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Now, [ am going to discuss under acceptance sampling a part 1 an important topic called
the design of sampling plans and with numerical exercises and as I have already told you
that there are the 2 kinds of sampling plans you come across one is the general purpose
the sampling plans we have already referred to like single sampling plan double
sampling plan multiple sampling plan, but you need to use you know, but the different

the special purpose the sampling plans under the special conditions.

So, we will be discussing certain the special purpose sampling plans in specific terms
will be referring to change sampling plan, sequential sampling plan as well as the plans

for the continuous production.
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Design of Sampling Plans

* Any sampling plan is defined in respect of its parameters.
While lot size is specified, we need to determine the values
of the parameters in such a way that certain conditions are
fulfilled.

* For example, you may determine the parameter values of a
single sampling plan such that conditions or criteria in
respect of producer’s and consumer’s risks are met.

* The procedure employed to determine the parameters in
this context is referred to as designing a sampling plan.
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So, this will be our coverage in this particular the lecture session now the design of
sampling plan is an very important issue whenever you try to use acceptance sampling
the techniques in your work place; obviously, now you have to the select appropriate
sampling plan and while you select an appropriate sampling plan you also must know as

an expert as a learner.

The design procedure of a sampling plan; that means, how to design a sampling plan you
must know and then only if the design process is known to you then only it is most likely
that the selection of an appropriate sampling plan is based on scientific logic and the
selection is proper. So, any sampling plan is defined in respect of it is parameters we
have already pointed out while lot size is specified it is pre specified whether it is 2000
or 5000 or 10000 capital N we need to determine the values of the parameters in such a

way that the certain conditions are fulfilled.

So, any design exercise when you carry out; obviously, you know these design exercise
is carried out to meet certain goals or to meet certain objectives for example, you may
determine the parameter values of a single sampling plan such that the conditions or the
criteria in respect of producers and consumer discs are met is it, we have already pointed
out that the there will be producers risk, there will be consumer risk, whatever may be

you know the design quality of a sampling plan. So, what you need to know; that means,



you specify the acceptable values of alpha and acceptable value of the beta and then you

need to design or even need to recommend a sampling plan.

So, these there could be many other the such a criteria you need to use or need to
consider while you design a sampling plan the procedure employed to determine the

parameters in this context is referred to as designing a sampling plan is it clear.
(Refer Slide Time: 04:16)
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Designing a Single Sampling Plan Using the OC Curve

* Four values must be specified. They are a, B, p; (= AQL), and
P2 (=1QL)

* The OC curve must pass through the two points:
(1-a, p;=AQL), and (B, p, = LQL).

*  Using binomial distribution, we have the following equations:
1-a= T (i1 - p)™
B=Ziko(p)pa( - po)"™
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4 values must be specified as already pointed out right the alpha, beta, what is alpha, is

the producers risk, what is beta, is a consumer risk, what is p 1 ; that means, p 1 is
considered to be a very good quality. So, it may be conceive considered as AQL
acceptable quality level and p 2 may be considered could be a bad quality or the poor
quality and this may be referred to as LQL limiting quality level.

The OC curve must pass through the 2 points; that means, suppose you specify all these
4 values and you design a sampling plan against a sampling plan you need to construct
the OC curve and these OC curve must pass through all these 2 points that is 1 minus
alpha p 1 and beta p 2 is it. So, this point already we have elaborated when we were
discussing that the OC curve. Now how to determine the values of the decision variables
using binomial distribution; that means, you are considering a series of lots we have the
following equations; that means, what is 1 minus alpha; that means, when the

probability. So, this is i equals to 1 to ¢ and; that means, the c is the acceptance number



and the value of say for the non conforming in a particular sample may be 0 or may be 1

up to the acceptance number that is c.

So, nci p to the p 1 to the power i into 1 minus p 1 to the power n minus I, similarly if it
is a beta; that means, this is sigma 1 equals to 1 to ¢ and 1 varies from 0 and c is the
acceptance number nci p to the power p 2 to the power i into 1 minus p 2 to the power n
minus i; that means, these are the 2 equations you have and how many unknowns you
have, you have the unknowns of ¢ and unknowns of n is it so; that means, what are the

parameters, the parameters are the sample size n and the acceptance number c.
So, you have 2 equations and the 2 unknowns.
(Refer Slide Time: 07:08)
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Designing a Single Sampling Plan Using the OC Curve

* Here, the unknown variables are n and c. Both these
equations are non-linear and hence, solving them
simultaneously for n and ¢ will not produce, in all
likelihood, a direct or closed-form solution.

* Hence, such a direct analytical approach is avoided in
view of the practical difficulties.

* One may have to use a trial-and-error procedure so
that both the equations can be satisfied
simultaneously, as closely as possible.
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Now, the unknown variables are n and c, both these equations are non-linear and hence

solving them simultaneously for n and ¢ will not produce, in all likelihood a direct or a
closed form solution, this is a high chance that will not be getting a closed form solution.
Hence such a direct analytical approach or analytical approach is always preferred, but in
this case what you see or what you observe is that, that the analytical approach may not

provide or may not the lead to a closed form solution.

So, hence in this particular context a direct analytical approach is avoided in view of the
practical difficulties is it. So, one may have to use a trial and error procedure so, that both

the equations can be satisfied simultaneously as closely as possible.
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Designing a Single Sampling Plan Using the OC Curve

* Asampling plan is to be designed so that one or more criteria are to
be satisfied. Hence, while we proceed for designing a sampling
plan, this stipulated criteria are to be known.

* We explain the procedure of designing a single sampling plan under
the following three specific conditions:

» Condition-1: Stipulated producer’s risk (with AQL)

» Condition-2; Stipulated consumer’s risk (with LQL)

» Condition-3: Stipulated producer’s and consumer’s risks.

* For all three cases, We will follow the trial-and-error procedure.
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So, while you would design a sampling plan you will find that we will be adopting at the
trial and error approach instead of adopting analytical approach I think the reason is very
clearly understood that why we are preferring a adopting a trial and error approach, a
sampling plan is to be designed. So, that one or more criteria are to be satisfied is it like

say criteria like alpha, a criteria like say the beta.

Hence while we proceed for designing a sampling plan these stipulated criteria are to be
known; that means, what are those stipulated criteria you must know, we explain the
procedure of designing a single sampling plan under the following 3 specific conditions
is it say the condition 1: stipulated producers risk with AQL that means, the designer
wants to design a sampling plan in such a way that the producers risk condition is
satisfied as stipulated, condition 2 : is you are bothering about the consumer risk you are

not bothering about the producers risk.

So, you design the sampling plan in such a way that the stipulated consumer risk
condition is satisfied so; obviously, when you define consumers risk you refer to LQL it
must be defined with respect to the LQL similarly you may face a situation called face
the condition 3; that means, the stipulated producers and consumer risk. So, 3 cases we
will be referring to and we will give you the solution approach or the design approach for

all these 3 cases we will follow the trial and error procedure.
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Condition-1: Stipulated Producer’s Risk (with AQL)

The procedure is as follows:

» Select a sample size of 1 (c = 1). P, = 1- o at p=AQL Assuming
Poisson approximation to binomial, we get the values of A.
(from cumulative Poisson distribution table for x = 1). As A =
np =n x AQL, this unknown n is known. Hence, againstc=1, n
is known.

» Repeat the procedure, as outlined in (1), for two other values
of ¢, say ¢ = 3 and ¢ = 5 to determine the crossponding values
of n.
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The procedure is as follows select a sample size of 1 ¢ equals to 1 pa is equals to 1 minus

alpha for p equals to AQL assuming poisson approximation to binomial we get the values

of lambda, lambda is equals to n into p is it.

From cumulative poisson distribution table for x equals to 1 because c is 1; that means, x
is equals to 1 if you refer to the poisson distribution cumulative poisson distribution
table, as lambda equals to np equals to n into AQL this unknown n will be known hence
against ¢ equals to 1 n is known the value of n will be specified repeat the procedure as
outlined in 1 for 2 other values of ¢ says ¢ equals to 3 and ¢ equals to 5 to determine the

corresponding values of n is it right.
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Condition-1: Stipulated Producer’s Risk (with AQL)

» As ¢ increases, n also increases. As both ¢ and n
increase, the OC curve becomes steeper and hence,
with increased (n,c) values, the value of consumer’s
risk (B) is less.

» However, as the sample size, n increases for a better
protection against consumer’s risk, this inspection
time and cost may be higher.

» Based on preference given to protection against
consumer’s risk or inspection time/cost, the

a1 (=] "
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So, as ¢ increases n also increases as both ¢ and n increase the OC curve becomes steeper
and hence with increased n, ¢ values the value of consumers risk is less is it. That means
if you have you know the stiffer OC curve what you will find that the consumer risk, at a
particular value of LQL will is expected to be very very less; however, as the sample size
n increases for a better protection against consumer risk these in the inspection time and
cost may be higher is it. So, that is why we always prefer; that means, whether we make
a decisions whether you will opt for a higher values of n or r say the lower values of a

lower value of n.

So, based on preference given to protection against consumer risk the protection against
a consumer risk will be very very high if the sample size is more, but against if the
sample size is more the inspection time or the inspection cost may be higher. So, that is
why you have to make a decision that, which one we will ought for and accordingly you

decide that what is the best combination of n and c is.
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Condition-2: Stipulated Consumer’s Risk (with LQL)

« Same procedure as followed under condition-1 is to be
used.

* However, while deciding on the combination of (n,c),
you need to determine this possible protection level
against producer’s risk for each combination, and
based on performance given to protection against
producer’s risk or inspection time/cost, the
combination of (n,c) is selected.
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In the condition 2 that is stipulated consumer risk with a LQL same procedure is

followed under condition one is to be used; however, while deciding on the combination

of n and ¢ you need to determine the possible protection level against producers risk is it.

For each combination and based on performance given to protection against a producers
risk or inspection time or cost the combination of n ¢ is selected is it. So, this is the same
thing you repeat, but only thing here means the consumer risk a criterion say that you
fulfill, but you check that as the sample size increases what might happen that the
producers risk is come down, but, but then the if the sample size is more the inspection

time and the cost could be higher and that may not be acceptable to you.
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Condition-3: Stipulated Producer’s and Consumer’s Risk

* In this case, both the criteria need to be satisfied. However,
as the criteria are specified without knowing the shape of
the OC curve, It is most likely that both the conditions can
not be satisfied exactly.

* You have two choices- either you determine (n,c) in such a
way that it satisfies the producer’s risk criterion exactly and
the consumer’s risk criterion approximately as close as
possible or vice versa.

* The procedure as laid out for condition-1 or condition-2 s
to be followed for determining the combination of (n,c).
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So, the condition 3 is the both producers and consumer risks you have to mate. So, in this
case both the criteria need to be satisfied; however, as the criteria are specified without
knowing the shape of the OC curve it is most likely that both the conditions cannot be
satisfied exactly. So, this is the point to be noted you have 2 choices either you determine
n, ¢ in such a way that it satisfies the producers risk criterion exactly and the consumer

risk criterion approximately as close as possible or vice versa.

So, the choice is yours. So, you have 2 choices you have to adapt just one of these 2
choices the procedure as laid out for condition ol or condition 2 is to be followed for

determining the combination of n, c is it.
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Example

Find a single sampling plan that satisfies a producer's risk of 5% for lots that are 1.5%
nonconforming.

» Solution

We are given a = .05 and p;= AQL= .015. If we choose an acceptance number c = 1 for which
Table 1 gives np; =.355

+  the sample size is

355 355
n= ?-E-B.ET-M

If our acceptance number is 3, we have np; = 1.366, and the sample size is
1366
n—m—gi.ﬂ'}'—gl
If our acceptance number is 6, we have np; = 3.286, and the sample size is
3286

- 219.07 =220
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So, please go through this example and this example is related to finding a single
sampling plan that satisfies the producer’s risk of 5 percent for lots that are 1.5 percent
nonconforming. So, what is the solution, here alpha is 0.05 p 1 that is AQL is 0.015, if
we choose an acceptable number ¢ equals to 1 for which table 1 gives npl is equals to
0.355 the sample size is this is it; that means, this value you get from the cumulative
poisson means the n value you get that is the lambda is the(0.355 and this is the p 1 that is
0.15 that is 23.67 that is 24 is it.

It is approximated with 24 round it up for our acceptance if we are acceptance number is
3 we have n p 1 is equals to this one and the sample size is n equals to this; that means,
corresponding lambda values right and it is 91.07. So, how do you get these values; that
means, here it is 95 percent; that means, when the if you refer to the poisson the
cumulative poisson distribution table against a particular value of say the probability of

acceptance and a particular value of say x, x is already given.

So, that is ¢ equals to 3 the corresponding value of lambda you can read from the table
and that value is 1.366 is it, similarly when the acceptance number is changed to 6; that
means, X equals to 6 probability of acceptance is 0.9 5. So, if you refer to the cumulative
poisson distribution table you can get the value of lambda and that value of lambda is 3

0.286, if c is 6 n is 220 is it.
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Solution
TABLE 1 - Values of np for a Producer's Risk of 0.05 and a Consumer's Risk of 0.10
Accepiance Number, ¢ P, =095, np; Py =010, np3 npalnpy
0 0.0s1 2,303 44 84
1 0.355 3890 10.96
2 0818 5.322 6.51
3 1.366 6.681 4.89
4 1.970 7.994 4,06
Ly 2613 9.274 355
1] 3.2806 10,532 321
7 3981 11.771 206
B 4695 12.995 217
9 5426 14,206 262
10 6169 15.407 2.50
11 6,924 16,598 2.40
12 7.690 17.782 231
13 8.404 18.958 224
14 9246 20,128 218
15 10,035 21.292 2.21
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So, these are the possible values and, when pa is 0.95 np 1 corresponding values pa is

0.10 and p 2 that is related to the consumer risk and np 2 by np 1 these possible values

you compute is it.

(Refer Slide Time: 17:30)

Solution

IO.W 004 008 008 0.10 0.12 0.14 0.186
/o= AQL P a (P)

FIGURE 1 - OC curves of single sampling plans for stipulated producer's risk and AQL

Figure 1 shows the OC curves for these three sampling plans. Note that all three plans
satisfy the producer's risk of 5% at the AQL value of 1.5%;
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And then the OC curve. So, a single sampling plans for stipulated producers risk and

AQL. So, this is a one example we are provided. So, these figure shows the OC curves
for the 3 sampling plans note that all 3 plans satisfy the producers is a 5 percent at the

AQL value of 1 .5 percent is it.
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Solution

* However, they have varying degrees of protection against
acceptance of poor quality lots, which would be of interest to the
consumer. Of the three plans shown, n = 220, ¢ = 6 provides the
best protection to the consumer because it has the lowest
probability of accepting poor quality lots. However, we must also
consider the increased inspection costs associated with this plan,
because the sample size for ¢ = 6 is the largest of the three.

* (Note: We considered the values of ¢ of 1,3, and 6 for
demonstration purposes. Other values of ¢ could be selected as
well.)
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So, you just follow these examples later on I will give you several you know the

numerical exercises related to this and when you follow all these steps your
understanding will be very good that and you will know that how to design a single

sampling plan what is the procedures you have to follow.

So, here this point is that they have varying degrees of protection against acceptance of
poor quality lots which would be of interest to the consumer now of the 3 plan shown n
equals to 220, ¢ equals to 6 provides the best protection to the consumer this point we
have already elaborated as the sample size increases. So, you will have better protection
against consumer risk; however, it has the lowest probability of the accepted poor quality
lots we must also consider the increased inspection cost associated with this plan because

the sample size of what ¢ equals to 6 is the largest of the 3.

So, you have to make a trade off. So, this is the procedures we follow.
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* Designing a sample plan based on other tyoes of criteria is also
recommended in standardized sampling plans (as given Dodge-
Romig Plans)

* Two such criteria are as follows
(i) Stipulated Consumer’s risk, f with minimization of AT
(i) Stipulated AOQL with minimization of ATI
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And what we are saying that a grater you select the values of ¢ in such a way that they
are feasible designing a sample sampling plan based on other types of criteria is also
recommended in standardized sampling plans as given by as given in draw the Romig
plans 2 such criteria are as follows stipulated consumer risk beta with minimizations of

ATI stipulated AOQL.

We have already explained, what is AOQL with minimizations of ATI. So, ATI already
we have explained and similarly you know what is the consumer risk and the stipulated
AOQL. So, these 2 you know the sets of criteria also we have the considered while the

proposed you know the sampling plans with rectifying inspection.
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Special-Purpose Sampling Plans

* These plans are applicable in special situation. We have
already referred to such special situations while we discuss
the types of sampling plans.

* The following three types of special-purpose sampling plans
are commonly used:

» Chain Sampling Plan (ChSP)
» Sequential Sampling Plan (SeqSP)

» Continuous Sampling Plan (CSP-1, CSP-F, CSP-2, CSP-T and
CSP-V)
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Now let us the discuss the special purpose sampling plans there are many the different

types of say the special purpose sampling plans already developed by the several
researchers several practitioners as well as the several organizations. So, out of all these
special purpose sampling plans we will be referring to just 3 these are all important. In
fact, you must learn all these 3 types of a special purpose sampling plans, first one is the
chain sampling plan, next one is the sequential sampling plan and the third one is the
continuous sampling plan under continuous sampling plan you have these you know by

the 5 varieties as per the standards that is CSP -1, CSP -F, CSP - 2, CSP-T, and CSP -V.

(Refer Slide Time: 21:15)

Chain Sampling Plan (ChSP)

* In certain situation, the value of ¢ may be zero. This situation is
unavoidable, when the sample size, n is very small (< 10) due to use of
destructive testing in inspection or production rate is very slow.

* If you use a typical single sampling plan, the OC curve is convex, and
hence, even if with a slight change in incoming lot quality, there may be
substantial change in the probability of acceptance. This situation is not
acceptable in majority of the cases.

* The best alternative, under this constraint, is the chain sampling plan. The
working of this plan is as follows:

» A random sample of size n is drawn from a lot. If the number of
nonconforming units found, x=0, then the lot is accepted. If x22, then lot is
rejected. If x=1 then lot is accepted, provided each of all the previous
number of samplés drawn has no nonconforming units.
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So, briefly I will explain all these special purpose sampling plans now the chain
sampling plan is recommended when the value of ¢ is 0 now this the value of ¢ may be 0
when the sample size n is very small less than equals to 10 due to the use of destructive
testing inspection or the production rate is very slow. So, if the sample size is less than
equals to 10 say 8 or 7 in all likelihood you will find that you suggest that the acceptance

number must be 0.

If you use a typical single sampling plan the OC curve is convex and hence even if with
a slight change in incoming lot quality there may be substantial change in the probability
of acceptance this point already we have elaborated the situation is not acceptable in
majority of the cases. So, the best alternative under these constraint is the chain sampling
plan the working of these plan is as follows, a random sample of size n is drawn from a
lot and these the sample size is very very less, less than equals to 10 if the number of non
conforming units found that is x, x is basically a random variable x equals to O then the

lot is accepted.

If x is greater than equals to 2 then the lot is rejected if x equals to 1 then the lot is
accepted provided each of all the previous i number of samples drawn has no non

conforming units is it.
(Refer Slide Time: 23:05)
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Chain Sampling Plan (ChSP)

* The probability of acceptance of a lot, against an incoming lot quality p, is
computed assuming binomial distribution (as an approximation to
hypergeometric distribution).

» Pa=P(0,n)+P(1,n) [P0, n)]

* The shape of OC curve is indicative of inverted-S and hence, acceptable.
The shape is however dependent on the value of i,

+ The parameters of the plan: (n, ¢, i)
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So, it is conditional. So, how do you compute the probability of acceptance of a lot. So,

when the working of the chain sampling plan is as explained that is the probability of



acceptance is a probability that there will be 0 non conforming in n number of units plus
probability that there will be 1 n confirming unit in n number of units that is a sample
size provided that the previous i number of samples all are having 0 non conforming you

know 0 non conforming in the sample.

So, this is the condition and you must have this condition and with this condition even if
in the current sample you have one non conforming unit you are going to accept it, this is
the shape of the OC curve is indicative of inverted S and hence acceptable the shape is;
however, dependent on the value of i. The parameters of the plan is sample size the
acceptance number that is 0 and you have to specify the value of i whether it is 1 or

whether it is 5 that you have to specify.
(Refer Slide Time: 24:22)
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Chain Sampling Plan (ChSP)

* Atypical OC curve for such a plan may look like

ChSP-1 plan
1=

Proportion noncontorming (o)

FIGURE 2 - OC curves for ChSP-1 plans
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So, here is just an example what do you find that this is a typical single sampling plan

with n equals to 10 and ¢ equals to 0. So, you have this curve OC curve that is convex.
So, this is not acceptable what you do, you go for change sampling plan. So, sample size
is 10 and the rules you follow for acceptance and you just vary the value of i. So, when |
equals to 1 you will find that the shape of the those OC curve is like this whereas, if you
go for a say 1 equals to 2 or 3 4 or 5 as you increase the value of i you will find with the

increased value of i the shape takes the inverted S form and that is why it is accepted.
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Sequential Sampling Plan

* Itis an item-by-item or unit-by-unit sampling plan.
* The number of units required for sampling is
determined by the results of the sampling process.

* At each phase, based on the cummulative inspection
results, a decision is made to either accept the lot or
reject the lot or continue sampling:

* The working of such a plan can be described with the
following diagram:
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So, it is now, what is the sequential sampling plan, it is an item by item or unit by unit

sampling plan is it till now we have considered the lot by lot sampling plan. So, when
you refer to the sequential sampling plan this is that unit per unit sampling plan the
number of units required for sampling is determined by the results of the sampling
process. So, at each phase based on the cumulative inspection results a decision is made
to either accept the lot or reject the lot or continue sampling the working of such a plan

can be described with the following diagram.

(Refer Slide Time: 25:55)
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Sequential Sampling Plan
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! NPTEL ONLINE PROF PRADIP KUM/
IIT KHARAGPUR CERTIFICATION COURSES DEPARTMENT OF INDUSTRIAL AND ¢
IIT KHARAGPU




So, this is the diagram you have; that means, on the x axis you get the number of items
inspected and on the y axis you just get the value of number of non conforming items or
the units is it. So, you have these acceptance line and you have the rejection line and. So,
this is the acceptance region and this is the rejection region. So, you have these equations
for the rejection line, you have these equations for the rejection lines. So, this is your
intercept minus and this is the intercept for the rejection line that is hr. So, these are the
notations we used n is the number of units you inspect and what do you try to plot that is

the cumulative the number of nonconforming items.

So, you here all these cumulative number you know this is the continuous sampling
region and as soon as you reaches a rejection region. So, you have maybe you have say
inspected around say the 28 units and you find that the 3 units as the non conforming
units, but already you have reached the rejection region. So, you say that I will reject the

lot.
(Refer Slide Time: 27:23)

- s
Sequential Sampling Plan

* dg=-h,+sn

* d.=-h.+sn

ln[%“] In[=%)
k Tk

where, h, =
1-p1
- [1 le

p2(1-p1)
k= 0l g
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So, these are the equations you have please go through all these equations, this is the
equation for the acceptance line this is the equation for the rejection line what is S, S is
basically the slope and what you need to do; that means, you need to specify the
producers risk that is alpha along with the value of p 1 and good quality and similarly
you have to specify the value of beta along with p 2 that is LQL and then you apply all



these the formula and you get the expressions for say the rejection line acceptance, line

and the slope this is the expression for slow. So, all these details you will come to know.
(Refer Slide Time: 28:12)

I
Sampling Plans for Continuous Production

* A continuous production system is a special condition where lot formation may result in
disruption or stoppage and hence, not feasible.

+  Special-purpose sampling plans are recommended in continuous production system. (units
are produced on continuous basis). It involves fast non-destructive inspection of attribute
quality characteristics.

+  There are two main parameters for such a sampling plan: clearance number (i) and sampling
frequency (f).

* These plans are designed to achieve a certain level of AOQL in the long-run for a series of
units.

*  As per MIL-STO-1235C standard, there are five types of such sampling plans (continuous
sampling plans ) recommended :

# (SP-1, CSP-F

» (SP-2

» CSP-T,CSP-V

* Under this category, you may come across other types, developed by several
companies/manufacturing and service organizations.

' NPTELONLINE PROF PRADIP KUM/ L2
IITKHARAGPUR CERTIFICATION COURSES DEPARTMENT OF INDUSTRIAL AND ¢
IIT KHARAGPU

And you can define the sequential sampling plan now for a continuous say the

production you know the standard lot by lot the sampling plan is not acceptable because
in a continuous production scenario you cannot form the lot if you form the lot what
happens that there could be the desorption in the production system or you know there

could be the stoppage in the production system.

The productivity gets lost and you will not be getting a acceptable performance. So, this
is not acceptable. So, what do you try to do; that means, for the continuous production if
you want to use the sampling plan, you go by unit by unit sampling plan and what you
try to do; that means, you apply at the different or you use a different kinds of sampling
plans. So, there are 2 main parameters for such a sampling plan one is the clearance

number and the second one is the sampling frequency.

So, these plans are designed to achieve a certain level of AOQL in the long run for a
series of units. So, as per a military standard 1 2 3 5 c there are 5 types of such sampling
plans under continuous say the production scenario and these are referred to as the
continuous sampling plans. So, CSP 1, CSP F, CSP 2 and CSP T and CSP V under this
category you may come across other types developed by several companies and

manufacturing and service organizations.



(Refer Slide Time: 30:03).

Sampling Plans for Continuous Production
+ Procedure of CSP-1 is explained with the following chart

No

- -
100% of
e e

Yes

. The relationship between i and f is inverse
. Possible values of f : 1/2, 1/3, 1/4, 1/5, 1/7, 1/10, 1/15, 1/25, 1/50, 1/100, 1/200
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So, this is a typical the CSP 1 you start you go for 100 percent inspection of the units one
by one and then you check whether the I consecutive units conforming or not. If you
achieve this condition then what you do; that means, a condition of consistency is
reached. So, instead of going for 100 percent inspection now you go for the sampling
inspection with a sampling frequency of f is now during this phase if you find any non
conforming unit is it, you will immediately any non conforming unit. So, you
immediately you go for 100 percent inspection. So, if you go for any 100 percent
inspection, but. So, long you do not get any non forming unit under sampling inspection

you continue with a inspection at a sampling frequency f.

So, this is a sampling procedures we follow so; obviously, there are 2 parameters one is i
this is called the clearance number and f is the sampling frequency now; obviously, if i is
more the sampling frequency is less. So, the relationship between i1 and f is inverse and
what are the possible values of f as given in the standards that is it could be half, it could
be 1 third, it could be 1 fourth, it could be 1 fifth, if it is 1 fifth means out of 5 units you
come across you just select 1 unit for inspection and this selection is a must be a random

selection.

So, 1 upon 7, 1 upon 10, 1 upon 15 and it may go even 1 upon 200; that means, may be

say 1 value you have considered that is say 5000. So, what do you find that all the 5000



consecutive units 500 nonconforming so; obviously, the sampling frequency could be

very very less.
(Refer Slide Time: 32:18)

e
Sampling Plans for Continuous Production

* Standards are indexed with AQL values (between 0.01 to 10.0 in RS
series.

* (SP-Fis a CSP-1 plan indexed with the production rate.

* (SP-2 is a modified version of CSP-1 plan - occurrence of the first
non-conforming unit after sampling inspection is instituted is
ignored and occurrence of the second nonconforming within i
number of units under sampling frequency results in restoration of
100% inspection.

* In CSP-T plan we can reduce sampling frequency from f to f/2 to /4
provided no nonconforming units are found at each of these
frequencies. However, whenever a nonconforming unit is found at
any frequency, 100% inspection is restored.
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So, now there is a variation of CSP 1 now when the production rate is less what you try
to do; that means, you ought for CSP -F is basically CSP 1 plan, but it is indexed with the
production rate, you go for CSP 2; that means, in the CSP 2 what you do; that means,
when you in it is basically CSP 1, but the first time under sampling frequency when you

get a non conforming unit you ignore it is it.

But if you get the second a non conforming unit under sampling frequency definitely you
go back for 100 percent inspection. So, that is the main difference between the CSP 2
and CSP 1. Under CSP T plan we can reduce sampling frequency from f to f by 2 to f by
4 provided no non conforming units are found at each of these frequencies; however,
whenever a non conforming unit is found at any frequency 100 percent inspection is

restored.
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Sampling Plans for Continuous Production

* In CSP-V plan, a return to 100% inspection is needed whenever a
nonconforming unit is found within the first i sampled units when
sampling inspection at a frequency f is in effect. Once first i sampled
units pass, 100% inspection is restored if s nonconforming unit is
fc}und thereafter. However, the clearance number is restored by
2/3.

* Both CSP-T and CSP-V are used when the process is to be
economical by either reducing sampling frequency or by reducing
the clearance number. The necessary condition: a controllable
stable manufacturing process.
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In CSP V plan a return to 100 percent inspection is needed whenever a non conforming

unit is found within the first i sample units when sampling inspection is at a frequency f.
Once first i sample units pass 100 percent inspection is restored if S non conforming
units is found thereafter; however, the clearance number is restored by 2 third is it; that
means, both CSP T and CSP V are used when the process is to be economical by either
reducing sampling frequency or by reducing the clearance number so, the necessary

condition a controllable stable manufacturing process.
(Refer Slide Time: 34:11)
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So, all these details, please you know refer to all these special types of a say sampling
plans there are 3 types we have explained and the related to all these the sampling plans

will have in the numerical exercises later on as a part of your assignment later on.

So, we are concentrating on 3 special types that is one is the chain sampling plan, the
second one is the sequential sampling plan and the third one is the varieties of a
continuous sampling plans, mainly the CSP 1 we have we have discussed and once the
CSP 1 is known under the several other conditions you may ought for other varieties of

continuous sampling plan or CSP 2 or CSP V or CSP T or CSP F.

So, we conclude our discussions on the first part of the acceptance sampling in the next
week we are going to when they discuss the sampling plans of a for. So, the variables
data; that means, there are many cases related to particular quality characteristics you are
now collecting the variables data. So, how to say the design or how to use sampling

plans, when you collect a variables data, this part we will be discussing in the next week.



