.6 999 1.000
3.8 998 999 1.000
4.0 997 999 1.000
4.2 996 999 1.000
4.4 994 998 999 1.000
4.6 992 997 999 1.000
4.8 990 996 999 1.000
5.0 986 995 998 999 1.000
5.2 982 993 997 999 1.000
5.4 997 990 996 999 1.000
5.6 972 988 995 998 999 1.000
5.8 965 984 993 997 999 1.000
6.0 957 980 991 996 999 999 1.000

0 1 2 3 4 5 6 7 8 9
6.2 002 015 054 134 259 414 574 716 826 902
6.4 002 012 046 119 235 384 542 687 803 886
6.6 001 010 040 105 213 355 511 658 780 869
6.8 001 009 034 093 192 327 480 628 755 850
7.0 001 007 030 082 173 301 450 599 729 830
7.2 001 006 025 072 156 276 420 569 703 810
7.4 001 005 022 053 140 253 392 539 676 788
7.6 001 004 019 055 125 231 365 510 648 765
7.8 000 004 016 048 112 240 338 481 620 741
8.0 000 003 014 042 100 191 313 453 593 717
8.5 000 002 009 030 074 150 256 386 523 653
9.0 000 001 006 021 055 116 207 324 456 587
9.5 000 001 004 015 040 089 165 269 392 522

10.0 000 000 003 010 029 067 130 220 333 458

10 11 12 13 14 15 16 17 18 19
6.2 949 975 989 995 998 999 1.000
6.4 939 969 986 994 997 999 1.000
6.6 927 953 982 992 997 999 999 1.000
6.8 915 955 978 990 996 998 999 1.000
7.0 901 947 973 987 994 998 999 1.000
7.2 887 937 967 984 993 997 999 999 1.000
7.4 871 926 961 980 991 996 998 999 1.000
7.6 854 915 954 976 989 995 998 999 1.000
7.8 835 902 945 971 986 993 997 999 1.000
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TABLE A2.1 Continued

, Values of ¢
! 0 1 2 3 4 5 6 7 8 9
8.0 816 888 936 966 983 992 996 998 999 1.000
8.5 763 849 909 949 973 986 993 997 999 999
9.0 706 803 876 926 959 978 989 995 998 999
9.5 645 752 836 898 940 967 982 991 996 998
10.0 583 697 792 864 917 951 973 986 993 997

A Entries in the table give the probability (decimal point omitted) of ¢ or less nonconformities when the expected number is that given in the left margin of the table

A2.1.5 Using Table A2.1, locate the rejection number, A2.3.1 To calculate an acceptance sampling plan for this
corresponding to the point (ul-o). shipment with one point on the operating characteristic curve
A2.1.6 Figure A3.1 gives the code for a computer progranbeing ¢’, 1-o), or (0.05, 0.900), perform the following steps:

which will calculate values of 1+ for various values of yand A2.3.1.1 Select a sample size. Lret= 20.

c. This code is designed to run in the QuickBASIC (version 4.0 L, _
or higher) environment. A2.3.1.2 Calculate 'y= np’ = (20) (0.05)= 1.00.

A2.1.7 If | is equal to or greater than nine, then the normal A2.3.1.3 In Table A2.1, locate opposite 1.00 in thé p
distribution is a good approximation of the Poisson distribu-column, the nearest value to 0.900. This value, is 0.920. Read
tion. This means that, if such is the case, then the methods @t the top of this columng = 2, the acceptance number, the
design described in Annex A3 or Annex A4, whichever istotal acceptable number of knots in the sample of 20 cones.
appropriate, are suitable approximations to the present case. A2.3.1.4 To calculate the ordinate of the point with
p’ = 0.05 as the abscissa, calculate sunp’ = (20)
(0.05)= 1.00. Read 1 « = 0.920 opposite 1.00 in the body
of the table undec = 2. This is not 0.900, but it is the best that
can be done with ‘u= 1.00 anda = 0.05.

A2.3 Numerical Example-There is a shipment of 1500  A2.3.1.5 To calculate other pointgy’( P(A)), on the oper-
cones of yarn. These cones each contain approximately thging characteristic curve, calculaté$ 20p’. In Table A2.1
same amount of yarn. Each cone was produced from a singlead P(A) opposite {1 in the ¢ column. For example, when
twister package containing about the same amount of yarmy = 0.1, 4 = 2.0, andc = 2, thenP(A) = 0.677. Table A2.2

Knots on the top of a cone represent a break occurring duringives other points on this operating characteristic curve by
transfer from the twister package to the cone. Thus the count g llowing the same procedure.

knots on a cone gives a measure of the quality of the yarn on
the cones.

A2.2 Operating Characteristic Curve-The abscissa of the
operating characteristic curve i, and the ordinate i®(A),
the value from Table A3.1 corresponding tbandc.

A3. SINGLE-SAMPLE BY VARIABLES TO CONTROL FRACTION-NONCONFORMING WITH STANDARD DEVIATION
KNOWN

A3.1 Design of Plar—To design a two-point sampling plan BPEFINT C, L. N, S, T
for variables data with one sided limits, and with standardP€FPe- F» F. U
deviation known perform the following steps:

CcLs

A3.1.1 Based on the objectives of the sampling plan, select,
L, the specification limit. Let. be a lower limit below which .15 enter pata:
values of the variable represent nonconforming units. Select
the two points |p;, 1-«) and ,, B) on the operating charac- LocaTe 11, 20:FRINT "Enter zero to exit

teristic curve. LOCATE 10, 20
A3.1.2 Setthe value off’, the value of the known standard FRINT "Enter the average nanconfarmities—per-itam, p "; F
deviation of the test results. IF P = O THEN GOTO Getout

A3.1.3 Obtain from Table A2.1 values ptorresponding to ~ -FCATE 1. =20:FRINT ©
the four probabilities of the two points in A3.1.1. The corre- “°AT® =+ =¢
spondences areg; to p;; z, to py; 7, t0 «; andzg top .

A3.1.4 Calculate the sample sizg,using Eq A3.1.

n=(z,+ 2z — ) (A3.1)
CL.S

Roundn up to the nearest m_teger' FIG. A3.1 Computer Program for Calculating Sums of Terms of
A3.1.5 Calculat&k; andk, using Eq A3.2 and Eq A3.3. the Poisson Distribution

k =2z —z//n (A3.2)

NFUT "Enter the number of items in the sample, n "s N
U=Nx F:UJ=U+ .005:4 = U x 1004y = INT(WD:U = U 7/ 100
Frobability = ©
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*TO FRINT COLUMN HEADINGS AND SET LOCATIONS: T PRINT COLUMN HEADINGS AN SET LOCATIONS:
IF LINES = 24 AND Spaces = I% Then C = Last.one
LOCATE 12, S2:FRINT "CALCULATING" IF LINES = Z4 THEN
LOCATE 2, 11:PRINT "U = “; USING "##.#8": U LOCATE I, 40:FRINT "U = "; USING "##.##"; U
LOCATE 4, 10:PRINT Moo mmem e " LOCATE 4, IZ9:FPRINT "eceooommmeem "
LOCATE S, 10:PRINT " < Frob.*"
LOCATE &, 10:PRINT “wee e-——- "
Last.one = 1000 LOCATE S, IT9:PRINT "c Frob."
Spaces = 10 LOCATE &, TF:PRINT "-v-  ———-- "
Lines = 7 Spaces = I9
Lines = 7
TO CALCULATE FROBABILITIES: END IF
FOR C = O TO Last.one NN: NEAT C
IF C = O THEN
Factorial = 1 *TO STOF AND RERUN IF DESIRED:
ELSE
Factorial = FactarialxC LOCATE 12, SZ:FRINT "Fress any key to continue ..."
END IF DO: LOOF WHILE INKEY$® = "¢
FProbability! = Frobabilityl + (U"CXEXF(-U))/Factorial RUN
Frobability2 = Probabilityl + (U~ (C+1) XEXP (-U) ) /Factorial xC Getout:
IF CINT(1000%Frobabilityl) = O_ END
AND CINT (1000¥Probability2) = O THEN GOTO NN FIG. A3.1 (continued)

TTO PRINT RESULTS:

A3.3 Numerical Example:

Test = INT(Frobabilityl¥1000) + .5 . .

LOCATE Lines. Spaces A3.3.1 A lot consists of 850 cones. It is known that the
PRINT USING “###"; C;:PRINT USING “####: Frobability 1 standard deviation of tensile strength test results for cones is
IF C MOD § = © THEN Lines = Lines + 1 o' = 324. The lower specification limit for a cone tensile
Lines = Lines + 1 strength isL = 1200 mN/tex. It is desired that the sampling

IF Test = 1000 THEN C = Last.one

plan have the following characteristics:
A3.3.1.1 AQL = 0.015; producer’s riskq = 0.04, and
A3.3.1.2LQL = 0.07; consumer’s risk3 = 0.075.

FIG. A3.1 (continued)

ke=2+2/\/n (A33)  A3.3.2 From Table A3.1:
A3.1.6 Calculate the averadeusing Eq A3.4.
k= (k + k)2 (A3.4)

A3.1.7 WithL ando’ from A3.1.1 and A3.1.2, calculate the
limit, z_, using Eq A3.5.

7 = (X - L)o’ (A3.5)

where:
X = the sample average ofunits.

A3.1.8 Take a sample afunits, if z = k then accept the lot,
otherwise reject the lot.

A3.2 Operating Characteristic Curve-To calculate the
points on the operating characteristic curve perform the fol-
lowing steps:

A3.2.1 Obtain the, from Table A2.1 corresponding { an
abscissa on the curve. Calculate:

2, = (k= z)\/n. (A3.6)
The valuek is calculated using Eq A3.4. The probability that
the lot will be accepted is the probabilitly(A), that a normal
standard deviate will exceet].

10
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TABLE A3.1 The Normal Probability Function — z*

Note 1—Read in the leftmost (or rightmost) column the first two digits of the terms for whathtistic needed and in the top (or bottom) row the
third digit. For values op > 0.50,z has a negative value. For example: for= 0.025,z = 1.9600; forp = 0.975,z = —1.9600.

p 0.000 0.001 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.010
0.00 ® 3.0902 2.8782 2.7478 2.6521 2.5758 25121 2.4573 2.4089 2.3656 2.3263 0.99
0.01 2.3263 2.2904 2.2571 2.2263 2.1973 2.1701 2.1444 2.1201 2.0969 2.0749 2.0537 0.98
0.02 2.0637 2.0335 2.0141 1.9954 1.9774 1.9600 1.9431 1.9268 1.9110 1.8957 1.8803 0.97
0.03 1.8806 1.8663 1.8522 1.8384 1.8250 1.8119 1.7991 1.7866 1.7744 1.7624 1.7507 0.96
0.04 1.7507 1.7392 1.7279 1.7169 1.7060 1.6954 1.6849 1.6747 1.6646 1.6546 1.6449 0.95
0.05 1.6449 1.6352 1.6258 1.6164 1.6072 1.5982 1.5893 1.5805 1.5718 1.5632 1.5548 0.94
0.06 1.5548 1.5464 1.5382 1.5301 1.5220 1.5141 1.5063 1.4985 1.4909 1.4833 1.4758 0.93
0.07 1.4758 1.4684 1.4611 1.4538 1.4466 1.4395 1.4325 1.4255 1.4187 1.4118 1.4051 0.92
0.08 1.4051 1.3984 1.3917 1.3852 1.3787 1.3722 1.3658 1.3595 1.3532 1.3469 1.3408 0.91
0.09 1.3406 1.3346 1.3285 1.3225 1.3165 1.3106 1.3047 1.2988 1.2930 1.2873 1.2816 0.90
0.10 1.2816 1.2759 1.2702 1.2646 1.2591 1.2536 1.2481 1.2426 1.2372 1.2319 1.2265 0.89
0.11 1.2365 1.2212 1.2160 1.2107 1.2055 1.2004 1.1952 1.1901 1.1850 1.1800 1.1750 0.88
0.12 1.1750 1.1700 1.1650 1.1601 1.1552 1.1503 1.1455 1.1407 1.1359 1.1311 1.1264 0.87
0.13 1.1264 1.1217 1.1170 1.1123 1.1077 1.1031 1.0985 1.0939 1.0893 1.0848 1.0803 0.86
0.14 1.0803 1.0758 1.0714 1.0669 1.0625 1.0581 1.0537 1.0494 1.0450 1.0407 1.0364 0.85
0.15 1.0364 1.0322 1.0279 1.0237 1.0194 1.0152 1.0110 1.0069 1.0027 0.9986 0.9945 0.84
0.16 0.9945 0.9904 0.9863 0.9822 0.9782 0.9741 0.9701 0.9661 0.9621 0.9581 0.9542 0.83
0.17 0.9542 0.9502 0.9463 0.9424 0.9385 0.9346 0.9307 0.9269 0.9230 0.9192 0.9154 0.82
0.18 0.9154 0.9116 0.9078 0.9040 0.9002 0.8965 0.8927 0.8890 0.8853 0.8816 0.8779 0.81
0.19 0.8779 0.8742 0.8706 0.8669 0.8633 0.8596 0.8560 0.8524 0.8488 0.8452 0.8416 0.80
0.20 0.8416 0.8381 0.8345 0.8310 0.8274 0.8239 0.8204 0.8169 0.8134 0.8099 0.8064 0.79
0.21 0.8064 0.8030 0.7995 0.7961 0.7926 0.7892 0.7858 0.7824 0.7790 0.7756 0.7722 0.78
0.22 0.7722 0.7688 0.7655 0.7621 0.7588 0.7554 0.7521 0.7488 0.7454 0.7421 0.7388 0.77
0.23 0.7388 0.7356 0.7323 0.7290 0.7257 0.7225 0.7192 0.7160 0.7128 0.7095 0.7083 0.76
0.24 0.7063 0.7031 0.6999 0.6967 0.6935 0.6903 0.6871 0.6840 0.6806 0.6776 0.6745 0.75
0.25 0.6745 0.6713 0.6682 0.6651 0.6620 0.6588 0.6557 0.6526 0.6495 0.6464 0.6433 0.74
0.26 0.6433 0.6403 0.6372 0.6341 0.6311 0.6280 0.6250 0.6219 0.6189 0.6158 0.6128 0.73
0.27 0.6128 0.6098 0.6068 0.6038 0.6008 0.5978 0.5948 0.5918 0.5888 0.5858 0.5828 0.72
0.28 0.5828 0.5799 0.5769 0.5740 0.5710 0.5681 0.5651 0.5622 0.5592 0.5563 0.5534 0.71
0.29 0.5534 0.5505 0.5476 0.5446 0.5417 0.5388 0.5359 0.5330 0.5302 0.5273 0.5244 0.70
0.30 0.5244 0.5215 0.5137 0.5158 0.5129 0.5101 0.5072 0.5044 0.5015 0.4987 0.4959 0.69
0.31 0.4059 0.4030 0.4902 0.4874 0.4845 0.4817 0.4789 0.4761 0.4733 0.4705 0.4877 0.68
0.32 0.4677 0.4649 0.4621 0.4593 0.4565 0.4538 0.4510 0.4482 0.4454 0.4427 0.4399 0.67
0.33 0.4399 0.4372 0.4344 0.4316 0.4289 0.4261 0.4234 0.4207 0.4179 0.4152 0.4125 0.66
0.34 0.4125 0.4097 0.4070 0.4043 0.4016 0.3969 0.3961 0.3934 0.3907 0.3880 0.3853 0.65
0.35 0.3852 0.3826 0.3799 0.3772 0.3745 0.3719 0.3692 0.3665 0.3638 0.3611 0.3585 0.64
0.36 0.3585 0.3558 0.3531 0.3505 0.3478 0.3451 0.3425 0.3398 0.3372 0.3345 0.3319 0.63
0.37 0.3319 0.3292 0.3266 0.3239 0.3213 0.3186 0.3160 0.3134 0.3107 0.3081 0.3055 0.62
0.38 0.3055 0.3029 0.3002 0.2976 0.2950 0.2924 0.2898 0.2871 0.2845 0.2819 0.2793 0.61
0.39 0.2793 0.2767 0.2741 0.2715 0.2689 0.2663 0.2637 0.2611 0.2585 0.2569 0.2533 0.60
0.40 0.2533 0.2508 0.2482 0.2456 0.2430 0.2404 0.2378 0.2353 0.2327 0.2301 0.2273 0.59
0.41 0.2275 0.2250 0.2224 0.2198 0.2173 0.2147 0.2121 0.2096 0.2070 0.2045 0.2019 0.58
0.42 0.2019 0.1993 0.1968 0.1942 0.1917 0.1891 0.1866 0.1840 0.1815 0.1789 0.1764 0.57
0.43 0.1764 0.1738 0.1713 0.1687 0.1662 0.1637 0.1611 0.1586 0.1560 0.1535 0.1510 0.56
0.44 0.1510 0.1484 0.1459 0.1434 0.1408 0.1383 0.1358 0.1332 0.1307 0.1282 0.1257 0.55
0.45 0.1257 0.1231 0.1206 0.1181 0.1156 0.1130 0.1105 0.1080 0.1055 0.1030 0.1004 0.54
0.46 0.1004 0.0979 0.0954 0.0929 0.0904 0.0878 0.0853 0.0628 0.0603 0.0778 0.0753 0.53
0.47 0.0753 0.0728 0.0702 0.0677 0.0652 0.0627 0.0602 0.0577 0.0552 0.0527 0.0502 0.52
0.48 0.0502 0.0476 0.0451 0.0426 0.0401 0.0376 0.0351 0.0326 0.0301 0.0276 0.0251 0.51
0.49 0.0251 0.0226 0.0201 0.0175 0.0150 0.0125 0.0100 0.0075 0.0050 0.0025 0.0000 0.50
0.010 0.009 0.008 0.007 0.006 0.005 0.004 0.003 0.002 0.001 0.000 p

A Biometrika Tables for Statisticians, Vol |, edited by E. S. Pearson and H. O. Hartley, Cambridge University Press, 1956, p. 112.

2y = 21701z, = 14758z, = 1.7507 z, = 1.4395 (A3.7)

=}
Il

(1.7507 + 1.439%)(2.1701 - 1.4758)
(3.1902%/(0.6943

(10.1774/0.482F 21.1= 22

A3.3.4 From Eq A3.2 and Eq A3.3:

A3.3.3 Using Eq A3.1, calculate the sample size

11
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TABLE A3.2 Operating Characteristic Curve ( p’, P(A)) for Single-
Sample by Variables to Control Fraction-Nonconforming with o’
Known
p’ P(A) Zp Za

0.010 0.994 2.3263 -2.5164
0.015 0.963 2.1701 -1.7838
0.020 0.901 2.0637 -0.4259
0.030 0.665 1.8806 0.1834
0.040 0.427 1.7507 0.6796
0.050 0.249 1.6449 0.6796
0.060 0.135 1.5548 1.1022
0.070 0.070 1.4758 1.4728
0.080 0.036 1.4051 1.8044
0.100 0.009 1.2816 2.3837
0.120 0.002 1.1750 2.8837

k, = 2.1701 - 1.7507/\/2_2 = 1.7968, and

k, = 1.4758 + 1.43951\/2_2 = 1.7827

A3.3.5 From Eq A3.4 the averagdeis:

k = (1.7968+ 1.7827/2 = 1.7898 (A3.8)

A3.3.6 From Eq A3.5 and Eq A3.1.7, accept the lot, if the
average of 21 sampleg, is such that (X-1200)/324=
1.7898, that is ifX = 1779.9.

A3.3.7 Using Eq A3.6, calculate the ordinate on the oper-
ating characteristic curve corresponding to &@L = 0.015:

Z, = (1.7898— 2.1701 /22, = —1.7838, (A3.9)
and
P(A) = 0.963,a = 0.037. (A3.10)
Calculate the ordinate for theQL = 0.07:
z, = (1.7898— 1.4758~ /22 = 1.4728, (A3.11)
and
P(A) = 0.070,3 = 0.070. (A3.12)

The differences between what was obtained and what was
wanted is due to rounding the value wfto the next higher
integer.

A3.3.8 Table A2.2 gives a number of additional points on
the operating curve for the example.

A4. SINGLE-SAMPLE BY VARIABLES TO CONTROL FRACTION-NONCONFORMING WITH STANDARD DEVIATION
UNKNOWN

A4.1 Design of Plar—To design a two-point sampling plan

for variables data with one sided limits, and with standard

deviation unknown, perform the following steps:

A4.1.1 Based on the objectives of the sampling plan, select,

L, the specification limit. Let. be a lower limit below which

the normal deviate corresponding to the abscipsa,
and

the normal deviate corresponding to the ordinate,
P(A).

Zp

values of the variable represent nonconforming units. Select A4-3 Numerical Example:

the two points §§;, 1-«) and ,, B) on the operating charac-
teristic curve.

A4.1.2 Calculate

k=(22* 2)/(z, + Z) (A4.1)

and

n=(1+ K2z, + )1z — ,)° (A4.2)

where thez's are the normal deviates correspondingpio
p,, &, andp, and are obtained using Table A2.1. Roumab to
the nearest integer.

A4.1.3 Take a sample ofunits. Calculate the averagg,of
the n units. Calculate:

s=[Z(X — X)%(n — )T (A4.3)
or the equivalent
s={Z X - EX(n— )z = (X - L)is (A4.4)

L is defined in A4.1.1.
A4.1.4 If z = k, accept the lot, otherwise reject the lot.

A4.2 Operating Characteristic Curve-To calculate the
operating characteristic curve perform the following steps:

A4.2.1 Calculate:
zy = (k= z)/(Lin + Ko/2m) ] (A4.5)

where:

12

A4.3.1 Alot consists of 850 cones. The standard deviation
of tensile strength is unknown. The lower specification limit
for a cone tensile strength Is = 1200 mN/tex. It is desired
that the sampling plan have the following characteristics:

A4.3.1.1 AQL = 0.015; producer’s risk= 0.04, and

A4.3.1.2 LQL = 0.070; consumer’s risk 0.075

A4.3.2 Using Table A2.1, Eq A4.1, and Eq A4.2, calculate
andn:

7y = 2.1701;7, = 1.4758;7, = 1.7507;z, = 1.4395 (A4.6)

[(1.7507)(1.4758) + (1.4395)(2.1701)])/(1.7507 +
1.4395)
[2.58368306 + 3.12385895]/3.1902
5.707542201/3.1902
1.7891
(1 + 1.789%/2)(1.7507 + 1.4395)(2.1701 - 1.4758)
(2.60043941)(3.1902)0.694%
(2.60043941)(10.17737604)/0.4820524
54.9= 55 _

A4.3.3 A sample of 55 cones produced an average,
=1501 and an s =333, which produced:
z = (1501 - 1200)/333= 0.9039, using Eq A4.4.

A4.3.4 As directed in A4.1.4, reject the lot since 0.9039 <
1.7891; that isz < k.

A4.3.5 To calculate the ordinate on the operating character-
istic curve corresponding to th®QL = p = 0.015, calculate
z,, use Eq A4.5:
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A4.3.6 Table A4.1 gives a number of additional points on

zn = (1.7891 - 2.1701)/[1/55 + 1.78%R(55)[*> the operating curve for the example.
= (-0.3810)/[0.01818182 + 0.02909890]
= —(0.3810)/(0.21744129) . o _
= -1.7522 TABLE A4.1 Operating Characteristic Curve ( p, P(A)) Single-
Sample by Variables to Control Fraction-Nonconforming
and Standard Deviation Unknown
P(A) = 0.96;a = 0.04. (A4.7) o P(A) z, Za
To calculate the ordinate corresponding tQL = 0.07, 0.010 0.993 2.3263 —2.6403
0.015 0.960 2.1701 -1.7522
calculate 0.020 0.897 2.0637 -1.2629
0.030 0.663 1.8806 -0.4208
0.040 0.430 1.7507 0.1766
zn = (1.7891 - 1.4758)/[1/55 + 1.78%P(55)'> 0.050 0.254 L6449 0.6632
= 0.3133/0.21744129 0.070 0.075 1.4758 1.4408
= 1.4408 0.080 0.039 1.4051 1.7660
and 0.100 0.010 1.2816 2.3340
0.120 0.002 1.1750 2.8242
P(A) = 0.075;8 = 0.075. (A4.8)

A5. CHAIN SAMPLING

A5.1 Design of Plar—One type of chain sampling plan is depend on the value ofp, the abscissa of the operating
as follows: Take a sample ai items from the lot. If no characteristic curveP (0, n) and P (1, n) may be found in
nonconforming items are found (= 0), accept the lot. The lot  tables of the binomial frequency distribution.
is also accepted, if only one sample unit was found to be ag 1 2 Numerical Example-Take a sample oh = 10
nonconforming, provided there were no nonconforming ittMsiems Leti = 1. If p = 0.01, therP (0, 10)= 0.904 ancP (1,

in the samples from the previoudots. 10) = 0.091. Using Eq A5.1:P(A) = (0.9044) +
AS5.1.1 Operating Characteristic CurveFhe operating (0.0914)(0.9044)= 0.987. Other points on the operating
characteristic curve for this plan is given by: characteristic curve are shown in Table A5.1.
P(A) = P(0,n) + P(1, n)[P(0, n)] (A5.1)
where:
P(A) probability of accepting the lot,

P(0, n) probability of getting exactly no nonconforming
items in a sample of items,
P(1, n) = probability of getting exactly one nonconform-

ing item in a sample oh items, and
i = previous number of lots sampled.

The value of the terms on the right hand side of this equation

TABLE A5.1 Operating Characteristic Curve ( p, P(A)) for Chain

Sampling Plan

p P(A) P(0, 10) P(1, 10)
0.01 0.987 0.9044 0.0914
0.02 0.954 0.8171 0.1667
0.03 0.906 0.7374 0.2281
0.04 0.849 0.6648 0.2770
0.05 0.787 0.5987 0.3151
0.10 0.484 0.3487 0.3874
0.15 0.265 0.1969 0.3474
0.20 0.136 0.1074 0.2684
0.25 0.067 0.0563 0.1877
0.30 0.032 0.0282 0.1211

13
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