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13.1 What It Means

This was populanzed by Dodge and Romig, and was onginally apphed by the U.S. military
fo the testing of bullets during World War [I.

This process is called Lof Acceplance Sampling or just Accepfance Sampling

Deciding about the lot, based on what has been found in sample i1s, In statistics, known as
Statistical Inference

Two common types of acceptance sampling are:

1. Acceptance Sampling by Attributes ("go, no-go”, or similar to control chart for
attributes)

2. Acceptance Sampling by Varlfables {similar to control chart for variables).

%



There are several situations when 100% inspection is not often practical:

e When testing is destructive, otherwise all the products will be lost
e When inspection costs are very high

® When many similar products are to be inspected

e When efforts required for testing is very high

e When time and technology limitations are high

» When the population or lot size is very large

» When the population is geographically scattered over a large area

e Supplier’s quality history is good enough to justify less than 100% inspection

I Sampling gives you a
reasonable solution to
this problem




13.3 Types of Sampling plans

Single Sampling

Attribute Sampling

Double Sampling

Acceptance
sampling plans

Multiple Sampling

seqguential Sampling

Variable Sampling

Continuous Sampling

ial Attribute
mipling

Chain Sampling

Skip-lot Sampling




13.4 Some Definitions Related to Sampling Plans

Acceptable Quality Level (AQL):

This is the poorest quality level of the supplier’s (or the producer’s) process that the
consumer would consider to be acceptable as a process average. T

This can also be considered as a percent defective that is the base line requirement for
the quality of the producer’s product.

13.5 Parameters and Symbols Used

N = Total Number ol products/units in & lot or batch

1 = Number of products/units to be inspected from a batch

[ = Number of nonconforming products/units in a sample of size n

¢ = Acceplance number, or maximum allowable number of nonconforming products in a sample of size n
P = Fraction nonconforming

F, = Probability of acceptance

o = Producer’s risk (probability of Type | eror, as defined earfier)

B = Consumer’s risk (probability of Type Il emor, as defined earlier)



13.7 Single sampling plan
Single sampling plan is the simplest and the shorteslt plan
A sample (of size n) is drawn from a batch or lot (of size N).

If the number of nonconforming units is less than a predetermined nunber (known as
acceptance number ¢), then the lot or batch 15 accepted, otherwise rejected.

Let's assume that a sampling plan states thal —

Lol size N = 1000, sample size n = 30 and acceptance number ¢ = 3.

[ If no. of nonconforming units < 3 pieces ]_.. Accept the entire lot

[ If no. of nonconforming units > 3 pieces ]—h Reject the entire lot

Since the acceptance {‘go, no-go’ type) follows hinomial distribution, the probability of
acceptance has the following equation.

¢ (n) -
Fa=1X [}p (1-p)" where, p is the fraction nonconforming .....oe.eeeeeseenes (1)

1=0\1



Example: Single Sampling Plan
A company produces a batch of 1000 products.

An agreement between the producer and the customer specifies the followings
Order Batch size N= 1000 units, Sample size n = 30 units, Acceptance number c = 2
Plot the OC curve for this sampling plan.

Solution:

P, = Probability of acceptance ; p = Fraction nonconforming.
For p=0.01 =
2 (30
P=5 [ _ }ﬂ.:}n’ﬂ—ﬂ.ﬂn”"
i=0h 1

=P (0 nonconforming) + P (1 nonconformung) + P (2 nonconforming)
o [[3;} ](0.01}“{1 ~00 u“”'J +[[Ef][ﬂﬂl]]{1—ﬂ.ﬂ1}3n_1

+[[-];1J(u_m}2{1-n_n1 H} b

=[0.7397] + [0.22415] + [0.03283] = | 0.99668




Similarly,
For p=0.03 — P, =[0.4010] + [0.37206] + [0.16685] = 0.93991
For p=0.05 —* P, =[0.214638] + [0.3389] + [0.258636] = 0.81217
For p=0.07 — P,=[0.11336] + [0.25599] + [0.27938] = 0.64873
For p=0.09 — P, =[0.05905] + [0.1752] + [0.25126] = 0.48551
For p=0.11 — £,=[0.030317] + [0.112414] + [0.20146] = 0.34419
For p=0.15 — P, = [0.00763] + [0.04039] + [0.10337] = 0.15139
For p=0.17 — P, = [0.003735] + [0.02295] + [0.068166] = 0.09485

1.0
Figure 13.3:
Table 13.1: Probability of acceptance values. . $081 The OC curve for the example.
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13.8 Double Sampling Plans

Reyect the iot

Raject the ot

Accept the ot




The above procedure can be explained with an examplie. Suppose that —
N=3000n,=40 n,=80,¢c,=1,¢c,=4

« The above double sampling plan paramelers mean that a batch of products
contamng 3000 units is to be mspecled

@ |n the firsl atternpt (tnal). 40 units are randomly drawn and inspected. If the
number of nonconforming units D, < 1, then the entire lot (3000 units) is
accepled, without requinng the second tnal.

= |f the number of nonconforming units D, > 4, then the entire lot 1s rejected,
without requinng the second tnal.

# |f the number of nonconforming units D, = 2, or 3 or 4, then another
sample of size 80 units s taken and nspected.

« |l the number of nonconforming umits from both the samples (D,+ D.) = 4, then
the lot 1s accepted. Otherwise, the ol is rejected



Example: Double Sampling Plan

A company and its customer have agreed io follow a double sampling plan, with the following parameters:

Lotsize N=3000, Firstsamplesizan,=40, ¢,=2, Second sample size n;= B0, ¢, =4

P} = Probabiiity of acceptance in the first sample; P1' = Probability of acceptance in the second sample

F =Tum1prnbubiﬁtyufunmptm:ﬂinﬂmanmhhﬂdﬁﬂtmdsmmdmmple=ﬂ! +Pé1

The lot 15 accepled after the first sample, D, =0, or 1, or 2. Thus, for fracton
nonconforming value, p = 0.05, probability of acceptance in the first sample is -

Pl = %[‘T]m_uﬂu— 0.05)%0-

j=0

= P (0 nonconforming) + P (1 nonconforming) + P (2 nonconforming)

(e s

+[[ ?](n.ni:.”u_mﬁﬁm}

= [0.128512] + [0.27055] + [0.27767)

= 067673

+—— probability of acceplance in the first trial (1)



If O3 > 4, then the entire kot is rejected, without taking the second sample.
A second sample (of size 80) is taken only if D, = 3 or 4.

The lot will be acceptable afier 2nd trial, if (D, + D;) = 3 or 4.

Frobable combinations for this situabon are given below:

| D,=3 and Dy=0 — Probabiity of sccaplancais 75 (Dj =3.D; =)
or
D=3 and Ds;=1—= Probability of acceptanceis Pi (D =30y =1)
O
D.,=4 and D,=0 — Probabiilty of acceptance is B (Dy = 4,0y =0)

PUD =3 Dy =)= [[?}-u-ujf a-gon¥-? |:-| [“ ku.m'n -0.053%-9 | = 0.003057

FiYDy =305 =) --[ ':}n.uﬂ’u-m;ﬂ-!] [”]gu o5l hmfn—l = 0012867
FANDy =4,Dy =)= ‘Iiﬂm‘u-um*"] [”]m 05)* 1~ -tmﬂ'“"'J =0.001488

Thus, for the above three combinations, total probability of acceptance in 2nd tnal is -

P! = 0.003057 + 01287 + 0.001488
-ummﬁ}— Prob. of acceptance in the 2nd ftrial ._ 2)




As a resull, total probability of acceptance in two tnals is (from eq. 1and 2)-
Py =Pi+P3' =067673+0.017415= 0604145 for p = 0.05:

Similarly for other p values, probability of acceptance need lo e calculated, for construction
of OC curve.

Figure 13.5 A typical OC curve for a
PRI double sampling plan
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13.11 Military and ANSI Standards

[uuum] During World War Il

for inspecting quality of ]

standard | bullets
«In 1950, _ Military Standard 1054 |
Attribute sampling pl (MIL-STD 105A)
+In 1863, " Military Standard 1050 There are a few
Modified plan . (MILSTD10SD) | = minor
! . ﬂ,—v differences
eihen stapea -[ \ ANSIASQC 71 4 between the two
%

=

ul, both use the same standard lables (Tables
S-1, 5-2, 5-3) are given in the appendiox of this
book (also appendix of this presentation))

Since a large number of buyers of Ready-made Garments are from the USA, many RMG
producers in Bangladesh are enforced by the hwerslu!nihusun[;slan:lﬂﬂs-

This standard addstionally specifies a set of rules 1o switch from one type of mspechon o
anather (e.g. normal, tightened, and reduced inspechon) and inspection levels (e.g. Level
|, Il and IIl). These are explained in the following sections.



13.11.1 Type of inspection and rule of switching

Three types of inspections are available, depending upon degree of severity of
nonconforming situabon, or quality status of products.

1) Normal mspection
2) Tightened inspection
3} Reduced inspecton

The quality inspection starts with Normal Inspectiaon and conlinues as long as the
products are at AQL or better.

Tightened ||  Normal | Reduced
Inspection Inspaction Inspaction

Figure 13.9° Swilching between rules



1. Narmal to Tightened b

As stated earier, the process starls with Normal Inspection. One can switch to Tightened
Inspection Hhunnutn{hrecummmﬁ lots/batches are rejected. The wea behind this

switching is to impose tight control on inspechon
2. Tightened 1o Normal

When Tightenad Inspection is active, one can switch to Mormal Inspection if fve
consecutive lols/batches are acceptable

31 MNormmal to Reduced

When Normal Inspection is active, one can swilch to Reduced Inspecton when all four
conditions, stated below, are true:

a) The earler 10 consecutive lols are acceptable under Normal Inspecton.

b) Total number of nonconforming units in the earler 10 lots 15 equal 1o or less than
the acceptance limit numbers

c} Preduction i sieady and no signal s evident for any untoward incidence.

d) Reduced Inspecton s desired for some meaningiul purpose

Similarty "Reduced to Normal". .. __.



13.11.2 Inspection level

L
The sampile size s deterrmned based on — balch/lot size and inspection level required.

There are three mspection levels m practice — Level |, Il and 111

1) The second level (lewvel Il) 1s prachced under normal siuation

2) 1st level (Level 1) for loose control with less accuracy, requires about half of the
sample size taken in Leved NI

3 3rd level (Level HI): for bght control with hugh accuracy, requires about dauble of the
sample size taken in Level 1.



Table S-1: Sampling Plan Table
{(MIL-STD 105D and ANSUASQC Z1.4)

— [:}__ s
: General Inspection Levels

Lot size (unsts) I T I
2-8 A Al B
915 A B C

16— 25 B C D

26 = 50 C D E

51 — 90 C E F

91 — 150 D F 3

151 - 280 E G H
281 = 500 F H ]
501 — 1200 G ] K
1201 — 3200 H K L
3201 = 10,000 I L M
10,001 - 35,000 K M N
35,001 — 150,000 L N P
150,001 — 500,000 M p Q
300,001 — more N Q |4

M B Selecton of an Inspecton Level depends on production
system lype and accuracy required (Normal - Level 2)



Table 5-2: Single Sampling Plan (MIL-STD 106D and

ANSIASQC Z1.4)
;
Sample | Sample Acceptable Quality Level (AQL)
Sure SLPe 1% 1.5% 2.5% 4 % 6.5% 10% 15%
code A RijA RK|IA RJ|JA K|A RJ|JA ERKJ]A R
A . 0 1
B 3 V] 1 | 2
L I .3 . 1 214 I
D 8 0 1 | 2|2 313 4
E 13 1] 1 1 2|2 3|3 415 @
F 20 11 raF 3|3 415 6|7 B
G 32 1 ra ¥ 313 4|5 6|7 Bl1D 11
H 50 1 212 3|3 415 G (7 Bl10 11 )14 15
J 80 & 3{3 443 6|7 2110 11014 15]21 22
K 125 3 413 67 g|110 11|14 15|21 2
L 200 5 67 8110 11 |14 15|21 22
% 313 I g§110 11§14, 15|21 22
N 300 10 11|14 15 EI*H
P 500 4 15|21 22
2 1230 i1 I3
R 2000

A = Acceptable number of defects

K = Rejectable (Rejection) number of defects

Nota: Similarly, thera 1s
"‘Double sampling” table S-3




