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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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[SO 14560:2004 [SO 28597:2017 Acceptance sampling procedures by attributes — Specified
quality levels in nonconforming items per million

ISO 13448-1:2005 |ISO 28598-1:2017 |Acceptance sampling procedures based on the allocation of
priorities principle (APP) — Part 1: Guidelines for the APP
approach

[SO 13448-2:2004 |ISO 28598-2:2017 |Acceptance sampling procedures based on the allocation of

priorities principle (APP) — Part 2: Coordinated single sam-
pling plans for acceptance sampling by attributes

Cross references between the above listed documents have been corrected in the minor revisions.

A list of all documents in the new ISO 28590 - ISO 28599 series of International Standards.¢an be found
on the ISO website.
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Introduction

Enlightened quality-based management practices encourage industry innovation and provide
flexibility to achieve the benefits of continuous improvement. There is an evolving industrial product
quality philosophy that recognizes the need for quality policy changes that will provide suppliers with
opportunities and incentives toward improvement of product quality and cooperative relationships
between the supplier and the customer.

Properly employed, process controls and statistical control methods are effective means of preventing

nonconformities, con

effective pr
deliverables
control and
control prog
can be redu

Sampling in
The applicat
sampling is
employing §
properly em
reduced.

This Intern
quality lim|
prevention-

trolling quality, and generating information for systematic improvement. An

submitted for acceptance. This International Standard encourages suppliers to use pr
statistical control procedures for their internal control and to submit effective, pr
edures to the customer for approval, so that the need for acceptance sampling procec
ced or even eliminated.

cess
hcess
lures

spection by itself can be an inefficient industrial practice for demonstfrating conform
ion of sampling plans for acceptance involves both consumer and producer risks; incre
one way of reducing these risks, but it also increases costs. Suppliérs can reduce risl
fficient processes with appropriate process controls. To the extent that such practice
ployed and are effective, risk is controlled and, consequently, inspection and testing c

ance.
ased
ks by
S are
in be

hitional Standard supports those whose preference issto move away from an accept
it (AQL)-based inspection (detection) strategy “to implementation of an effe
based strategy including a comprehensive guality management system, contin

ance
ctive
uous

improvement and partnering. The underlying theme is cooperation between customer and supplier,

with the re
consistently
non-complig
are the cont

The followi

a) suppliel

maintain sufficient evidence of conformance;

b) supplies

results

c)

This Internd
It also, how
planning an
The intent

suppliel

le of
very
AQLS

Juisite competence of both parties, and a.clear mutual benefit from processes capal
high quality products and services. The objective is to create an atmosphere where ¢
nce is an opportunity for corrective aetion and improvement, rather than one where
ractually sufficient goals.

lg points provide the basis for this'International Standard:

s are required to submit-deliverables that conform to requirements and to generat¢ and

s are responsible feriestablishing their own manufacturing and process controls to prqduce

n accordance with\requirements;

s are expected-to use recognized prevention practices such as statistical process conttol.

tional Standard’s goal, ideally, is to have product accepted as a result of control procedures.
ever,sprovides a set of accept-zero sampling systems (see Annex A) and procedurgs for
d conducting inspections to assess quality and conformance to specified requirements.
f including provisions for n mpling i verification of the effi f process

controls, or as an interim measure while such controls are being developed and implemented.

When acceptance sampling is conducted using the tables of this International Standard, the supplier
has the option to inspect using any one of three types of sampling: single sampling by attributes; single
sampling by variables; continuous sampling by attributes. Switching procedures are also provided to
allow movement among normal, tightened and reduced inspection severities.

Some organizations have a policy of not using sampling plans indexed by AQLs. This International
Standard complies with that policy.
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Combined accept-zero sampling systems and process
control procedures for product acceptance

1

Scope

This International Standard provides a set of accept-zero sampling systems and procedures for planning

and

In addition, this International Standard provides requirements for alternative acceptarn
proppsed by the supplier. Such alternative methods would be based upon establishing and in
an infternal prevention-based quality management system as a means of ensuping that

conform to requirements specified by the contract and associated specificatiefS)and stand

This
subcpntractors or vendors. The quality plans are to be applied as specified in the contract]

and

have|been met.

(OTTUCTHTIE ITSPECLIONS to aSSEsSS qudatity ard COMfOTTITAICE to SPeciiied TEqUITENTeNnts, ]

International Standard, when cited in contract, is applicable to(the supplier and|

leliverables may be submitted for acceptance if the requirements of this Internation

ce methods
plementing
hll products
hrds.

extends to
documents,
al Standard

Sampling systems and procedures in this International Standard are applicable, when appropriate, to

assegs conformance to requirements of the following:

a) ¢nd items;

b) ¢omponents or basic materials;

c) ¢perations or services;

d) llaterials in process;

e) dupplies in storage;

f) aintenance operations;

g) I;ta or records;

h) administrative procedures.

NOTH Use of the'word “product” throughout this International Standard also refers to servi
deliverables.

The pampling>systems and procedures of this International Standard are not intended f
destructive tests or where product screening is not feasible or desirable. In such cases, t
systeams)to be used will be specified in the contract or product specifications.

2

es and other

or use with
he sampling

Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

IS0 3534-1:2006, Statistics — Vocabulary and symbols — Part 1: General statistical terms and terms used
in probability

[SO 3534-2:2006, Statistics — Vocabulary and symbols — Part 2: Applied statistics

IS0 9000:2015, Quality management systems — Fundamentals and vocabulary

© IS0 2017 - All rights reserved
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3 Terms

3.1 Term

:2017(E)

, definitions and symbols

s and definitions

For the purposes of document, the terms and definitions given in ISO 9000, ISO 3534-1, ISO 3534-2 and
the following apply.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

ISO Online browsing platform: available at http:

WWWw.iso.or

IEC Eleg

3.1.1

acceptance,
act of an au
another, asg
rendered as

3.1.2
average ou
AO0Q
expected avj

Note 1 to ent

3.1.3
average ou
AOQL
maximum A
plan and reg

[SOURCE: I§

314
acceptance
AQL
quality leve
submitted f

3.1.5
contract qu
technical re
contract cl3
supplier, to

1. L | 1.1 h | LL 1 1 L
Lropcdld. avdlldDIC dl LILLD.//W W W.CIELLIUPCUIL. UL g/

thorized representative of the customer by which the customer, for itselfyor as age
umes ownership of existing identified products tendered or approves,$pecific ser
partial or complete performance of the contract

[going quality
erage quality level of outgoing product for a given value ofdncoming product quality

"y: Adapted from 1SO 3534-2:2006, definition 4.7.1.

[going quality limit

0Q over all possible values of incoming product quality level for a given acceptance sam
tification of all non-accepted lots unlessspecified otherwise

0 3534-2:2006, definition 4.7.2]

quality limit

that is the worst tolerable average quality of a process, when a continuing series of |
r acceptance sampling

ality requiréments
quirements~in the contract relating to the quality of the product or service and f
uses prescribing inspection, and other quality control procedures incumbent ox
issuresthat the product or service conforms to the contractual requirements

nt of
vices

pling

btsS is

hose
1 the

3.1.6

critical cha

racteristic

characteristic that judgment and experience indicate must be met to avoid hazardous or unsafe conditions
for individuals using, maintaining, or depending upon the product; or that judgment and experience
indicate must be met to assure performance of the tactical function of a major product or service

3.1.7

critical nonconforming item
item of product that fails to conform to specified requirements for one or more critical characteristics

© ISO 2017 - All rights reserved
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3.1.8

inspection

conformity evaluation by observation and judgement accompanied as appropriate by measurement,
testing or gauging

[SOURCE: ISO 3534-2:2006, definition 4.1.2]

3.1.9
lower process capability index

CpkL

indes dpqr‘rihing process rnpahi]ifv in relation to the lower Qpprifirnfinn limit

Note|1 to entry: Frequently, the lower process capability index is designated Cpk and~expilessed as the
L

diffefence between the process median, X and the lower specification limit, L, divided by\the length of the lower
refergnce interval for a process in a state of statistical control, namely as:

B X-L
pk;, ¢
b X - XO,OO1 35
whete Xo 001 35 is the lower 0,001 35-fractile of the distribution of the quality characteristig.

Note |2 to entry: For a normal distribution, the process median, X is the same as the process mean, y, and
X0,001 35 = 4 - 30, thus:

u—-=L

pky 30

o
T

Note B to entry: Adapted from ISO 3534-2:2006, definition 2.7.3.

3.1.10
lowdr reference interval

interjval bounded by the process median, X and the 0,001 35-fractile, Xo,001 35, expressed by the
difference

X - X0,00135

Note [l to entry: For anormal distribution, the lower reference interval )2' - X0,00135 =4~ (4 - 30) 4 30.
Note P to entry: Adapted from ISO 3534-2:2006, definition 2.5.8.

3.1.11
major characteristic
charpéteristic, other than critical, that must be met to avoid failure or material reduction of usability of
the item of product for intended purpose

3.1.12

major nonconforming item

item of product that fails to conform to specified requirements for one or more major characteristics,
but conforms to all critical characteristics

3.1.13
minimum process capability index

Cpk
smaller of upper process capability index and lower process capability index

Note 1 to entry: Hence Cpk = min. (CpkL 'CpkU ).

© IS0 2017 - All rights reserved 3
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Note 2 to entry: Adapted from ISO 3534-2:2006, definition 2.7.5.

3.1.14

minor characteristic

characteristic, other than critical or major, whose departure from its specification requirement is
not likely to reduce materially the usability of the item of product for its intended purpose or whose
departure from established standards has little bearing on the effective use or operation of the item

3.1.15
minor nonconforming item
item of product that fails to conform to specified requirements of one or more minor characteristics,

but Confor ot 1l itieal and oo o haoyactaictioc
Sto-arre€Fiticarahtr Allujvl Crarateeristies

3.1.16
nonconforrity
non-fulfilmgnt of a requirement

[SOURCE: IS0 9000:2015, definition 3.6.9]

3.1.17
nonconforrping item
item with ompe or more nonconformities

[SOURCE: IS0 3534-2:2006, definition 1.2.12]

3.1.18
process capability
statistical eftimate of the outcome of a characteristic from.a(process which has been demonstrated to
be in a state| of statistical control

Note 1 to entfy: Adapted from ISO 3534-2:2006, definition2.7.1.

3.1.19
process capability index
Cp
index descrlbing process capability in relation to specified tolerance

Note 1 to enfry: Frequently the process-capability index is designated Cp and expressed as the value of the
specified toleérance divided by a meastre of the length of the reference interval for a process in a stgte of
statistical coptrol, namely as:

U-L
- X

,998 65 07001 35

where X0,00] 35 and=X( 993 65 are respectively the lower and upper 0,001 35-fractiles of the distribption
of the qualitly chaxacteristic.

Note 2 to ent Doy o ool Aol tha rafaranen totaegal 1o £ o d +bha s ac apmalliey adasy 1o iVen
oo araiSstHutothe-rererenceHeervaris 6o-and-the Pt O€ES5S \.u})uunll\_y HEEX1S

by the equatlon

U-L
Ch= ——
P 60

Note 3 to entry: Adapted from ISO 3534-2:2006, definition 2.7.2.

3.1.20
production interval
period of production under continuous sampling, assumed to exhibit essentially homogeneous quality

Note 1 to entry: A production interval is normally a single shift. It can be a day if it is reasonably certain that shift
changes do not affect quality of product, but not longer than a day.

4 © IS0 2017 - All rights reserved
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3.1.21
quality
degree to which a set of inherent characteristics fulfils requirements

Note 1 to entry: The term “quality” can be used with adjectives such as poor, good or excellent.

Note 2 to entry: “Inherent”, as opposed to “assigned”, means existing in something, especially as a permanent
characteristic.

[SOURCE: ISO 9000:2015, definition 3.6.2]

3.1.22
qualjity assurance II
part pf quality management focused on providing confidence that quality requirements'willl be fulfilled

[SOURCE: ISO 9000:2015, definition 3.3.6]

3.1.23
qualjty audit
systématic examination of the acts and decisions with respect to quality in order to inflependently
veriffy or evaluate the operational requirements of the quality program ot the specification or contract
requjrements of the product or service

3.1.24

qualjty program
program that is developed, planned, and managed to carry out cost effectively all effofts to effect
the quality of materials and services from concept to,validation, full-scale development,|production,
deplgyment, and disposal

3.1.25
reference interval
interval bounded by the 0,998 65-fractile, Xg998 65, and the 0,001 35-fractile, Xp 001 35, expressed by the
difference X0,998 65 — X0,001 35

Note [l to entry: For a normal distribution,the reference interval Xo 998 65 = X0,001 35 = (1 + 30) = (¢ | 30) = 60.
Note 2 to entry: Adapted from ISO-3584-2:2006, definition 2.5.7.

3.1.26
sampling plan
combination of samplesize to be used and associated lot acceptability criteria

Note [l to entry: A sampling plan does not contain the rules on how to draw the sample.

Note 2 to entry: Bor the purposes of this International Standard, a distinction should be made betw¢en the terms
sampling plan3.1.26), sampling scheme (3.1.27) and sampling system (3.1.28).

3.1.27
sampling scheme
combination of sampling plans with rules for changing from one plan to another

3.1.28

sampling system

collection of sampling plans, or of sampling schemes, each with its own rules for changing plans, together
with sampling procedures including criteria by which appropriate plans or schemes may be chosen

Note 1 to entry: This International Standard contains a set of sampling systems each indexed by verification
levels, and either lot size or production interval size ranges.

© IS0 2017 - All rights reserved 5
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3.1.29
screening inspection
100 % inspection with rejection of all items or portions found nonconforming

Note 1 to entry: Screening inspection may be concerned only with one particular kind of nonconformity.
[SOURCE: ISO 3534-2:2006, definition 4.1.7]

3.1.30
traceability
ability to trace the history, application or location of that which is under consideration

Note 1 to entfy: When considering product, traceability can relate to

— the origin of materials and parts,

— the procpssing history, and

— the distifibution and location of the product after delivery.

Note 2 to entfy: In the field of metrology, the definition in ISO/IEC Guide 99 is the accepted definition.
[SOURCE: IS0 9000:2015, definition 3.6.13]

3.1.31
upper process capability index

CpkU

index describing process capability in relation to the upper specification limit

Note 1 to entry: Frequently, the upper process capability gndex is designated Cpk and expressed as the
U

difference befween the upper specification limit, U, andithe process median, X divided by the length of the yipper
reference intgrval for a process in a state of statisticalicontrol, namely as:

U-X
Cop =f——
v Xo.99865 — X

where Xo 994 65 is the upper 0,001 35-fractile of the distribution of the quality characteristic.

Note 2 to enfry: For a normal.distribution, the process median, X is the same as the process mean, g and
X0,998 65 = i 4 30, thus

U-pu
c. =&
pky 30

Note 3 to entfy«~Adapted from ISO 3534-2:2006, definition 2.7.4.

3.1.32
upper reference interval

interval bounded by the 0,998 65-fractile, Xp998 ¢5 and the process median, )~( expressed by the
difference Xp998 65 - X

Note 1 to entry: For a normal distribution, the upper reference interval Xp 99865 - X =(u+30) -pu=30.

Note 2 to entry: Adapted from ISO 3534-2:2006, definition 2.5.9.

6 © IS0 2017 - All rights reserved
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3.1.33

verification level

VL

level of importance or utility of a characteristic to the user

Note 1 to entry: The amount of effort to assure conformance can be allocated on the basis of importance to
the user. (Major characteristics require more verification effort than minor characteristics.) VL-7 requires the
highest level of effort, and the effort decreases as the VL decreases to the lowest level, VL-1. Verification levels T
and R have been included to allow for tightened inspection for VL-7 and for reduced inspection for VL-1.

3.2 Symbols

c number of nonconforming items in sample

Cp process capability index (see 3.1.19)

Cpk minimum process capability index (see 3.1.13)

Cpk ] lower process capability index (see 3.1.9)

Cpk , upper process capability index (see 3.1.31)

F acceptability constant for standardized sample standard deviation, F
F standardized sample standard deviation, i.e. Fas /(U-L)

f sampling frequency in continuous samplingx(see D.2.4)

fc correction factor in determining S (see D.2.2 and D.2.3)

i clearance number in continuous sampling (see D.2.4)

k acceptability constant for qualityindex

L lower specification limit

n, sample size for sampling by attributes

n, (N) sample size for sampling by attributes under normal inspection
n,(T) sample size“for sampling by attributes under tightened inspection
n, samplesize for sampling by variables

P, prebability of acceptance

p process fraction nonconforming

Q quatity imdex

Q, quality index for lower specification limit (see D.2.2 and D.2.3)

Qy quality index for upper specification limit (see D.2.2 and D.2.3)

q complement with respect to unity of process fraction nonconforming (i.e. g =1 - p)
S. corrected sum of squares (see D.2.2 and D.2.3)

s sample standard deviation (see D.2.2 and D.2.3)

s2 sample variance (see D.2.2 and D.2.3)

U upper specification limit

© IS0 2017 - All rights reserved 7
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X sample mean (see D.2.2 and D.2.3)
Y process median
0,001 35 |process 0,001 35-fractile
X0.998 65 |process 0,998 65-fractile
u process mean
o process standard deviation
4 General requirements
4.1 Prodyict requirements

The supplie
The applicaf
the supplier

r is required to submit product that meets all contract and specification requirem
ion of the sampling systems or procedures of this International Standard does not r¢g
of responsibility from meeting all contract product requirements. The supplier’s qu

management system, including manufacturing processes and quality, control measures, sha

established
inspection g
for assuring

and operated to produce products that consistently meetall requirements. Absence
r process control requirements in the contract does not relieve the supplier of responsi
that all products meet or exceed the customer’s requitements.

4.2 Acceptance by tables

4.2.1 Pre

This Intern
inspection (¢
inspecting t
by measure]
specified ve
of protectio
level. The s
that best co

4.2.2 For

The produc
prescribed.
class, size al
same time. ]

ferred sampling systems

htional Standard presents three types of matched sampling systems for the sam
f product submitted to the customer for acceptance. These sampling systems provid
he samples from lots by measurément of attributes or variables and for continuous sam
ment of attributes. The three types of matched sampling systems are indexed by §
rification levels (VL) and five sample-size code letters (CL). Approximately the same
h is provided by each of the three types, when using the same code letter and verific
pplier has the optiomto utilize the type of sampling system, at the same verification
mplements the production process.

mation and identification of lots

F shall bé assembled into identifiable lots or sub-lots or in such other manner as m3

ents.
lieve
ality
1 be

any
hility

pling
e for
pling
even
level
htion
evel,

y be

Each. laet"shall, as far as practicable, consist of items of product of a single type, g
nd composition, manufactured under essentially the same conditions and at essentiall

[he)lots shall be identified by the supplier and shall be kept intact in adequate and suik]able

rade,
the

storage space. Although lot size is not used to select a continuous sampling plan, the formation of lots
may remain desirable for reasons of homogeneity, shipping convenience and facilitation of payment.

4.2.3 Determination of sampling plan

A sampling plan in accordance with this International Standard is determined by all of the following:

a) verification level (VL);

b) type of quality characteristic (i.e. attributes or variables);

c)

d) sample-

type of sampling (i.e. single sampling or continuous sampling);

size code letter (CL);
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e) inspection severity (normal, tightened, reduced).
4.2.4 Sampling of lots

4.2.4.1 Selection of items

Using simple random sampling, items of product shall be drawn from the lot without regard to their
quality. Simple random sampling requires that each item in the lot or production interval has the same
probability of being selected for the sample. It is recommended that random number tables, computer
programs or other suitable means be used for obtaining randomness in sampling rather than relying

solelyonhuman selection

4.2.4.2 Proportionate stratified random sampling

Wheh appropriate, the number of items in the sample shall be selected in proportion t¢ the size of
sub-lots or parts of the lot, identified by some rational criterion. When stratifiéd sampling is used, the
item$ from each sub-lot or part shall be selected using simple random sampling.

4.2.4.3 Process of sampling

A sample may be drawn after all items comprising the lot have been assembled, or sample ifems may be
drawn during assembly of the lot, in which case the size of thé\gt shall be determined before samples
are drawn. When the lot satisfies the acceptance criteria of\thie sampling plan, such lots arg acceptable
and may be submitted to the customer.

4.2.4.4 Nonconforming product

Wheh sample items are drawn from a lot or during lot assembly and nonconforming itemls are found,
the supplier shall withhold from acceptance-that lot or portion of the lot completed and all additional
production occurring prior to the initiatiotr and verification of corrective action. The sypplier shall
take[steps to preclude the submission of(known nonconforming product to the customer. The customer
resefves the right to withhold acceptance of any nonconforming item found, whether that item was
part pf the sample or not and whether the lot as a whole was accepted or not.

4.2.4.5 Disposition of nonconforming lots
For lpts withheld from aéeeptance, the supplier shall take all of the following actions.
a) $creen the lots@nd remove all nonconforming items.

b) Take steps\to preclude submission of any known nonconforming items to the cpistomer for
jcceptance.

c) Determine the cause of the nonconformities and implement appropriate process d¢hanges and
orrective action.

d) Follow the switching requirements of 5.1.1.6.

e) Rework or repair nonconforming items if permitted by contract provisions. The supplier shall
advise the customer representative of actions taken. Repaired product shall be treated in
accordance with associated contract provisions, documented and reported to the customer on a
request for deviation, waiver or concession.

f) Inspectcorrected product in accordance with the supplier’s quality plan or documented procedures
prior to submission to the customer for acceptance.

When continuous sampling is in effect, the occurrence of a nonconforming item while in a sampling
phase results in withholding acceptance of that item, a return to screening, and initiation of corrective
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action. If a nonconforming item is found while in a screening phase, acceptance is withheld for that item
and screening is continued until the requirements of 5.1.2.4.3 are satisfied.

4.3 Acceptance by supplier-proposed provisions

4.3.1 General

This International Standard, when referenced in the contract or product specifications, requires the
supplier to perform sampling inspection in accordance with 4.2 and the product specification. However,
it is recognized that sampling inspection alone does not control or improve quality. Product quality

comes from,

nracacce contral activgitine Whan cucoh ooty
€e55—ecohRtFer—aectv e S—vreh—Suen—actt

ities

are effectivq
an acceptah
encouraged
specified ch
and a histoi
contract, ar
contractual

Such subm
provision tg
compared W

include evidence of process control and capability during production, together with adequate cri

measureme
alternative
demonstrat

4.3.2 Requirements and procedures

Suppliers cy
satisfactory
demonstrat

The suppliet

plan to perigdically verify process stability, capability, and other conditions under which the altern|

acceptance

equivalent t
characterist
should be th
assessment
or eliminate
characterist
only the VLA

Bropaer-praduct-and-wvrocass - dacion
proper—proadeeahea proeess—aesiEh

e, sampling inspection is a redundant effort and an unnecessary cost. Suppliers that
le quality management system and proven process controls on specific proCesse
to consider submitting alternative acceptance methods for one or more contract
aracteristics. In addition, suppliers that have a successful quality management sy:
y of successful process controls relevant to the products/services being procured ir
b encouraged to consider submitting a systemic alternative acceptance|method for a
sampling inspection requirements associated with 4.2.

a1
T pPTo

ssions shall describe the alternative acceptance methods,*the sampling inspe
be replaced, and an evaluation of the protection provided/by the alternative metho
rith the inspection requirement to be replaced. The altefnative acceptance method

ht and evaluation procedures to maintain control of the process. The acceptability d

on of its process focus, and the availability of objéctive evidence of effectiveness (see |

Irrently operating quality managemerit-systems, for example ISO 9001, that are deg
to the customer representative, arerqualified to apply for alternative acceptance meth
on of process focus and objective evidence of effectiveness exists.

shall include in his requestfar approval of an alternative acceptance method an assess

method was developedi.The current suggested minimum values of process capabilit
D a Cpk of 2,00 for criti¢al characteristics, 1,33 for major characteristics, and 1,00 for ny
ics. These are historically dynamic goals. Contractual minimum or target capability 1
oroughly reviewed and agreed upon by both customer and supplier. Upon approval
plan, verification sampling inspection in accordance with the tables of 5.1.2 may be red
d as long-as’the acceptance criteria of the assessment plan are met. In the case of a cr
ic, automated screening or the mistake-proof process will continue to be performed|
7 sampling inspection will be reduced or eliminated (see 4.4).
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4.3.3.1 Submission of alternative acceptance methods

There are two ways to submit alternative acceptance methods:

submission of individual alternative acceptance methods for one or more contractually specified
sampling inspection requirements to the customer or the customer’s representative, as specified in
the contract, for approval at any time during the contract period of performance; or

a)

b) submission of a systemic alternative acceptance method to the customer or the customer’s
representative, as specified in the contract, either prior to or after award of contract. Approval
prior to contract award allows the supplier to adopt alternative acceptance methods throughout

the length of the contract.
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4.3.3.2 Incorporation of alternative acceptance methods

All approved alternative acceptance methods shall be incorporated into the supplier’s manufacturing
and quality program plans or other vehicles acceptable to the contracting agency, as applicable.

4.3.4 Withdrawal of approval of alternative acceptance methods

The customer reserves the right to withdraw approval of alternative acceptance methods that are
found, in practice, to provide a lower level of protection than the inspection sampling scheme of this
International Standard or when the inability to maintain process stability and capability over time
becomes apparent.

4.4

Unle
critiq

a) ‘iﬁnplement an automated screening or a process that prevents thel/occurrence
0

b) 4
[{

Appr]
nott

In th
In fa
spec

The

its effectiveness as specified in 4.5.

4.5

Whe
folloy

b)
c i

d) 1

a) Irevent delivery of‘eritical nonconforming items to the customer;

Critical characteristics

5s otherwise specified in the contract or product specifications, the supplieris requi
al characteristic to do the following:

nconforming item (also known as a mistake-proof process); and

ipply VL-7 to verify the performance of the screening operation or mistake-proof]
bvery lot.

oval of an alternative method for acceptance only elimirates or reduces the VL-7 ins
he 100 % screening or mistake-proof process.

e event that visual screening is permitted by the cohtract or the specification, VL-7 is sf
Ct, no matter how the screening is performedy V1-7 is required for verification unleg
fied in the contract or specification.

pccurrence of one or more critical nongonformities requires corrective action and vd

Special reservations for critical nonconformity

h a critical nonconformity is'discovered at any phase of production or during any ing
ving immediate actions\are all required:

otify the custemer;
dentify the'cause;

ake corrective action and verify its effectiveness;

red for each

f a critical

process on

pection, but

ill required.
s otherwise

rification of

pection, the

e) {

creen all available suspect items, if suspect items may contain the same critical nonconformity.

NOTE

production interval.

“All available suspect items” could include an entire lot or batch or all items produced during the last

Records of corrective actions and conclusions concerning their effectiveness verification shall be
maintained and made available to the customer.
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5.1 Acceptance by tables

5.1.1 Sampling inspection

5.1.1.1 General

When acceptance shall be accomplished using the sampling tables provided in this document, the
following considerations apply.

5.1.1.2 Cdde letter determination
The code letter is found by entering Table 1 with both the lot size and the verification level|The sampling
plan is then|found by entering Table 2, 3 or 4 with both the verification level and the cadé’letter.
Table 1 — Code letters (CLs) for entry into the sampling tables
Lot or production Verification levels (normal iaspection)
inferval size 7 6 5 4 3 2 1
2-170 A A A A A A A
171 - 288 A A A A A A H
389 - 544 A A A A A B (
345 - 960 A A A A B C [
961 -1700 A A A B C D H
1701-3072 A A B C D E H
3073-5482 A B C D E E H
5483 -9720 B C D E E E H
9 7R1-17 408 C D E E E E H
17 409 - 30 960 D E E E E E H
30 961 and larger E E E E E E H
Table 2 — Sampling by attributes plans
Codé Verification levels
lette | T 7 6 | 5 | 4 | 3 | 2 [ 1 R
Sample size (n;)
A 3.250 1290 512 200 80 32 12 5 3
B 4096 1625 645 256 100 40 16 3
C 5160 2048 810 320 128 50 20 8 3
D 6500 2580 1024 400 160 64 25 10 4
E 8192 3250 1290 512 200 80 32 12 5
NOTE 1 When the lot size is less than or equal to the sample size, 100 % attributes inspection is required.
NOTE 2 One verification level (VL) to the left/right of the specified normal VL is the respective
tightened/reduced plan. Tightened inspection of VL-7 is T, reduced inspection of VL-1 is R.

12
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Table 3 — Sampling by variables plans

Code Verification levels
letter | 7 | 6 | 5 | a4 | 3 | 2 1 K
Sample size (ny)
A 81 65 49 35 24 16 9 4 3
B 86 68 53 39 27 18 11 5 3
C 91 73 56 41 29 20 12 7 3
D 100 79 59 44 32 22 14 8 3
E pav: 8% 65 45 35 24 16 9 4
k values (one- or two-sided)
A 3,55 3,29 3,02 2,72 2,40 2,02 1,54 1,18 0
B 3,61 3,36 3,09 2,80 2,48 2,12 1,69 1,22 0
C 3,67 3,42 3,16 2,88 2,57 2,21 1,81 1,29 0
D 3,72 3,48 3,23 2,95 2,65 2,31 1,91 1,44 1,14
E 3,78 3,55 3,29 3,02 2,72 2,40 2,02 1,54 1,18
Fvalues (two-sided)
A 0,136 0,145 0,157 0,174 0,193 0,222 0,271 0,370 0,707
B 0,134 0,143 0,154 0,168 0,188 0,214 0,253 0,333 0,707
C 0,132 0,140 0,152 0,165 0,182 0,208 0,242 0,301 0,707
D 0,130 0,138 0,148 0,162 0,177 0,199 0,233 0,283 0,435
E 0,128 0,136 0,145 0,157 0,174 0,193 0,222 0,271 0,370
NOTE 1 When the lot size is less than or equal to thé'sample size, 100 % attributes inspection is requjred.
NOTE 2 One verification level (VL) to the left/right of the specified normal VL is the respective
tightened/reduced plan. Tightened inspection\of VL-7 is T, reduced inspection of VL-1 is R.

Table4 = Continuous sampling plans

Code Verification levels
T R
letter 7O 6 | 5 | a4 | 3 | 2 | 1
Screening phase: clearance numbers (i)
A 4091 2224 1134 549 264 125 55 27 IN/A
B 7 061 3599 1767 842 388 180 83 36 IN/A
C 11426 5609 2662 1237 572 256 116 53 IN/A
D 17 802 8477 3957 1785 815 368 162 73 IN/A
NOTE_ 1 Use of other combinations of i and f are permitted provided they are computed in accofrdance
with'D.2.5.

NOTE 2 During the screening phase, one verification level (VL) to the left of the specified normal VL is the
tightened plan. Tightened inspection of VL-7 is T. There is no reduced plan while in the screening phase since
the reward for good performance during screening is switching to sampling, and the penalty incurred while
onreduced sampling is switching to normal screening.

During the sampling phase, one verification level (VL) to the left/right of the specified normal VL is the
respective tightened/reduced plan. Tightened inspection of VL-7 is T, reduced inspection of VL-1 is R.

NOTE 3 Sample items are chosen with probability f so as to give each item of product an equal chance of
being inspected. A consequence of this is that the interval between sample items varies somewhat rather
than being of constant size.

EXAMPLE — Suppose f=1/6. In the first 30 items produced, if each item of production is given a chance of 1 in
6 of being chosen for inspection, the following items might be randomly selected: 2, 10, 19, 22, and 29. Notice
that in the first six items produced, one item was randomly selected (i.e. item 2) for inspection. In the second
set of six items produced, one item was selected (i.e. item 10). In the third set of six items produced (i.e. items
13 through 18), none was selected by chance. In the fourth set of six items produced, two items were selected
(items 19 and 22) by chance. In the last group of six items, one item was selected (item 29) for inspection.
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Table 4 (continued)
Code Verification levels
T R
letter 7 | e | 5 | a4 | 3 | 2 | 1
Screening phase: clearance numbers (i)
E |26912 | 12556 | 5754 | 2605 | 1147 | 513 | 228 | 96 | nNa4
Sampling phase: frequencies (f)
A 1/3 4/17 1/6 2/17 1/12 1/17 1/24 1/34 1/48
B 4/17 1/6 2/17 1/12 1/17 1/24 1/34 1/48 1/68
C 16 21 12 A7 1124 1434 1448 /68 1196
D 2/17 1/12 1/17 1/24 1/34 1/48 1/68 1/96 1/136
E 1/12 1/17 1/24 1/34 1/48 1/68 1/96 1/136 | 17192
NO};E | I;se of other combinations of i and f are permitted provided they are computed in aceordance
with D|2.5.

NOTE 2 During the screening phase, one verification level (VL) to the left of the specified mprmal VL is the
tighterjed plan. Tightened inspection of VL-7 is T. There is no reduced plan while in the s¢féening phase since
the reward for good performance during screening is switching to sampling, and the penalty incurred while
on rediiced sampling is switching to normal screening.

During the sampling phase, one verification level (VL) to the left/right of the specified normal VL is the
respective tightened/reduced plan. Tightened inspection of VL-7 is T, reducegd-itispection of VL-1 is R.

NOTE 3 Sample items are chosen with probability f so as to give each item of product an equal chance of
being inspected. A consequence of this is that the interval between sample items varies somewhat rather
than bg¢ing of constant size.

EXAMPRLE — Suppose f=1/6. In the first 30 items produced, if eaclritem of production is given a chance of 1 in
6 of bejng chosen for inspection, the following items might be randomly selected: 2, 10, 19, 22, and 29. Notice
that in|the first six items produced, one item was randomly selected (i.e. item 2) for inspection. In the second
set of sjx items produced, one item was selected (i.e. item 10)7In the third set of six items produced (i.e. items
13 thrqugh 18), none was selected by chance. In the fourth'set of six items produced, two items were selected
(items [19 and 22) by chance. In the last group of six itéms, one item was selected (item 29) for inspection.

5.1.1.3 Vérification level specification

The verificdtion levels (VLs) are specified in the contract or product specifications. A VL mgdy be
specified fof individual characteristics, for a group of characteristics, or for subgroups of characteristics
within the group. The VL and code‘letter (CL) from Table 1 determine the sampling plan requirgd to
assess product compliance with-eontract and specification requirements. Suppliers are expected to
produce and submit product-in-full conformance to all requirements. Lots or production intervals of
product that consistentlyngeet or exceed all requirements will be accepted by the sampling plans of
this International Standard and will result in qualifying for reduced sampling levels.

5.1.1.4 Sdlection-of verification levels

For critical ¢h@racteristics, VL-7 should always be used. This inspection is a verification of the automated
screening or Tl = i i it j istics, VLs
from 3 to 6 should typically be used. For minor characteristics, VLs from 1 to 3 should typically be used.
The more important the characteristic, the higher the VL. Lower VLs may also be considered where
relatively small sample sizes are necessary and large sampling risks can or must be tolerated as, for
example, when inspection costs are high. If no VL is specified, then VL-4 for major characteristics and
VL-2 for minor characteristics should be used.

The tables in Annex E can help the consumer decide which VL to choose. Although this International
Standard has a goal of acceptance of product at no worse than parts per million quality levels, sometimes
the consumer is guided in the selection of a VL by inspection of the risks associated with individual
plans. For example, suppose an attributes plan is desired and code letter A is expected to apply. Suppose
further that the consumer is trying to decide between VL-3 and VL-4, which require sample sizes of 32
and 80 respectively. Table E.4 b) of Annex E reveals that the VL-3 plan has a 10 % risk of accepting a
lot if the actual percent nonconforming is 6,94 % while the VL-4 plan has a 10 % risk of accepting a lot
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if the percent nonconforming is 2,84 %. The consumer may decide to select the VL-4 plan if the risk of
accepting product at a 6,94 % nonconforming rate is considered to be intolerable.

5.1.1.5 Sampling procedures

Sampling is performed at one of three inspection severities called normal, tightened and reduced.
Unless otherwise specified, the VL stated in the contract shall be considered the normal severity of
inspection and shall be used at the start of inspection. The tightened and the reduced severities are then
defined as the VLs to the immediate left and right, respectively, of the initial severity of Table 2, 3 or 4.
The sampling inspection severity in effect shall continue unchanged for each group of characteristics
or individual characteristic except where the switching procedures given in 5.1.1.6 require change.
The $witching procedures shall be applied separately to each individual characteristieiexcept where
characteristics are specified as belonging to a group with a single VL that applies to the entlire group.

5.1.1.6 Switching rules and procedures

5.1.1.6.1 General

The

Tablg

The

addif

brocedures for switching among normal, tightened, and reduced inispection are given

switching procedures are independent of the results of dny* remedial action, such a
ional samples, etc., resulting from the occurrence of sample nonconformities and wi

in Note 2 in

s 2, 3 and 4. Annex C provides additional guidance for followingthe switching proced{ires.

S screening,
thholding of

acceptance.

s have been
sample size
the sample

Somg¢ Table 4 switching criteria depend upon a corresponding Table 2 entry. These entrie
denofted by ny(N) and na(T) in the descriptions thatfollow. ny(N) represents the Table 2
used| for normal sampling at the VL and CL currently in effect. Likewise, ny(T) represents
size finder tightened inspection.

5.1.1.6.2 Normal to tightened

Wheh normal inspection is in effect, tightened inspection shall be instituted when one of the following

condiitions occurs, depending on.the type of sampling being used.

a) In the case of lot sampling;(Tables 2 and 3):
two lots have been @ithheld from acceptance within the last 5 or fewer lots.
b) In the case of continuous sampling (Table 4):

yhile on either normal screening or normal sampling, two nonconforming items are fpund within
4 period of/inspections (including all inspected items whether on sampling or screening) totalling
mno more'than 5 times ny(N). In this case the switch shall be from either normal screening or normal
q

gampling to tightened screening.

5.1.1.6.3 Tightened to normal

When tightened inspection is in effect, normal inspection shall be instituted when the following
conditions are both satisfied.
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a) Thecau

se for producing the nonconformities is corrected.

b) Inthe case of lot sampling (Tables 2 and 3):

5

consecutive lots are accepted.

or, in the case of continuous sampling (Table 4):

while on tightened sampling, no nonconforming items have been found within a period of in-
spections (including all inspected items whether on sampling or screening) totalling at least
5 times ny(T) items. In this case the switch shall be from tightened sampling to normal sampling.

5.1.1.6.4 Normal to reduced

When norn
conditions &

a) Inthec

1

or, in t‘i]e case of continuous sampling (Table 4):

ti

n
b) Produc
c) The supy
d) Reduce
5.1.1.6.5
When redug

following cd

a) Inthec

a

or, in thie case of'continuous sampling (Table 4):

a

al inspection is in effect, reduced inspection shall be instituted when the” follo
re all satisfied.

hse of lot sampling (Tables 2 and 3):

consecutive lots are accepted while on normal inspection;

hile on normal sampling, no nonconforming items have been found within a period of in
bns (including all inspected items whether on sampling.0r'screening) totalling atleast 10 {

fion is at a steady rate.
plier’s quality management system is considered satisfactory by the responsible auth

 inspection is considered desirable by the responsible authority.

Reduced to normal

ed inspection is in effect, normal inspection shall be instituted when one or more @
nditions occur.

hse of lot sampling\(Tables 2 and 3):

lot is withheld-from acceptance;

noriconforming item is found during sampling inspection.

(N) items. In this case the switch shall be from normal sampling to reduced sampling].

wing

spec-
imes

rity.

f the

b) Produc

tion becomes irregular or delayed.

c) The supplier’s quality management system becomes unsatisfactory.

d) Other conditions warrant that normal inspection be re-instituted.

If a switch is made while on continuous reduced sampling, the switch shall be to normal screening.

5.1.1.6.6 Discontinuation of inspection

If either condition a) or b) below occurs, the customer reserves the right to discontinue inspection
of the product until the causes of nonconformities are eliminated or other remedies acceptable to
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the customer have been instituted. When sampling inspection is restarted after discontinuation of
inspection, it shall be at the tightened inspection severity.

a) Inthe case of lot sampling:

the cumulative number of lots not accepted in a sequence of consecutive lots on original tightened
inspection reaches 5.

b) In the case of continuous sampling:

during a period of tightened screening, a nonconforming item is found before finding 7 consecutive
items and the number of items screened is equal to or greater than 10 times n,(T).

5.1.1 Preferred sampling inspection tables

5.1.2.1 General

See Annex D for examples, involving the switching rules, of the computations-involved in fletermining
compliance with requirements using the attributes, variables and continubus sampling plans given in
Tabl¢s 2, 3 and 4 respectively.

5.1.2.2 Sampling by attributes plans for lot inspection

5.1.2.2.1 Preferred plans

The preferred sampling by attributes plans for lots areidescribed in Table 2 for normal, tightened, and
redufed inspection. The number of sample units inspected shall be equal to the sample sjize given by
the plan even if a nonconforming item is found befere all items in the sampling plan are inspected

5.1.2.2.2 Acceptability criteria

The Jot shall be considered acceptable:only if no nonconforming items are found upon inspg¢ction of the
randpm sample of the size listed in Table 2.

5.1.2.3 Sampling by variables plans for lot inspection

5.1.2.3.1 Preferred plans

The preferred sampling by variables plans for lots are described in Table 3 for normal, tightened, and
redufed inspection-"The number of sample units inspected shall be equal to the sample sjize given by
the plan, even-if\d nonconforming item is found before all items in the sampling plan are ingpected

5.1.2.3.2 \(Limitations on use

Samylius b_y vartablesisnotto-beusedindiser iuliuatcl_y. Hsuseshat dcycud tpott eviden ce, prOVided
by graphical or statistical analyses, that the assumptions of independence and normality are being met.
See IS0 5479 [[11] for examples of tests for departure from normality. Attribute sampling shall be used
whenever the evidence fails to warrant the use of sampling by variables.

5.1.2.3.3 Nonconforming item

For the purposes of sampling by variables, an item of product shall be considered nonconforming if the
measured value of its quality characteristic is outside the specified tolerance.

5.1.2.3.4 Acceptability criteria

The lot shall be considered acceptable if its sample contains no nonconforming items and the applicable
k and F criteria (see Table 3) are met. If the sample contains any nonconforming item, or if the sample
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does not meet the k criterion, or if the sample does not meet the F criterion (when applicable), the lot

does not me

a)

et the acceptability criteria.

k criterion, single-sided specification. For a single-sided specification the quantity (x —L) / s or, in

the case of an upper limit, (U — x) / s, shall be greater than or equal to the acceptability constant k

d in Table 3 in order to meet the k criterion.

k criterion, double-sided specification. For a double-sided specification, each of the quantities

(x —L)/s and (U —x) / s shall be greater than or equal to the acceptability constant k specified in

Table 3 in order to meet the k criterion. When the VLs are not the same for both specification limits,
the higher-numbered VL, along with its associated sample size and acceptability constant, shall be

specifie
b)

used fol
c) F criter

quantit)

Table 3
51.24 C(Cq
5.1.2.4.1

The preferr
normal, tigh

5.1.2.4.2

The followi}
section may)

a) acontin
b) ample g
inspect
c) aprocej
5.1.2.4.3

At the start
when both

a) Allitem

b) Atleast

both sides.

ion (only applicable in double-sided specifications). For a double-sided specificatior
y F =5/(U-L) shall be less than or equal to the specified acceptability \constant
in order to meet the F criterion.

ntinuous sampling by attributes inspection plans

Preferred plans

ed continuous sampling plans for inspection by attributes are described in Table
tened, and reduced inspection.

Conditions for continuous sampling procedures

ng conditions shall exist before the continuotis sampling by attributes procedures o
be used for inspection:

uing stream of items;

pace, equipment, and manpower at or near the inspection station to permit 100 pe
on when required;

s that is producing or is gapable of producing material whose quality is stable.

Continuous sampling inspection procedure

of production,allitems are inspected. Sampling inspection may be initiated at freque
f the following eonditions are satisfied.

s of produot are of the same configuration and produced under stable conditions.

/ conisecutive items (see clearance numbers in Table 4) inspected are free of nonconform

, the
F in

1 for

F this

rcent

ncy f

ities.

0/ 3

Sampling in

43 i) 111 + H ad d 100 4 pa - £1 £o11
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conditions occur.

the production process is interrupted for more than three operating days;

conditions is no longer satisfied;

an item

having any nonconformity is found during sampling.

Sampling inspection can resume when conditions a) and b) for initiating sampling are satisfied.
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ing

the requirement that all items of product are of the same configuration and produced under stable
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5.1.2.4.4 Acceptability criterion

In continuous sampling, items of product are determined to be acceptable or not on essentially an
individual basis. While 100 % inspection is being performed, each item is individually inspected and
categorized as a conforming or a nonconforming item, and accepted or not accepted accordingly.
While inspection is being performed on a sampling basis, each item that is inspected is categorized as
acceptable or not acceptable depending on whether it is found to be conforming or nonconforming and

each

item not inspected is considered to be conforming and hence accepted. (See 5.1.2.4.5.)

5.1.2.4.5 Special reservation for a critical nonconforming item

Ina
all p1

5.2

5.2.1

In o]
impl
all p
stan
accej
syste
impl

5.2.2

The
throt
resp
doc

and
well

5.2.3

The

mod
indu
shall

dition to the provisions of 4.5, 1t a critical noncontorming item is found during samplé
oduct since the last conforming item was found shall be inspected.

Acceptance by supplier-proposed provisions

General

der for an alternative acceptance method to be considered, the® supplier shall e
ement an internal prevention-based quality management system as a means of e

lards. The acceptability of the quality management system)as part of the request foy
ptance method(s) is dependent on its compliance with.an industry-accepted quality 1
m model, demonstration of its process focus, and.the availability of objective evi
ementation and effectiveness.

Quality management system

inspection,

tablish and
isuring that

roducts conform to requirements specified by the contratt and associated specifications and

alternative
nanagement
dence of its

Juality management system shall be documented and shall be subject to on-site cust¢mer review

ighout the contract. It shall include, at"a’minimum, a description of the organization
bnsibilities, and resources and shall reference appropriate processes and proce

h] structure,
dures. Such

entation is hereinafter called the quality manual. The supplier shall maintain, lisseminate,

updjg; and improve the quality manual in order to ensure its continued use and accuracy

locumentation of the quality» manual shall allow for ease of use, review and audit by
hs customer personnel.

Prevention-based quality management system

The design
( internal as

quality management system shall be prevention-based. Common quality management system

bls that refleetthis philosophy include those described in ISO 9001 and ISO 9004, as ¥
stry-specific quality management standards and procedures. The quality managen
also reflect additional needs in accordance with the requirements of this Internation

Regardlessof the model chosen, the quality management system shall demonstrate its preve

outld

ok-by meeting the following objectives throughout all areas of contract performance:

vell as many
hent system
al Standard.
ntion-based

a)

on product or process quality;

b)

)
d)

e)

f)

©IS

products and services meet or exceed customer requirements;

quality is deliberately and economically controlled;

the quality management system is understood and executed by all personnel having any influence

emphasis is on the prevention of process discrepancies and product nonconformities;

discrepancies and nonconformities that do occur are readily detected, and root cause corrective
actions are taken and verified;

sound problem solving and statistical methods are employed to continuously reduce process

variability and, in turn, improve process capability and product quality;
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g)

records are maintained to indicate implementation of the quality management system and
effectiveness of the control procedures.

5.2.4 Process focus of quality management system

To demonstrate a process focus, the supplier shall demonstrate that the manufacturing process and
its related processes have been studied and are understood, controlled, and documented to show that

consistently producing conforming product,

1 L b - |
controlled=asfar upstreant as possSIoiT,

they are
a)
b)
c) robust{
quality
d) operate
e) designe
targete
f) manage
g) designe
order td
5.2.5 Obj
NOTE D¢

Standards lis

5.2.5.1 Ex
a) Process
of nonc
b) Identifi
cycle, 4
6-sigmg
c) Identifi
rates an
d) Results
e) Results
and imp

o variation in equipment, raw materials, and other process inputs, and designedto'y
product,

d with the intent to constantly strive to reduce process/product variability;

d to utilize manufacturing equipment with objectives of minimwm Wariability ar
| values,

d for continuous improvement, and

d and controlled using a combination of manufacturing practices and statistical methg
ensure defect prevention and process improvement.

pctive evidence of quality management system ifmplementation and effectiveness

btailed information for many of the items in thisssubclause can be found either in Internaf
ted in the Bibliography or in textbooks.

[amples of evidence regarding process improvement

flow charts showing the key contnol points where action is taken to prevent the produ
nforming product.

cation of process improvement techniques and tools used, e.g. Plan-Do-Check-Act (P
ilure modes and effects-analysis (FMEA), Pareto analysis, cause-and-effect analysig
capability.

d process capability indices.

of the imiprovements from the use of these process improvement tools.

of properly planned experiments that led to reduced common cause variability of a pr
roved productivity.

eld a

pund

ds in

ional

ction

DCA)
and

Fation of the meaSures used, e.g. trend analysis, cost of quality, cycle time reduction, defect

cess

5.2.5.2 Examples of evidence regarding process control

a)

b)

c)

d)

20

Identification of the scope of use of process control techniques, e.g. statistical process control (SPC),
automation, gauges, set-up verification, preventative maintenance and visual inspection.

Process control plans, including the improvement goals and statements of management

commit

ment to SPC.

Approaches and supporting data used to determine if suppliers have adequate controls to assure
nonconforming product is not produced and delivered.

Descriptions of the required training in SPC and/or continuous improvement, i.e. the number of
courses and their content, courses required for personnel at each organizational level and function
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f)

g)

d)
e)

.3.3 Examples of evidence regarding product conformance
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associated with the quality management system, the qualifications of the instructors or trainers
for SPC classes, support by management to attend such courses, and information demonstrating

the effectiveness of the training.

Identification and definition of the interrelations of all departments (e.g. production, engineering,
purchasing, marketing, administration, etc.) involved in SPC and quality improvement, their

responsibilities, and the use of teams.

When applying control charts, the reasoning behind establishing rational subgroups and sampling

frequency; the procedures for determining and updating control limits; and the
determining out-of-control conditions.

criteria for

dentification of key process parameters that directly affect one or more speGif
haracteristics, verification of the correlation of such parameters to those charactg
escription of the manufacturing process steps responsible for these parameters,

dentification of personnel responsible for process-related corrective actions

roper measurement system analyses showing measurement variations relative
ariation.

raceability of the product and traceability of the process carypective action(s) takd
rocess exhibits statistical instability, documenting the identification and elimina
ause(s).

ontrol charts showing the process in statisticalcontrol in accordance with the criter
5.2.5.2f).

ecords of product and process corrective action(s) taken when nonconformities occur.

ied product
bristics, and

o the total

n when the
tion of root

a suggested

rocess capability studies consisting;of the correct calculation and interpretation of indices, such

s Cp and Cpk.
istory of product inspectioniresults reinforced by statistical data and analysis;

esults from in-process(control methods, such as 100 % automated assembly and/or in

spection.
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Annex A
(informative)

Why accept-zero?

The accept-zero plans in this International Standard were formulated with a clear understanding of the
following points:

a) observg
noncon|

b)

c) accept-4

It can never
given below]

Custom
product]
examplg
would b

Ifthe ug

per million nonconforming), then allowing one or twainonconformities in a sample of size n =

n=100
populat]

Use of i
suppliel
is accep

It should be
the only pos
of excessive
Process con
that the pro
needed whe
of this Intern
plans are se

expectdtion of no nonconformities in an entire population of product can be unreasorable;

nce of zero nonconformities in a sample does not imply that the population hg
ormities;

Lheless be desirable to use sampling plans that accept zero nonconfermities for the red

ers generally donotlike to give the perception that some smalllevel of percent nonconfor

e, n =100, accept-on-oneis used, how could a supplier notget the impression that the cust
e perfectly satisfied, if not elated, to receive productthat is, say, 1 % nonconforming?

er really expects product whose quality level is nearly perfect (say, for example, 0 to 20 |

would be inconsistent with the user’s wishes:It would seem to contradict the claim th4
ion is of a low parts per million nonconferming level.

lans with accept numbers greater thian zero of themselves tend not to foster a desire o
’s part to continuously improve.(If the supplier knows that a certain percent nonconfor
table, there is little incentive,to continuously improve.

understood that if accept:zero plans are used as a “stand-alone act”, one could expect
sible way higher qualitylevels would be attained would be because of the supplier’y
lot rejection. Process)controls are needed to stabilize, monitor, and improve proce

Ccess controls areindeed working. In this International Standard accept-zero plans arg
n the process controls are not yet in place or have not yet reached a mature level. The t]
national Standard is that process control is of primary importance; acceptance sam
condary:

ero plans may not be as discriminating as plans with accept numbers greater than zerjo.

no

sons

ming

is acceptable or even tolerable. Whether intended or4iot; when a sampling plan of, for

pmer

barts
b0 or
t the

n the
ming

that
fear
sses.

trols are then accompanied by accept-zero plans, if necessary, to verify or “spot check”

also
neme

pling
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Annex B
(informative)

Disposition of lot when customer acceptance is withheld

B.1 The decision on what to do with a quantity of goods when the inspection results or the objective

evides

nea faile 0 vnnnt thn Aconntanon cndbnia o ha o oo nracace Tha oot frnas
ce—+ahr5—te+1he = teHa—cah—oe— o9€eS H

munlas
et—te €eptaree—€rt €OMPprex—7Ppr S—Re-ReSt+reqds

howg¢ver, is simple: the customer refuses to take the goods and refuses to make payment and

eithd

This

a)

b)

c)

B.2

r scraps the goods or tries to sell them to another customer; usually at reduced prices.
outcome may not be reasonable for either party in some circumstances. Somg€xamplg

the customer may absolutely need the product and has no other sourcesthat can provi
in a timely, economical manner;

the supplier may have no other customers for the product and the economic loss from s
goods is too high;

the objective evidence may show a deviation from the acceptance criteria small enough|
product useful to the customer.

In these situations, there may be negotiations hetween the customer and the supplier

outside of the initial scope of the contract, and the seope of this International Standard. T

para
They

braph (B.3), lists examples of the types of events/considerations that can occur in the
are provided for information, but with a strong caution: the customer’s contractual obl

when a lot fails the acceptance criteria, and.all subsequent actions are, in essence, modific

conty

B.3

act.

(Acceptance/rejection of the.lot’with known nonconformities.) Disposition actions

nt outcome,
the supplier

tS are:

e the goods

‘rapping the

to make the

that extend
ne following

Tegotiations.

gations stop
wtions to the

can depend

on the frequency, nature and severity of the nonconformity, and the degree of fitness-for-use of the
nonconforming item. Customers "often delegate their decision authority to their repres

entatives on

and critical
A proposed
ubmitted by
ed to

5 no feasible
e Jot may be

duct utility

mindr characteristics, and merely monitor that decision process for adequacy. For major
charqcteristics, the customer rarely permits its representatives to make disposition decisions
modification to the contract may then take the form of a waiver request, which would be s
the sppplier for the.customer’s approval. Disposition actions could include, but are not limitg
a) I{ltright rejeetion of the lot: if the nonconformity exists throughout the lot and there i
eans available to screen the lot or to rework or repair the nonconformity, the entir
gcrapped,
b) ‘use as-is”: the degree or frequency of nonconformity is deemed not to impact prg
sufficiently to make it unusable to the customer. Note that when this decision is made routinely, it is
likely that the requirement is too tight, and should be reviewed,
c) ‘“repair/rework”: corrective actions on nonconforming items. Generally, the customer wants a voice
in the rework or repair procedures to assure that product quality is not degraded in any way,
d) full, partial or zero screening of the lot:

The customer may decide to disallow the supplier’s screening and re-presentation
lot if the supplier’s screening process is considered suspect by the customer.

the characteristic(s) for which acceptance was withheld.

© IS0 2017 - All rights reserved

The screening requirement of this International Standard can also be an area of negotiation.

of the entire

The customer may decide to allow the supplier to screen and re-present the entire lot only for
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— Alternatively, the customer may allow the supplier to screen and re-present only sub-sets of
the lot for the characteristic(s) for which acceptance was withheld. These sub-sets might be
isolated nonconforming quantities that have come from identifiable sources. The remainder of
the lot could either be accepted outright, or it could be accepted based on the outcome of further
sampling.

— When screening is expensive, or the test is detrimental to the product in some way, or if the
objective evidence or process trends show minimal deviation from the norm, the customer may
be willing to consider waiving this requirement. The modification to the contract then may take
the form of a waiver request by the supplier, prior to a decision being made regarding screening.
Disposition of such product should then be based upon review by competent authority, generally
the[contracting olficer. UI COUTSE, the screening requirement could also be waived angl the
product accepted via specification provisions/contractual agreements;

e) the samjple size, the lot acceptance criteria, and any other requirement of the sampling tables of
this doqument may also be waived or amended by a contract modification when neCessary to meet
customer needs. Statistical data, if available, should be considered in making decisions concerning
modificption of the sampling requirements.

B.4 Usually the customer will require consideration from the supplier for~acceptance of a lot] that
has not pasped the acceptance criteria. The consideration is generally financial; however, it can|take
other forms|of “value”. In summary, this International Standard covers-the process steps up to product
acceptance. |It uses the phrase “Acceptance withheld” rather than “Rejected” because that point pften
represents the start of a totally separate process, whereby the customer and the supplier neggtiate
changes to tfhe basic contractual agreement they have, which was-to exchange money for a quantity of
totally confgrming items.
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Graphical representation of switching rules

( stat )
_/

Lot witheld?

Normal

screening

‘Acceptance
witheld on 2

Yes 10

consecutive lots
accepted? consecutive

lots?

Tightened
screening

5Jats
not.accepted?
[S€e511.1.6.6 a)]

Yes

Causes
corrected and
5 consecutive
lots
accepted?

Diseontinue
inspection

out of 5 or fewer

Yes

Irregular
or delayed
production?

Yes

Supplier's
quality system
nsatisfactory?,

Other conditions?

No

Reduced

screening

Figure C.1 — Switching procedures for lot sampling
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Yes

Other conditions?

Start
Yes Supplier's
quality system
Normal unsatisfactory?
screening
No

2nd
ngnconforming Nonconforming Irregular or
tem in last item found? delayed
b X n,y (N)? production?
p—
To tightened

screening

onconforming
item found?

Normal clearance
number satisfied?

Frpm tightened Normal Reduced
screening sampling No sampling
At last
No 2nd Yes No 10 % ng (N)? Yes
NCRESATOFMING Nomconforming—x ftermrmspected
item in last item found? since the last
5 & na (N)? nonconforming

item?

To tightened
screening

Key
a Inspected items from sampling and/or screening.

Figure C.2 — Switching procedures for continuous sampling
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sampling
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item?

Key
a  Inspected items from sampling and/or screening.

Figure C.2 — (continue)

Tightened
screening
No No
Long Yes No ; Yes
screening period? Nonconforming\\ I Tightened b \ Tightenjed
item found? clearance number sampling
[See 5.1.1.6.6 b)] ’ satisfied?
Discontinue
inspection
At last
Yes 5 x na (T)? Yes
items inspected since Nonconforming
the last item found?
nonconforming
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Annex D
(normative)

Examples of use of sampling systems

D.1 Introduction

This annex
and 5 of thi

the supplier

D.2 Examples

D.2.1 Saraleling by attributes

j[lustrates how to implement the three types of sampling systems described in_Glauj
b International Standard. The examples explain how to use Tables 1 to 4, how to-appl
switching riiles, and how to do some of the requisite calculations. In addition, this annexyexplaing
can modify Table 4 to some extent by calculating and using other values of j-and f.

ses 4
y the
how

Wing nuts alre to be inspected for missing thread. A verification levelj4(VL-4) has been specifiedl The
producer chooses to use plans for sampling by attributes from Tablée 2. Lot sizes may vary because of
production ¢lecisions. A segment of the producer’s experience is shown in Table D.1.
Table D.1 — Inspection log for sampling by attributes
Lot Lot Code | Sample Noncon- Lot Severity Action
number | §ize |letter size formances | disposition | (T/N/R)
1 4000 D 160 2 Withhold ac- N Begin with normal sampling,
ceptance VL-4.
2 D00 A 80 0 Accept N
. 2 lots out of 5 or fewer failpd to
3 o000 | C 128 1 Withhold ac- N |pass.Switch to tightened YL-4.
ceptance
Check process.
4 1000 B 256 0 Accept T
5 1000 B 256 0 Accept T
6 D00 A 200 0 Accept T
7 2000 C 320 0 Accept T
Process corrected and 5|con-
8 24500 C 320 0 Accept T secutive lots accepted. Syitch
to normal VL-4.
9 3066 € 128 6 AcTept N
10 5000 D 160 0 Accept N

D.2.2 Sampling by variables (single-sided specification limit)

The maximum temperature of operation for a certain device is specified as 98 (measured in degrees C).
Verification level 1 (VL-1) has been specified. A lot of 40 items is submitted for inspection in accordance
with sampling by variables. Table 3 requires a sample size of ny = 4 for code letter A. Suppose the
measurements obtained are as follows: 92, 87, 84 and 96. Compliance with the acceptability criteria is
to be determined. The computations are shown in Table D.2. The lot is accepted, as it meets all of the
applicable acceptability criteria.

28

© ISO 2017 - All rights reserved


https://standardsiso.com/api/?name=d71b5c9c603844b583194752be45f93d

ISO 28594:2017(E)

D.2.3 Sampling by variables (double-sided specification limit)

The minimum temperature of operation for a certain device is specified as 82 (measured in degrees
Celsius). The maximum is 98. Verification level 1 (VL-1) has been specified. A lot of 40 items is submitted
for inspection in accordance with sampling by variables. Table 3 requires a sample of size ny = 4 for
code letter A (CL-A). Suppose the measurements obtained are as follows: 92, 87, 84 and 96. Compliance
with the acceptability criteria is to be determined. The computations are shown in Table D.3. The lot is
accepted, as it meets all of the applicable acceptability criteria.

D.2.4 Continuous sampling

Avis
aften
prod
size

lette
segn]

D.2.

The |
Certs

frequency is application-dependent, e.g. if it matters that i or 4)/fbe a multiple of pallet size

and (
tailo

a)
b)

c)

Producers willing to sample at rates higher than f can reduce i substantially.

Table 2; and

[Talnspection of stamped metal parts for the presence of a spot weld will be performed
items pass through a spot-welding station. Verification level 2 (VL-2) has been.sp
uct will be submitted for continuous sampling-by-attributes inspection. The preduct
s an 8-h shift, which initially will consist of between 700 to 800 welded parts; With VI
- C (CL-C) from Table 1, the values of i and f (Table 4) are found to be 116 and)1/48, re
ent of sampling experience is shown in Table D.4.

b Continuous sampling — Plan tailoring

broducer may opt to use another continuous sampling plan instead of the one specifie
hin circumstances make such choices desirable. Sometimes-the selection of a clearanc

apability of screening and sampling crews are yet further considerations. The only re
ing the sampling plan are the following:

i change to the sampling plan shall not be allowed . while inside a screening sequence;

he AOQL of the new plan shall be no greater@han the AOQL of the corresponding attril

Table D.2 — Exaimple of the computations for a single specification limit

mmediately
ecified. The
ion interval
-2 and code
bpectively. A

d in Table 4.
e number or
Availability
trictions on

utes plan of

he sampling frequency (f) of the new plan shall be no less than the sampling frequiency of the
Table 4 plan.

Line Informationmneeded Symbol Formula Result Explgnation
1| [Sample size ny 4 See Table 3
2| |Sum of measurements 2 X 359
X
3| |Samiple mean X Z 89,75 350 / 4
nV
4 |Sum of squared measurements 2 x?2 32 305
2
5 |Correction factor fe (Zx) 32 220,25 3592 / 4
nV
6 |Corrected sum of squares Sc sz — fc 84,75 32305 -32220,25
7 |Sample variance 52 Sc/(ny-1) 28,250 84,75/ 3
NOTE 1 The k acceptability constant is the minimum allowable value for the quality index, Q.
NOTE 2 The F acceptability constant is the maximum allowable value for the value F of the sample, F.

© ISO

2017 - All rights reserved
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Table D.2 (continued)

Line Information needed Symbol Formula Result Explanation
8 |Sample standard deviation s /SZ 5,315 /28 25
9 Lower specification limit L Not applicable
Upper specification limit U 98
Lower quality index QL ()? -L)/s Not applicable
10 |Upper quality index Q, (U-Xx)/s 1,552 (98 - 89,75) / 5,315
Quality index 0 min(Q, , Q) 1,552
11 |Samgple Fvalue 13 s/(U-L) Not applicable
Numlber of nonconforming items c 0
See Table 3
12 |k acc¢ptability constant k 1,18
See Table 3
F acceptability constant F Not applicable
c accgptance criterion c=07 Yes
13 |k acc¢ptance criterion Q=k? Yés 1,552>1,18
F acceptance criterion 13- <F? Nof applicable
NOTE 1 The f acceptability constant is the minimum allowable value for the quality index, Q.
NOTE 2 The Facceptability constant is the maximum allowable value ferthe value F of the sample, 13'
Table D.3 — Example of the computations/for a double specification limit
Line Information needed Symbol Formula Result Explanation
1 |Sample size ny; 4 See Table 3
2 |Sum ¢f measurements 2 X 359
3 |Sample mean X z X 89,75 359 /4
nV
4 |Sum ¢f squared measurements 32 305
5 |Corrdctiondfactor fC 32 220,25 3592 /4
6 |Corrected sum of squares .S'C 84,75 32 305-32 220,25
7 |Sample variance s2 Se/ (ny-1) 28,250 84,75 /3
8 |Sample standard deviation S /SZ 5,315 ,28, 25
9 Lower specification limit L 82
Upper specification limit U 98

NOTE 1 The k acceptability constant is the minimum allowable value for the quality index, Q.

NOTE 2 The F acceptability constant is the maximum allowable value for the value F of the sample, F.
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Table D.3 (continued)

Line Information needed Symbol Formula Result Explanation
Lower quality index Q (x-L)/s 1,458
10 |U 1 . d ) U-%)/ 1,552 (8975 - 82) /5,315
er quality index —-X)/S k
pperd Y Qu (98 -89,75) / 5,315
Quality Index Q min(Q, , Q) 1,458
11 |Sample Fvalue I:" s/(U-L) 0,332 5,315 /(98 - 82)
Number of nonconforming items c 0
SeeJable 3
12| |k acceptability constant k 1,18
SeeTable 3
F acceptability constant F 0,370
c acceptance criterion c=07 Yes
1,454>1,18
13| |k acceptance criterion Q=k? Yes
“ 0,332|< 0,370
F acceptance criterion F <F? Yes
NOTI 1 The k acceptability constant is the minimum allowable value for the qualitixindex, Q.
NOTE 2 The F acceptability constant is the maximum allowable value for the/altré F of the sample, ﬁ'
Table D.4 — Inspection log for continuous sampling
Product :
. Code | Frequency | Severity .
ifem letter or 100 % T/N/R Event/Action
number
1 C 100 % N Start production: Begin screening phase with i =|116.
8 C 100 % N Find a nonconforming item: reset counter.
o i =116 consecutive conforming items cleared: Begin sampling
24 c 100 % X phase with f=1/48.
|70 C 1/48 N First randomly sampled item selected: Found it o conform.
200 consecutive conforming inspected items (116 from screening
4024 C 1/48 N + 84 from sampling) observed. Since 200 equals|10 times the
Table 2 sample size entry for CL-C and VL-2, swit¢h to reduced
inspection with f=1/68.
4096 C 1/68 R Next randomly sampled item selected with f=1/68.
Production interval size tripled (2 100 to 2 400 ifems instead
8[309 C 1/68 R of 700 to 800 items): End CL-C and begin CL-E sampling phase,
f=1/136, since VL-2 and reduced sampling inspectioh are in effect.
slaas B 1/136 R First r:.mdomly sampled item selected Wlth_ new f=1/136:
Found it to conform. Continue random sampling
Anonconforming item observed: Switch to normgl inspection.
10 617 E 1/136 R Initiate screening phase with i = 228, since CL-E and VL-2 are
in effect.
o i =228 consecutive conforming items cleared: Begin sampling
10845 E 100% N phase with f=1/96.

Suppose the same situation exists as in the beginning of the preceding continuous sampling example
(code letter C, VL-2), but the producer desires a smaller i (at the cost of a larger f). Using one of the
following two procedures a customized continuous sampling plan with a larger f, a smaller i and an
AOQL no larger than the AOQL of the corresponding attributes plan of Table 2 can be determined.

a) Suppose the producer prefers to start with a plan where i = 50 instead of the 116 specified in
the preceding continuous sampling example shown in Table D.4. Let AOQL,; be the AOQL of the
corresponding attributes plan. Then we can calculate frequency fusing the formula
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"(p—AOQL,

o q (p | ) (D.1)
AOQL, +q'(p—AOQL,)
where
1

AOQL, = (D.2)

(n, +1)[1+i]na

na

q=1-p;

ng is the corresponding attribute plan sample size, and

p is thie process fraction nonconforming, selected at the level that maximizes f via'the following
formulg:

1+[A0QL_)(i)

- D.3
P 1+1 (D-3)

AOQL; shou|d be calculated to at least 6 decimal places for accurate results. Note that the AOQL; s listed

in the tableq of Annex E are approximate.

In the abovle example, the AOQL, is 1,79 %, so for i =50, pcwill be 0,037 and f will equal (,139
(approximately 1/7). Therefore, an i value of 50 may be uséd instead of 116 if fis increased from

1/48t01/7

b)

32

If fis preselected instead, i is determined by the formula:

. In[(F)(A0QL, )]~ In(p — AOQL, ) ~ In(1 - f9 (D.4)

In(1-p)

where g is systematically varied until i has been maximized.
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