PRACTICAL
ACCEPTANCE

SAMPLING

A HANDS-ON GUIDE

GALIT SHMUELI

UNIVERSITY OF MARYLAND



ISBN-13: 978-1-461-04130-6
ISBN-10: 1-461-04130-9

Copyright © 2011 by Galit Shmueli

ALL RIGHTS RESERVED. Printed in the United States of America. No part of this work may be
used or reproduced, transmitted, stored or used in any form or by any means graphic,
electronic, or mechanical, including but not limited to photocopying, recording, scanning,
digitizing, taping, Web distribution, information networks or information storage and
retrieval systems, or in any manner whatsoever without prior written permission.

For further information see www.galitshmueli.com



Table of Contents

o =] - Vo= U 1
Chapter 1: Introduction.......cciiiiiiiiiiniiiiii i s s s s s sran s ssanans 3
1.1  Acceptance Sampling in Industry and COmMmErce .......ccccoccvivivireeieccccciieeneennn. 3
1.2  Who Should Understand Acceptance Sampling?......cccccocoeeviiiiinerieccccciieieeeen. 4
1.3 What Are Sampling PIans? .......coo ot e e et ee e e 4
S =Y ¢ 4 011 Vo] o = TSR SRS 5
1.5 What determines a sampling plan? .......cccciir i 6
Producer’s SIde: ...ttt eee e e e e r e e eee e e neee 6
CONSUMET’S SIAR: ..ttt ettt tee e st e et e eeeemeeeenneeenee e meeeeaneeennnean 6
1.6 ProbBIEMS ..ttt e eee et et ee e e et e e et e et e et e enre e e aeeaneeeenneens 7
Chapter 2: Single-Stage Plans for Attributes (Categorical Measurements)............. 9
2.1 Computing Acceptance Probabilities ........ccccceeveeiiiiiii e 9
Example: Acceptance Sampling of Automobile Tires......cccceeeeviiivireeiecccccinnnee 10
Consumer’s View: Per-Batch Computations.........ccccceveiviciiiiirieicccccciieie e 10
Producer’s View: Manufacturing Process Computations ..........cccccceeeeeicinnee 13

2.2

2.3
2.4

2.5
2.6
2.7

Equivalence of Producer and Consumer

Computations in Large BatChes ........ccciiiiiiir i 15
The Operating Characteristic (OC) CUIVE ......ccouiiieeciiieeeiieie e ee e 15
Effect of n and c on Acceptance Probabilities and Risks...........ccccceiiieennnnne 17
Designing @ SamMpPliNg Plan ... ...t e e e e 19
ANSI/ASQC 71.4 (Military Standard 105-E) Tables.......ccoeeeveeiiieeeeeceeeeciees 20
Design of Sampling Tables ... e e e 20
LI ] o] (O LT (SRS 20
Online Plans: SQCONIINE.COM ...ttt nieenriee e eceee e e sreeeeeeeeaneeenene 23
Single-Stage Plans for Multiple Defects-per-Unit .......ccooociiiiiiniiciciciiiein e, 26
Sampling Plans for Specified Producer and Consumer Risks .........c.cccccvenen. 27
PrODIBIMS L.ttt e eee et e e e e eeee e e e srne e e eeeeneeesnneenns 28



Chapter 3: Double-Stage Plans for Attributes.......cc.ccccicciiiiiiiiiiiiiciininninnn, 31

3.1 Double-Stage Sampling Procedure .........cccuveviiieiecciiieie e e 31
3.2 Why Use Double-Stage PIans? ..o e et ee e e e 31
3.3 Probability of Acceptance and OC CUIVES........ccoceeeciiirireeeecercciiie e e e eeeesecvneeees 32
Example: AUtOMODIIE Tir€S ....uviirieie et et e e e e e ecarre e eeae s 32
3.4  Expected Amount of INSPECtioN......ccii i 34
3.5 ANSI/ASQC Z1.4 Tables (Mil-Std105E) .....ccccuirieiaieeeeereee e eee e 35
LY o] (O LT - USRI 35
ONIINE PLANS ...ttt e eee e e e e e eeesaneeeneee e eeecaneeesnnean 36
3.6 Problems o e e e e e r e e eee e nee 37
Chapter 4: Rectifying Sampling Plans ..........cccciiiiiiiiiiiiiiniinninsnssn s 39
4.1 Single-Stage Rectifying Plans ..o e 39
(0 aToTo R ] o F= 38 ¢ =1 o Vo [ ol OSSPSR 40
AOQL-Based PIans........ccoiuiiiieiaiiinieeiceeeaeeenneenneeeerseeeeeneeesneeesseeeaneeesneesens 40
LTPD-Based PIANS ......cccuiiiiei e iienireeeeieeeeieee e e seeeceeeesaneeeseaeenneesenneeesnneenn 42
4.2  Double-Stage Rectifying Plans ........cooi oot r e e e 43
.3 ProbBIBIMS ettt et et s r e e eee e e e ene e e eeeeneeeenneen 46
Chapter 5: Inspection Plans for Variables (Continuous Measurements)..........c.... 49
5.1  Example: Organic Milk Distribution ..........cccccoiiiiiiiiii e 49
5.2 Specification LIMItS ... e ettt e e eeee st ae e e e eeee s nnnee s 49
5.3 PrOCEAUIE ...ttt et et e e e e e et e r e e neeeeaneeenee 50
5.4  The Normality ASSUMPLION ......vuiiiiiiiie et e e eestrae e e e eeee s rneee s 51
What if normality is not a reasonable assumption? ..........cccccciiiiiiiiiiiinnennn. 51
5.5 Known vs. Unknown Process Standard Deviation ........ccccccceiiiiieiceninnnnnn 52
5.6 k-Method: Distance of Sample Mean from Specification Limit...................... 53
Lower Specification Limit ...t ee e et ee e 53
Upper Specification LimMit........cccvie ot ee e e eccirae e e e 55
5.7 M-Method: Limit on Proportion of Non-Conforming ltems.........ccccceeeuunneee. 55
Lower Specification Limit ...t ee e et ee e 55

Upper Specification LimMit........cccvie ot ee e e eccirae e e e 57



Double Specification Limit ......c..cuiiiiiiiiicccie e e 57

5.8 ANSI/ASQC 71.9 Tables (Military Standard 414) ........ocoeeeeeeeeeeeeeceeeeeeeeeeenns 57
DT Fed o Yo IF=Y o] L=T PSSR 58
LI ] o] (O LT (SRS 58
ONIINE PLaNS. ... ettt tee e s e seeeeeeeene e e snee e reeeneeesaneesnnes 63
5.9 Sampling Plans for Given Producer and Consumer Risks .........ccccccveviiicinnnee 65
510 Problems ..ottt ettt e e e s e e e e neeeeneeesnneenns 66
Chapter 6: Continuous SaMPliNg......cccciiiiniiiiiiniii s 69
6.1 Continuous Sampling Plan 1 (CSP-1) ......cccciiiiiieicieeeecie et 70
PrOCEAUNE ... ittt ettt e eee et e e e e e eeeeaneeeenne e neeeeaneeeenneenns 70
Performance Measures and Choosingiand f........ccocoririreiciciiiiinee e 71
NON-ReCHTYING CSP-1 ...ooiiiiiiecie et e e e e et ee e e eeeenarnnee s 74
6.2  Continuous Sampling Plan 2 (CSP-2) ......ccoccciiii ettt 74
6.3 Mil-Std 1235 Tables. .. oottt e saee et 75
CSP-1 N0 CSP-2 ..ttt et ettt et et se et se e sbeeeneeeaee et aaee 75
Plan CSP-F for Short Production RUNS.........ccccciiiiiiiiiiieriiinnieeneeeecseeenneenns 77
MuUlti-level Plan CSP-T ....coi it ciiienieenreeerreeeeieeesreeeneeeceneeesnneeseeseeeeesnneenns 78
PIAN CSP-V .ttt ettt ettt ettt se e b eaee eate et et et et enaes 78
6.4 ONlINE PIANS....ciiiii ittt cteeeeeee e essree e eeesaneeennee e eeeeeneeesnneenns 79
6.5  Skip-Lot SAmMPliNg PIans .....cco o e e 80
6.6 Problems ..o et e s ee e e eeeeneeeeaneens 82



Chapter 1: Introduction

1.1 Acceptance Sampling in Industry and Commerce

In today’s manufacturing world, the path from raw materials to final product often
takes place over multiple companies and across multiple continents. A company
selling laptop computers has likely sub-contracted different parts to different sub-
contractors. The assembly might take place in yet another plant. And the packing
and shipping, from yet another location. In order to assure a certain quality level,
companies use inspection at the different supply chain stages.

Acceptance Sampling, also known as Sampling Inspection, consists of quality
assurance schemes designed to test whether the quality of batches of products or
services conform with requirements, based on inspecting only a sample from each
batch. The use of sampling inspection relies on the premise that products need not
conform 100% with specification requirements, and it is often more economical to
allow a small percentage of non-conforming items to pass on for later rejection than
to bear the expense of 100% inspection. Acceptance sampling provides criteria and
decision rules for determining whether to accept or reject a batch based on a
sample. Civilian I1SO acceptance sampling plans and their military counterparts (Mil-
Std) are commonly used standards in industry. These plans dictate the sample size to
be drawn from each batch, and the requirements that the sample must meet to
assure that the entire batch is of acceptable quality.

Acceptance sampling is useful for testing the quality of batches of items, especially
when a large number of items must be processed in a short time. However,
acceptance sampling is not a method for monitoring or improving the quality of a
process. It is important to keep this in mind and to use other quality control tools
such as control charts for monitoring and designed experiments for improvement.

The origin of Acceptance Sampling is in World War I, for testing the quality of bullets
in the United States’ military. The need for sampling arose from the destructible
nature of bullet testing. In general, acceptance sampling is needed either when
inspection is destructive, or when inspecting each item (100% inspection) is
prohibitively expensive or time-consuming.
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Acceptance sampling is commonly used in contracting and sub-contracting, where
the contractor wants to assure the quality of the incoming goods or services. For
example, a school providing lunch services inspects the food quality on a daily basis.
A large cosmetics company inspects the quality of the products in each shipment
that it receives from its overseas manufacturers. A large mining manufacturing
company in the USA uses acceptance sampling to inspect machined parts from its
vendors. The famous coffee chain Starbucks uses acceptance sampling to assure the
quality of coffee shipments from its different suppliers.

“Because of Starbucks’ high volume, coffee exporters competed to become suppliers.
For its part, Starbucks cultivated long-term relationships with its suppliers, providing
training working closely with them. For quality control, Starbucks extracted three
different samples from every shipment: one before the export was arranged, one just
before shipment and one on arrival at the roasting plant. At each stage Starbucks
reserved the right to refuse the shipment.”

(from The Starbucks Brand case study, Rotman School of Management, University of
Toronto, accessed Mar 14, 2011)

Acceptance sampling is also commonly used by manufacturers or suppliers
themselves, as a tool for audit or compliance. A well-known vendor of child safety
car seats inspects the quality of its products using acceptance sampling. A call center
audits a sample of calls in each shift to assure quality service. A manufacturer and
exporter of home textiles in India employs inspection after the fabric cutting stage,
after sewing, and after packing. Manufacturers of electronic parts in China use
sampling inspection to assure that shipments of their parts will be up to the standard
of their purchasing companies.

1.2 Who Should Understand Acceptance Sampling?

Everyone who is involved in the inspection phase should be literate of what
acceptance sampling is, how to deploy it effectively, and what sampling plans
guarantee. This includes management, R&D, and quality personnel. In particular,
production and process engineers, manufacturing and design engineers, purchasing
agents and managers, and quality engineers, inspectors, supervisors, and managers.

1.3  What Are Sampling Plans?

Acceptance Sampling is based on the notion of probability: Although we cannot
deduce from a sample about the exact quality of the entire batch, we can reach
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conclusions with a given certainty level. For example, using a sampling plan and
examining a sample, we might conclude that “we are 95% certain that the percent of
non-conforming items in the entire batch is no more than 1%”.

Sampling plans consist of criteria, such as the size of the sample to inspect and
decision rules which tell us whether to accept or reject the batch, based on the
quality of the inspected sample.

Samples are typically drawn at random. Drawing a random sample is sometimes
operationally costly or inconvenient, for instance, when a shipment consists of many
boxes that are piled one on top of the other. However, random sampling is
extremely important for drawing correct decisions. Although it might be easier to
sample all items from the top-most box, the sample information might be biased if
the top-most box is slightly different in quality from all the other boxes in the
shipment.

Sampling plans are divided into two general categories, depending on the quality
property that is being measured:

e Sampling plans for attributes are used for pass/fail (go/no-go)
classifications such as whether a phone call disconnects, and for the number
of non-conformities, such as the number of disconnected calls per hour.

e Sampling plans for variables are used for continuous measurements such as
the length of a phone call.

Sampling plans can also range from single-stage plans, where a single sample is
drawn from a batch, to double-stage plans, where one or two samples are taken, to
multiple-stage plans, where one or more samples are drawn.

1.4 Terminology
The terms Jot, batch, and shipment are used interchangeably to denote the

collection of items to which an accept/reject decision must be made. The size of a
batch is denoted by N.

The term sample refers to a subset of a batch that is typically drawn at random, and
is fully inspected. Sample size is denoted by n.



6 Introduction

Producer refers to the party who manufactures or creates the good or service of
interest. The producer is assumed to produce items on a regular basis.

Consumer refers to the party who purchases goods or services from the producer.
The consumer receives batches of goods or services from the producer.

We use X to denote the random variable measuring the quantity of interest in the
sample. For pass/fail data, X measures the number of failures in the sample. For
example, if a sample of phone calls contains 3 disconnected calls, we denote this by
X=3. For continuous measurements we use X; to denote the measurement of the it
item in the sample. For example, if the first milk carton in a sample of 10 cartons
contains 500cc, we use the notation X;=500.

p is used to denote the proportion of non-conforming (“failed”) items in the batch.

1.5 What determines a sampling plan?

Producer’s Side:

A producer produces items on a continuous basis (think of a production line). Let us
assume that the production line quality meets a baseline requirement called
Acceptable Quality Level (AQL). The producer would like to assure that batches from
this process will be accepted with a high probability.

The producer’s risk (denoted «) is the chance that a batch from a process with
quality AQL is rejected.

Consumer’s Side:

The consumer cares about the quality of individual batches. The consumer’s required
per-batch quality is called Lot Tolerance Percent Defective (LTPD). The consumer
would like to reject batches with quality LTPD or worse with high probability.

The consumer’s risk (denoted f8) is the chance that a batch with quality LTPD or
worse is accepted.

A sampling plan is a scheme aimed at balancing the requirements of the producer
and the consumer. It does so by balancing the consumer’s risk (a) and the
producer’s risk ([3).



Problems

We will formalize these concepts in the next sections, within the context of specific
sampling plans.

1.6 Problems

1) What are two advantages of acceptance sampling over 100% inspection?

2) What is the main purpose of acceptance sampling?

3) “Bee Healthy” is a coop of honey collectors in India. The coop regularly inspects
batches of their honey jars to assure that quality is up to the standards of an
organic certifying agency. A honey jar can either be conforming or non-
conforming. Each batch consists of 300 jars.

a) Should “Bee Healthy” use sampling plans for attributes or for variables?
Explain.

b) Is “Bee Healthy” considered the producer or the consumer? Explain.

c) What is the meaning of the producer’s risk in this case?

d) How should a sample be drawn from each batch of 300 jars?



