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1. This standardization handbook is approved for use by the Armament Materiel
Readiness and Armament Research and Development Commands, Department of the Army,
and is available for use by all departments and agencies of the Department of
Defense. MIL-HDBK-53-1A is Part 1 of three parts.

2. This part provides basie information on sampling inspection, especially at-
tribute lot sampling inspection, and on MIL-STD-105. The information in this

and each of the following parts should be helpful to anyone involved with sampl-
ing inaspection including quality managers, engineers, specification writers, and
inspectors. Where the handbook appears to be in conflict with any sampling stan-
dard, the material in the standard shall take precedence.

3.. Beneficlal comments (tecoﬁmeudations, additions, deleticns) and any pertinent

data which may be of use in improving this document should be addressed to: US.
Army Armament Research and Development Command, ATTN: DRDAR-TST-S, Dover, NJ 07801.
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GUIDE FOR SAMPLING INSPECTION

SECTION 1: INTRODUCTION

1.1 Purpose. This handbobk ia a guide for the basic principles
of sampling inspection. Its purpose is three fold:

a. to describe basic Bampling procedutés,

b. to explain the basic principies underlying dttribute lot
sampling lnspection and, .

c. to demonstrate how sampling plane, including those estab-
lished by certain samplihg stdndards, handbooks, and related docu-
ments, are used in arriving at appropriate inspectiou and quality
assurance decisiona.. , S

1.2 Scope. This handbock may be useful to quality mansdgers,
engineers. specification vriters, inspectors, and others who are -
concerned with sampling inspection problems. It discusses some
of the basic principles -of sampling inspection and provides the
framework necessary for proper application of sampling inspection.
It is written in three volumes: .

MIL~HDBE~53-1 Guide for Attribute Lot Sampling Inapection
and MIL~-STD~-105.

MIL-EDBK-53-2 Guide for Attribute Continuous Sampling
Inspection and MIL-8TD-1235 .

MIL-HDBK-53-3 Guide for Variables Lot Sampling Inspection

and MITL-STD-414

(=X dde dd W A AFT YT ATY S

In this volume, Part A deals primarily with gerersal attribute lot
sampling procedures. Occdsional reference is made to variables
lot sampling and attribiite continuous sampling to compatre these
procedures with attribute iot sampling procedureés. Part B is an
extension of Part A, but deals specifically with attribute lot
sampling plans as Bet forth 1in MIL- STD-105. A reading list is
furnished in Appendix A, and mathematical formulas and curves
relating to attribute lot sampling are presented in Appendix B

and Annpnd-lr C.

1.3 Application. Thie handbook has been spegifically preparegv
for use by inspection personnel responsible for imspection
decisions of an operational nature. It may be used as a guide

in establishing procedures for determining conformance of opera-
tiong, data, inventory control etc.,'to ptescribed quality standatds.

1.4 Credits. Portions of this handbook were repttnted vith per-
mission from (U.S. copyrighted) Ititernationd]l Orgafiization for
Standardizatign Standard ISO 2859~1974/Addendun 1 (1977), (See
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Appendix A). The sections or paragraphs which are taken in part or
whole from the ISO Standard are: 3.2, 13, 18 (except 18.1), 21, 22,
23, 24.3, 25, 26 (except 26.5), 27 (except 27,2d), 28 (except 28.5),

29, 30, 31.1, 31.4, 31.5, 32, 36.1, Example 27.
PART A: GENERAL INFORMATION ON SAMPLING INSPECTION .
SECTION 2: TUNIT OF PRODUCT

2.1 Definition. The unit of product 1& the thing inspected in order
determine its classification as defective or ncndefective or to

mine the number of 1its defects.

to
deter
2.2 Examples. The unit of product may be a single article, a peir,

a dozen, & groses, or a set of stated gquantity. It may be measured

in terms of one or more of its characteristics such as a length, an
area, a volume, a weight, or any other suiteble measurement. The unit
of product may be a raw material, a material in process, a component
of an end product, the end product itself, or a material in storage.
The unit of product may also be an operation such as production, pro-
curement, maintenance, or a storage operation. It may be an adminis-
trative procedure, a punched card, a government bill of lading, an
inventory stock record card, a magnetic or paper tape containing re-
corded data or any form of data or records. It may or may not be the
same as the unit of purchase, supply, production, or shipment.

2.3 Hoq;ggneitz. Homogeneity implies that a series or group of units
are alike or similar in nature but are not expected to be identical
under detailed inspection. More specifically, homogeneilty implies
that a seriés or group of units are produced:

g8. from the same batches of raw material _components, or sub-
assemblies;

b. on the same production or aasemhly line with the same molds,
dies, patterns, personmel, etc.; and

c. during a unit of time such ag. &an hour, a day, a week a

shift, etc.

2.4 Quality Characteristice, Quality cheraecteristics are those
properties of a unit of product that .are to be evaluated against the
specific requirements of a drawing, specification, model, or other
standard. For example, if a gpecification states that the diameter,
the hardness, and the weight of a ball bearing must lie within

‘certain limits in order to be acceptable, them the diameter, the

hardness, and the weight are quality characteristics of the. ball
bearing for the purposes of the specification. The design of the

unit of product must be analyzed in order to list the quality charac-
teristics. Specifications, purchase descriptions, drawvipgs, or product
descriptions are the normal sources of the tequirements‘which a unit
of product must meet to satisfy the needs of the consumer. .

SECTION 3: NONCONFORMANCE

3.1 General. Nonéonformance is defined as the failure of a unit
of product to meet specified requirements.

2
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3.2 Dgﬁgg;g;ﬁng_ngigggiggg . A defect 15 any nonconformance.

Para. 2.4 lists several types of documents in which the specified
(specific) requirements for a unit of preduct may be found. A .
defective ig a unit of product which contains one or more defects.

3.2.1 Clapgification of Defects. The classification of defects

and defectives 1s the listing of possible defects of the unit of
product according to their importance. The discussion 8o far has
assumed that, if an article can be defective in more than one way,

the different possible ‘defects are all of equal importance. Under
this assumption, it is possible to dispose of the lot by simply
counting the defectives. For example, 1f there are three dimensions
(A, B, and C) to be checked and, inm a sample, 3 articles are defective
in dimension A alome, 3 articlea in B alome, .1l article ia € slone,

and 1 article in both A and B, there is a total of B defectives, which
is the number to compare with the acceptance and rejection numbers
(see 7.2 for definitions of acceptance number and rejection number).

3.2,2 Inspection by Class. But this simple procedure of adding
defectives of different types ies reasonable omly 1if the defects are
of equal, or nearly equal, importence. Where this 1is not so, it is

necessary to classify the possible defects into groups or classes so0
that defecte in the different classeg are of different orders of
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. importance, but all defects .within a class are of approximately. the
same order of importance. Different sampling plans may then be used
for an entire class or for some part of am entire class. Applying &
"sampling plan to an entire class or to a part of a class of defects
of a unit of product inatead of only to.a single defect is called
inspection by class. Inspection by class allows a great deal of

" flexibilicy in carrying out the quality function. It should be noted
that defect classes and inspection classes are not the same. A ’
"defect class is a group of quality characteristics of the unit

of product that are subjected to the same sampling plan. (See

" Section 7). 1Insapection by class is discussed further in Section 30,

3.2.3 Common Defect Cldssea. Many inspection systems use three
classes of defects, namely critical defects, major defects, and minor
defects. The class of critical defects is the most important class
of defects and is discussed separately in para. 3.2.5 and 3.2,6.
Major defects are those defects which render the article useless or
practically uselees, and minor defects are those which make the article
less useful than they should be, but not seriously so. While these
three classes are sufficient for many inspection situations, other
classes or subclasses may be used where helpful. It should be realized
that defect classes are used to deal with the relative importance of
different defects within any givén product, and since products’ them-
ves vary in importance, the classes do not correspond to any ab-
solute standards of importance. JThere is, therefore, no particular
sampling plan that normally goes with any class.

4oy



3.2.6 TInspectioun Level for Critical Defects. Because critical defects ')

Downloaded from http://www.everyspec.com

MIL-HDBK-53-1A

3.2.4 Classification of Defectives, Different methods are used to )
classify defectives. Both methods described here use defective class ‘.)
names that are the same as or nearly the same as the defect class -
names (e.g. critical, major, minor) used by that method. The method

probably used most often classifies a defective according to the most

serious defect found on it, (See MIL-STD=105, for example). That 1is,

if a unit of product 1is found to have both major and minor defects,

gay, then the unir 1ig claggified as a8 major defective. Another system
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for classifying defectives classifies a defective according to the
defects found on it. That is, 1f a unit of product has both major -and

minor defects, it is classified as both a major and a minor defective.

3.2.5 Critical Defects and Defectives. According to the definition of
a critical defect in MIL-STD-105, this classification should be used
for a defect that is likely to cause hazardous or unsafe conditions for
individuals using, maintaining, or depending upon the product. The
critical classification is also to be uged for a defect that is likely
to prevent performance of the practical functfon of a major end item.
The wording "is likely to" 1s important., There is sometimes a tendency
to replace these words by "could possibly"” and hence to classify every-
thing as critical, since it is alwvays possible to make up a story in
which some trivial happening at the beginning leads to catastrophe at
the end. If this approach is adopted, the main result 1is to- devalue
the critical classification, and the genuine criticals may not be treated
as severely ae they should be.

are a category of such severe defects, the lot is rejected anytime a -
critical defect is found during inspection. This means that when

inspection is destructive or very expensive and, therefore, only a sample

of the lot 1is being inspected, the acceptance number (7.2) will be

zero. However,. the solutions usually adopted, where inexpensive

(relatively) or nondestructive inspection are involved, is to specify

that inspection for critical defects will use a sample size equal to

lot size and an acceptance number again equal to zero. It should be
noted that this isg 100X inspection, not 100X sorting. Finding critically
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defective product does not simply result in separate piles of product,
defective and nondefective, but in lot rejection (although rejection
does not necessanily mean scrapping. See Section 14). Whenever pos-
sible, it should 8160 mean that production is etopped while a thorough
investigation takes place to attempt to discover hov the defect arose
and to devise methode to prevent another occurrence. .The reason for

.this procedure is to try to prevent the production of critical defect-

ives and to avoid giving the manufacturer the impression that since
the inspector will sort them out for him it will not matter too much
if he produces some. Even the best inspector may occasionally fail to
notice a defect, go 1f is only by preventing critical defectives from
being made that it camn be ensured that none will get through to the
customer, '

: 7/
. Ve .
3.3 Expressions of Nonconformence. The extent of nonconformance of

product to the specified quality characterisetics may be expressed either -
in terms of percent defective or defects per hundred units. MIL-STD-105
requires that nonconformance be expressed using one or the other of these
terms. '
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3.3.1 Percent Defective. The percent defeztive of any given quantity
of units of product is one hundred times the number of defective units
of product contained therein divided by the total number of units of
product therein:

Percent defective = 100 x defectives in the quantity.
Number of units

An estimate of the percent defective in a quantity of unitse is obtained
by selecting a random sample for inspection, determining the total
number of defectives in the sample, multiplying by one hundred, and
dividing the result of the multiplication by the number. of units in

the sample:

Estimate of percent defective = 100 x defectives in sample
Number of units 1in sample

3.3.2 pefects per hundred units. The number of defects per huandred
units of any given quantity of units of product is one hundred times
the number of defects contained therein (one or more defects being
possible in any unit of product) divided by the total number of units
of product: '

-Defects per hundred units = 100 x number of defects
‘ ' Number of units

An estimate of defects per hundred units. in a quantity of units is
‘obtained by selecting a random sample for imspection, determining the
total number of defects in the sample units, multiplying this number
by one hundred, and dividing the product by the number of units 1in

the sample:
Estimate of defects per hundred units

= 100 x number of defects in the sample units
Number of units in the sample

For this expression of nonconformance, each unit of product must be
examined to determine all defects. that may be present. It should be
noted that wlen units of product have more than one quality character-
istic, the upper limit to the expressions of nonconformity discussed in
this paragraph will exceed 100. This contrasts with an upper limit of
100% in all casées for both expressions of nonconformity in the previous
paragraph. . . . ’

3.3.3 Process Averagg{ The process average is the average percent
defective or the average number of defects per hundred units (which-
ever is applicable) of product submitted by the supplier for original
inspection. Orginal inspection is the first inspection of a partic-
ular quantity of product as distinguished from the inspection of
product which has been resubmitted after prior rejection (see 14.1).
See Section 15 for computation of the estimate of the process average.
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SECTION 4: INSPECTION

4.1 General. Imnspection ig the examination or testing of supplies \:)
and services (including, when applicable, raw materials, documents,

data, components, and intermediate assenmblies) to determine whether
the supplies and services conform to technical and contractual require-
menta. The prime values of finspection are that 1it:

a. separates acceptable from unacceptable products, operations,
procedures, or records;
b. evaluates the degree of conformance or nonconformance to
established requirements; -
¢. provides for reporting of deficiencies early in the operation
of the manufacturing, business, Or management process; and
d. assures the desired quality requirements have been met. -

The inspection criteria used to determine whether the quality require-
mente have been met are stated in appropriate documents such as:
purchase descriptions, project descriptions, inspection instructions,
technical orders, dravings, technical bulletins, and military specifi-
cations. .

4,2 Amount of Inspection. Before deciding how much inspection should
be done in & particular situation, one (who is responsible for decidfing)
must realize that for a given acceptance criterion, the less of that
‘inspection that is done, the greater becomes the risk that nonconforming
product will be accepted., Methods for assessing the risgk that
accompanies &8 given sampling plan (see 7.1 for the definition of one :)
type of sampling plan) .are discussed in Section 10. Also, before a
decieion can be made on the amount of inspection, it must be deter-
mined how units of product will be submitted for inspection, whether
on a lot-by-lot basis or on a unit-by-unit basis (Section 6). OJnce

the above questions have been understood and answered, the following
factors are among the most important that might be considered when
deciding the amount of inspection:

a. the type of product to be inspected; - :

b. the quality characteristics to be examined for conformance;

c. the quality history of the producer;

d. the cost of 1nspection° and

@, . the effect of inspection upon the unit o
destructive or nondestructive)..
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The question of how much inspection ehould be done is related to the
problem of selecting.a sampling .plan. This latter problem is discussed
in Section 8 and in 10.3.1. 1In Section 8, a number of factors are
listed which will affect the selection of a sampling plan. Several

of those factors, in addition to a-d above, also affect the amount

of inspection decided upon. Because of this interdependence -between

these two questions, it is suggested that they be atudied and congid-
ks
/ .

ered together.
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4.3 Cne Hundred Percent Inspection. One hundred percent inmspection

is the inspection of every unit of product (procedure, data, operations,
etc.). In some cases of one hundred percent inspection, the accept/
reject decigion will be made not for the entire lot, but for each unit
individually, based upon the results of inspecting the unit for the
quality characteristics concerned. For certain quality characteristics
(e.g., critical), one hundred percent inspection or inspection of
relatively large samples is usually required to assure the desired
quality protection. One hundred percent inspection cannot be specified
vhen inspection is destructive and is not likely to be specified when.
the individual tests are expensive or take extremely long periods of
time-~-for example, qualification and environmental tegte. One hundred
percent testing can always be specified for nondestructive tests, that
is, for tests where the characteristic can be meagsured without damaging

the product,

The obvious advantage of one hundred percent inspection 1is that it gives
a better indicatiomn of product quality than deces sampling inspection.
Generally, however, one hundred percent Jinspection does not guarantee
detection of all defects, especially when the inspection is done by
human inspectors. The direct costs of one hundred percent inspection
will generally be greater than costs of sampling inspection.' However,
the cost of permitting a defect to go undetected may be so great that
the cost of one hundred percent (or even two hundred percent or three
hundred percent) inspection is justified.

4.4 Sampligngnquption. Sampling 1nspeccion is that tyﬁe of inspec~
tion wherein a sample consisting of ome or more but not all units of
product 1is selected at random from the .production process output and
examined for one or more quality characteristics. Sampling inspection
is usually the most praccical and economical - -means for determining

the conformance or nonconformance of l‘lfﬁui.iﬁﬁ to upcca.a.;c.u quua..u.y
requirements. Sampling inspection has the advantage of flexibility with
réegard to the amount of inspection to be performed at any given time,
depending upon the importance of the product and apparent product .
quality., The amount of inspection can be reduced for product of

very high quality, or increased when the product quality is deter-
iorating. Sampling inspection costs are generally lower than one
hundred percent inspection costs since sampling iunspection does

uot require that_each unit of product be inspected for conformance
wirh nnnnif-lnd qnn‘lir‘x’r"rnn“{rnmnnrui' Hnunvpr- when d-pterm{ninc -

which inspection method. 18 to be employed the lower costs of samplihg
inspection must be weighed against the rigk of greater cost incurred
by permictting defective units of product to be accepted.

4.5 Verification Inspection. A special kind of inepection, the
purpose of which is-not explicitly described in paragraph 4.1, is
pexrformed to determine the validity of original ‘sampling inspection
of a product. This type of inspection, called verification inspection,
is further discussed in paragraphs 17.1 and 17.4.

/ . '

SECTION 5: METHODS OF INSPECTION

5.1 General. There are two recognized methods of inmspection for
evaluating quality characteristics, and those two methods are known
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as attributes inspection and variables inspection. Since attribute
lot inspection is the primary topic of thie voiume, variables in~
spection 1s discugeed only byiefly here. HIL-HDPBK-53-3 desls with
variables inspection in greater detall.

5.2 Attributes Inspection.

= Ln

1l Attridbute., An attribute 1is a charac:etistic or property which
ppreised in terms of whether it does ar does not meet 8 given re-
gquirement,

s appraiesd in terns of
enough.

+sBs+s too big or not too big, hard enough or not Egrd

$.2.2 Inspection by Attributes.” Ipepection by attributes is in-
gpeption in which certain characteristics of units of product are
tlgesified ‘eimply as defects or napdefects. Apy unit of product
fpund to have one or mpre defects is rlppsified as a defective.
Inder attributes 1nspectian. cbaractetia;ics of the units of product

are considered on the basis of. "go, Rat go,” “defective, nonﬂefective
"ti_r-ll-'h-ln tolarance er out nf' I-n'lnrnnl'ﬂ LR

_____ Qr tolerane ! "eerreet or incn;gggt-

"ecamplete or incpmplete.“ g;c.

5.2.3 Applicatipns. Atcributes ingpection 1is used in examining
items for visual defects. nigsed entries ov operatiuns, workmanship
defects, incorrect dimensions, defects in materials. marking,
packing and packaging, and for examiqations or tests where the
characteristic.involved is checked to determine solely whether it
does or does not meet the established requiremengs. .

5.2.4 Advantages. Inspection by attributes 1s usually simpler and

less expensive than inapection by variables (5. 3) because the
following are uaually true: the inspection itself can be done more
quickly and easily, less detajled record keeping 1s required, and
administration of the inspection 1s egsjer. TFar exsmple, it may be
more economical to Iinspect for a particular dimensional characteristic
on 100 ynits for ipnepectipp by attridbutes ysing fixed gages than to
neasure 60 or 70 af the same uanitg for ingpestiqn by variables with
standatd measuring 1nstrpments, When ipnspection is by apttributes,
record kaeping aqd aﬂminip;rnt;nn BayY be pipplified by grquping
tpgether &ll quality characieriafies gf equivalent importance and
establishing one quality level far the grayp as @ whole. (This
technique, known as inspection by class, 1 discussed in Section

30.) VUnder varighles inspection, hy contrast, methods have not

heen developed, £gr determining compliqnce with one quality level for
a group of quality characteristics conaidered ‘collectively. An'
1nd1V1dual quality leyel must be set fqr each characteristic, and

a separate decision is made to ‘apcept or reject for each chatacteriatic.

§.2.5 Disadvantgﬁes. Atgribute 1qapection has perhaps 031? ong
disadvantage, and that is that it requires s larger sample to obtsa aisn
the desired amount of informatiqm appu; the parent lot than does
variables inspection. This diquvqntnge becomes significant when
inspection of individual upjrp ef pragurt is exppnsive either imn -

terms of dollars or tiame,
7
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5.3 Variables inspection.

5.3,1 Variable. For inspection purposes, a variable 15 a charac-
teristic or property which can be measyred and the measurement ex-
pressed .in terms of some continuous scale, Exﬂmples of such charac~-
téristics and scales used to measure these are; time - secands,
minytes, houps;. length ~ feet, meters; weight - pounds, grams.

9.3,2 Inspection by variables. Inspegtiop hy variahles is ipgpection
in which ‘8 quality chargeteristic of eagh ppit of praedyct ig a sample
is measured, and the acpept/reject decisinop fer the lot is made based:
usually uppq the sample megn and some meagyre of the spread of the
sample measyrements (e.g., standard deviation or subsample ranges)
Hence, when inspection 1s by variables, the lot is evalyated qsing a
numerical, -contipuous scale measurement ipstead of the 'go, not go”
measurement that is used with attribute ipspection €5.2), 1In MIL-
STD-414, the primary variasbles inspectiop military qtquqrd, the accept/
reject decisjon {s made after the sgmple statisgicg have been used

to obtain an estimate of the lot percent defective,

5.3.3 Applications. Inspection by wariables can be ysed whenever

the quality 0f any given characteristic pf a unit can pe determined

in quantitstive or measurable terms, Variables 1ipnspecticn can be
applied to such characteristics as weight, tepgile gtrength, dimensions,
chemical purity, burning time of smoke qpnicipqﬁ, etc, A gpecific
example ig as follows:

A specification requirement on a type of hapd tool gpecifies a
Rockwell C Scale hardness reading from 50Q to 55, A hardness check
on a sguple of five hand tools picked at rnudnm yieldg readings of
53, 50, 52, 51, 50. 'These test results glearly shgv that the five
sample units fall within the specification limits. The extent to
which each sample unit ig within the limits can be measured. These
datg not only ghow whether the specification regquirgmeants have been
met, but also give an indication of the degree of variation within
the quantity of product from which the sample was gelected.’

5.3.4 Advantages. In comparison with attrihutes sampling plans,
variables sampling plans provide comeiderably -more information re-
garding the conformance or néntonformance of. the particular quality
characteristic. For this reason, variables sampling plans have the
advgntage of usually reguiring smaller gsample sizea for equivalent
assurance .as to correctpess of decisions tg accept or reject a.
quantity of praduct. This smaller sgmple sire is g@gspecially impportant
where destructive testing is to be done g@r where. the cqggt aof testing
each additfianal unit of product is high, Howewver, if a numher of
quality chayacteristics are to be evaluated gu the hasig of variables
inspectiopn, the cost of {inspecting egagh unit 1ip the sample om an
individual characteristic basis may he sp high that thie factor
greatly offsets the advantage of reduction {in sample size,
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5.3.5 Disadvantages. While attributes inspection can be applied to

the inspection of most characteristics, variables i1nspection requires :)
that the measurements of the characteristic 1in question follow, at .
least Toughly, a specified statistical distribution, usually the

normal distribution. Hence, there should be some assurance that the

parent population follows the distribution. This assurance can be

gained either through a test of the sample at hand or through the

history of the population. (MIL-S5TD-414 does not require any

assurance, but only suggests that advice be obtained when the

distribution is 4in doubt.) If a teat of the sample 1is used and

is negative, the next step will be either to fgnore the test results

and analyze the inspection data as though its parent population .

followved the aggumed digetribution or to analvze the 1nnnnr~t‘lnn
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data using attribute methode. If the latter procedure 13 selected,
it will be necessary to decide whether or not to draw an additional
sample sufficlent to provide protection that is equivalent to the
originally planned variables test. Inspection personnel should
check with item specifications, test procedures, or higher head-
quarters for the procedure to follew in case the test for the distri-
bution is negative. Variables inspection further requires that
inspection personnel be trained sufficiently to make the more
complex variables measurements, computations, and decisions. How-
ever, variables computations, though still more complex.than those
for attributes inspection, have been greatly simplified with the
development of relatively low priced hand calculators. These
machines have made computations possible in less time and with less
chance of error than was possible previously.

5.4 Converting Variables to Attributes. The results of variables '“)
inspection for a given quality characteristic can be converted to
attributes., At the discretion of the responsible authority, this
conversion may be made even though the requirement is expressed as

a variable. For example, a specification establishes a sleeve
length of 22 inches with a tolerance of plus or minus 1/2 imch as

a8 requirement om &8 certain type of apparel. Since a measurable
characteristic is involved, on a numerical scale, variables inspec—
tion could be employed. However, attributes inspection can be used
instead. A sleeve measuring anywhere between 21 1/2 and 22 1/2 .
inches would be clagsified ae nondefective, and a unit with a sleeve
neasuring less than 21 1/2 inches or more than _22 1/2 inches would
be classified as defective. When such converaion ie decided upon,
the appropriate sampling standard (such as MIL-S§TD-105) should be
consulted to insure that the level of protection is maintained.”™

" SBECTIOK 6: SUBMISSION OF PRODUCT

6.1 General. Unicé of product may be submitted, i.e., considered
.for inspection, on the basis of a8 continuous production flow; or
they may be sepatated 1nto lots or batchea for lot-by-lot, akip or

m Y maad Vs d e oaew
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6.2 Continuous Sampling Inspection. Under continuous sampling
inspection, units are produced and submitted comsecutively for
inspection in the order produced. The products may be presented

on a moving conveyor belt as they come from a continuocus production
line. Continuous sampling inspection of the product may be
required or desirable when:

a. Storage facilities are inddequate or it is otherwise im-
practical to accumulate products into lots or batches for the pur-
pose of inspection; or '

b. The assembly of small lot sizes greatly 1ncreasea the amount
of inspection and thus results in increased inspection costs.

Under these or other conditions, it may be appropriate to consider
use of continuous sampling plans to determine the acceptance or re-~
jection of units of product. Continuous sampling is covered in
greater detail in MIL-HDBK-53-2 and in MIL-STD-1235, Single- and
Multi-level Continuous Sampling Procedures and Tables for Inspection
by Attributes. .

6.3 Lot-by~Lot Sampling Inspection. Lot-by-lot sampling inspection
requires each individual lot to be accepted or rejected as a whole,
based on inspection results obtained from a sample or samples drawn
at random from the lot. Lot-by-lot sampling inspection may be
applied on -end products, incoming lots or batches of compomnents,

or semi-finished products. It may be performed by drawing the
sample after submittal of the entire lot (i.e., stationmary lots),

or by drawing the units for inclusion in the sample concurrently
vith production of the lot (i.e., moving lots, see 6.4.2).

6.4 Formation of Lots., The formation ¢f inspection lots is the
procedure of assembling the units of product into identifiable lots,
sublots, batches, or in such other manner as may be prescribed. Each
lot or batch shall, .as far as is practical, consist of homogeneous
units of product (see 2,3), The procedures to be followed in the
formation of the lot are very important since the disposition of the
lot is determined by the results of sampling inspection. -.Advantages
in grouping the product for lot aampliug inspection 1nc1ude.

a. Facilitates maintenance and continuity of lot quality history;
b. Hakes it possible to establish a system for. comtrollimg the
serviceability status of products in storage and use afCer the product, -

has entered supply channels.

6.4.1 Inspection Lot Size. The inspection lot is a collection of
units of product from which 8 sample is to be drawn and inspected

to determine conformance with the acceptance criteria, and may
differ from a collection of units designated as a lot or batch for
other purposes (e.g., production, shipment, procurement, etc.). The
size of the lot or batch is one of the factors that determines the
sample size to be used in lot sampling inspection.

11
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a., Large Lots. In general, the ratioc of sample size to lot size
decreases as the lot size ihcreases. Therefore, formation of larger
lot sizes tends to reduce inspection costs. Small productiom lots
may be combined, when conditions of homogeneity are satisfied, to
form a larger lot called a orand” lot. The grand lot is sample
inspected as a single large lot.

b. Simall Lots. The formation of very large lots may be
undesitable since it may créate ah expensive storage pfoblem, disrupt
the flow of product to the consumér on a fixed delivery.schedule, and
may cause difficult ptoblen if rejection occurs. Por large lots,
inaccesaibility to 411 uinfts in the lot may make it more difficult to
obtaln a random sample. Uddef certain conditions, this problem may
be minimized by stbdividing the lot into sublois for ptirposes of samp-
ling inspection; For example, if the lot represents s full weéek of
production, each inapection gublot may consist of one day's productioen.
Each day's ptuduction ie then accepted or rejected based upon the
resultés of a Satiple inspection. Care must be taken to maintain lot
identity and records of sublot inspection results in case later events
should tequire that these items be recalled (see 6.6). Another )
posaibilicy for hahdlin; the lérge lot problem 1s to apply a sampling
plan to the efitire week's produaction. However, a portion of the sample
is dravn from édch day*a production proportional in sieze to the amount
of productibon fof the ddy. The atcéeptance/reféction cfiteria are then
dpplied to the inspection results dccumulated over the wveek.

6.4.2 Moving Inspecfiafi Lots. A Boving inepéction lot consists of
units of produtt continueuaiy offefed for 1napection in the order
produced of réé&ived, simildr to (but not to bée confused with) the
procedidte for coatinuaue sampling inspection. The beginning and
ending of the lot is jdentified against time (e.g., the production
for onée hout, one shift, one day, one week, etc,) or a specified
quantity of units (e.g., 100, one gross, 500 etc.). Sinece products.
in a moving lof may pass the inspector piece by piece, the task of
selecting a representative random sample 1s much simpler than drawing
a random sample from a large stationary lot. For moving lots, the
supplier does not Hdve to accumildte and inventory for inspection.
The accept/tejett criteria is applied to the ehtire lot, Just as
with & étationnry lot, '

6:5 fkip Lat ﬂamgling Skip lot sampling provides a method for
reducing inspection costs by allowing certein of the lots in a string
tf lots to be accepted without first undergoing acceptance inspection.
Uf course, the price to bé paid for not ingpecting all lots 1s the
increased risk of acceptifig poot quality lots of product. Hence, one
of the criterid for using skip lot sampling should be the abllity of
the supplier to submit products of consistently high .quality ds. proven
in thé qiality history 6f the product.

12
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6.5.1 Skip Lot Sampling Plans. Skip lot sampling requires alter-
nating lot-by~lot sampling phases (skip lot plans usually begin with
this phase) . with phases in which only a fraction of the lots are
sampled (and the remainder of the lots are skipped). The procedure
calls for a switch from & period of lot-by-lot sampling to a period

of gkip sampling any time a specified consecutive number of lots have
been accepted. When a lot is rejected during skip sampling, either
the fraction of lots selected for sampling is increased or lot-by-lot
sampling is resumed. {This latter choice would be the one usually

taken: ) ODiice d 1ot has beéen selected to be skipped, that lot has
been accepted by the constumer. However, once an inspected lot is
rejected duridg a skip phdase, the skip lot procedure may require a
recall for iidspection of nll lots accepted by skipping after the last
inspected &nll accepted lot.. Whether or not this récéll i1s included
in the skip 1ot procedure will depend, id pdart; upon the nature of
the product and the ease of inspetting aiready accepted lots. A
variety of skip lot plarns are possible. One of the fdctors that

must be considered in selecting one of these pldns iE 1ts complexity
and, thus; how difficult it will be td administer. The plan finally
selected should, of course, be no more complicated thamn necessary.
‘Multi-level Continilous Sdmpling Procedures and Tables for Inspection
by Attributes, provide several patterns that can be used for construct~
ing skip lot sampling plans. Conattucting a plan in this way is done
simply by treating the itispectiod 18t in the skip 1ot problem ag..the
unit of product 1k a continuous sdmpling plan The construction or
selection of & skip lot sampliHg procedure for d patrticular prodict
and production situation is beyond the _Bcope ‘of this handbook. It

fs recommended that knowledgeable quality assurance personnel be
consulted fot assistance. While Exdiiplé 1 bélow does not refer to
MIL-STD-1235, the skip lot plan thdt id described is patterned after
a CSP-1 type toiitinuous sampilng pian.

6.5.2 Seléction of Skip Lots. 4 rintigm protBss should be ‘used to
select which lots are to be sampled and whith lots are to be skipped.
.Methods of random selection are described -in Section 12 of this
handbook. ' '

Example 1l: A Skip Lut Plan: A prbducer Has Bbén manufactuaring
& product for a government ageticy for two yelrs ihd lids been success-
ful in maintaining Proceéss cdﬂttbl 4§ well a& achieving a high pet-
centage of lot acceptance. The prodhcét«approachea the agency with
a propoasal for teplacing tiie pres&nt lot—ﬁy-ibt sampliag inspection
with a gkij lot dampling pldn. The dgency's {Udlity assurance ré-
presentative is initially unfavordblé becauseé the producer's proposal
. calls for lot inspection using an  attribute lot sanpling plan idéhti-

‘cal to the oné in use with the lot=k¥=1bt glar: HIeEV¥EL, wheit the pro-—

ducer points out the aignificaﬂt pribe réauctibﬁs itid the spkéd-dp in the
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production schedule that could be realized with the new procedure and
when he points out the production record of the past two years, the
agency's purchasing agent persuades the quality assurance representa-
tive to concur in the change.. The producer's proposed plan calls for .
lot-by-lot sampling inspection until ten consecutive lots are accepted
and then a skip lot inspection phase in which sampling inspection is
performed on an average of one out of every four lots. During the
skip lot phase, lots are to be selected for sample inspection by some
random process (see Section 12) with the restrictione (1) that the
selection of a lot for inspection or skip shall not be made until
production of that lot 1is completed and (2) that no more than four
consecutive lois shall be uninspected. .

6.6 Lot Identity. Proper lot identification and effective main-
tenance of inspection results for each lot are -egsential, Arrangements
for Ehe formation of inspection lots should include provisions for the
identification and segregation of inspection lots. Maintenance of .
lot 1dentity will assure that acceptance or rejection is made on the
lot from which the sample was drawn. Maintaining lot identity will

prevent mixture of rejected product with other products not yet in-
5pgt_:;t_gr_li or. accepted product awaiting shipment. The simplest way

to maintain ‘lot 1dentity is by physical segregatioh. This facilitates

the. disposition of the inspected product, whether the decision is to
accept or reject the lot, In case of lot acceptance, segregated lots
‘are most easily marked for shipment. In the case of lot rejection,
segregated lots can be readily identified for screening and resubmittal
i1f such action is warranted or desired, 1In case problems are dis-
covered with units -of product within a lot aftéer the lot has been
accepted, two steps are essential: (1) proper lot identification for
tracing remaining units of the lot to determine if they also share

the problem, and ' (2) maintenance of Iinspection results for determining
the early history of the lot and tracing the source of the problems.
The history of problems in -the field reveals that problems are usually
discovered when individual unite give trouble. This is usually long
after they have been separated from the lot. Hence, it is practically
impossible to 1dent1£y the lot unless the units themselves carry sonme
identification mark.

6.7 Igolated Lots. An isolated lot ie one that _has_ .been placed
apart by itgelf. The term isolated iot is used ntoau;y to describe
lots that are removed from the influence of the production process. .
For example, vhen five consecutive production lots are shipped to
five widely scattered depots, each lot becomes an isolated lot at

the depot receiving stations. Another example is the production of
only one lot that is also the inspection lot, thus mrking 4t an 1iso-
lated lot as far as that type of product is concerned. The term iso-
lated lot, as used in the sampling procedures by the Department of
Defense, actually refers co those sampling plans where the limiting
quality (LQ) and cansumpr s risk are applied (see 9.3 and 10,2). The
lots . do net have to be igsolated, in a phyaical sense, before applying
these concepts to sampling 1nspection procedures. i

14
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SECTION 7: TYPES OF ATTRIBUTE LOT SAMPLING PLANS

7.1 General. An attribute lot sampling plan is a statement of the
sample size or sizes to be used and the associated acceptance and re-
jection numbers. The acceptance number is the maximum number of de-
fects or defective units In the sample that will permit acceptance of
the inspection lot or batch. The rejection number is the minimum
number of defects or defective units in the sample that will cause re-
jection of the lot represented by the sample. Attribute lot sampling
plans can be grouped into four basic types: single, double, multiple,
and sequential. The use of single, double, multiple, and sequential
sampling plans usually requires the grouping of proeduction units into.
lots or batches. Lots or batches are either accepted or rejected’
depending upon the results of sampling inspection. It should be under-.
stood that the terms "accepted"” and "rejected" indicate a statistical
decision reached on the basis of the. sampling plan uwsed. This decision
in itself does not dictate or guarantee final acceptance or rejection,
since other contractual, administratfve or technical considerations

may be involved. The primary purpose of sampling inspection is to
obtain information in order to reach a statistfcal decision regarding
the disposition of lots or batches (accepted 1f they conform to speci-

fied quality requirements, or rejected if they do not conform),

7.2 Single Sampling. A single sampling plan is a type of sampling
plan by which the results of a single sample from an fnspection lot
are conclusive in determining its acceptability. The number of sample
units inspected will be equal to the sample size given by the plan
unless the item specification permits curtailment of inspection (See
Section 13). This number is usually designated by the letter "n"

If the number of defectives found in the sample is equal to or less
than the acceptance number (usually designated by "Ac" or "c") the
.lot or batch shall be considered acceptable. If the number of defec-
‘tives 18 equal to or greater than the rejection number (usually desig-
nated by "Re" or "r") the lot or batch should be rejected. For example,
a s:.ngJ.e samp.l.:l.ng pj.an IOI.’ a lot of IUU units OI BOme prouucn mlgm:
require a sample of size n = 80 units with an acceptance number of

Ac = 3 and a rejection number of Re = 4. Since a single sanmpling plan
accept/reject decision is to be ‘made for a lot based on inspection re-
sults for a single sample, the accept and reject numbers for the plan
must be comsecutive, positive integers as shown in this example. (See
28.3 for an exception to this rule.) . . )

7.3 Double Sampling. A double'aampling plaﬁ involves sampling

inspection in which the inenectign of the first sample leads to a
decision to accept, to reject, or to take & secoand sample. The
inspection of a second sample, when required, then leads to a de-
cision to accept or reject. Double sampling plans are operated in
the follewing manner:

7/
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a. A first sample of o, unite is selectéd at random from the
lot and inspected. If the number of defectives is equal to or less
- than the first acceptance number, c,, the 16t 16 Hccepteéd. 1If the
number of defectives 1s equal to or greatei than the fitbt Fejection
number, r,, the lot is rejected. If the ntitbéf 8f defectives is :
greater tﬁau the first acceptance number; £, é&hd 1lEss tHidd the first
rejection number, r.,, the.next step in tle Ba&hplifif plan #ist be taken.
b. A second samfle of n, units is setlected &t random ffom the
lot and inspected, The nqmger of defectivés folihl in tliE econd
.sample is added to that found in the firgt Bidfiple. If the clmulative
number of defectives is equal to bt lesf tHdh the Becoiill Atteptance
number, c,, the lot 1is accepted, If the cﬁgﬁiétivb_ﬂdmhef_df defec-
tives is &qual to or greater than the Eetond tejection fudber, r,,
the lot is rejected. Note that t, equalbs & .%) BY that d décistofi to
accept or reject is forced on theé“second std#fpie. Uhder dertain condi-

et mmd Likdl mmiimTan mf o demabhTa
L @.udlUwuvac

tions it may be more desirable.to select bOLh Bamnples ©
sampling plan at one time, rather that draw tlit second sample after

the first sample has been inspected. Inspectibn of the Bétodd sample
would not be required if the lot ie accepted or rejecteéd ‘based on the

inspection results of the first sample,

7.4 Multiple Sampling. .Multiple sampling or sequentddl. bimpling

is8 a -type of sempling in which a decision to accept or fejégt an in-
-spection lot is reached dfter one or more samples from thé inspection
lot have been ificpected and will always be reached aftet fiot ndre than
a designated number of samples havé been inspected. Although many
writere use the terms multiple sampling and seéfuential sampling inter=
changeably, in this handbook ancother common utage will be adopted.
Multiple sampling will refer only to the typeé of ddmplicpg described.
in this paragraph, while sequential sampling will refer only to item-
by-item sequential sampling deacribed in 7.5. The procedure for mul-
tiple sampling ia simfilar to thdt described for double sampling;
except that the number of successive samples required to reach a
decision to accept or reject the lot may be mbrée then two.

7.5 Item-by-Item Sequential Sampling. Itetdi-by-item seqtential
sampling (or simply sequential sampling) is 4 Hampling plam in which
the sample units are selected ofié at a time: Aftef édch tinit 15 in=
spected, the decision 18" miade "to~heteépt the lot; to rejutt the lot;

or to inspect anather unit. Sdmpliiig tétminates vwhen the citiulative
inspection results of the sample dﬁi?b détermine thdat the acceptdrce
or rejection decision &an be made. Thé sample size 18 not fixed 1im
advance, but depends on actual inspectici resiilts. It mdy be possible

a - -

to continue sampling under the sequentidl plan until all units &are

inspected. From a practical standpoint, this 1is fiot degifdbile afnd is . -

seldom required. Most éequential saiipling plans aré “truntated,". -

16
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which means the plan requires either an acceptance or rejection
decision after a specified number of units have been inspected.

It should be emphasized that for a large majority of lote; the

total sample size under sequential éampling will be smalléer than
under single or double sampling. See 8; and 11. in Appendix A for
further details and examples dealing with sequential sampling.

7.6 ASN Ciirves. Average sample number (ASN) curvesd are a graphic
means of showing the average samnplée sifes which may beée éxpected to
occur under the various sanpling plans for a given product quality.
The average amournt of inspection £or dny sampling plan tan be com-
puted. On the average; double sampling plans uéually require less
inspection than singlée samplidg plans, end wulti{ple sampling plans
usually require less ifispection thai dotble sampliiig plans.  Usually,
the amount of inspecticd tYeguired for single sanmpling is the number
of units in the sample, regardless of the product quality, unless
inspection is curtailed (i.e., immedidteély terminatel@) as soon é&s
the rejection nimber 1& réacled, Fot dotdble aild #idltiple dampling
plans the amount of inapection is miftmiréd wheéd the product 1s of
very good or very poor qudlity. Segueintial sdmpliiig plans may re-
sult in & furthér réeduction ih the amoiint of inspeetion.

SECTION 8: SELECTION QF SAMPLING PLANS

In the preceding sectitn, diffefent types df sampiing plans
have been desctibed énd it has beeti sh&wn that i @ddy instances
there are a dumber of alternative sampling seiéHés Which cdn be
used for a bpetific 6itdatiéi. The selection 6f a pafticdlar tyge
of pamplitig .plan; however; 46 fiot divays ati a8y task Gihce the -
selection is attually depétidedt p6f 4 ubtiber of diffetrent factors.
Generally, seléectist iliivolves tohbideration of thée follovidg:

a. Properties of the samplifig plaiis

b. Ease of administetifipg the sampling plan,

c: Protectlon dffcorded.

d. Adount &f idspectien requiféd,

€., Cost of idespectioii,

f. The size of the lot. . o

g. The continuity of l6€d, ¥hdt {o, da¥e thé 16tk being tuspected
in sequence oheé after ané6theét £r6fi the cdmé prfoduééf, or aré they &
series (of one bf Hore) 6f isoldated 1ota?

h. The cost to the consumer réstlting from acceptance of a
nonconforming item. ' )

1. The cost of manufactdfidp the {item.

j. The cost of delayed shipmeiits.

k. The davailability of pfoluct froh other adiites:

m. The consumer's past expetiénce with prodict from the sahe
producer. . ' '

n. The way the product (s pdckaged. ' . o

0. The pogsibility of totrectihg noiconformiig eotiditions during
use.,

In addition to the necessity for appropriately considering these
factors, it must be recognize8 that the plan adopted for one type of
product may not be the best for another type. This 1is particularly
true where the submittal of product for inspection is dependent upon
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the physical layout of. a manufacturing facility or operation, and/or

the production methods. Further, past quality history of the supplier, -
source, or proceses, plays an important role in the selection of the ;)
appropriate sampling plan. Where this history shows submission of 7
product of consistently high quality, & sampling plan should be sel-

ected which reduces the stringency of inspection (reduced sample

size or larger acceptance number) required to reach an accept/reject

decision on a lot. On the other hand, for suppliers, sources, or

processes with relatively poor quality histories, more stringent

inspection (increased sample size or smaller acceptance number) may

be fully justified. : : ’ '

SECTION 9: GROUPING OR INDEXING OF SAMPLING PLANS

9.1 General. Several methods have evolved for grouping or iodexing
sampling plans. . Most of these methods of grouping are based upon sonme
aspect of producer and/or consumer protection offered by the plans
that are being grouped. Following are some of the most commonly used
methods of indexing or grouping sampling plans: . ‘ "

a. Indifference Quality Level (Pa = 0.5).
b. Limiting Quality (LQ) protection.

c. .Average Outgoing Quality Limit (AOQL).
d. Acceptable Quality Level (AQL).

Because of the widespread availability and use made of MIL-STD-105

by both government and industry, suffice to state that eince this

standard makes use of AQL based sampling plamns this group 1is -the most t)
widely used type of plan. However, tables of sampling plans based -
on LQ, AOQL, and Indifference Quality have also been developed. These

four methods of indexing sampling plans are described more fully in

the following pareagraphs. )

9.2 Indifference Quality (Pa = 0.5). Sampling plans based on the
indifference quality are commonly called 50X plans. The indifference
quality is that level of lot quality at which the probability of
acceptance (Pa) is 0.5. The level of lot quality at which Pa = 0.5
depends, of course, upon the sampling plan being used for ‘lot accep-
tance. (See Section 10 for discussion of OC curves). . Products of
better quality are accepted more often than they are rejected. Pro-
ducts of worse quality are rejected more often than they are accepted.
A single sampling plan for the indifference quality level can be

computed very easily by using the following approximate equation:

n = (100c + 67)/indifference quality (in percent defective) where
n is the sample size and c¢c-'is the acceptance number. "For example, 1if
a product that is 3X defective should be accepted with a probability
of 50% and an acceptance number of 2 defectives is to be used, the
sample size is computed as follows: -
!

(100c + 67)/indifference quality:(jn percent defective)
(100x2 + 67)/3 "~ . .
267/3 L

89

sSppd
o 00 a
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The single sampling plan would be to draw a sample of 89 units at
rapdom from the lot. If 2 or less defectives are found, accept

the lot. As long as the consumer and supplier do not care about
their own specific risks at the quality level that divides tolerable
quality from intolerable quality, this s & very simple way to per-
form sampling inspection. :

9.3 Limiting Quality (LQ). The protection provided to the consumer
by a sampling plan is usually described by the term "consumer's risk."
The consumer's Trisk 1s the probability of accepting a lot the quality
of which 18 at or below a level which the customer can tolerate, At
most, a small part of the time. This quality level 1is called the
limiting quality (LQ) or lot tolerance percent defective (LTPD).
Sampling plans called LQ sampling plsans may be devised to provide a
specified LQ protection or consumer's risk protection wvhen the product
quality 1s at the LQ. Common values of the consumer's risk in LQ
plans are 5% and 10XZ. These are very low percentages of lot acceptance
that would be unsatisfactory for both the consumer and the producer.
Hence, when the consumer specifies an LQ sawmpling plan, it 1is not

with the intention that the LQ i a target quality level for the
producer to meet, but rather a level to be exceeded by as much as
possible. LQ sampling plans are most commonly used for isolated

iots or batches (that is, lots produred on a one-of=-a-kind or on

an intermittent basis) where there is little or mo opportunity to
tighten‘iﬁspection if product quality drops to an upacceptable level,

A +tovmndnanl acaemn ~ & noamAaldems wnine 4a haaoad aerntamant hee
Lad l-]il‘t.ﬂ-l- GAGI].I!J-I-I’; CiI &an u\( DAQuUpJ i pPicd LD vaDEU Ch & statement vy

the consumer that he is willing to accept a maximum of 6.5%2 defectives
(LqQ = 6.51) no more than 5X (consumer's risk = 351) of the time. (See
10.2 for further discussion of consumer's risk.)

9.4 Average Outgoing Quality Limit (AOQL). The average outgoing
quality (AOQ) is the average quality of outgoing product including
-all accepted lote or batches, plus all rejected lots or batches after
they have been effectively screened and defectives removed or replaced’
by non-defectivee. The average outgoing quality limit (AOQL) 1is the -
maxinum AOQ for all possible incoming qualities for & givea sampling
inspection plan. Sampling plans which are gelected to assure a de-
gired AOQL are based on the assumption that rejected lots can and will
be subjected to screening inspection. Plans of this type cannot be
used vhere destructive type testing 1s the only means of determining
conformance to opecified quality\requirements.

9.5 Acceptable Quality Level (AQL) The protection provided to:

the producer (supplier) by a sampling plan is usually given in terms
of producer's risk. The producer's risk is the probability that a

lot of acceptable quality is rejected, and the producer-is "protected"
wvhen this probability is low. While the producer's rigk is of
interest, especially to the producer, at all levels of good quality,
it is common practice to be especially interested in the producer's
risk at the @érst level of good or acceptable quality.
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This level of product quality is called the acceptable quality

level (AQL). The AQL is formally defined for lot sampling plauas

as the maximum percent defective (or maximum number of defectives
per hundred units} that, for the purpose of sampling inspection,

can be considered satisfactory as & process avetage. {See MIL-
STP=1235 for a differept meganing of the AQL when uged with gpon-
tipuous sampling plans.) A sampling Plan that is canstructed or
selected to provide a certain level of producer protection at the
AQL 1is called an AQL plan, Different systems pof AQL plans set the
prnducer s rigk at the AQL in differept ways. For example, ‘in ordex
to praqvide a congistent prqducer'a rigk for gll plans, Dodge 8
tahles (see reference 21, Appendix A} have the preducer’s risk set
at BX at the AQL for all ‘sguple pizes. As anpther e;ample the
spmpling plans in MIL-6TD-105 provide producerts risks thqp range
frqm 1Z to 15X at the AQL, As a rule, the. prpducar'p rigk for

these plans has been made spalle; for the larger samples in order
to reduce the risk of rejgc;ing the larger and, ;herpfnre more
expensive lots. from which they were selected. Ideally, :AQL samp-
ling plans also help to protect the consumer by providing & lower
and lpwer probability of acceptpance as product quality drops below
the AQL. AQL plans are commonly used -to inspect a continuous aeties
of lpts rather than -isolated or. 1nterm1tteut1y produced lots, A
typical AQL plan might be based ‘upon & statemept by the consumer
that he will accept lots of prgduct 97X of the time when the product
average is 4 (AQL=4X) or better, (Praducer's rigk = Probability of
‘rejecting acceptable product =1 -.97 = .03 eor 3X.) See 10.2 for

-
.
further discussion of producer's risk.

9,6 Protectign at Two Quality Levels, Sampling plans can be
designed to provide combined AQL/LQ protection, AQL/Indifference
Quality protectipn, or LQ/Indifference Quality protection. The
most cpnmonly used combination is prabably the AQL/LQ type -which
provides a high probability (usupliy 90Z~95%) of accepting a lot
vhen the process average is at spme acceptable level (AQL) and which
pravides a loy prpbability (ususlly 52-~10X) of accepting a lot when
product quality is low (LQ). In prder for such sampling plans to
be practical, there must be a reaaonable numerical difference between
the AQL and the LQ, A typical sityatign would be an AQL of 1.0
percent defective and an LQ of f,5 percent defective. If the two
quality levels (AQL and LQ) are very ¢lase together, one hundred
percent inspection may be Tequired to Sepqrate ‘acceptable product
from upacceptable product. The. discussion of OC-curvese in Section
10 will provide further help in selecting sampling plaps .to meet
protection tequirements at two quality levelg,

9,17 Selection ofggyality Level A 1arse variety of sampling
plaps can be devised or selected on the - bagig of the level of pro-
tection offered to the prqducer and/ger the capsymer at a given
quality level(s). The question which must be enswered, theam, 1g°*
how much protection is to be offered at which quality level(s).

The following paragtaphs discuss qualitatively some of the factors
wwich should be consldered in answering this questicn.
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9.7.1 General. The selection of a quality level value is the
result of considering many factors, Some pf these factors are

the design requirements, qua;ity protection required, unit costs,
cost of inspection, process capabilities, defects or defect clagsgses
keing considered, gveilahle guality data, apd sgfictly milditary
requirements which pay nntweish a1l ather ecppsideratigns. These
factaors must be givep their preper weipht ia reprhing g decision
a8 to which quality jevel yalue should be specified. Belecting
extremely tight qualify levels (lpw pymerigfpl values) might result
in prohibitive 4B§PEFFiQﬂ and end itep cogts, unnecepggerily fre-
quent rejectipn of preducts, af pergsiplie refusal by guppliers to
gccept procyrement orderg or gign coptracts. On the other hand,
selecfing very liberpl qualiry jevels (high numerical values)
pight result ip the deliveyy of large gupptities of ynsatisfactory

preducts ipto the supply pysten.

8.7.2 Asspciated Risks, If g camplete stgtement is to be made

pf a quality level requirgmgnt, 8n gsspciated risk requirement must
glap be given. For exampie, wlth each high quality level, the as-'
snciated sypplier's yisk ghould he sgfsted (or implied ap in the
cqage of the AQL sappling plaps). Tt is unot enough tq specify only
a quality level. The propahility of acceptance of product with
this quality level must also be stated or implied. The OC curves
 for the resultipg saprling plap will indicgte grgphically the re-
latipnship between the specifipd qpaliry levels pnd their associ-
ated risks to the sypplier and ronpyper. (Gee Bection 10).

8,7.3 Process Capability, The state of the art, or the capability
of {ndustry ¥o produce the product, may limit the selection of a
quality level value, A revievw of suyppliers' quality histories for
a givep prepduct py similay products will provide an estimate of

the prpduct qualiry that can be reagpnaply expected under existing
preduction cepabilities.. ' :

9,.7.4 Order of Apsembly. If the production of defective units
garly in the erder of qhapnhiy resplts in a large waste of time

and materials duyring latey pracessing pf apgsembly, the quality
level valugg set for these wpits shanld be tighter (lover numerical
vglue) than might otbgrwige be expected. Selection of the proper
quglity level valug depenrds AR the type of prodyect imyolwed and

the financial losses that might pesplt. For example, it 1is much
more expensive and time cpnsuming to locate and Tteplace a defective
resiptot inejde a piece of pomplex glectronic equipment than to
replace ap external knab that 1s defective, o

B8,7.5 Cost of Inspection. @uality level walups frequently have

a direct effect op the cnet of ingpectipn, especially vhen the
quglity levelg are extremgly high or low. If the quality level
is very low (e.g., £50 defects per huundred units), only a very
small sample may be requiyed to determipe acceptance or rejection
of product. T¥ the quality level is very high (e.g., 0.015 per-
cent defective), a very large egmple size may be required to deter-
mine acceptance or rejection of product. An increase or decregase
-in the sample size as determined in these cases by the specified
quality level may result in increases or decreases in the related
inspection costs. :
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9.7.6 Changing Quality Levels. The quality levels specified for
most inspection situations should not be congidered as fixed or
permanent quality requirements. They are subject to change with
the concurrence of the technical agency initiating procurement or
the engineering sgency responsible for design. Flexibility and
the capability to make changes in quality levels are necessary
steps to proper administration of inspection systems or quality
programs., A continuous review of quality levels may be affected
by changes to specification, improvements in production machinery
or equipment, development of new production or inspection techni-
ques, consumer complaints and other factors.

10.1 General. Regardless of whether an 1nspeccion plan uses
sampling or one hundred percent inspection, there is always a risk -
or chance that a small percentage of defective units will ‘be passed. .
(This risk is greatly minimized if inspection ie done by some depend-
able automated process.) Because of personnel errors, poor judgement
in the interpretation of quality tolerances, improper use of inspection
equipment, or incorrect conduct of tests, it is well recognized that
there is alvays some risk that defective units may be missed under onme
hundred percent inspection, and even 200X or 300X inspection. This

is not to 'infer that such mistakes are not made under sampling in-~
spection, but that even when circumstances dictate its use, 100X
ingpection under optimum counditions is only B85 -~ 95X effective in
separating bad product from good product (in the absence of completely
automated proceases). As with 1002 inspection therefore, it logic-
ally follows that sampling inspection can never guarantee that
material it has passed is completely free of defects, and, therefore,
when any type of manual inspection i1s used, correct decision making
for every lot, in the long run, is unlikeiy. In addition to the
errors or mistakes in judgement which the inspector may make when
using sampling inspection, there is also an additional statistical
risk or sawpling risk that the selected sample will not reflect the
quality of the parent lot. It is this sampling risk, or luck of the
draw, .that is dealt with in 1later paragraphs in the development of
operating characteristic curves. .

10.2 Sampling vs. 100% Inspection. Hence, a decision must be made

whetheyr gr not.to use samp‘l“ub “nnpe_ntica. Tha firge sgnsidgra;ign

in making this decision for 'a particular quality characteristic is:
"What would be the result of passing a defect?" If the defect 1is
of such a nature that it could cause a safety bazard, incur great
loss, result in intolerable operating inefficiency, or result im.
costly repaiis or correction, the conclusion probably would be that
sanpling inspection should not be used because the presence of such
defects could not be tolerated. Thus it wounld follow that even

with its apparent limitations, 100X inspection should still .be, pre- .
scribed (see 4.3). If, on the other hand, the defect did not fall
into any of the catégpries described above. the conclusion reached
might be to use sampling inspection., Other factors relating to the
question of choosing between 100X inspection and sampling inspection
are dealt with in Sections 4 and 8.
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If a sampling plan is properly chosen and executed, lots of "good
quality" product-will be accepted more often than rejected, and

lots of sufficiently "bad" product will be rejected fsr more often
than accepted.. In certailn production situations, '"good" quality

might mean a lot with no defective product while im other situations,
because of the high cost of producing absolutely no defective product
and because of the relatively noncritical use for which the product

is intended, "good" quality might include a range of quality that 1s
less than perfect,

10.3 Sampling Risks. 1In the foregoing it has been indicated that
there are certain risks inherent to ingpection. In the case of
sampling inspection, there is, in addition teo the ‘error in human
performance, a specisl kind of risk that 'can be attributed to the
"luck of the draw" that results in erroneous decisions relative to
"good" and "bad" lots. 1In.other words, whenever sampling 1is in-
volved there is always the risk. (or -chance) that good lots may be

‘rejected and bad lots sccepted. In general, the smaller the saumple.

size, the greater the risk of selecting a sample which does not

truly reflect the quality of its parent lot and of making an erron-
eous accept/reject decision. Since risks are inherent to sampling
plans, this relationship should be clearly understood. The problem
of these risks may be restated as follows: "Assuming that a lot is
some given percent defective, what is the chance (probability) that
the lot will be accepted or rejected by the sampling plan?” When

the given percent defective ig in the region of good quality, both
supplier and consumer will be interested in a high probability of

lot ‘acceptance, and when the given percent defective 1s in the region
of bad quality, the comsumer especially will be interested in a high
chance that the lot will be rejected. These probabilities of accep-
tance and rejection can be determined from the performance curve, or
operating characteristic curve, of the sampling plan. The curve
shown in Figure 1 for the single sampling pPlan indicates the cheance
of lots of varying quality (percent defective) being accepted.

Due to chance variations, samples drawn from lots of fdentical quality
may themselves be very unequal in quality and thus yield very differ-
ent test results,  Some of the test tresults may be so far from correct-
ly reflecting the quality of the parent lot that the parent lot is
either incorrectly rejected (1if lot quality is good) or incorrectly
accepted- (1f lot quality is bad). The probability that a eampling
rlan leads to the rejection of a good lot is called the producer's

or "alpha™ risk. The probability that a sampling plan leada to the

acceptance of a bad lot 1s called the conaumer s or "beta"™ risk.

10.4 - Operating Characteristic (OC) Curvea. The protection afforded
by a sampling plan, that is, its capability to discriminate between
good and bad quality cam be accurately calculated. The fact that
these risks can be quantified makes it possible to etate these risks
statisctically (numerically) and predict the quancities rejected on
the average over the entire possible range of product quality. Such
calculations - based on the mathematical theoty of probabilicy -
provide the basis for the curve shown im Figure 1. The curve of Fig:
1 indicates’ the relationship between the quselity of lots submitted
for 1nspection and the probability of acceptance and is identified

as the plan's operating characteristic curve, or OC curve. OC curves
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are a graphical means for showing the relationship between qualicty

of lots submitted for sampling inspection (usually expressed in per-
cent defective, but may also be expressed in defects per hundred

unite) and the probability that the sampling plan will yield a decision
to accept the lot (described as the "probability of acceptance").

In preparing the OC curve, the percent defective of submitted lots

is generally shown graphically on the horizontsl scale, ranging from zero
to some conveniently selected value of percent defective (not exceeding
100X) or defects per hundred units representing less than perfect
quality. Along the vertical scale of the graph, the percent (or
fraction) of lots that may be expected to be accepted by the particular
sampling plan are shown - also ranging from zero to 100X (zero to

1, 1f the scale is in fraction of lots). Obviously, lots which

contain rzerc percent defective will be accepted 100X of the time

by ‘any sampling plan, and lots which are 100X defective will never

be accepted; consequently, the initial and terminal points (highest

and lowest) on the graph can be plotted without the need for calcula-~-
tion. The points in between follow s smooth curve and are obtained -
from mathematical probability computation. Appendix B in this

handbook as well as textbooks omn statisticel quality control and
related procedures (see Appendix A) describe the exact procedures

for constructing OC curves.
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10.4.1 Selecting the Sampling Plan. Two facrtors are generally con-
sidered in the selection of a sampling plaen: (1) the consumer and/
or supplier griek factor and (2) the economic factor. The risk pat-
tern of each sampling plan is represented by the OC curve for the
plan. The OC curve for each plan is different, a property.which
provides an effective means for ascertaining the effect of changes
in sample size and acceptance number on the scceptance or rejection
of a lot. The proper (with respect to risk) sampling plan can be
determined from studying the 0C curve for each plan.under consider-
ation. By studying the OC curves, 1t is possible to compare the
relative risks of two or more sampling plans for a given sanmpling
situation. By virtue of the OC curve, sampling tables can be con-
structed in which risks of incorrect decisions have been determined
in advance, making it possible to select plans which will have risk
factors that are acceptable to both the supplier and the consumer,
The OC curve, then, can be used for claasifying sampling plans from
the stapdpoint of the protection afforded to the supplier (AQL plans),
consumer (LQ plans), or both. The economic factor must be considered
each time a sampling plan is to be selected and, of course, becomes
more and more important as the cost of testing goes .up. This factor
becomes especially important when, because of the high cost of test-
ing, sample size must be limited to a degree which forces a compromise
of the risk requirements specified for the sampling plen. Another
approach to selecting sampling plans is used by some organizations
which handle many types of items. Instead of selecting a sampling
plan on an item by item basis as the above procedure suggests, a
standard operating procedure is established whereby a particular
very stringent sampling plan (probably acceptance number of zero

and large sample size, perhaps the entire population) 1s designated
to use when inspecting any quality characteristic that may be a
critical defect, a second but less stringent sampling plan 1is desig-
nated to use when inspecting any quality characteristic or group of
quality characteristics that will be at worst a major defect(s), and
a third and still less stringent sampling plan is designated to use
when inspecting any quality characteristic or group of quality -char-
acteristics that will be no worse than a minor defect(s).

10,4.2 Effects of Changes to the Sampling Flan on the OC Curve.

A sampling plan and its associated risks are completely defined by

the lot size, sample size, snd acceptance number. The lot size,
except in the case of very small lots, has relatively little import-
ance in most cases in determining the risks associated with any

given eampling plan. Thus, sample sizes and acceptance numbers are
the tvo important factors which influence the risk pattern of sampling
plans. If the risks of a tentative sampling plan are considered umn-
satisfactory, the question which follows is:  "What changes must be
made to obtain the desired sampling protection?” This can be answered
by considering the effect onm the OC curve of changes in the gampling
plan. To understand the effect of such changes, a more detailed study
of the OC curve (see Figure 2) is appropriate. Prom examination of
this curve it 1s-seen that if lots to be inspected are 2% defective,
approximately 90X of the lots are expected to be accepted, whereas 1if
the lots submitted are BX defective, about 102 of the lots are
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expected to be'dcéepted. If 2% defective and 8% defective represent
good and bad quality lots, respectively, the good lots will be re-
jected 10%Z (100 - 90 = 10) of the time (producer’'s-risk) and bad

lats accepted but 10% of the'time (consumer's risk). This rejection/

acceptance frequency will oceur by chaoce. If this frequency is

intolerable, appropriate changes to the sampling plan are required.

10.4.3 Changes in Sample Size. An increase in sample size results
in a steepening of the OC curve, as indicated in Figure 3. The'
steeper the OC curve, the greater the power of the sampling plan to
discriminate between "good" and “"bad" quality. Figure 3 clearly
illustrates the effect that increasing saumple size has on making
the OC curve "steeper".

10.4.4 Changes in Acceptance Number. FPigure 4 illustrates the
effect of changes in the acceptance/rejection anumbers on the 0OC
curve. In general, the effect of increasing the acceptance number
is to shift the location of the entire OC curve to the right.
Changing the sampling plan in this way generally increases the
probability o¢f accepting a lot at a given quality level.
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10.4.5 Simultanedus Change of Sample Size and Acceptance Number.

If it is desired to have more accurate disposition of the lots whose
percent defective is close to the selected quality level (the AQL

or the LQ for example), the sample s8ize must be increased to provide
more discrimination. Also, the acceptance number must be selected
which will yield the OC curve that is properly located asbout the
“"desired" quality level. Thus, 1f the dégree of discrimination of

a given plan 1s considered adequate, but the probability of accepting
a lot at a given quality level 1s too great (i.e., the plan is "too
loose") or too small (i.e., the plan ims "too tight"), proper adjust-
ment is made by selecting the appropriate acceptance number. Usually
in practice, if a sampling plan is desired which has certain desirable
risk characteristics, both sample size and acceptance numbers must be
simultaneously adjusted (See .Figure 5). In order to make proper
adjustment, however, the effect. of each must be understood.
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10.4.6 0OC Curves as a Basis for Selecting Sampling Plans. As:
indicated earlier, one of the advantages of gampling inspection,

in which mathematically developed sampling plans are used, 1is that

one can determine the probability of accepting & lot at all points

on the procegs average scale. From the preceding paragraphs, it
should be apparent that the probability or likelihood of accepting

a lot under a particular gampling plen is completely described by

the OC curve for that sampling plan. By study of the 0C curves,
therefore, it 18 possible to compare the relative effectiveness of

two or more sampling plans for use in a given siruation, or to comstruct
special tables in wvhich the risks of incorfrect decisions have been
rationally determined, Im & particular sttuation, the desired-degree
of discrimination may result in a large sample sire being required, but
if destructive or very expensive testing is involved, it may be uneco-
nomical to insepect such a large perceptage of the lot, so that A COmpro-
mise must be reached. 1In reality, this kind of compromise is reached
every time & ‘decision to use a sampling inspection plan ie made. The
- consumer would naturally prefer perfect quality. However, any attempt
to guarantee perfection vould require 100X (or perhaps 200X or 300Z)
inspection. For characteristics reeulting in hazardous conditions,
this may be warranted and necessary.  For others, a certain amount

of non-perfection is usually satisfactory, and the actual .decision
then becomer ane of balancing the cost of inspection against the cost of
defectiveness which might be accepted by the sampling procedure.

In view of this fact, therefore, it should be apperent that admini--
strators {(and inspectors who nmust select their own sampling plans)
should familiarize themselves with the basis for interpréting OC
curves. Both MIL-STD-105 and MIL-STD-41l4 contain OC curves for each
sampling plan (i.e., sample sire and-acceptance-rejection criterion)
listed. - Also, this handbook contains O0C curves for sampling schemes
in MIL-STD-105 (see Section 26 and Appendix C), .

SECTION 11: SEVERITY OF INSPECTION
11.1 General. The severity of inspection is reflected by the
total amount of inapection and the accept/reject criterion speci-’
fied by the quality assurance provisions established for the unit

of product, or as dictated by quality history. .Properly dome, :lot
sampling inspection provides for two or three degrees of severity

of inspection: (1) normal and tighteped, or (2) normal, tightened,
and reduced. These degrees of severity are applied in both attri-
butes and variables sampling inspection plans. When sampling plans
of two or three (or more) degrees of severity are used to imspect
lots of prodyct, these plans together with the rules for switching
from one degree of severity to another are called a sampling scleme.

11.2 Normal Inspectiop. Normal ingpection 1is that which 1s used
when there Is no evidencé that the quality pof product -being submitted
is better or poorer than the specified quality level. Normal ipspec-
tion is psually used at the start of inspection and is continued as
long as there is evidence that the product gquality is consistent

v
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with specified requirementse. Tightened inspection 1s imstituted in
accordance with established procedures when it becomes evident that _:)
product quality is deteriorating. Reduced inspection may be instituted

in accordance with established procedures when it is evident that

product quality is very good.

11.3 Tightened Inspection. Tightened inspection under a sampling
scheme requires a more stringent acceptance criterion than does the
normal fpspection planm with which it i1s used. This requirement is
usually met by decreasing the number of defectives or defects per
hundred units produced in the sample. The effect of this decrease is
generally to increase the producer's risk while reducing the consumer's
risk (See 10.3.4 and. Figute §), When it 18 evident that product
quality has improved, normal inspection may be reinstituted.

11.4 Reduced Inspection. Reduced inspection normally requires a
smaller sample size than does normal insgpection under the same
sampling scheme. - The effect of this decrease in sample asfre 1s to
slightly reduce the producer'’s risk while significantly increasing
the consumer's risk. The requirements for switching from normal
ingpection to reduced inspection are usually much more involved than
for switching from normal to tightened inspection. A proven quality
history for the product 1s esgentisl in deciding to sviteh fram
normal to reduced inspection. Switching from normel to tightened
inspection 1s usually a mandatory requirement, but switching from
normal to reduced inspection is permissive under certain conditions.
Wher the product quality shows evidence of deterioration, switching —
from reduced to normal inspection is mandatory.

' SECTION 12: SAMPLE SELECTION

12.1 General. Basic to sauwpling inspection is the selection of

a sample which can be reasocmably expected to represent the quality

af the pareat lot. Hence, the procedure used to select units from

a lot must be such that it assures a sample free of bilas. (That 1is,

a random sampling procedure, Seé next paragraph.) The process of
selecting & sample meeting this requirement is called random sampling.

" 12.2 Random Sgmpling. A sample consists of one or more units of

product dravn from a lot .or batch. BRandom sampling is any procedure
used to drawv units from an inspection -lot so that each unit in the
lot has &n equal chance, without regard to its quality, of being in-
cluded in the sample. A basic requirement of sampling inspection is .
that, over the long ruan, samples represent lot quality to a high '
degree. If the units in a lot have been thoroughly mixed, sorted,

or arranged without bias as to their quality, .a:sample draun anywvhere
from the lot will meet the requirements of randonneas.‘ Sometimes

it is not practical to mix the units thoroughly because of their
Physical dimensions or for other reasons. Sometimes the best that
can be done in drawing a sample 18 to avoid any type of obvious

blas. For example, if the units are stacked in layers, bias could
obvicusly result 1f the entire sanmple is drawn from only the top
layer. It is possible to reduce bias by avoilding such pitfalls as
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drawing units from the same position in containers, stacks, or piles;
selecting units from the output of one machine and not others; or
selecting units which appear to be defectlve or nondefective, (See
14.2 for the proper way to handle obviously defective units of pro-
duct observed in the population by anm inspector.) If such biased
sampling procedures are avoided, it will be easier to obtain a sample
that approaches a random sample and will better reflect the overall
quality of the lot,

12.2.1 Table of Random Numbers and Random Sampling. A table of
random anumbers is a set of digits that has been genersted im such a
way that: (1) each digit appears in approximately one tenth (1f
all ten digits are being used in the table) of the positions and
(2) repeating patterns of digits are avoided. A table of random
numbers, similar to Table A, may be used to draw a random sample of
units from the lot. Each unit in the lot must be identified by a
distipnctly different number., This c¢an often be done by placing the
units in racks or trays where the rows and columns of positions in
the racks are distinctly numbered. If the units have serial numbers,
these serial numbers can be used. The three~dimensiounal position
of esch unit (row, column, depth) in a large grouping can also be
used. A table of random numbers can then be used to select the

randonm sample. If more extensive tables ¢f random numbers are needed

the RAND Corporation's "A Million Random Digits with 100,000 Norma

. Deviates" (see Appendix A) or other suitable sources of random

numbers may be used,

Example 2: Selecting Random Numbers. Assume a ssmple of five

units is to be selected at random from an inspection lot containing
fifty unite numbered from 1 to 50.. In order te eelect five raundownm
numbers from Table A, begin by letting a pencil fall blindly at some
number in the table and start at. this point. Toss a coin to decide
vhich way to go: heads, go up; tails, ‘go-down. The randomness of
numbers in Table A is preserved by any method ¢f reading across,
diagonally, up or down the columns. Suppose 8 pencil falls on column
(S) and row (17). The decision is made to read down the column and
take only the first two digits in each number of five digits. The
selection of random numbers is made as follows: reject 89 sipce it
it over 50, the lot size; take the random pumbers 31, 23, 42, 09 and
47, The units numbered 9, 23, 31, 42 and 47 should be drawn from

the lot to form a random sample of five units.

12.2.2 Additional Applications. The largest number in & random '
number table should be at least as large as the .number of units in
the inspection lot. A table of two digit numbers (00 - 99) will be

gufficiant for lots havineg ‘100 ar fawver nnfte. A tahla of fivp

BLLL Y Al g . e w w &

digit numbers (Table A) will be gufficient for lots having 100,000
or fewer units. For larger lot sizes, Table A can still be used by
ignoring the break between columns. For example, if a series of
six digit random numbers is desired, the five digits of column (1)
may be connected to the first digit of column (2)}; or the last

four digits of/column (1) may be connected to the first two digits
of column (2): and so on,
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12.2.3 Alternated Methods. A list of aumbers that are at least

negarly random can be constructed if a random number table is not
available. Some possible ways of constructing such a list follow.

a. Remove all jokers and face cards {(jacks, queens, kings)
from a deck of regular playing cards., Let the 10 count as & zero
and the ace count ae a 1, Shuffle the remaining deck of 40 cards
thoroughly and cut thé deck as in playing bridge or poker. Turnm
over the top card and record its number. Return the card to the
deck, shuffle and cut the deck, and again draw the top card-and
record its number. Continue this process until a "random" number
table of sufficient length 1s constructed. If a list of two digit
numbers is needed, let the first card drawn be the first digit of
the firset number aud the second card drawvn be the second digit of
the first number; let the third card dravn be the first .digit of
the second number and the fourth card be the second digit of the
second number; and so on. This method can, of .course, be used to
construct a list with numbers as many digits in length as is needed
for a particular task, or it can be used to construct a table of
numbers for general use, similar to Table A. It must be emphasized
that in using this method, (1) each card drawvn must be reinserted
in the deck, and (2) the deck shuffled before the next draw. PFailure
to carry out these two steps before each card dravw will significantly
reduce the randomness of the number list.

. b. A series of one digit numbers that are “somewhat" randOm
can be generated by using, in the following way, the page numbers
of.a book containing more than three hundred pages. .

.1, Open the book at a strictly .arbitrary point.

2. HNote the two page numbers, one odd and one even.

3. Select the odd or even numbered page: by flipping a coin.
4, Record the last digit of the selected page. . '

. Caution must be used if the pages tend to part at the same number
nere frequently than appears logical for producing random numbets,
such as when the binding of the book has been broken at a specific
page number. These one digit numbers can be accunuleted in pairs,
threes, and so on, to develop two, three, and larger -digit "randon"
numbers. The use of random number tables 'is preferred, but this
_method can be ugsed with proper precautiomns,

12.3 Constant Interval Sampling. When units of product are
arranged in an order without regard to their quality (such as datsa
records on magnetic tapes or product units in & tray), the sample
may be drawn by using a constant interval -technique. . By this method;
a constant interval is meintained between the units drawn for the
sample. Thus every 8th, 17th or 23rd unit of a consecutively orxrdered
-lot may be selected. The first unit to be drawn from the lot may -
be determined from a table of random numbers. All other units im

the sample are drawn at a constant interval following the first

unit. The smount of the constant interval is determined by dividing

.
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the lot size by the sample cize. A danger in-ueing this sampling
technique is that the characteristic for which inspection is to be
done may vary in some periodic fashion that coincides with the

length of the sampling interval, In such a gsituation, the sample
would not truly represent the population, and inspection

results could mislead an observer about the quality of the population.
Hence, constant {nterval sampling is one of the less desirable
sampling methods, and caution should be exercised in its use.

Example 3: Constant Interval Sampling. Assume the lot size
1s 20,000 units and a sample of 315 units i to be drawn. The
constant interval 18 computed by dividing the lot sire by the sample

size:

20,000 + 315 = 63

The first step 1s to select a random number from 1 to 63 from a
table of random numbers or by other sappropriate methods. After

Ml R RmamWE=sE

the first unit has been drawn, the remaining units-in the re-
quired sample size are drawn by gselecting every 63rd unit from the
lot until the total sample size of 315 1s reached.

12.4 Stratified Sampling. ‘Under certain conditions it may be

necessary to divide the lot {nto sublots so that information can

be obtained about specific parts or strata of the lot. The divi-
gsion of the lot 1into stratified sublots requires considerable know-—
ledge and judgement concerning the characteristics of the product.
A sample is drawn from each sublot as though it were an independent
lot. Statistical decisions regarding the acceptance or rejection
_of the product quality can be made for each sublot.

Example 4&4: Stratified Sampling. Assume the lot consists of
38,100 units produced from five different machines (or operaetors)
and sampling inspection is used to determine the acceptance or
rejection of product for each machine (or operator). The sublot
sizes for each machine (or operator) and related sample sizes may

Lo -
DE &5 £o0llows:

Machine Number Sublot Size Sample Size
1 30,000 T 315
2 4,000 200
3 3,000 . 125
4 1,000 e ) 80
5 - 20
TOTAL: " 38,100 T 7640

ot
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Although the acceptance or rejection of the entire lot (38,100 units)
might have been determined from a single sample of 500 units drawn

at random from the entire lot, much more information ig obtained
by forming sublots {one for each machine or operator) and accepting

forming sublots for ezch machine or perato c
or rejecting the product of each machine or operator. “Thus patti-
cular machines or operators can be identified as producing acceptable
or rejectable quality products. While this example is presented to
illustrate stratified sampling, another point may be made regarding
the homogeneity of product within a lot. In those cases where lot
homogeneity is an especially sensitive problem, it may be ‘required

to perform & statistical comparison test to confirm that the several
machines or production lines are manufacturing homogeneous product.
If tests are negative and it is otherwise feasible, product from

the several machines/production lines may be formed into more than
one-lot instead of a single lot. (See also 6.4.)

12.5 Sampling from an JInlabeled Population. In some circumstances
s unit of product may be more easily selected for a sample as it
moves along its production line (perhapa as it passes & aampling or
inspection station) rather than after it has been accumulated into

a lot. During periods of one hundred percent sampling, the sampler
(possibly an inapector) needs no device for selecting 8 sample.
However, if only a fraction, f, of the product £s to be fmcluded ig
the sample, then some selection device {(preferably random) is needed.
Any one of a number of devices may be used, several of vhich will

.be discussed here. The first device discussed is a random.number
table. The devices discussed after that are either commonly avail-

able, easily obtained, or easily coastructed.

a, Random Number Tables. A random number table may be used
to gelect a fraction, f, of the units of product as they come to
the sampling station. As before, whén using a random number table,
gselect a starting point and a direction to move in the table to
select successive numbers (para. 12.2,1, Example 2). Write the
saupling fraction, £, as a decimal. For exaumple, 1f £ = 1/7,
express it as f = 1 5 7 = ,14285 ----, This fraction may be rounded

to as many places ap desired.

I1f £ = 1/7 were rounded to two places we would have £ = .14,
Expressing f as a decimel instead of a fraction changes the sampling
rule slightly: instead of. selecting omne out of .every seven unita
of product, on the average, select fourteem out of every one hundred
units. As the first unit of product comes to the sampling station,
determine the first two digit random number (the starting point se~
lected above)., If that number is 01l to 14, gelect the unit of pro-
duct for the sample. If that number 1ig 15 to 99 or 00, do not
select the unit of product for the sample, but let it continue on
the production line. Read the next two digit number in the random
number table and using the same selection rule that wase used for the
first unit, select or do not select the next unit of product for the
e c

-~ s _—..‘I.-na-

t units of product are

gquentc

ample. Subs dealt with in the same way.

um
s
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The method of sample selection is now i1llustrated using the randon
numbers in Table A. Suppose that a sterting place is picked in
Table A at column four, line ten and that, with the flip of a coin,
the choice is made to move down in Table A to find successive randonm
numbers. The following list shows the first ten two-digit numbers
that would be taken from the table and what those numbers would have
to say about selecting the first ten units of product.

Disposition of

Unit of Product No. . Table A Number Unit of Product
1 . 53, Do not select
2 33 Do not select
3 03 Select
4 92 Do not select
5 85 . Do not select
6 o8 . Select
7 51 - Do not select
8 60 Do not select
9 . 94 :Do not select

10 58 ~ .Do not select

b. Coins. One or more coins offer a simple, readily available
means of randomly gselecting each unit of product as it appears at

-the sampling station. Coins may be used as indicated in the following

table vhen it is desired to select a unit of product with the prob-

".ability shown in the first column. This probabflity 1s also the

fraction of units that, over the long run, will be selected for the
sample. The second column shows the number of coilns necessary to
select a unit of product with the probability shown in the first
column. The third column shows the number of heads (H) and tails

(T) that must turn up when tossing the coins in order for the unit

to be not gselected, The fourth column shows the number of heads

and tails that must turn up in.order for the unit to be not selected.
Of course the table could be continued for more than the four coins
that are shown here. However, an increesing oumber of coins becomes .
increasingly complicated to handle, and, as will be seen below, other,
less complicated methods are available. ’

Probabilicy of Ho. Heads (H) and - No. Heads (H) and
Selecting Unit Number Tails (T) to Select Tails (T) to Hot Select
of Product Coine Unit of Product Unit of Product
1/ 2= .5 1 (1H, OT) : " (om, 1T)
1/ 4 = «25 2 (2H, OT) (18, 1T) or (0H, 2T)
1/ 8 = 125 3 (3H, 0T) . All others
3/ 8= .375 (28, 1T) : All others
1/16 = ,0625 A (4H, OT) _ All others
5716 = .3125 ' (4H, OT) or (3E, 1T) All others
7/16 = 4375 (4H, OT) or (2H, 2T) All others

v
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For examnple, 1if a sampler must. randomly select units of product with
a long run frequency of 3/8, he could, according to the above table,
use three coins to make his selection. Any time three coin tosses
turned up two heads and one tail in any order (HHT, ETH, or THH),
the sampler would include the unit of product in the sample. If any
other combination of heads and tails appeared, he would not include
the unit of product in the sample.

c. Dice. Dice may be used as shown in the followving table to
select units of product that are presented to a samplér. The first
‘column in the table shows the fraction of product to be selected
from the production line over the loug run. This fraction is also
the probability of selecting each unit of product if the prescribed
procedure is followed., Column 2 shows the number of dice to be used
in carrying out the procedure on that line of the table. Column 3
shows the number of spots that are to appear on the dice if the unit
of product is to be included in the sample. Column 4 shows the num-
ber of spots that are to appear if the unit of product is not to .be

included in the sample. Column 5 shows the number of spots that are -

to appear if the dice are to be rolled again. In other words, if a
number appearing in Column 5 1is rolled, no decieion 1is pade'about
selecting the unit of product at the gampling station. Instead, the
.dice are to be rolled again until a number turns up vhich appears 1in

either column 3 or column 4,

. No. of Spots No. of Spots No. of Spots
Probability of No. Showing to Showing to Make Showing to

" Selecting Unit Dice Make Selection Nonselection Roll Again

1/36 2 2 All other -

1/25 2 2. S -9 - 3,4,10-12

1/18 2 2,12 All other - -

1/15 2 3 2, 4-9 10 - 12

1/10 2 2,3 4=-9 x 10 - 12

1/7 2 3,4 512 2

1/6 1 1 2-6 : -

1/5 1 1 2-5 6

1/4 1 1 2-4 ’ 5,6

1/3 1 1,2 3-6 -

1/2 1 1-3 4+6 -

2/3 1 1-4 5,6 -

3/4 1-3 4 5,6

38
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For example, if it is desired to sample at a frequency of 1/10,
then two dice will be needed. If s roll of the dice turmns up

a three, say, (one die shows & single spot and the other shows
two spots) then the unit of product is selected for the sample.
If a five, say, 1s rolled, the unit of product is not included

in the sample since the rule is that 1if any number of. spots, &
through 9 1s rolled, the unit 1is not selected. If an eleven is
rolled, no decision is made on selecting the unit of product for
the samnple. Instead, the dice are rolled again until some number

from two to nine is rollied,

d. Colored beads im a {far. This method of random selection
requires (1) some type of opaque container with & mouth wide
enough that beads cap be selected from within the jar, and (2)

2 number of beads of uniform shape, size, and texture, Each

bead must be one of two colors, say red or greemn., The total
number of beads in the jar ig determined by the desired sampling
frequency. For example, if one out of twenty-five units 1s to

be selected, then the jar should contain twenty—-five beads; one
red and twenty-four greem. If the selection ratio ig to be

three out of eleven, then the jar should contain eleven beads,
three red and eight green. In order to determine 1if a unit of
product is to be selected for the sanple as it appears at the
sampling station, the beads in the jar should first be thoroughly
mixed and a single bead gselected by a person who cannot see .
ingide the jar. If, in either of the above two examples, the
bead is red, then the ‘unit of product is selected for the sample,.
I1f the bead is green, the unit 1s not selected. The heand is

then returned to the jar and the beads in the jar are thoroughly
mixed in preparation for the next bead selection.

e. Numbered discs. HNumbers can be painted or pasted on
plastic or: paper discs, and the discs placed in an opaque jar.
As with the beads in d, the discs must be undistinguisghable to
the touch. In order to select a disc, the jar is thoroughly
nixed, and one of the discs selected by a person who cannot see

inside the jar. The number on the disc is noted and & sample
gelactinan made neonrﬂ{nn'lv * The dicgc 1ig returnad to the 'IA'r

CShtaewwaivia wmamwt SWh et acaie MAVGW AU S wimamwia

the discs in the jar are mixed in preparation.for selection of
the next disc. The method described here may be used in the
following way to sample from a flow of units of product that is
moving too, fast to permit a convenient select/do not select
decision oun each ptoduct. If the product is to be campled at
frequency £, place in a jar 2/f discs numbered from 1 to 2/f.
For example, 1f the flow of product 1s to be sampled at a rate
of £ = 1/50, place 2/£f=2+(1/50)=100 discs numbered from 1l to

100 in the jar. Just before the flow of product begins, mix

the disce in the jar, randomly select a disc, note the number,
i. Return the digc to the jar and thoroughly mix the discs
again. As the flow of product begins, count the number of units
passing the sampling station and select the ith unit of product
for the pample. Shortly before this unit of product veaches the
sampling station, select another numbered disc, note its number,
j, return the disc to the jar, and again mix the jar of discs.
Count the number of units that pass the sampling station after
the ith unit, and select for the aample the unit receiving the

jth count, Returning to the example inm which the sampling rate
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is £=1/50 and discs numbered from 1 to 100 are placed in the
jar, suppose that the number selected from the jar at the be- :)
glaning of production s £ = 67. The number is noted, the disc
is returned to the jar, and all the discs are thoroughly nixed
for the next disc selection. In the meantime, units of product
are counted as they pass the sampling station, and the 67th unit
is removed from the line for inspection. A second disc 1s selec-
ted just prior to the arrival of the 67th init at the sampling
station, and the number on it is j = 15. Thus, after the 67th
unit has been removed from the line, the count to determine the
fifteenth unit following is begun. Thie method of sampling sel-
ection may be continued indefinitely. This ddmple selection

method 1s truly random so long as the niumbered discs in the jér

repain indistinguishable to the touch add are thoroughly: mixed
after each disc is returiied. One drawvback to this method ino

some situations may be tle wide varfation in the number of units
between successive sample selections (from 1 to 2/£f). In situ-
dtions where this is the case and vhere the selection of. a com-
pletely rasndom sample is not wmandatory, tle method may be modi-
fied by limiting the numbers on the .discs to some reduced range
centered around 1/f. In the example with £ = 1/50, the numbers
placed in the jar might runm only from 40 to 60. With 50 at the
middle of this range of numbers, the long range sampling frequency
would be £ = 1/50. It must be remembered that reducing the range
of numbers in this way also reduces the randomness of the selection

" method. Reducing the randomness somewhat probably causes no problem

in most cases, egspeclally 1if the production precess is in control.
However, reducing the range too much may introduce hazards such as }

those mentioned in connection with the constant 1nterva1 sampling
method in 12.3.

f. Arbitrary Selection. In some cases, perhaps because units

of product move with such great speed er in such great volume
along the production line, it may be imptractical to gelect a sample
by & random selection method. 1In such cases it may be necessary

to select the sample by having the sampler simply reach into the

flow of product and arbitrarily pick out a uait{s) of product.
Although this method is quick . and easy, it does have disadvantages

and may cause problems, most of which arise because the sampler 1is
somehow biased in which sample he selects, PYor example, a producer's
inspéctor may be tempted to select only product with no:obvicus
defects while a ‘customer's inspector who 1s obeerving may object and
. insist on including any product he seed with obvious defects.  The
result may be a diaagreement on vhethet ot not the product being
inspected is acceptable. Problems such as those described in 12.3
may also arise if the sampler tenids to sample in eome regular pattern.
However, if the volume and rate of product dlong the .production lime
are truly great enough to justify samplihg without benefit of some
vaddon -sampling device, .the sampler will probably not be sampling

in a sufficiently rigid pattern to cause the 1ntroduction of sampling:
bias. Hence, where/ the situation genuinely calls for it, sanples
may be selected arbitrarily. But because of the disadvantages,
selecting samples in this way should be considered another "last
resort" method.
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SECTIOR 13: CURTAILMENT OF INSPECTION

There may be & temptation to stop inspection at the stage when
the results being obtained make the final results almost a foregone
conclusion. For example, suppese single sampling 1is in use, the
sample size 1s 80, with acceptance number 10, rejection number 11,
and in the first 50 of the sample ooly 2 defectives are found, It
wmight be argued that having found only 2 'in 50, it is not easily
believable that another 9 or more will be found in the remaining
30, so why not accept at once and not bother to inspect the rest?
This temptation must be resisted. It i€ true that it is not likely

.that 9 or more will be found in remaining 30, but it could happen

and the plan murt not be curtailed. Curtailmggt. then; 1is not
permissible merely because a particular result seems probable, but

it is permissible if, before the sample has been completely imspected,
a particular result 1is certain (unless & record of the complete

sample is rEquired for some other reaaons}. For exdmple, 1f the
sample size is 80, acceptance number 10, rejecction number 11, the
finding of only three defectives in the first 73 sample units means
acceptance even 1f all the remaining 7 unite are defective, wvhereas
the finding of 11 defectives in the first 20 sample units must mean
rejection even 1f the remaining 60 sample units are all perfect.
Whether inspection is curtalled in these circunstances depends upon
administrative convenience, since to arrange for curtailment is :
sometimes more trouble than it is worth, Furthermore, 1f the
sampling results are to be used to estimate process average quality,
as well as to decide on acceptance and relectiomn, curtailment can
lead to biased results and may be better avoided for this reason.

In any case confusion and misunderstanding will be eliminated if a
standard procedure is established that states clearly whether and
under what circumatances inspection may be curtailed. See Section

- A - £ 4 ) SN P | Tgpupe - - okm e o m et de B Lemmem s . o - -~ .
34 of this handbook for curtailment of imspection when uﬁiﬁﬁ HIL=

SECTION 14: DISPOSITION OF DEFECTIVE PRODUCT

.14.1 General, When conducting sampling inspection under a lot

sampling plan, the entire lot 1s rejected if the acceptance criterion
is not satisfied. The probability of rejecting lots of ahy given
quality is shown by the OC curve for the sampling plan. The poorer
‘the gquality of lots submitted to the sampling plan, the greater the
probability of rejection, The rejection of many lots introduces
problems such ag the disposition of the rejected lots, determination
as to the remedial action to be taken, availability of storage

space, rewvork time, disposition of scrap materials, difficulty in

montloe AoVTdooss oo adss _— a an - -
meeting delivery schedules as well as additionmal fimancial burdes

on the supplier. .Failure of the supplier to correct the situation
may even force a production stoppage, particularly when a large noumber
of rejected lots are accumulated, Sometimes the. consumer may

agree to buy the rejected lot at a reduced price, especially when
the product is in great demand and short supply. The more customary
practice requires the rejected lots te be screened, defective unitse
reworked or replaced, and the lot resubmitted by the supplier,
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14.2 Obvious Defectives. Any sampling plan which requires less
than 100X inspection of the product cannot guarantee that 1002

of an accepted lot will be nondefective. This reality is reflected
by AQLs for lot sampling plans having values greater tham zero.
However, the specification of a nonzero AQL does not give the
supplier the right to either knowiungly or unknovingly permit
defective units of product to be sold to the consumer. This means
that oot only should the producer not deliberately put faulty
products into the lot, but also that the inspector should identify
all units which are observed to be obviously defective, regardless
of whether or not those units are included in the inspection sample.
Further, in selecting an inspection sample, the inspector must not
deTdbozntnle innluda gr axclude a unit hecsuge It 1is defective.

UTLAVECLOLEAY " JULALAUVULUL VA SaAwA W= M any whwmwmrs == =2 LA ERL

After the sample has been drawn from the lot and inspected, those.
units previously observed and identified as being obviously defective
but not included in the sample must be removed from the lot for
disposicion in accordance with established procedures £Qi defective
products. ' ‘ ‘

14,3 Resubmitted Lots.

14.3.1 Screening and Resubmission. Screening done in connection

with lot sempling plans is the procedure by which each unit of
product in & rejected lot is inspected and each defective unit is
rejected. A resubmitted loc 1s a lot that has been rejected, sub-
jected to screening, and subsequently submitted again for accep-
tance, When the consumer relects & lot, the. producer may elect to
screen and reprocess the units and resubmit the lot for inspection

if not prohibited by contractual provisions. If the producer does
elect to screen.the rejected lot, the inspection must cover at

least the characteristics in the inspection class(es) vwhich caused lot
rejection. However, unitse of product found durimg screening with
defects belonging to other inspection classes should also be treated as
defective (see 14.3.2).

14.3.2 Disposal of Defectives. Defective units found as a result
of sampling or screening of rejected lots should not be mixed with.
production lots. At the discretion of the regpousible authority
defective units may be:

d over a périod of time for subsequent

a. Reworked and accumulate a period of time (£ bse
resubmission as a miscellaneous lot which will be ingpected for all

characteristics. . . . . . -
b. Reworked and submitted with the lot from which they wvere
screened, < - .
c. Submitted by the supplier in a requesat .for devidtioun approval.
d. Disposed of as scrap. by the supplier.: ’

e. Disposed of as agreed upon by the supplier and responsible
authority. . '
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14.3.3 Severity of Inspection. Wnen resubmission is permitted,

a decision must be made as to the severity of inspection necessary
to assure the adequacy of screening and rework, A resubmitted lot
should be given normal or tightened ipspection, never reduced in-
spection. Also, sampling plans with an acceptance number of zero
may be used.

14.3.4 Inspection of Resubmitted Lots. A decision must be made as

to whether inspection of resubmitted lots is to be performed for all

types or classes of defects or only for the particular types or
classes of defects which caused initial rejection. This decision
will depend to some extent on whether defects are correlated and om
"the nature of the work performed on the -lot prior to its resubmission,
If screening is all that .was required, refnspection can be limited

to the class of the defects that caused rejection. On the other

hand, if the lot was reprocessed, a possibility exists that additional
defects may have been introduced. In such instances, reimspection
should be performed for all classes of defects, When reinspection

ig limited to the class of defects that caused rejection, defects

of other classes may be observed during reinspection. Units con-
taining defects in the other classes should be returned to cthe
supplier for replacement if justified on the basis of cost. How-

ever, the obgervance of gueh defective unite ir not counted in

the results of reinspection.

SECTION 15: ESTIMATED PROCESS AVERAGE

15,1 Purpose. The process average is the average pércent defective
or average number of defects per hundred units of product submitted
by the supplier for original inspection. Original inspection 1is the
first inspection of a particular quantity of product as distinguished
from the inspection of product which has been resubmitted after

prior rejection. The process average for a lot is estimated fron
sampling inspection data. The primary purpose of computing am
ecetimated process average 1s to eastimate the average Quality of
products which may be submitted and, based on this estimate, determine
vhether product quality 1is detericrating, improving, or remaining
constant. Estimated process averages fill a definite need in the
construction of “p charts," control charts for fraction defective.
These charts graphically show quality trends and can give guidance

on the need for. corrective action, They are also quite useful in
comparing the quality of different suppliers of the sane ‘product,
since their comparative product .quality can be seen a8t a glance.
The estimated process average may also be used by the consumer in
specifying or changing AQLs in specifications or comtracts. When

the estimated process average 18 to be computed imepection should

not be curtailed when the rejection number is reached before the
entire gample hag been inepected. Egtimates taken from curtailed
sampling results are biased (See 15.2,1) and thus nay not be the

best reflection of the true process average.
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15.2 Computation. The following formula is used to compute
the estimated process average in terms of percent defective:

Estimated Process Average=

100 x Total number of defectives in the samples of k lots

Total number of units in the samples drawn from k lots

where "k" is the number of lots from which samples have been
drawn. A preferred procedure requires the estimated process
average to be computed for 10 comsecutive lots on original 1ian-~
epection (i.e., the inspection results of resubmitted lots are
excluded). It is computed after every 5 lots following the
tenth lot, but may be computed after each lot i1f the praduct -
quality is changing rapidly. The estimated process average is
computed separately for each type or class of defects for which a
separate AQL has been specified. To use the above formula for’
computing the estimated process average when the expression fer
nonconformence ig in terms of defects per hundred units, the
word "defectives" in the numerator is changed to “defects".

15.2.1 and Multtple Sample Plans. - Compu~
tation of the estimated process average with double or multiple-
sampling plans may be made using data either from the first sample
only or from all samples. Usually only data from the first sample
is used, and the reason for preferring this method is that it ’
always yields an unbiassed estimate of the process average. When
data from all samples is used, an estimate of the process average

is computed which hds the undesirable characteristic of being

‘biased. That is, over the long run, estimates of the process

average will not equal the true process average. Users of double
or multiple sampling plans who wish to investigate the use of data
from all samples may refer to Askin, Aloise and Guthrie, Donald,
"A Biased Estimate of the Process Average", Technical Report No.
14, Applied Mathematics and Statistics Laboratory, 1954, Stanford
University, Stanford, California.

15.2.2 Computations with Nontypicel. Conditions. The results of
inspecting products manufactured under conditioms not typical of
usually production procedures (known as abnormal results) may be
excluded from computing the estimated process. average. The mere
fact thet the data look unreasonable is not a suffictient basis for
excluding them., A definite reason must be known, such as a fur-
nace failure, a digruption in electrical power.service, or the
equivalent. : i "

Example S: Estimated Process Averdge. Assume & product is to
be aubmitted in lots of 2500 .units. The sampling plan used calls
for drawing a single sample of 125 units from each lot with an
acceptance number of 3, rejection number of 4. The estimated .
process average is to be computed on the basis of the results of
5 consecutiveé lots on original imspection, It is known that lot
number 3 received water damage from a leaking roof during a heavy
rain storm and therefore the inspection results reflect an abnormal
condition. The results of sampling inspection are tabulated as
follows: :
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TABLE B: Estimated Process Average
(n= 125, Ac= 3, Re= 4)

Lot « Lot « Sample « Defectives « Inspector
Number Size Size Obseryed Decision
1 . 2500 ., 125 - 2 . Accept
2 . 2500 125 . 1 . Accept
(3) . (2500) . (125) . (9 - . Reject

(Abhsrmal)
4 . 2500 . ‘125 . 0 . Accept
5 . 2500 ., 125 .‘ 4 . Reject
(3) .. (2500) . (125) . = (O) . (Accept)
6 . 2500 . 125 . 1 . _Accept
TOTAL 625 8

Estimated Process Average » 100 x 8 = 1.287 defective
625 s

Note that lot number 5 was rejected on original inspection. When
it has been screened and resubmitted, the Iinspection results for
the resubmitted lot mugt not be included in the computations for
the estimated process average although the original inspection
results for lot number 5 are included. Lot number 3.is excluded
from the computation due to the abnormal conditiocn encountered.

SECTION 16: QUALITY HISTORY

16.1 Purpose. Quality history is the compilation of inspection,
quality control, or reliability records for a unit of product, or

a group of units. The quality history of suppliers producing the same
product car be developed, and their. quality capabilities

can be evalnated., Process capability and design variability

studies can be made to provide a factual basis for changes necessary
to meet either quality or performance requirements. Deficiencies

in unit of product or systems design can be brought to the attention
of development, product, or systems engineering activities for corrective
.action, The importance of the qQuality history of a gupplier for
a-specific product cannot be overstated. ‘When the quality history

18 very good (the product is consistently high in quality for all
characteristics), less inspection will be required and 1ﬁapgctioq
costs will be reduced for both the supplier and the consumer.

/s
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16,2 Inspection Records. Inspectfon records consist of re-
corded data concerning the results of the imspection with appro-
priate identifying information as to the characteristic or class
of characteristics inspected. The recording of sampling 1lnspec--
tion data permits maintenance and continuity of quality history.
By analyzing these data, adverse quality trends can be detected
and corrective actions initiated. This makes possible the
avoidance of frequent rejection of product costly delays in meet—
ing production schedules and increases the supplier's responeibil-
ity for quality products. Better control over quality can be
exercised when the facts are known and recorded. Imn order to
develop a quality history, it 1is neceseary to compile and maintain
. data regarding the resulte of inspection. "These data permit the
evaluations of the process capability. One of the ‘best techni-"
ques for this evaluation is the estimated process average. It 1is
essential that adequate records be maintained regarding the re-
sults of inspection regardless of the type performed. Standard
forms should be used for this purpose. The records should pro-~
vide complete identification of the product or operation inspected
and, as applicable, information such as: the supplier, contract
number, specification, instructions or project order, type of
sampling used, lot sire, sample size, quality level(s), and con-
plete inspection Tesults including acceptance or rejection decisions.
Inspection records serve a number of useful purposes Buch as:

a. The compiled information can be used to determine the
severity of inspection needed -for curremnt contractse or subsequent
‘contracts with the same producer.

b. Inspection records indicate the producer's quality cap-
ability and integrity. They can be used in subsequent contract
avard decisions. : '

c. They are a source of feedback information to support re-
quest for vaivers, engineering redesign, and investigation of '
complaints of defective products by the using activities.

16.3 Feedback Information. Feedback information is the collec-
tion or receipt of quality data reports regarding the product.
Peedback information is most commonly generated by the user when

& product fails to satisfy his needs under live environmental
conditions;: hovever,. feedback also includes satisfactory reports,
success data, in-service use data, etc. The inspector aleo. gener-
ates feedback information onm a product before it reaches -the o
"consumer. Feedback information can be used to aid in making valid * '
decisions 'regarding adjustments of the product Or process to o
prescribed ‘requirements by alerting sudpervision to unsatisfactory ::
performance -as 1t occurs. The feedback of sampling imspection -
results, as well as the frequency. and ‘the nature of complaints from:
the consumer, is an important part of the total feedback piecture
which cannot be overstressed. This feedback is a major factor in
the readjustment of quality levels, may provide a realistic and
factual measure of the state of the art, and is also valuable in
providing a basis for awarding incentive type contracts.
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SECTION 17: RESPONSIBILITIES

17.1 - Consumer Respongibilities. Basic regpounsibllities of the
consumer will vary from one situation to the mext. Those respounsi-
bilities may include the establishment of reslistic quality require-
ments and an adequate amount of inspection to agsure that product
quality conforms to requirements. The consumer may operate’ a

data feedback system to improve product design and quality re-
quirements., Imspection by the congumer may be performed to
determine the adequacy of the supplier's inspection system or
quality program, except for imspections regerved for sole perfor-
mance by the consumer., Hormally, this is accomplished by the
inspection of products that have already been inspected by the
gsupplier and submictted for acceptance, Generally, the gample
inspected by the consumer is selected separately from and inde-~
pendently of the sample gelected by the supplier. Consumer in-
spection 1s ususlly in the nature of a verification inspection
rather than a duplication of the supplier's inspection effort.
Conformance inspection by the consumer consists of examinations

and tests performed to ascertain whether the product meets standards
established by the procurement documents. , Each of these exam-
inatione and tests is characterized by a measurement or comparison
which furnishes information relative to a standard establighed

by the procurement documents, H-109, Statistical Procedures for
Determining Validity of Suppliers' Attribute Inspection, provides
more complete information about verification inspection.

17.2 ‘Regponsible Authority. Various military sampling standards
refer to a “responsible authority.” 1In general, the respomsible
authority referred to in the military standards is & representa-
tive, not of the supplier, but of the government agency which

i8 procuring some product. In a general supplier/consumer situa-
tion, the responsible authority is some representative of the
consumer.

———

17.3 Supplier Responsiblities. The supplier is responsible for
controlling the production process wvhich may generate products,
produce data records, or result in the performance of defined
operations, and for taking necessary actions to regulate or pre-
vent the occurrence of defects. The supplier 1is required to
perform all inspection, unless otherwise prescribed by the con-
tract. The minimum .amount of supplier inspection 1s usually
specified by the Quality Assurance Provisions of specifications,
purchase descriptions, or other contractual documents, Based on
the results of his inspection, the supplier determines whether the
products- intended for submission to the consumer meet or do not
meet the desired quality requirements. The decision as to

whether the products should or sghould not be .submitted rests with.
the supplier. The scope of the 'supplier's ‘total quality effort

is dependent on such factors as ‘the-imporctance of the product,

the complexity of the product, the intended usage of the product,
and the unit Tife cycle cost. .
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17.4 Consumer vs., Supplier. Inadequacies in the supplier's
"inspection can. be demonstrated by objective evidence developed -
through product inspection. However, sampling variations can
occur, It is important to know, when sampling inspeccion is
used, whether any difference between Bupplier and consumer in-
spection results is real or can be considered to be due to

chance alone., Procedures have been developed which permit a
comparison between supplier and consumer inspection data for the
purpose of determining evidence of significant statistical differ-
ences, Such a procedure has been publighed im US DOD Quality
Control and Reliability Bandbook (interim) H-109, Statistical
Procedures for Determining Validity of Suppliers' Attributes
Inspection. These methods may also be used in procurement,
storage, and maintenance inspection operations, or whenever an
independent check is desired of the reported fractions defective,
Whenever a real difference exists between consumer and supplier
inspection results, an investigatfon may be needed to determine
whether or not his difference is due to mistnterpretarion of

the inspection requirements. Problems arising from such situa-
tions can be minimized if certain administrative actions (on

the part of the consumer) are taken. As a minimum, .these actions
should assure that both supplier and consumer inspection per-
sonnel are aware of the need for and understand the following:

a, Proper lot formation and controel;

b. Drawing sample units of product in a random manner;

c. Clear description of a defect or defective unit;

d. Correct application of the sampling plan used;

e, Adequate maintenance and calibracton of 1napection
equipment;

f. Uniformly applying quality standards In classifying sample
units;

g. Preparation and maintenance of appropriate inspection

nrnnndnrnn-
P es

O e B

h. Agreement on the method of measuring conformance.
PART B: MIL-STD-105
"SECTION 18: INTRODUCTION

18.1 . General, This part of the handbook provides detafled
instructions and {llustrative examples for applylung and adminisg-
tering the attribute sampling procedures established by MIL-STD-
105. Nothing that follows in this part of the handbook shall be
interpreted to be in contradiction with any statements in MIL~
STD=10S5 since it 1is. 1nCended to serve only as an aid inm support
of. that standard,

18,2 Editorial Comments. WNumbers in square brackets in this

part of the guide are references to the relevant paragraph numbers

in MIL-STD-105. The tables in MIL=-STD-1Q5 are designated by roman
numerals with sub-divisions denoted by capital letters (e.g.,

"’,
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Table I, Table II-A, Table II-B, etc)., .The tables in this part
of the guide are designated by arabic numerals (e.g., Table 1,
Table 2, Table 3, etc). Tables will be referred to without
specifying each time which document 1s the appropriate one, since
this wvill be clear from ‘the table pumbers themselves. Reading
this part of the guide f& unlikely to be rewarding unlees a copy
of MIL-STD-105 is available for reference.

18.3 Scope and Purpose of MIL-5TD-105. MIL-STD-105 1ig designed
for attributes [1.4), lot-by-lot [5.1] inspection. The scheme

is particularly relevant for inspection of a sequence of lots or
batches, but an occasional isclated lot or batch may '‘also be
covered by considering the tables as a collection of sampling
plans rather than as a sampling scheme., The main purpose of

every MIL=STD-105 scheme is to accept with a high probability

lots whose .quality level is equal to or better than the Accep=-
table Quality Level (AQL) [4.2].

18.4 AQL in MIL-STD-105. MIL-STD-105 defines the AQL as the
maximum percent defective (or the maximum defectg per hundred
units) that, for purposes of sampling inspection, can be con-
sidered satisfactory as a process average. Although the AQL 1is
a number greater than zero, the fact does not give a manufacturer
the right to knowingly or unknowingly supply any defective :
product, nor ehould that fact be taken to mean that .the consumer

is willing to accept defective product, Rather, the AQL should

be regarded as an index to a sampling plan and, thereby, to the
calculated risks that the supplier and the consumer are pre-

pared to accept in order to obtain the economic benefit of samp-
ling inspection. The sampling planm indexed by the AQL is most
effective (1) if, when the manufacturer is producing at .

a quality that 1is worse than the AQL, the plan rejects sufficient
lote to make it worthwhile to improve product quality without
delay, and (2) if, when the manufacturer is producing at a quality
that is at or better than the AQL, the plan rejects very few lots.
It is often difficult and expensive to he sure (through 100Z in-
spection) that a machine, a process, or a productfon line is pro-
ducing no defectives. In practice, some percentage of defectives
can usually be tolerated, and that perceptage is largely governed
by economic counsiderations as the customer may be faced with the
choice between a reasonably good article that he can afford or a
better one that i8.beyond his means, If no percentage of defective
product can be tolerated, then the product must bg inspected 1007
or more.

18,5 . Structure of MIL-STD-105. MIL-STD-105 may he considered as
consisting of three parts, namely the text, tfiec master tables
(Tables I to IX), and the extended tables (Tatles X-A to X-8S),

‘The text defines the terms used and givee rules for the operation -
_of sampling inspection, The right-hand pages of the extended )
tables repeat information already given in the master tables,.

It proves useful in practice to have this fnformation available in
two different forms of layout; sometimes one layout 1s the more
useful, sometimes the other. The scheme is based upon the use

of the AQL concept, and the plans are indexed by AQL and by sample.
size. The sample size is determined from the sample size code
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letter (see para 23.2) and from the inspection level [%.2]. ’ '
Equivalent single sampling, double sampling and multiple sampling )
plans are given [9.5]. Tables are given for normal inspecticn,
tightened inspection, and reduced imspectfon [8] together with
rules for ewitching from one of these to another [8.3].

SECTION 19: APPLICABILITY OF MIL-~STD-1035

The sampling plans in MIL-STD-105 are applicable, but not limited,
to attribute fnspection of the following:

a. End Items. These are completed products that may be
ingpected before or after packaging and packing for shipment or
storage. ’ :

b. Components and Raw Materials. These are the materials
which are shaped, treated, or assembled to form the end 'items,
These materials. may be inapecéed at their source, upon receipt.
at the point of assembly, or at any convenient place along the
assembly process where the end items are formed. '

¢. Operations., In many cases, repetitive work performed by
machines and operators can be judged to be acceptable or unaccep-
table. These work operations may be inspected on a sampling basis
to determine whether the process machine, operator, or clerk is
performing satisfactorily. ) . : ' ‘ -

d. Materials in Process. Materials may be inspected om a
sampling basis to determine their quality after any step along
the production line. Inspection may be for quality characteristics
vhich were built into the materials by the production process
or for damage or deterioration which occurred while the materials
were in temporary storage between production steps. :

e. Supplies in Storage. "The sampling procedures and tables
of MIL~STD-105 can be used to determine the quality of supplies in
storage on & sampling basis.

£. Maintenance Operations. These operations are usually
performed on reparable materials to restore them to a serviceable
conditions. When maintenamce or overhaul operations are performed,
attribute inspection is made to determine the quality of the
product after reconditioning operations have been completed.

g. Data or Records. Whenever large volumes of data are _
processed (i.,e., fccounting records, cost data, invoices, bills
of ladipg, etc.), the attribute sampling inspection procedures
of MIL~STD-105 can be used as the basis for-determining dollar
volume, item count, accuracy, or other measure of quality of the
dats or records.. , ; '

h. Administrative Procedures. If the results of adminie-

trative procedures can be measured on an attribute basis, the
sampling plans and procedures of MIL-STD-105 can be applied,.
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SEQUENCE OF QPERATIONS IN USING MIL-STD-105

A typical sequence of operations in using the sampling pro-
cedures and tables for imspection by attributee of MIL-STD-105

This table assumes &

requirement for single sampling.

‘Sequence of Operational Steps

_TABLE C:
Steps
i. TDetermine ot size.

7.

Determine inspection
level.

Determine aﬁmple size
A

farecar
e

nndo
W Wil o e A

Determine sampling plans.

Establish severity of
inspection.

Determine sample size
and acceptance number.

Select sample.

Inspect sample.

Record inspection
results,

‘Explanation

g a1

1. . Lot saize cunctu;;uu by 1ot
formation criteria contained in
procurement documents. Otherwvise,
establish by agreement between
responsible authority and supplier.

2. If the item specification does

not give the inspection level, use
inepection level II,

3. PFound in Table I, MIL-STD-105,

haged on lot gize nnd 1nnnggtign

level.

4., Single sampling genmerelly selected.
Double or multiple sampling may be used.
5. Normal inspection generally used at
.setart of contract or production.

6. Assuming normal inspection and giver
the specified AQL value and the sample
slze code letter, the sample size and
acceptance number are found in Table
II-A, MIL-STD-105.

7. The sanple, consisting of the number
of units of product as determined from
‘Table II-A, MIL-STD-105, is selected at
random from the lot. Additionally, any
obvious defectives that have not been
selected for the inspection sample are
removed from the lot (but are not in-
cluded in the sample). (See para. 14.2
8. The defectives ‘(or defects) are
counted. If this count does not exceed
the acceptance number (Ac), the eatire
lot. is sccepted. If the count equals
or exceeds the-rejection nnmhar . the
lot 1is rejected.

9. Compute estimated process average
1f required by operating procedures.
Maintain record of accept/reject deci-
gione in order that switching rulies
may be followved.
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Steps Explanation

10. BResubmit lot. 10.1f the lot is not accepted, it

may be resubmitted for acceptance
inspection only after all units of

: the lot are relomspected and all
defective units removed ot reworked.

Example 6: Obtaining a Plan. Suppoae the AQL 1s 1. 0 the inspection
level is II and the lot size 18 2,500, The first thing required is the
sample size code letter (usually called simply the code letter, for
short). FPFor a lot size of 2,500 arnd inspection level II, Table I

gives the code letter as K. -Ifd the appropriate master teble {Table

II-A), it 18 found that the sample size for .single sampling is 125.
AQLs for normal inepection are given along the top of the table, and
under . the value 1,0 we find the numbers 3 and 4 given under the heading
Ac Re (which stand for acceptance number and rejection number, respect-
ively). The sampling plan required is:

Sample size 125
Acceptance number 3
Rejection number 4

Alternatively, Table X-K-~2 could be used, Again the sample size
of 125 i8 found; and in the column for AQL 1.0 are found the accep-
tance and rejection numbers 3 and 4 as befare.

Example 7: Arrows in Tables II, ITI, and IV. Suppose the AQL is 0.40,
the inapection level 1s I, and the lot size is 230, Table I gives the
code letter as E. Using Table II-A, it is found that there is no plan
for letter £ and AQL 0.40 but a downward pointing arrow that directs

us to letter G instead, and the required plan is:

Semple size 32
Acceptance number 0
Rejection number 1

Alternatively, the specifying of code letter E leads us, in the ex-
tended tables, to Table X-E~2. But this page has no column for
AQL 0.40. Instead, the symbol of and inverted triangle appeara

€frnvr AT a 1Taana than T .0 Thisg trisncle rofare to tha footnote UHE-

W e FAYAUID AWUD wHEML A v -L.-.uuac.‘- - e A e e i =S SRES S

next subsequent sample size code letter for which acceptance and re-
jection numbers are available." If the triangle is thought of as an
arrovhead, it is pointing towards thé edge of the page to be turned..
This leads to letter F where again AQL 0.50 1is not given, and om to’
letter G to find the same plan as before, It is very importaot to ..
remember that if a trisngle or series of triangles directs you from
one page to another of the extended tables, or an arrow directs you'
from one row to another of the master tables, the sample size to be
used is the one given for the new page or the newv row arrived at and
not the one given for-the original page or row [9.4). Where upward
pointing arrows or triangles are found the meaning 1is similar. The
triangles again point to the edge of the psge to be turned. -

+52
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Example B: Sample Size Exceeds Lot Size. Suppose the AQL is

0.015, the inspection level is III and the lot size 1is 120. Table

I gives ‘the code letter as G, but, referring to the tablesg an arrow"
(or a series of triangles) leads to letter P before a plan is found.
The required plan has a sample size of 800 which exceeds the lot

-size. In this case the entire lot of 120 has to be taken as the

sample, The acceptance and rejection numbers remain as 0 and 1.

MIL-STD-105 states that AQL values of 10 or less shall be
expressed either in I defective or ‘in defects per hundred units
whereas values over 10 shall be expresséed only in defects per
hundred units [4.5]. A decision must be made as to vhether de-

fects or defectives 1s appropriate in each particular case. The-

AQL will then be defined in terms of that decigion. Examples 6,

7, and 8 are incomplete, then, because in each of them’ the AQL and
the acceptance and rejection numbers are given as pure numbers.
However, 85 examples for demonstrating how to draw eampling plans
from the tables, they are satisfactory.

Exanmple 9: Defects Per Hundred Units And Defectives. This ex-

ample takes Example 6 one step closer to being & real wvorld prob-

lem by expressing the AQL and the acceptance and rejection numbers
in terms of defects and then defects per hundred units, In ex-
ample 6 the AQL 418 1.0 and the sampling plarm is:

Sample size l 125
Acceptance number 3
Rejection number 4

If the AQL 1is 1.0X% defective, the sampling plan will be:

Sample size ) - 125
-, Acceptance number - - 3 defectives
Rejection number 4 defectives

If the AQL 13 ‘1. 0 defect per hundred units, the sampling plen will
be:

Sample size 125
Acceptance number 3 defects
Rejection number ‘ 4 defects

The tables, it will be seen, are used in precisely the same manner .
in either case. :
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SECTION 21: PREFERRED AQLs

The tables inm MIL-STD-105 give 26 values of AQLs ranging from
0.010 (i.e., one defective per 10,000 units of product) to

1,000 (i.e. 1,000 defects per 100 units of product or an aver-
age of 10 defects per unit). These 26 values are chosen so

that each is approximately one and a half times as large as the
previous one (the average ratio is in fact the fifth root of 10,
or 1.585)., When the specified AQL for inspecting any givea pro-
duct is one of these preferred AQLs the tables may be used. If,
however, a specified AQL 1s not .a preferred AQL the tables are
not applicable [4.6]. In these circumstnnceg,,the appropriate
quality assurance personnel musit either determine tThat & pre-=
ferred AQL may be used in place of the specified AQL or that a
new sampling plan must be developed that satisfies the require-
ments of the specified AQL. The very high values of AQL, 100
and above, are not likely to be used often, since they imply
that a product in which every unit contains defects may be
considered satisfactory. Clearly, this could be so0 only i1if

the defects being sought were of a minor nature, and the unit
of product was something fairly complex, such as a complete
vehicle.

Example 10: High AQLs. In the inspection of cloth, to be made
up later into clothing, the. unit of product might be a consider-
able area of cloth. In the inspection for minor weaving faults,
an average of &4 faults per square meter might well be accept-
able, in which case an AQL of 400 defects per hundred square
meters could be specified.

.SECTION 22: INSPECTIOR LEVELS

22.1 General. Inspection levels in general provide the quality
engineer a means by which one of several sample size code letters
may be selected for a given lot size. The effect of offering

this choice 18 to offer several sampling plans, each with approxi-
mately the same probabilities of acceptance in the region of good
quality (AQL or better) but with differing probabilities of
acceptance when lot quality 1is worse than the AQL. Table I

gives three general inspection levels, numbered I, II, and III

and four special ingpection levels, numbered -1, §-2, S--3_ and

S-4. The gen;;al_i;v;i;—;zll be the ;;;E often uaed, and 1t ie
assumed that level II will be used unless one of the other 1evels
is specified [9.2].

Eiample 11: Comparison of Inspection Levels. -For & 1§; size of
. 600, the inspection levele are:

Sample size

Inspection level Code letter - ) (Single sampling)
I P G : 32
II J 80
ITI K 125

It must be remembered, however, that for certain AQLs the arrows
in the table will lead to sample sizes different from these.
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22.2 Special Inspection Levels., The special inspection levels
are designed for situations where the sample size must be kept
small, A typical situation in which a special inspection level
might be used is one in which testing is lexpensive or destructive
and in which large consumer risks can be tolerated. Section 37
contains a discussion of problems that the responesible authority
must face in eetting the inspection level [9.2].

SECTION 23: SAMPLE SIZE

23.1 Sample Sizxe Relarive to Lot Sire. The amount of information
about the process quality gained from examining samples.depends
mostly upon the absolute size of the -samples and little upon the

. percentage of the lot that ie examined. It 1s eometimes asked,

therefore, "Why is the sample size made to depend upon the lot
gize?"™ There are three reasons:

a) a sample of small size that has a high probability of"
representing the quality of a small lot or batch may be too small
to represent, with high probability, the quality of a larger lot or
batch- ) :

b) when there 1is more at stake, it 1is more important to make
the right decision. Proper use of the tables leads to the result
that from a good process lots are more likely to be accepted ag the

lot size increases, whereas lots from a bad procegs conversely are

more likely to be rejected;’ -
c) with a large lot a sample size can be afforded that would

"be uneconomical for a smell lot. For example, a ssmple site of

80 from a lot of 1,000 may be easy to justify economically, where

a sample of 80 ftnm 8 lot of 100 would be relatively expensive,

23.2 Sample pize in MIL-5TD-105., The sample sizes given in-MIL-STD-
105 for single sampling form a series (like the series of AQL

values) in which esch number is about 1.585 timee the preceding one.
This means that the product, AQL times sample size, is approximately
conetant on diagonals of Table II-A which leads to & gelf-consisgtent
table if acceptance numberas are also taken as constant on diagonals.
This feature was helpful in designing the tables rather thanm being
directly helpful in using them, but the resulting pattern doee mean

‘thar the tahlag lend themaslveg to the coangtruction of convenient

MAAAE W it W o o LA bt At AT =S =T =A==

summaries and of epecial nomograms or slide-rules that could be con-~
venient on occasions. The sample sizes for double and amultiple

sampling follow the same pattern, but for a given code letter the size

of each of the two double samples is equal to the single sample size of
the previous code letter, whereas, each of the seven multiple sample sizes
is equal to the single sample size of the third previous code letter..
Sample sizes for reduced inspection are always equal to the normal
inspection sample size for the gecond previcus code letter. As a

result, six different values of gample size correspond to any given

code letter sccordimg to whether simgle, double or multiple sampling

is used, and to whether or mnot reduced ipnspection (See Section 28) 1is
in force. This is why code letters, rather than purely sample sitzes,
are needed to index tables.
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SECTION 24: NORMAL INSFECTION

24.1 Consumer Protection. A problem im designing a sampling plan
or a set of sampling plans is to decide how the 0C curve(s) of the
plan(s) will relate AQL quality to probability of acceptance of a
lot or batch of product. Suppose, for example, that the sampling
plan is designed such that when product quality is at the AQL, the
probability of lot acceptance i1s very low, as illustrated in Figure
6. With such a sampling plan, the probability of lot acceptance is
also small when lot quality is worse than the AQL, and the customer
18 very well protected from receiving low quality product. The manu-
facturer, however, will be unheppy when he produces at the AQL (see’
para 18, 4) only to have his product rejected. Furthermore, because
of the nature of sampling plans, producing at a quality level better
than the AQL will not necessarily mean a high probability of lot
acceptance, In the example of Figure 6, when the product quality
jevel is at half the AQL, only 20X of Lhn‘: lots will be accepted, and
wvhen product quality is at one quarter of the AQL, only about half
of the lots will be accepted. Not only the manufacturer, but also
the customer will be unhappy with such a situation, especially 1f
frequent lot rejections are delaying delivery of the product.

24,2 Producer Protection. Another approach might be to use a
sampling plan in which there 1s a high probability of lot acceptance
at the AQL, Pigure 7 shows the 0OC curve of such & sampling plan.
Not only is product with quality at the AQL accepted with high
probability, but also all -product with quality higher than the AQL
and when quality is in that region, both the customer and the manu-
facturer are happy. However, if product quality drops below the
AQL, there may still be a high probability of lot acceptance. In

of mwas - - - aa - -
Figure 7, L{f product quality drops to twice the AQL, there is still a

60% chance of. lot accepteance. While thig result will probably please
the manufacture, it will, on the other hand, probably displease
the customer.

24.3 Compromise. To meet the requirements of both the manufacturer
and the customer, some compromise is needed, and the device adopted
in MIL-STD-105 is that of normal inspection and tightened inspection,
in which two sampling plans are specified for any given situation,
together with rules for determining when to ewitch from one to the
other and back again {8]. HNormal inspection is designed, like the

" exapple in Figure 7, to protect the manufacturer against having a

high proportion of 1ots rejected even though his quality is better
than the AQL. In effect, the manufacturer is being given the benefit

ml mmver dAmsslt that amdanes Awn &a somenldnoe unr‘n‘\f"ifv- B“f the customer

Ui HIUY UUUDL LHGE CGLLDEEO UUT LU DBUullpidiip FRiLleabBvLsLs =iAlE
needs protection too, and this is achieved by arrauging that the
manufacturer shall not be given the benefit of the doubt blindly and
invariably, but only for as long as he proves worthy of it. If at
any time the sampling results show that an excessive number of lots
have been rejected, he forfeits his right to the benefit of the doubt
(that ig, his right~ ‘to normal inspection), and ‘tightened inspection

is instituted to protect the customer.
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"FIGURE 6. OC CURVE OF A SAMPLING PLAN UIT“ A HIGH PROB-
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57



Downloaded from http://www.everyspec.com

MIL-HDBK-53-14A

SECTION 25: TIGHTENED INSPECTION

25.1 Finding the Plan. When tightened inspection is called for,
the required plan is dravn from the "tables in just the same way
as plans for normal ingpection except that Table II-B is used in-
stead of Table II-A if the master tables are used, whereas 1if the
extended tables (Table X) are used, the appropriate column of the
table is found by reading the AQL value from the bottom of the

table instead of from the top.

25.2 The Tightened Sampling Plan. In gemeral it will be found that
a tightened plen has the same sample size as the corresponding normal
plan but a smaller acceptance number. However, 1f the anormal in-
spection acceptance number .ifs 1, changing to 0 would lead to an

‘unreasonable degree of tightening, and if the normal 'inspection

acceptance number is O, no smaller number is available. 1In both
of these cases, tightening is performed by keeping the acceptance
number the same ag for normal inspection while increasing the
sample size. )

25.3 0.,C. Curves. O0.C. curves for tightened inspection are not
shown graphically so as to avoid confusing the diagrams by trying
to get too much into them. However, tabulated values are given,
and where a plan exists both as a normal plan for one AQL and as
a tightened plan for a different AQL, which is often the case, the

- game 0.C, curve applies to the plan in both its guises. It must

be remembered that the figures used to label the curves refer to
the normal inspection AQL values. o . )

Example 12: Finding a Tightened Plan. Suppose the AQL 1s 1.0,
the inspection level ig II, the lot size is 2,500. ¥rom Table I,
the code letter is K., Using Table X-K-2, the tightened plan is:

Sample size : 125
Acceptance number . 2
Rejection number . 3

This 15 the same as thé normal‘plah for code letter K and AQL 0.65.
Ité 0.C. curve.is therefore the one labelled 0.65 4in chart K.

SECTION 26: SWITCHING RULES

26.1  Geperal. The last two sections have discussed normal imnspection
and tightened inspection, what each is designed to do, and how to
use the tables in the standard .to find the appropriate sampling
plans. This section discusses the ewitching rulee by means of
which the decision is made to change from normal to tightened or
back again [8.3). The plans in the standard have been designed
primarily for use wvith a continuing .series of lots or batches.

When the standard is im fact used in such & situation (the isolated

lot situation bein@’an exception), it must be emphasized that the
rules for switching between normal and tightened inspection are an
essential part of the sampling scheme. :
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26.2 Normal to Tightened. Since normal inspection is designed to
accept nearly all the lote offered provided that the quality is at
least as good as the AQL, it follows that if a high proportion of
lots is being rejected, the quality probably is not as good as the
AQL., The question is what proportion of rejection over what number
of lots is high enough to require a switch from normal to tightened
inspection? A rule is required that will give reasonably quick
reaction if quality becomes intolerable, while having a low
probability of wrongly calling for tightened inspection when the
quality is really tolerable. The rule for switching from normal

to tightened inspection is that tightened inspection must begin as
soon as two out of five successive lots have been rejected on original
inepection (See 3.3.1.) Thus, 1if lots are rejected but resub-
mitted after being reworked, these resubmitted lote are not

counted for switching rule purposes. The rule can be inter-

preted to read tvo out of five or fewer, to allow for the situation
where two are rejected near the beginning of production before
five lots have been produced. In these circumstances tightening
should be introduced at once without waiting for five.

26.3 Tightened to Normal. Once tightened inspection has been in-
stituted, normal inspection is not restored until five successive
lots have been accepted on tightened inspection. This requirement
is quite a severe one, and it was intentionally made that way be~
cause once there i8 evidence that intolerable quality has been
produced, the manufacturer's right to the benefit of the doubt is
lost and cannot be restored until he has shown that it is safe

to do BO.

26.4 Discontinuance of Inspection. There is one further safeguard
for the customer. This is the rule that acceptance inspection may

be discontinued, pending action to improve the quality, if ten {or
other number 1f specified by the respomsible authority) consecutive
lots remain on tightened inspection [8.4]. This fs & most important
principle; 1f the quality is bad, action is needed, and imspection
should stop until evidence is provided that suitable carrective action
has been taken. Once corrective action has been taken, tightened
inspection may resume [8.2]. '

Exanple 13: Normal to Tightened. A product ig being supplied in
lote of 4,000, The AQL is 1.5X defective. The ingpection level

is III. Single sampling is being employed. Table T gives the code
letter as M, and the required sampling plans are found to be: .

Rormal - Tightened
Inspection Inspection
Sample size 315 . . 315 . .
Acceptance number . 10 8
Rejection number ’ 11 9

Table D shows the results of the inspection of the first 25 lots.

It is usual to use normal inspection at the start of a production

run and this is done here. The rejections at lote 4 and 10 do not
cause a switch’to tightened inspection esince in each case the ‘2 in

5 rule has not been met, but the rejection at lot 12 following the
one at lot 10, causes a switch for lot 13 onwards. At lot 21, five
successive lots have been accepted on tightened inspection and normal

inspection is restored beginning with lot 22.
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TABLE D ~ Twenty~-five lots from & hypothetical inspection

process AQL = 1,5% defective. Insgpection level

I11 (See example 13)

Lot Lot Sample ) ’ Future
Number Size Size Ac  Re Defectives  Disp. Action

1 4,000 315 10 11 "7 Ac ~  cont. normal

2 4,000 3i5 10 11 2 Ac cont. normal

3 6,000 315 10 - 11 4 Ac cont. normal

4 4,000 315 10 11 11 Re cont. normal

5 4,000 315 - 10 11 9 Ac cont. normal

6 4,000 315 10 11 4 Ac- cont. normal

7 4,000 315 10 11 7 Ac . cont. normal

8 4,000 . 315 10 11 . -3 Ac cont. normal

g 4,000 315 10 .11 2 Ac cont. normal
10 4,000 315 10 11 12 Re cont. normal
11 T 4,000 315 10 i1 8 Ac cont. normal
12 4,000 315 10 11 11 Re switch to tightened
13 4,000 315 8 - 9 7. Ac cont. tightened
14 43000 315 8 9 8 Ac cont. tightened
15 4,000 315 8 .9 4 Ac cont. tightened -
16 - 4,000 315 8 9 9 Re cont. tightened
17, 4,000 315 8 9 3 Ac cont. tightened
18 4,000 315 8 9 5 Ac - cont., tightened
19 4,000 315 8 9 2 Ac cont. tightened
20 4,000 31s 8 9 7 Ac ° | cont. tightened
21 4,000 315 8 9 6 Ac restore normal
22 4,000 315 10 11 7 Ac cont. normal

23 4,000 315 10 11 2 Ac cont., normal

24 4,000 315 10 11 5 Ac ~ cont. normal
25 4,000 315 10 11 3 Ac cont. normal

26.5 RKormal - Tightened OC Curves. The OC curves in Table X of
MIL-STD-105 are for the normal sampling plans and for some.of the
tightened sampling plans in the standard. However, the standard
provides no OC curves for the normal-tightened sampling echemes
that are required for inspecting all continuing series of lots.
This handbook provides those OC curves in Appendix C.

SECTION 27: METHODS FOR REDUCING RISKS

27.1 General. There must always be risks in sampling inmspection,
_both of the acceptance of bad lots and of the rejection of good lots.
But these risks should be tolerable provided that the AQL and inspec-
tion level have been well choden. If either the manufacturer or the
customer should decide in a particular instance that the risk he is
taking is too high, it would be well to check that the AQL and the
ingpection level ha¥e been well chosen, but for the remainder of this
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section it will be assumed that they have been and that these are not
availlable for change. The manufacturer will be interested in reducing
risks when quality is better than the AQL - he is not entitled to any
reduction of rigk otherwise. The customer will be particularly inter-
ested in the risks when quality is worse than the AQL, since if qualiry
ig better than the AQL he 1s getting quality that offers few if any
defectives in the lot,

27.2 Four Methods. There are four methods that can be used to reduce
the risks for both parties. ’ ‘

8., The first method 1s to improve the quality of production,
This may seem too obvious to be worth saying, but it 1is surprisingly
easy in discussione on sampling plans, D.C. curves, switching rules, -
etc., to forget the simple rule that a low percentage defective in

the production gives the customer what he wants and ensures a high
proportion of acceptance to the manufacturer. :

b. The second method applies only in a particular case, but it
is the case which is most likely to cause anxiety, namely, where the
acceptance number is 0, Plans with a zero acceptance number have
such shallow 0.C, curves that big risks are unavoidable. For this
reason, MIL-STD-105 asllowe the use of an alternative when the tables
lead to a zero acceptance number (provided the responsible authority
approves). This alternative is to use the plan for the same AQL,
with an acceptance number of 1, instead of 0 [9.4]). There is a
price to be paid, in that & sample size about four times as bhig 1is
required, but the risks for hoth parties are so much reduced that
it is often well worth while. The price may be reduced somewhat
by adopting the double or multiple sampling plan equivalent to the
single gampling plan with acceptance number of 1.

¢. The third method is to consider the possibility of increasing
the lot size. If the lot sirze can be increased far .enough to lead
to a change of code letter and an increase of sample size, this will
reduce the risks for both parties, since the larger sample size leads
to a steeper 0.C. curve, and the tables are so arranged that this
curve will be higher than the old. curve at most points where guality
is better than the AQL, and lower at most points where quality is
worse than the AQL. It 1is, unfortunately, not possible to arrange
the tables so that these features are alwvays as desired without

logine athavy Jnn'fﬁnh1‘n &nnf.“."-.u.f ‘Plasre R gchowve ‘2g'sn sxamnle.
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four of the normal inspection plans associated with an AQL of 1.5Z
defective. For quality better than the AQL, it is seen that the
larger the sample the higher is the proportiom of lots accepted.
However, for quality worse than the AQL, plans with the larger
sample sizes do not at all points give & greéater probability of
rejection than do plans with emaller sample sires. Most of the
curves cross relatively close to the AQL. The notable exception is
the curves for sample sizes thirty-two and fifty which cross at
roughly four times the AQL. The idea of increasing lot sizes to gain
better protection with the resultant larger sample may be objected
to since it 15 not always easy or sensible to change lot sizes.

Lot sizes are fixed according teo such things as continuity of pro-
duction, the quantity of production that can be handled at one time,
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transport problems, stock contrel problems, and so on. It is
nevertheless worth remembering that, other things being equsl, an ﬁ:)
increased lot size can be helpful from the sampling inspection

point of view. In examining the height of the curves in Figure

8 where percent defective is twice, three times, and four times

the AQL, it must be remembered that the curves shov only part of

the picture - the normal inspection part. For all the normal

inspection plans in MIL-8TD~105, the percentage of lots acceptead,

if quality is twice the AQL, is less than 80X. Such an scceptance

rate will always lead to tightened inspection before long.

d. In situations vhere the entire MIL-STD-105 sampling acheme
(normal-tightened-reduced) 1s in use, it may become undesirable to
take the extra consumer's risk that comes with reduced inspection.
In this event, the responsible authority may decide to discontinue
reduced inspection [8.3.3d] and wuee a sampling scheme which entails
only the required normal and tightened inspection [8.3.1].
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28: REDUCED INSPECTIOR

28.1 General. Sometimes there is evidence that the preduction

quality is consistently good, Where this happens and there 1is

reagon to suppose that the good production will continue, having
the ability to detect bad lots will be leas important, since nearly
81l the lots will be good ones. Inspection camneot, however, be
stopped altogether since a warning ie needed 1f the production
quality worsens. In these circumstances, considerable savings

can be made 1if so desired by using reduced 1nspect£on campling
plans, which have sample gizes only two-fifths the size of the
corresponding normal inspection plane (except where the normal
inspection plan has a sample size less than 5). It might at first
be thought that the way to reduce the sample size would be to use

a code letter earlier in the alphabet. This would indeed reduce
the sample size, but would have the undesirable effect of also
reducing the proportion of lots expected to be accepted when product
quality tg good; this would, in effect, mean punishing the manu~-
facturer for doing good work. Since such a result would clearly

be unsatisfactory, a special set of sampling plans is necessary

for reduced inspection. These plans are given in Table II-C of

the master tables.

Examination of Tables II-A and 1I-C will show that in addition
to the three-f1fths reduction in sample size, the reduced sampling

plans are changed from the normal plams by increasing their accept-

ance number. Recalling the discussion of 10,3.2, it is seen that

reducing the sample size and increasing the acceptance number reduce
the slope of and shift to the right the lecation of the 0C curve

for normal sampling. The shift of the curve is sufficient to pre-
serve the proportion of lots accepted at the AQL.

The uge of tightened 1nspection. when called for by the switchiag
rules, is essential to the scheme, but reduced inspection is entirely
optional; even if the necessary switching rules are met, the regponsi-~

‘ble authority need not introduce it unless he wishes to. The

switching rules [8.3.3]1 are designed to ensure that reduced
inspectiou ie not introduced unless the observed quality is

genuinely good .and is likely to continue 0. To detect whether

reduced inspection is permissible, the recent production history
ate hoe sanmemavrad width o T1dmde n“nh_ taken Ffrom Table VIII. :

HMist o COompalIsd Waiikd & .alatc LUIEDS s L8X€nm I1o0m 18%71&e vYill.

Example 14: A product is being manufactured to be inspected under
the following conditions: AQL 10% defective, lot size 4,000, in-
spection level I, single gsampling. The plan, sample size 80, accept-

ance number 1%, rejection number 15, is found under code letter J.

ah
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Table E shows the imaginary results of the inspection process.

Normal inspection is in use at the beginning of the table, which 1is
taken to be an extract from a longer sequence, &0 the lot numbers

do not start at 1. The results are good, all lots being accepted,
with the number of defectives in each sample well below the acceptance
number., After the inspection of the sample from lot 71, the inspector
decides to ask whether reduced inspection would be permisseible. He
counts the total number of defectives observed in the samples from

the last 10 lots and finds it to be 70. 'The number of sample units
from the last 10 lots is 800, and looking against 800 and an AQL of

10 in Table VIII, the limit numbér is found to be 68; 70 1is too many
from the next four lots, he decides to 'try again after lot ‘75. The
observed number of defectives from the last 10 lots is now only 54,
vhich is well within the limit number.  Reduced ‘inspection is now
permissible provided that the previdus 10 lots have all been accepted
on normal Inspection (which 1s the case), that production is at a
steady rate, and that the responsible authority gives approval.

TABLE E - Fifteen lots from a hypothetical inspection process

AQL = 10X defective. Inspection level I (See ‘example 1l4)

Lot : Lot Séﬁple

 Number Size Size Ac Re Defectives Disp. Future Action

4,000 80 - 14 15 7 Ac cont. normal

62 4,000 80 . 14 15 . S . Ac cont. normal
6 4,000 80 14 15 7 * Ac ‘gont. normal
64 4,000. _ 80 14 15 6 Ac  ‘cont. pormal
65 - 4,000 80 .16 15 9 Ac cont. mormal
66 4,000 80 . 14 15 7 " Ac . cont, normal
67 4,000 - 80 - "14 15 9 Ac - cont, normal
68 4,000 80 14 15 8 Ac  cont. normal
69 .. 4,000 80 14 15 6 A¢ ' ‘cont. normal
70 4,000 80 . 14 15 5 Ac cont. normal
71 4,000 80 14 15 8 - Ac cont. normal
72 4,000 80 14 15 4 Ac cont. mormal
73 4,000 80 14 15 3 " Ac cont. normal
74 4,000 80 '/ 14 15 1 Ac - cont. normal
75 4,000 . 80 14 15 3 Ac switch to reduced
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28.2 Remaining on Reduced Inspection. Just what is meant by 7a

steady rate" calls for some interpretation, and this may well vary
from one industry to another. pasically, the requirement is that
there should have been no break in production gsufficient to invali-
date the argument that the present quality is almost certainly good,
because the record of the recent past is 8o good. The precise meaning
in any particular cege must depend upon technical judgement based,
upon the congideration of all factors, the variation of which can
affect the quality of the product. -

28.3 - Reduced to Normal. Since reduced inspecticn is,pptional,.the
restoration of mnormal inspection 18 allowed any time either supplier
or consumer desire, and should be made 1f production becomes irregular
or delayed, or 1f other conditions make it seem necessary A returm

to normal inspection is required 1f a Jot is not accepted on- reduced
inspection. The reduced sampling plans have the unusual feature of
a gap between the acceptance and rejection pumbers. The rules are
that if the observed number of defectives is equal to the acceptance
number or lees, the lot is accepted apd reduced inspection ig continued
(provided that other conditions do not call for normal inspection).
) If the rejection nupber is reached or exceeded, the lot 1is rejected
and normal inspection begins with the next lot. If, however, the
result falls 1o the gap between the acceptance and rejection numbers,
the lot is accepted but normal inspection must be restored [10.1.4].
Example 15: Reduced to normal, Table F continues the example of
Table E. The reduced plan is found from Table II-C to be:

Sample size 32
Acceptance number 7
Rejection number 10

Ag far as lot 81, 7 defectives or fewer are found im each sample
and reduced inspection contipues, but the 9 defectives of lot 82
call for a restoration of pormal inspection even though the lot
is accepted. -

TABLE F — Ten lots from 8 hypothetical inspection process

AQL = 10% defective. Inspection level T (éee example 15)

_ Lot Lot Sample

Number Size Size Ac  BRe . Defectives Disp.  Future Action
76 4,000 32 7 10 5 Ac cont. reduced
77 4,000 32 7 10 2 Ac cont. reduced
78 4,000 32 7 30 7 Ac cont. reduced
79 4,000 32 7 10 . 3 ) Ac | cont. reduced
80 4,000 32 7 10 1 ' Ac cont. reduced
81 4,000 32 7 10 & A¢  ‘cont. reduced
B2 4,000 32 7 10 9 Ac restore normal
83 4,000 80 14 15 17 - Re cont. normal
84 4,000 B0 14 . 15 12 . . Ac cont. normal
85 ° 4,000 80 14 15 15 Re gwitch to tightened
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28.4 Sample Sizes. The sample sizes for reduced inmspection
will be seen to follow the same.series of numbers as for normal
inspection, but eet twvo steps back on the scale of sample size
code letters. This again gives constancy on diagonsals,

28.5 0.C. Curves. Since reduced inspection is optional within
the MIL-STD-105 framework, no reduced inspection OC curves are
given either in the standard or inm this haadbook. .

28.6 Limit Numbers for Reduced Inspection. 'Sometimes .reference
to Table VIII will disclose an asterisk instead of an entry. This
means that the number of sample units from the last 10 lots 1is not
sufficlient to judge vhether reduced iunspection 1s allowasble, in
vhich case a greater number than 10 lots must be considered before
reduced inspection may begin. The standard provides no rule for
establishing what this ‘number 18 to be, leaving 1its determination
to the responsible authority [B.3.3d].

SECTION 29: CONCESSIONS‘

29.1 An Acceptable Concession.. Concessions are a standard part

of procurement practice. Some would say much too standard a

part. But although the practice should not be overdone, it is
clearly legitimate  for & customer to decide that although certain
articles are defective, he cannot wait, and, therefore, he will
accept the articles, possibly at a reduced price. There 1is

nothing in the system of procurement that prevents an appropriate
representative of the customer from doing thig if he wishes to, 1If

such a concession 1s made, and a "rejected" lot is accepted for any

epecial reason, it should etill be recorded as a rejected lot for
purposes of the switching rules.

29.2 Ar Unacceptable Concession. There is, hovever, another type
of concession that there is a temptation to adopt when using samp-
ling inspection., This is to accept, even though the sampling plan

says "rplpnr" not berause the customer decides that he would gooner

take defectives than have to wait, but because the sampling plan
seems to have rejected the lot by only a small margin.. The temp-
tation may be particularly strong if rejection means not only re-
Jection of the lot but also a switch to tightened inspection,
This 18 a temptation that mast always be strictly avoided; 1f
the sampling plan says "accept for 3, reject for 4", it does not
.mean "accept for & reject for 5", , o
Example 16: Discussing a Concession. Inspection is being per-
formed under the conditions AQL 10.0X defective, code letter E,
normal inspection, single sampling. The sampling plan is:

Sample Size 13
Acceptance number "3 defectives

Rejection number 4 defectives
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The inspection of a particular lot shows 4 defectives im the
sample of 13. The inspector intends to reject tkhe lot, but

the manufacturer says to him "Look! There were only 4 defectives
found. That is right on the border~line; just a matter of chance.
It could easily have gone the :other way. Look at all these good
ones in the rest of the lot, which you have not inspected. Any
one of them might have got into the sample instead of one of the
four defectives and then you would have accepted. I think you
should let the lot through." The answver to such pleading is,

"It ig true that chance playe a part in the results given by
sampling, but these cliances are not themselves left to chance.
They were precisely calculated when the sampling tables wvere con-
structed. In using a particular plan from the tables, we have
decided just what rigks we can afford to run. To accept when we
should reject would mean taking greater risks than we can afford;
and it is not more reasonable to accept because the scheme cunly
just rejects, thanm to reject because it only juast accepts. .What
would you say if I rejected although I had found only three defectives
in the sample?” . '

. SECTION 30: ALLOCATION OF AQLs TO DEFECT CLASSES

Throughout this handbook, the defect clasgificactions of critical,
.major, and minor are used, While these are probably the most
commonly used defect classifications, it is possible to use others,
“and it is possible to use subclassificatfons of each defect class-
tfication. When the clasgification system has been decided upon

for an item, an AQL 1is assgigned, or allocated; to each defect

class snd/or subclass or to some combination of defect classes and/
or subclasses. Following are several illustrations and examples

of how AQLs may be allocated to defect clagses. Possibly the simplest
wvay to allocate AQLs is to assign each item characteristic to one of
the defect classifications. A single AQL is then allocated to each
defect class, and all defective item characteristics assigned to

the same defect class are counted together. Suppose, for example,

_ that -two defect clagsifications are used, gay major and minor, and
AQLs are allocated as follovs: ' -

Class T - - - AQL .
Major 0.40% defectiv
Mipor . 1,5% defective

s

Yhere would then be & separate sampling plan corresponding to
each of the AQLs. If a lot passed on each of the two plans, it
would be accepted; 1f it failed om either or ‘both of them, 1t
would be rejected. . ’
Alternative possiblities are:

a. To allow more than two classes, for example:

Class AQL

Major 0.65% defective
"Minor A 1.5X defective
Minor B ' - 4,02 defective
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but still accepting or rejecting the. lot based upon each class
separately. .

b. To allocate a separate AQL to each characteristic,
pessibly with an overriding AQL in addition for all character-
istics taken together, or for all characteristics in a class.
This method may be valuable where the article is complex and
has many independent characteristics to be inspected.

¢. To consider the major class by itself but them com-
bine all defects to consider major and minor together. AQLs
might be set as, for example:

Class . AQL
Major ' 1.0Z defective
Major + Minor 4.0 defective

While more complicated methods undoubtedly have their place in
appropriate circumstances, only the simplest methods will be
considered here since the working of a complicated plan can
become formidable on the shop floor. Notice that in this illus-
tration the AQL for the major defect classification 1s smaller
than the .AQL for the combined major-minor classification. A
general rule that. should be followed by the responsible authority
in agsigning AQLs to classes and subclasses of defects is. that.
the AQLs gssigned to a class should be at least as great as the
largest AQL assigned to any of the subclasses. If£ the AQLs
assigned to the subclasses are all equal then the AQL assigned to
the class of combined subclasses of defects should be larger than
the subclass AQL. )

Example 17: A product has five characteristiecs to be.checked on
each axticle inspected. Characteristics A and B are classified
as major, while C,D, and E are minor. Suppose the AQLs are
.allocated:

Class AQL
Major 0.65% defective
Minor 2.5% defective

Suppose that for both_ clasaes the inspection level is III, and
single sampling and normal tnspection are to be used with lotas
of size 900. The code letter is K. The following are the sampling
plans: '

_ ; Sample - Acceptance Rejection
Clgss Size - Number ) Number
Major 125 2 defectives 3 defectives
Minor 125 7 defectives 8 defectives

ke o’
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This pattern, the same sample size for each class but different
acceptance numbers, is typical and makes the admipistration of

sampling easier, since the same physical sample may be used for
each class (provided the inspection is not destructive).

From a particular lot, a sample of 125 might give the following
results: .

1 item defective in characteristic A only,

1l item defective in characteristics B and D,
2 {items defective in characteristic C only,

3 items defective in characteristics C and D..

There are 2 major defectives and 5 minor defectives, in the sample.
However, for the purposes of the sampling plan, that is, for the
purposes of counting against the major and minor acceptance and re~
jection numbers, there are two major defectives and six (not five)
minor defectives. The difference in the count of minor defectives is
the result of the item that has & defect in each the B(major) and

the D(minor) characteristics. The lot may be accepted.

Example 18: A product is to be 1nspected under the following

conditions: lot size 500, inspection level II, normal inspection,
aingle sampling. The AQLs are:
Class : AQL
Major .065% defective
Minor 0.25% defective
The sampling plans are found te be:
Sample . Acceptance Rejection
Class Size Number Number
Major 200 0 defective 1 defective
Minor 50 0 defective 1l defective

In this situstion a sample of 50 should be examined for =all
types of defects, and then a further sample of 150 for major
defects only. :

Alternatively, since a sample of 200 15 needed anyway, the in-
spector may decide that it would be as well to imspect this

size sample for both classes. He may do this provided the re-
sponsible authority. approves [9.4]. By using code letter L, the
plan for minors becomes: ’ S

Sample size 200
Acceptance Number 1
Rejection Number 2

When defects are classified, with separate AQLs for the different
classes or groups of classes, then the switching betweem normal
and tightened inspection is done independently for each class, or
group of. classes, for which an AQL is specified, according to the
acceptances oY ‘rejections for that particular class or group.
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Example 19: The conditions are: lot eize 275, inspection level
III, single sampling. AQL for majors 1.5% defective. AQL for
minors 4.0% defective, Table G shows the hypothetical results
and the manner in which the switching -is done. So much switching
in such a short experience is useful for the sake of an example,
but unlikely in real life.

E AND MULTI?
31.1 General. The principles of drawing double or multiple plans
from the tables are similar to those for single sampling, but
Table III or IV of the master tables is used instead of Table II,
or the appropriate part of the page if using the extended tables.
If the extended tables are used, care should be taken to see that
the correct sample sizes are taken since the tables give only the
cunulative sizes., Howevér, the plans a&ll have the feature that
successgive samples are equal in size to the first sample, and this
rule is easily remembered. It ghould also be remembered that the
acceptance and rejection numbers given in the tables are cumula-
tive, That is, the acceptance and rejection numbers given for the

third gample, say, of a multiple sampling plan are the maxigum
dofects (defoctiver) Ffor scceptance and the minfmum defects (de=

BB e N e W N A A Y Rl e T Rl = e b

fectives) for rejection that may be detected in total for the
firet three samples, not from the third sample aloaone.

31.2 Chauging Plans. Once inspection has begun on a sample from
a lot under either a single, or double, or multiple type sampling
plan, inspection 18 to continue with that type of plan until in-
spection for the lot has been completed. If ingpection of a lot
begins with a double sampling plarn, for example, inspection may
not switch to a single sampling plan midway through inspection of

either the first or second sample selected from the 1lot.

Example 20: An item specification calls for inspection at an
(MIL-STD-105) AQL of .40Z defective. The sample size code letter

ig P, and s double gampling plan ig to be uged. The gampling

- R e S =—up P2 &5 =w T BESRREs snE S=Sress

plan for normal inspection is-

First Sample Second Sample
Sample Size 500 5460
Acceptance Number 3 8
Rejection Number 7 9

The first sample is selected and inspected, and seven defectives
are found, The inepector, instead of rejecting the lot according
to the rules of the double sampling plan, selects a second sample
of 300 units from the lot and says that he will try to have the

lot accepted under the single sampling plan- equivalent to the above
double sampling plan:

"y,
AQL “40%
Sample Size 800 (=500 + 30G0)
Acceptance Number 7
Rejection Rumber 8
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Since seven defectives have been found already in the first sample
of 500, the inspector hopes to find no defectives in the sample of
300 and thus qualify the lot for acceptance under the above single
sampling plan., The customer's qu&;lty assurance representative
becomes aware of the manufacturer's intention, objects to this pro-
posed vioclation of the contract between the two parties, pointing
out that such a change in the sampling plan would increase the
probability of accepting lots at all quality levels, but especially

those of undesirable quality.

31.3 0.C. Curves. The extended tables of MIL-STD-105 give both
'drawings of OC curves and tabulated values from which the drawings
were made. The curves apply to single sampling plans, but the
curves for double and multiple sampling plans have been matched as
closely as practicable [11.1].

31.4 If No Plan Is Available. Where the eppropriate single
sampling plan has an acceptance number of zero or a sample size
of 2, no double or multiple plan is available, -The alternative

is either to use single sampling or the double or multiple plan
for the next larger. sample size that 1is available for the required
AQL.

Example 21: If No Plan Is Available. Suppose consideration is being
given to the use of a double sampling plan te inspect lots of a
.product. If the AQL is 0.40 and the code letter is G, an asterisk

in Table III-A refers us to a footnote. Either Table II-A may be
used in which case the plan would be: .

Sample Size . 3
Acceptance Number
Rejection Number

- oOoN

or we may continue down the 0,40 column in Table III-A until we
find the double plan under code letter K: .

First Second Combined

Sample Size 80 - 80 160
Acceptance Number 0 1
Rejection Number 2 - 2

If the extended tables are used the same alternatives will be found.

31,5 Reduced Inspection. For double or multiple eampling with re-
duced inspection, & result falling in the gap between acceptance

and rejection numbers on any sample but the last means.that a further
sample should be taken, just as for nmormal or tightened imspection.
However, there is also a gap between the acceptance number and re--
jection number for the final ssmple. If the total number of defects
or defectives falls in this gap, the batch should be accepted but

normal imspection reﬁtcred. as with reduced single sampling 10.1.4].
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SECTION 32: AVERAGE SAMPLE SIZE

Table IX gives “average sample size"” curves for double and multiple
sappling. These curves may he used to decide whether or -not the
reduced amount of sampling from the use of double or multiple samp-
ling instead of single sampling will be gufficient to be worthwhile
[11.5]. The curves are classified by the value of the single sampling
acceptance number, and are necessarily approximate to some extent,
since they cannot apply exactly to all the different plans given.
However, they. apply accurately enough for their purpose. The hori-
zontal scale of each curve is in units of "n times proportion de-~
fective" where n 1s the sample size of the relevant single sampling
plan. In any particular case, this scale may be divided by n to ‘
‘get a scale of proportion defective. The vertical scale is in terms
of the gsame value of n, The line at the top of each diagram there-~
fore represents the single sample size, and the efficiency of the
double and multiple plans may be judged from their curves 1in rela-
tion to this top line. (The efficiency of the double and multiple
plans is the ratio of the average sample size of these plans to the
sample size for the single sampling plan with the same AQL.) It
shouyld be noted that in operating sampling inspection it is ex-
pected that normal inepection with the submitted quality better

than the AQL will be in force most of the time. 1In this case, the
most relevant parts of these curves are the sections to the left

of the arrows on the base line. Those diagrams that have no arrows
‘refer to scceptance numbers used only fn tightened inspection. When
the single sampling plan has an acceptance number of 1, the multiple
plan is, much of the time, less efficient than the double plen. It
was impossible to-avoid this regrettable feature without losing
other valuable features of the tables. In these circumstances,
double sampling is to be preferred unless there Is some good

reason other than the average sample size for desiring to use
multiple sampling. Table IX assumes that curtailment of iun-
spection, as described in Sectiom 13, 1is not used (Bee Section 34).

Example 22: Comparison for Single, Double, and Multiple Plans.
The single sampling plan for code letter K and AQL 2.5X defective
is 4in use, namely: . ' o

Sample Size 125
Acceptance Number : 7
Rejection Number 8

Consideration 1s being given to changing to double or multiple
sampling.. The appropriaste diagram in Tsble IX is that labelled

¢ = 7, which 18 the acceptance number, If so desired, the bottom
ecale may be divided by 125, the sample size, and multiplied by
100 to obtain a scale of % defective. The figures 3, 6, 9, aund
12 then become 2,4%, 4.8%Z, 7.2%X, and 9.62 defective.

Usually, however, it is not necessary to do this to discover what

it 1s wished to know, the relative effect of esingle, double, and
nultiple sampling on the required amount of 4inspection.
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Similarly, the scale on the left-hand cide can be read as 0.25,
0.5, 0.75 of 125 15 desired.

From the Table IX diagram it can be seen that the average sample
gize for the double sampling plan .will range from 80 to about 90
when the process average is at the AQL or better and from 32 to
about 75 for the multiple eampling plan over the same ramge of"
product quality. Thus, both the double and the multiple sampling
plans eignificantly reduce the amount of sampling below that re-
quired by the single sampling plan. However, other factors mugt
also be considered before a decision can be made about which type
of sampling plam to use in this situation. Section 33 digcusses
some of these factors.

Looking at the curves of Table IX it will be geen:

a) that the double plan almost always has a smaller average
size than the single one, and the multiple plan almost always a
smaller average than the double;

b) that 1if the quality is perfect, the double sampie gize
is about two-thirde of the single, the multiple about a quarter
of the sBingle;

~¢) - that at the AQL these fractions have risen to about
seven~tenths and six~tenths regpectively; )

d). that the maximum average value of the double is a little
over nine-tenths of the single, the maximum average value of the
multriple a little over eight-tenths of the single.

SECTION 33: SELECTING A SINGLE, DOUBLE, OR MULTIPLE SAMPLING PLAN

Since, at a given AQL and sample size code letter, each of the

three types of sampling plans in Tables II, III, and IV of the
standard offer nearly equal protection (OC curves are nesrly equal),
the producer may select which type he will use in a particular
application. The type of plan that he chooses will.be influenced
by several factors. One of those factors, average gsample size,

wag discuesed in Section 32, Among other factors to be considered
are:

2. The cost of administering the double or multiple sampling
plan compared to the cost of administering the single sampling
plan. Usually the cost of administering a multiple sampling plan
is the greatest, and the cost of administering a single sampling
plan the least. ) .

b. The need for quick and reliable estimates of the process
average. Since, over the long rum, fewver sample units will be
tested under double or multiple sampling than under gingle sampling,
and since, thereéfore, double or multiple saupling plans would pro-
vide less data from which to compute the estimates, single ssmpling
may be the most desirable method during the time those estimates
are needed.
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¢. The availability of inspection personnel and facilitcies.
In some situatioms, personnel who perform inspection have no
other duties. In guch cases, reducing the amount of imspection
by changing from a single sampling plan to a double or multiple
sampling plan may simply leave inspection personnel with 1idle
time and accomplish no real saving. When this happens, it might
be just as well to use a single sampling plan, not simply to reduce
the inspectors' idle lee, but also to obtain additional production

data.

In other situations the need for imspection personnel amnd/or

. ingpection facilities may be expanding rapidly. In order to gain

time for hiring and training new inspection persomnel or for
building new inspection facilities, double or multiple sampling
plans may be employed at least temporarily to take advantage of
the smaller sampling requirements.

SECTION 34: .CURTAILMENT OF INSPECTION

Although inspection of the entire sample may not- be required in

the general attribute lot sampling plen situation (Section 13

of this handbook), when inspection is being done under the pro-
vigions of MIL-STD-105, all of each sample must be inspected
(10.1.1, 10.1.2].

SECTION 35: LIMITING QUALITY AN

35.1 General, The most frequent use of the sempliag plans in
MIL-STD-105 is in procurement actions where the producer attempts
to furnish the consumer with a product that satisfies some speci-
fied quality requirements. In such situstioms, it is frequently
specified that attribute inspection of the product is performed
by the .producer with a aample being aelected at random from each

lot and inspected.

35.2 Producer's Risgk, The sampling plan in Tables II through IV
of MIL-STDP-105 were designed with consideration only for the risk
to the supplier. The sample aize,’ the acceptance number, and the
rejection number nave Deen cnosen to provxue "a na.gn probability" of
lot acceptance (Pa) when the quality of the lot 1is at the AQL or
better. The producer’s risk is the probability that an acceptable
lot will be rejected when lot quality is at some telatively good
level, usually equal in value to the AQL. The producer's risk at
all quality levels for each plan can be found from the 0C curves,
Tables X-A through X-R. .

35.3 Consumer's Risk. From Table X-A thrOugh Tahle X-R of MIL-
STD-105 it may be seen that lots containing & high percent defective
(or defects pér hundred unitse) have & low probability of acceptance
(Pa), or a relatively high probability of rejection. For isolated
lots (cee 6.7 snd 10.3), a low probability of accepting lots with

a high percent defective may be of primary concern. When this

requirement 1s stated, it 1s usually in terms of the limiting quality

which is the worst quality that the consumer is willing to accept.
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A low probability of acceptance .must be associated with this re-
quirement. This low probability of acceptance 1is called the
consumer's risk., Tables VI and VII of MIL-STD~105 give values of

LQ which may be interpreted as undesirable quality for the more
commonly used consumer's risks of ten percent and five percent, re-
spectively. While these tables were developed using single sampling
plan computatidns, the results closely approximate results for
double and multiple gampling plans with the same AQL.

35.4 Isolated ‘Lots. In moet of the sampling proecedures of MIL-
STD-105 the assumption is made that units of preduct 4re pro-
duced continuously and are grouped into numerous consecutive
lots. Sampling plans for such a situation are usually geared’
toward protecting the producer from the rejection of lots with
‘quality .better than the AQL. When product quality deteriorates
sufficiently, inspection shifts to a tightened sampling plan to
provide greater protection to the consumer against accepting a
lot of low quality. However, 1in certain situations, only a few
(isolated) lots of product are produced. It 1g no longer. gsatis-
factory to the consumer, in this situvation, to use sampling plans
based upon the producer's risk because there is little or no
time for detection of product deterioration and a subsequent’
shift to a tightened sampling plan. Hence, it is desirable, in

the isolated 1ot(s) situation, t;“éeglufluspectian with a sampling
plan that reduces the consumer's risk of accepting a lot with

product quality worse than the Limiting Quality.

[ YL & R — . oo

35.5 .Selecting LQ Sampling Plans. MIL-STD-105 provides sampling
procedures for assuring the consumer that lots of quality equal to
the limiting quality (LQ) or worse will be accepted with low probe
ability., The provisions of the standard allow for situatioms in
which, along with the LQ, either (a) the AQL has been specified or
(b) the sample size code letter has been specified.

35.5.1 AQL Specified. 1In order to obtain an LQ sampling plan in
vhich the AQL has also been specified:

a.” Select the appropriate LQ Table. The selection will be
Table VI-A, VI-B, VII-A, or VII-B depending upon the specified
consumer's risk at the LQ and the method for expressing nonconformities.

b. Enter the selected table at the column for the specified AQL.

‘¢. Read down the column until the first LQ is found which is less
than or equal to the specified LQ.

d. 'Obtain the gample size code letter from the. left-hand column
of .the table.

e. Obtain acceptance/rejection numbers from Table IIA, IIIA. :
IVA, depending upon vhecher single, double or multiple sampling -is
_being done. .

Example 23: LQ Sampling Plan with AQL Specified. The consumer has.
specified an AQL of 4.0% defective for his product. He has also re-
quired that the lot should contain more than 10X defective (LQ=102)
no more than 5% of the time (conmsumer risk = 5%). The appropriate
single sampling plan, normal inspection, is determined as follows:
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a. Turn to Table VII-A (consumer rigk = P = 5% and the expre5510n
of nonconformance is percent defective) in MI1L2sTD-105.

b. Enter the table at the column headed 4.0.

c. Read down the columa to 9.6, the first LQ value below 10.

d. Find the sample gize code letter and the sample size for the
sanmpling plan at the left of the vrow in which LQ=9.6 48 found. The
seample size code letter is M and the sample size 1is 315.

e. Find the accept/reject numbers, 21/22, in Table II-A.

35.5.2 BSample Size Code Letter Specifled. In order t
sampling plan from MIL~-STD-105 for which the LQ and the
code letter (or sample size) have been specified:

a. Obtain *tihe sample size code letter from Table I based on the
lot size .and the specified imspection level.

b. Select the appropriate LQ Table. The selection will be Table
VI-A, VI-B, VII-A or VII-B depending upon the specified P at the LQ -
and the method for expressing monconformity.

e. Enter the selected table at the two left-hand columns. Read

down the columns until cthe specified sample size or sample size code

letter is found:
d. Read along the row in which the sample size code letter is

"found until the last value is fouand that is less than or equal to the

BpE.ClI ied LQ-
e. Obtain the AQL of the sampling plan at the top of the column

in wvhich the number "in d. was found.
f. Obtain the acceptance/rejection numbers from Table II- A ITI-A

or IV~A depending on whether gingle, double or multiple sampling is
being done.

Example 24: LQ Sampling Plan with Sample Size Code Letter Sgecifiéd.

shipment of 3600 bottles of glue. Each

-1
=2
o
n
"
®
0
(1]
(5
<
1
=%

A congumar
empty boctl 16 supposed to weigh 2 ounces and contain 16 ounces
of glue for a groes weight of 18 ounces. The supplier is sus-
pected of short weights. The consumer decided he 1s willing to
accept the shipment if there is no more than a 10X chance (con-
sumer’s risk = 10X) cthat the shipment contains no more than 5X
defectives (LQ value @« 5,0%), where a defective is defined as

any bottle of glue having a gross weight less than 17 ounces.

The single sampling plan, using normal 1nspection, may be obtained
from MIL-STD-105 as follows° .

a. From Table I since the lot size 1s 3600 units and the
use of general inspection level II is assumed, the sample size
code 1e:ter is L. )

b. Since the consumer's risk is not to exceed 10% and siance
nonconformance is expressed in terms of percent deféctive, Table
VI-A ip used to obtain the AQL. '

¢. In the row of Table VI-A that is labeled with code letter
L, 4,6 is ‘the,largest value less than the specified LQ of 5X.
The AQL is 1.0%, seen at the head of the column in which 4.6 is

found.
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d. The sample size is therefore 200 units, the acceptance ‘:) ‘
punber ig8 5 units, and the rejection number 1s 6 units, as found )

in Table II-A based on sample gpire code letter L and an AQL value

of 1.0% defective, -

SECTION 36: THE AOQL TABLE

36.1 Computing the AOQL. Tables V-A and V~B give AOQL factors

for the normal and tightened single gampling plans. These factors
will also give the approximate AOQLs for the equivalent double and
multiple plans. A footnote to the tables says that in order to
obtain the AOQL for a sampling plan, the tabular value should be
multiplied by '

sample size
batch size

l1-

If the sample 18 only a small proportion of the lot, this calcu-
‘lation makes little difference and the tabular values may be

used as they stand, But 1f the gample is a large proportion of the
lot, this multiplication should not be forgottem. A study of

Table V-B will show that, except in the top diagonal (where the
acceptance number 1is 0), the AOQL for tightened inspection is -
always close to the AQL. If it is desired to have this relation-
ship between AQL .and AOQL for tightened inspection, then use should
be made of the option of using the plans with an acceptance number
of 1 instead of those with an accepqance number of 0.19.b].

Example 25: Usinpg Table V-A, For a lot sirze of 400, an AQL aof
4.D% defective, and inspection level II, the code letter is found
"to be H, For normal inspection, the AOQL is found from Table
V-A ap: ' ’

6.3 [‘1 —%] X defective ~ 5.5%2 defective

36,2 .Caution. It must be remembered that MIL-STD-105 is designed
{for production runs which are at least geveral lote in length. .
During such a production run, it is te be expected that both normal’
and tightened inspection (and perhaps reduced ingpection as well)
will be performed. Since switching must be expected, the method

for computing the AOQL must take that switching into account.
However, the method for computing the AOQL in MIL-STD-105 does

not take switching into account, and therefore, any AOQL computed

by that method will pot truly reflect the AOQL of the sampling

‘s
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scheme. Despite this fact, Tables V-A and V-B can be useful in
the following ways. First, -in the long rum situation, Table V-A
can furnieh an upper bound on the true AOQL when switching 18
only betveen tightened and normal inspection. Second, the tables
can bé properly applied in the 1golated lot situstion in which
switching between normal, tightened, and reduced inspection 1is

not pogsible.
SECTION 37: SELECTING INSPECTION LEVELS

37.1 General. MIL~-STD~105 provides for three general iunspection
levels and four special inspection levels. These seven levels
permit the user to balance the cost of inspection against the
amount of protection required.

37.2 Selection of Inspection lLevels. General inspection levels

I to 111 are commoply used for nondestructive type inspection.
Special levels 5-1 to S~4 are commonly used for destructive or
expensive type ingpection wherein small size samples are appropriate.
The respouneible authority should analyze as many of the following
factors as the situation calls for hefore specifying an inspection
level. The aim of the analysis should be to determine the inspec-
tion level which optimizes the cost-risk relationship. The ‘
analysis may include, but not be limited to the following:

a, The operating characteristic (0C) curves to evaluate
the technical properties of the various plans.

b. The supplier's risk and discrimination afforded by
the various inspection levels.

¢, Enowledge of the production process.

d. Process capability and quality performance history.

e, Item complexity.

f. Cost and importénce of examipation or test, particularly
vhen testing 18 expensive, time consuming, or destructive,

g. Importance of the quality characteristics being examined,
that is, critical, major, and so forth. . :

h. Analysis of consumer's risk.

37.3 More Than One Inspection Level. At the commencement of
production, or when the records of past production are not avail-
able, it may be desirable to use 100X imspection for a period to
establish the quality capability of the production process. Alter-~
natively, if a sampling procedure is to be used, the highest inspec-
tion level that is either practicable or economical for the initial
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production run may be selected. The responsible authority may
then specify a lower inspection level 1f records indicate that
product quality has been consistently good and that the consumer's
risk at this oew level is acceptable, It should be noted that

the choice of a8 lower fngnection level increasses the nnnnumpr'

A L iAW A LT R ek W W N A AMUTPTLYT LAY ARV Ta SRLLUSSES Lot TR RRss

risk at the LQ to a greater extent than it affects the probability
of acceptance when the submitted quality is equal to the AQL or
better. Another use for more than one inspection level occurs

when the tables are being applied to the same product by two
different inspection organizations, such as a main contractor

and a subcontractor or a manufacturer and a government inspectorate.
-The same AQL should be used by both and applied to the .same features,
but the producer's inspector may be required to use a higher inspec-
tion level than that being used by the verification idspector (see
para 17.1 and 17.4). Other sampling prooedures are available for
this type of situation but they are outside the scope bf this guide.

37.4 Special Inspection Levels. Special inspection iewels 5-1,
§-2, 5-3, and S-4 mavy be uged vhen expensive or destructive inspec-

T2 ay be uged waen ensg LTuC

tion and large sampling risks can or must be tolerated.; These
levels may also be considered appropriate when repetitivb pro- .
cesses (screw machines, stapling, bolting operations, ett.) are
perfarmed by a quelity supplier. The special inspectionilevels

are gttractive in these situations DEC&UBE cné? féqﬁlfé E&ﬁﬁ;u

sizes that are smaller than those required by the gemeral inspection
levels. The special inspection levels provide for larger sample

sizes when increasing from S-1 to 5-4,

Example 26: Caonsiderations in Selecting an Inspection Level. An

AQL of 1.5 defective has been chosen, and it is desired:to have

at least an 80% chance of rejecting a 62 defective lot if such

a lot should be offered while normal inspection is in operation.

Looking at the 0.C. curves in the extended tables it is found

that code letters A to J, for AQL 1.5, all fail to meet the require-

ment. Code letter K almost meets it precisely ~- 1in fact the

chance of rejecting at 6% defective is slightly less than 80Z,

but it is close enough for most practical purpoees. Code letters

L-F more than meet the requirement. Suppose the lot site normally

to be expected is 1,000, Then inspection level III can be speci-

fied, since this will give code letter K for a 1,000 lot size. If

at a later stage the lot size is increased, the specified inspec-

tion level may .call for cede_letters later then K in the alphabet.

This 1is aetisfactoty, as it means thet the incieased 10t &1%re is

being put to good use in reducing the risks of accepting bad lots

- or rejecting good lots. From this point of view, there is no need

to put an upper limit on the batch sigze. On the other hand, a lower .

l1imit on lot size of 501 should be set, if possible, 1n order to

insure that the AQL/LQ requirement is met. However, it is quite

often not possible or desirable to set such a limit, Among. the

factors which might prevent setting limits on lot size are

the requirementa of homogeneity within a lot (psra 6.4) or orgenizs-
A

mantn shant ohn avadoantdan withdn o cnandfia
=R Lo N A Y
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time period must’ domprise a single lot.
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APPENDIX A: READING AND REFERENCE MATERIAL

There are many- fine reference books and articles that provide
additional guidance on the basic concepts, mathematical theory,
methods, procedures, and practical applications of sampling inspec-
tion. No attempt is made to list all these references. Omigsion
of any specific reference does not imply disapproval, ,The following
references are a partial list and are arranged alphabetically by

auchor:

BOOKS:

1. Bowker, A.H., and Lieberman, G.L., "“Engineering Séatistics,“
24 Ed,, Prentice-Hall, Inc., Englewood Cliffs, New Jersey,

1972,

2. Burr, Irving W., "Engineering Statistics and Quality Control,”
McGraw~Hill Book Co., Inc., New York, 1953.

3. Burr, Irving W., “"Statistical Quality Control Methods,"
Marcel Dekker, Imc., New York, 1976,

4, Cowden, Dudley J., "Statistical Methods ipn Quality Control;“
Prentice~Hall, Inc., Englewood Cliffs, New Jersey, 1937.

5. Dixon, W. J., and Massey, F.J., Jr., "Introduction to
Statistical Analysig," 3rd Ed., John Wiley and Somns, Inc.,
New York, 1969,

6. Dodge, H.F., and Romig, H. G., "Sampling Inspection Tables --
Single and Double Sampling," 2d Ed., John Wiley and Sons,
Inc., New York, 1959. .

7. Duncean, A. J., "Quality Control and Industrial Statistics,"
4th Ed., Richard D. Irwin, Inc., Homewood, Illinois, 1974.

8. Grant, E. L. and Leavenworth, R.L., "Statistical Quality Control,"
5th Ed.,, McGraw-Hill Book Co., Inc., New York, 1980.

- 9, Hoel, P. G., "Iattoduction to Mathematical Statistics," 2d Ed.,
John Wiley and Soms, Inc., WNew York, 1954. L

10. Juran, J. M. {(ed.), "Quality Control Handbook," 34 Ed., McGraw-
Hi1l Book Co., Inc., New York, 1974, .

11. Rand Corporation, "A Millfon Random Digite with 100,000 Normal
Deviates," Glencoe Free Press Division of the Macmillan Company,

New York, 1955.

12. Wald, A., "Sequential Analysis, "John Wiiey and Sons, Inc.,
New York, 1947,
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JOURNALS AND PERIODICALS

13. Brugger, Richard M., "A Simplification of Skip-Lot Procedure
Formulation," Jourual of Quality Technology, Vol. 7, No. &,
October, 1975, pp 165-167.

14. Dodge, H.F., "Notes on the Evolution of Acceptance Sampling

mew s i
Plang, Part I, "Journal of Quality Techmology, Vol. 1, No.

2, April 1969, pp 77<88.

15. Dodge, H.F., “"Notes on. the Evolution of Acceptance Sampling
- Plan Part-II,"™ Journal of Quality Technology, Vol. 1, No.
3, July 1969, pp 155-162.

16. Dodge,. H.F,, "Notes on the Evolution of Acceptance Sampling
Plans, Part III," Journal of Quality Technology, Vol. 1, No.
4, October 1969, pp 225-232. )

17. Dodge, H.F., "Notes on the Evolution of Acceptance Sampling
Plans, Part IV," Journal of Quality Technology, Vol. 2, No.

18. DOdée. H.F, "Skip-Lot Sampliang Plans," Industrtal Quality Control
Vol. 11, No, 5, February, 1955, pp 3- 5.

19. Stephens, X.S., and Larson, K.E., "An Evaluation of the
MIL-STD-105 System of Sampling Flans,"” Industrial Quality

Control, Vol. 23, WNo. 7, January, 1967,

PAPERS

20. Askin, Aloise, and Guthrie, Donal& Technical Report No. 14,
"A Biased Bstimate of the Process. Average," 1954, Stanford
University, Stanford, California, July 23, 1954,

21, Dedge, H.F., !echnica‘ Report No. 10, "A General Procedure fot
Sawpling Inspection by Attributes - based on the AQL Concept,"
Rutgers = The State University, Hew Brunswick, HNew Jetaey,

December 15, 1959,
STARDARDS

22. . MIL-STD-10SD, Sampling Procedures and Tables -
- for Inspection by Attributes; 29 April 1963; Commander, US
Army Armament Research and Development COmmand ATTN- DRDAR-

TST-S, Dover, NJ 07801. . e

C 23, : ' HIL—SID;109B, Quality Assurance Terms and

Definitions; 4 April (1969; Commander, Naval Sea Systems Command,
DOD Standardization Program and Documents Bramch, SEA 3112,

Washington, DC 20362 (SH) -5,

24, ANSI/ASQC A1-1978, Definitions, Symbols,
Formulas and Tables for Control Charts; 1978, Milwaukee.
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25. ANSI/ASQC A2-1978, Terms, Symbols and Definitions for

Acceptance Sampling; 1978; Milwaukee..

26. ANSI/ASQC A3-1978, Quality Systems Terminology; 1978,
Milwaukee. . :

27. L International Standard IS0 2859-1974/Addendum 1; General

Information on Sampling Inspection, and Guide to the Use of the ISO 2859 Tables;
1 November 1977; ANSI, 1430 Broadway, New York, New York 10018.

28. ' MIL-STD-414, Sampling Procedures and Tables for Inspec-
tion by Varisbles for Percent Defective; 31 Juny 1957; Office of the Assistant
Secretary of Defemse (Supply and Logistics), Washington, DC. .

29. - MIL-STD-781C, Reliability Design Qualification and Pro-
duction Acceptance Tests: Exponential Distribution; 21 ‘October 1977; Raval Electron-
ics Systems Command, -Defense Standardization Program Branch, Department of the Kavy,
Washington, DC 20300. : )

30. ' MIL-STD-1235B, Single and Multi-level Continuous Sampling
Procedures and Tables for Inspection by Attributes; 10 December 1981; US Army Armament
Research and Development Command, ATTN: DRDAR-TST-S, Dover, NJ 07801.
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APPENDIX B: OC FORMULAS

Although MIL-STD-105 provides a large number of attribute lot
sampling plans that cover a wide range of needes, it ig sometimes
necessary to.construct a sampling plan that 1s not given 1im the
standard. OC curves for such sampliing plans may be constructed
using the formulas given below. When sampling from a lot of
discrete units to inspect for defectives, the fdeal distribution
function for constructing the OC fecrmula 4is the hypergeometric
distribution. However, when lot size 1s sufficiently larger than
the sample size, the binomial distribution offers a good approxi-
mation to the hypergeometric distribution and 1is easier to calculate.
Although it offers these advantages, the binomial distribution
itself becomes lengthy to calculate as the acceptance number in-
creases. If the lot percent defective is lesg than 10X and the
acceptance number is not less than 15, this lengthy calculation
can be reduced by using the Poisson distribution as an spproxi-
mation :to the binomial distribution. {The method of computing OC
values in MIL-STD-105 is given at the bottom of the first page of
each Table X-A through Table X-R.) Specific recommendations on
lot size and sample size ranges to use in order for the above
approximations to be good are ghown in the following table of
formulas. The Poisson distribution should be used in all cases
when constructing a sampling plan to inspect for defects. For
each of these distributions, the probability of accepting the iot
or batch, P_, 1is plotted against p, the population fraction defec-
tive, to obtain the OC curve. In the case of the hypergecmetric
distribution, p=D/N (where D is the number of defectives in the
lot and N is the lot size) and takes on only the N+l possible
values of D instead of s8ll real values between 0 and 1. Hence,

4 hypergeometric OC curve is not & curve at all, but a series of
epikes protruding from the horizontal axis to a height of Pa(P)'
It should also be pointed out that the horizontal axis need not
be measured in termg of p, as 1t {8 customarily for the continuous
binomial and Polsson OC curves, but can also be measured in terms
of D, the number of defectives in the lot.
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TABLE OF OPERATING CHARACTERISTIC (QOC) FORMULAS

. Recommended )
Distribution . Probability Density Function Conditions for Use
Hypergeometric P(x)ﬂ(n) (n-x) N< 8n

N

wvhere N= lot size . .

D= number of defects in lot

n= gample size

x= number of defects 4n sample .

P{x)= Probability that a sample will have x )

defectives when the sample is of size,
n and is selected at random from a lot -
of size N with D defectives.

Binomial P(x)= 1) P ﬁl—p) . W>8an

where p= population fraction defective, 0<p<l.
All others same as for hypergeometric.

Poisson ‘P{x)= (np) i _ ~ K>8n
' x. n>15
p<.10
where p= population fraction defective, 0<p<l
or

p= average defects per unit, 0<p<e=

OC FORMULAS

: c
Single Sampling P, = EoF(x

where P = probability of lot acceptance
= agcceptence number of the sampling plan
P(x)= hypergeometric, | ‘binomial, or Poisson
probability densf”““functton

-1
Double Sampling P, = goP(x) + Ecl+1[P(x) }_ol’(j)]
where ¢ ,= acceptance number for first sample
r,= rejection number for first sample

= acceptance number for second sample
(defects or defectives in first .and
second samples must not exceed thie
number)

1= number of defects in second sample
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" Example B-1. Single Sampling Plan. A sample of gize n=12 1i8 to be
drawn from a lot of size 100. Since the lot size 1s over eight times
the sample size, the binomial distribution function is used to con-
struct the OC curve of the sampling plan. The acceptance number 1is
twvo: NR=100, n=l12, c=2, '

GEDpx1-p 127 o 1-p)1% + 12p -p)?! 4 e6p?a-py 10,

MHet w2

P =

a =0

At p=.06,P_=(1-.06)*2+12(.06) (1-.06) 1466 06 ) 2 (1-.06) %= 9684

Example B-2. Double Shmgling Plan. A double sampling plan is used
to inspect.a lot of size 200. The size of the first sample is eight
(n;=8); the size of the second sample is six (m2=6); the acceptance
nunber for the first sample 18 ope (ci=1l); the rejection number for
the first sample 1s four (rj~4); and the acceptance number for the
second sample 18 four (c92=4). The Poisson distribution 1s used to
calculate the 0C curve, ’

P = é 8o)* =8p + g 8 x -8p :-x 6 je-ﬁpl
" R QIR ¢ Eo QT L e
-8p -8p Lo \2 ' 2, -6p ’
= e T[1+Bp] + (8p)“{ 1+6p + (6p) } .
P € ( 21 ) . P 27 ¢ !
+ (8p)3 { 1+6p}eCP ]
=T
At p" ‘08’ - ) ' . .
P e'8(~°?)[1+a(.oa)]+e'°('°8{[a(éoq1]2{1+[6(.os)]+[s(éoa)12}e“°('°8’
e8C-08) 4.1 808131 1+6(.08) 38 08),
6 .

= ,5273 [1.64) + .5273[.2048 {1.5952)} .6188 + .0437 {1.48} .6188]
= .9925
The above exampled are givVed solely to 1llgstrate theé computation of
various types of OC curves. They are not given, especially in the
case of Example B~2, to illustrate a well constructed sampling pPlan.

86

/



™

Downloaded from http://www.everyspec.com
MIL-HDBK-53-14

APPENDIX C: NORMAL-TLIGHTENED OC CURVES.AND TABLES FOR MIL-STD-105

This appendix provides OC curves and tables for the normal-~-
tightened sampling schemes that are required by MIL-STD-105 (see
Section 26). OC curves and tables for normal-tightened-reduced samp-
ling schemes have not been provided here because MIL-STD=105 does not
require reduced sampling. The tables and ghgr_:gg presented here are

pactetned after Charts A through R and Tables 'X-A-1 through X-R-1
in MIL-STD-105. Tables which give acceptance, retest, and rejection
numbers for each sampling scheme are not given here since such tables

. would simply repeat information already 1nc1uded in MIL-STD-10S5.

The GC Cﬂ&IEB and LED-I-EB g:l.ven hére asgsume cnac J-I ten consecutive

lots come under tightened inspection, inspection is suspended, action

is taken to improve product quality, arnd inspection is resumed under
tightened inspection (see Section 26.4),
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APPENDIX D: OTHER NONCONFORMANCE TERMINOLOGY

D.10.1 Introduction. The American Society for Quality Comtrol

(ASQC) has developed terminology to ‘describe nonconformance of product
that 1s different from the nonconformance terminology described 1n
Section 3. ASQC sponsored the development because many quality control/
quality assurance professionals felt that the changed terminology would
be more usable for them and more understandable for the layman. The
terminology of Section 3, however, will continxe.te.be .used in DOD

for the present, at least,‘siﬁce making the change would be costly

and time consuming, requiring the revisionsof many item specifications,

contracts, regulations, standards, etc. Nevertheless, since readers’
may encounter the ASQC terminology,.some 'of it 1g presented below,
not only to acquaint readers with its content;'but.also to alert then
to the fact that certain words are used in both sets of terminology,
but with different meanings. The four terms given below-are related
to acceptance sampling and are found in ANSI/ASQC Std. A2-1978.
Further terms relating to quality control are found in ANSI/ASQC Std.
Al1-1978. ©Notice that the definitions for mnonconformity and noncon-
forming unit below are the definitions of defect and defective in the
pregent DOD terminology and that defect and defective are given new
definitions.

D.10.2 Nonconformity. A departure of a quality characteristic from
1ts. intended level or state that occurs with a severity sufficient to
cause an associated product .or service not to meet a specification re-
quirement.

COMMENT: 1In some situations apecification requirementa coincide

vith customer usage requirements (see definition of defect). 1In
other situations they may not coincide, being either more or less
stringent, or the exact relationship between the two may not be fully'
known or understood. When a quality characteristic of a product or
service is "evaluated" in terms of conformance to specifications re-
quirements, the use of the term nonconformity is appropriate. Con-
tractual obligationsé, stated or implicit, may be involved in certain
instances, but in others the specification requirements may be purely
internal and set deliberately tighter than the customer requirement.

D.lO.} Nonconfdrming_vnit. ‘A unit of ﬁroduct or service containing
at least one nonconformity. : _—

COMMERT:  See comment under 3.4.1, Nomconformity.

NOTE: More stringent sampling (e.g., smallér AQL values) is uhually
used for those types of nonconformities. which are. conaideted more
important.

D.10.4 Defect. A departure of a quality characteristic from its,
intended level or state that occurs with a severity sufficient to
cause an asgociated product or service not to satigfy inteunded normal,
or reasonable foreseeable, usage requirements.

COMMENT: The word defect is appropriate for use when a quality char-
acteristic of a product or service is evaluated in terms of usage (as
contrasted to conformance to specificatiouns).
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D.10.5 Defective (Defective Unit). A unit of product or service
containing at least one defect, or having several imperfections that
in combination cause the unit to faill to satisfy intended normal or
reasonably foreseeable usage requirements.

COMMENT: The word defective is sppropriate for use when a unit of
product or service is evaluated in terms of customer usage {as con-
trasted to conformance to specifications).

D.10.6 Sericusness of Defects. ANSI/ASQC Std. Al-1978 states that
defects wiil generally be classified by degree of seriousness and
suggests the following poasible claseifications and classification
modifiers:

Class Modifier Description
1 Very Serious Leads directly to severe injury

or catastrophic economic loss.

2 Serious ' Leads directly to significant injury
or siguificant economic loss.

3 Major Related to major problems with respect
to intended normal or reasonably fore-
seeable use. '

4 Minor Related to minor problems with respect

to intended normal or reagonably fore-
seeable use.
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Inspection recaordg = '= = = = == = = = = =~ 46,51
Inapection by variables (variables

fngpection) = = = = = = = = = = = ~ - - 8,9,10

Isolated 1ot = = = = = = =« = = = « = = = - 14,19,49,75-
Limiting quality (LQ) = =« = =« = = = « - =~ 18,19,25,76-78
Lot — = = = o = = = e v o= - - = - .o - 10-14 .
Lot inspection = = = - = =~ = = = = = - = =~ 10-14,49
Lot size = = = = = = = - - - = = = =~ =~ 11,12,5}
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Major defect — — = = = = = = = = = « - = - g
Major defect (ASQC) = = = = = = = = = = = 105
Major defective = = = = = = = = = = - = = 4
Minor defect = = = = = = = - = =« - - = = - 3
Minor defect (ASQC) - = = = = = = = = = ~ 105
Minor defective = — = = = = = = = = = = = 4
Moving inspection lotg = — = = = = - = = = 12
Multiple sampling plan - ~ - - - _— - - - 16,70-75
Nonconformance = = = = = ~ = = = = = - - = 2-5,104,105
Nonconforming unit - =« = = = = = = = = = = 104
Noncoanformity - - - - - e 104
Normal inspection - = = = = = = = = = = = 29 _.50,56,58-60
Obvious defects (defectives) — = = = -~ - = 42,51
One hundred percent inspection - - - -~ - - 7,22

Operating characteristic (0OC) curve =~ - - 21,23-29,66,72

_Operating characteristic curve,
construction O0f = = = = =« = = - - - .= = = B84-86
Operating characteristic curve formulas- - 85,86

0C curves, normal-tightened - - - =« -~ - - 60,87-103
Original imspection = = = = = « - = =« = = 5

Percent defective = = = = = = = = = =« - =~ 5

Percent defective, estimate of = = = - = « 5§

Preferred AQLS = = = = = = = = = = = = = 5S4
Praobability of acceptance - = = = = =~ = = 18,23,84-86
Process average = = = = = = = @« = = ~ = = 5,43

Process average, estimated - - = - - ~ - = 43=45
Producers rigsk = = = = = = = = = = = = = 19

. . - /

Quality characteristica- = = = = - - ~ - = 2

Quality higtory = = = = = = = = = = « = = 45,46

Randon numbers R « = - 31-33

Random sampling = - = = = ~ = = = = « =« = 30,31,36-40
Reduced inspection = = = = ~ = = « = = « = 29,30,50,55,63-66,72
Rejection number - = = = - = « = - "= = = = 15,16
. Regpongible authority - = « = = - - =« = = "47,51,55,59,61-64,

¢ 1 66,68,69,79,80

Repubmitted 1ot = = = = =« = = = = = = = f 42,63

Sample = =~ = = = =« = = = = = = @ = = - @ - 7

Sample selection = = « = = « = = = = =« « =~ 30-40,51
Sample site -~ = - - - = = - =~ - - - - - 15,51,55
Sample size code letter = = = = = = = = = 49,51,54,55
Sample size, double sampiing plan- - - ~ - 16,55

Sample size, multiple sampling plan - -~ - 16,55

Samole size. reduced inspection- = = - - - 30,55,66

SELUF == o455 3 ==wiaLER Rt o

Sample size, tightened inspectfon - - ~ - 30,58
Sampling imspection - = = = = = =« = = ~ - 7
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INDEX

Sampling plan, attribute lot - - - - -
Sampling plan, selection of - - - = =
Sampling scheme - - = = = = = = = -~ =
Severity of imspection - - - = = = = =
Sequential sampling - - ~ - = = = = -~
Single sampling plan - - = - = = = = =
Skip lot gampling = == = = = = = = =
Stratified sampling = = = = = = - = =
Supplier's responsibility = = = = = -
Swltching procedures - — - - = = - - -
Switching procedures, normal-tightened

Switching procedures, normal-reduced -
Tightened inmspection -~ = = = = = = = -
Unit of product = = = = = = = = = = -

Variable = = = « = = = = @ = = = = = =~
Variables inspection - = = = = = = -~ =~
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