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9.1 INTRODUCTION 

Quality of a commodity or service refers to those features which governs its usefulness for 
the intended purpose. The purpose for which a product is intended and whether it fulfils the 
purpose is normally decided by its ultimate user, i.e., customer. In practice, the customer 
does not usually reveal his mind; even lie does not usually define the quality and its level 
that he needs in clear terms but lie wants that his requirements should be met with. 

As a result, the manufacturer is forced to imgine and intelligently anticipate the needs as 
well as the changing taste of users and then he tries to provide at competitive costs. 

The success story of Jap'anese products is well known to us. Today, the world market is 
flooded with Japanese goods whether it is the field of electronics or of automobiles or home 
appliances. Japanese could compete world market over American or European goods owing 
to the unmatched qu;llity of their products. Thus, the simple logic behind this overwhelming 
success is emphasising quality backed up with productivity. 

In this unit, we will describe the concepts of quality, its control and lnanagement in an 
industrial organisahon. We will develop a simple working def-mition of quality, gradually 
extending to control leading to its assurance aspects. We will also cover some iniportant 
aspects of statistical techniques whicli are adopted for quality and its co~~trol. We will finish 
this unit with the modem system approach to quality with a brief overview of I S 0  9000. 

Objectives 
After studying this unit, you sllould be able to 

define quality, 

appreciate importance of quality and need for its improvement, 

describe controlling aspects d quality, 

describe inspection and their role in quality management area, 

differentiate between variables and attrihutes, 
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draw single sampling plan, 

conlpute Average Outgoing Quality Limit (AOQL), 

prepare control charts and perform capability analysis, and 

describe basic features of IS0  and benefits of certification. 

9.2 CONCEPTSIBASICS OF QUALITY 

Although quality is considered as a competitive prerequisite, yet despite of its 
acknowledged importance, it is probably nlost "inis-understood" concept. It is very 
unfortunate that people use the term "Quality" very lossely. Before we give a definition ,uld 
explanation, it will be rather good to share your own views on quality. 

In the space provided, write your own views and detiriition of quality of any conullonly 
known product, viz. car, watch, etc. Also write how it can be measured. 

Quality is used in a variety of ways. Frankly speaking, there is no clear definit~on of quality. 
viz. people sinlply try to relate quality with cost. To them, the best one or the quality itein is 
one which is most costly. Sometimes, people refer it to grade for example, nlilk of grade 1 
or 2 or pen of A grade or B grade. 

Many tlmes, people try lo relate it with some special feature of the product. viz. jtrong and 
tough, fire-proof, etc. 

From customer's point of view quality is often associated with its value, usefuliless or even 
the price attached. But when the same entity, i.e. quality is viewed from manufacturer's 
point of view, it is associated with the conformance to specifications, i.e. with producing 
products according to design and other specifications. 

One of the accepted definitions of quality by Dr. J. M. Juran is "FITNESS FOR USE" 
According to Phil Crosly, noted Quality Guru, "Quality is Conformance to requirements". 
Both these definitions dictate that Quality is a relative parameter and that is why it vanes 
froin persoil to person. By these practical definitions of quality we find that quality 1s a 
measure of how closely a product or service meets the specified standards laid for it. If the 
product or service lives up to the expectations, i.e. specified standards, it is of ll~gher quality 
otherwise not. 

9.2.1 Importance of Quality and Need for Improvement 
Perception towards quality has undergoile a sea change. Now-a-days the quality is not 
treated from product angle alone nor it is supposed to be the baby of quality control 
department rather it permeates in every thing that an organisation does. It applies to all types 
of organisations irrespective of their size, irrespective of their activities be it manufacturing. 
coi~struction or catering service. Now-a-days quality has turned into the total experience of 
the custonler with the organisation at all levels. Soine of the major ways that quality aftects 
an organisation are as follows : 

- Reputation and image of organisation 

- Liability 

- Productivity 

- Costs 

We are well familiar with the products/services rendered by Tata Group of Industries, 
watches by H.M.T., automobiles by Bajaj or toileteries by Godrej and Hindustan Lever. It is 
all due to quality of their products and its assurance. Reputation and iinage of ;m 

organisation is associated with quality and the cost of the goods/service that it ol'ters. 
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, Liability of the organisations towards the damages or injuries due to poor quality 
productslservices to the customer is the second issue. With the increasing awareness and 
role of consumer forums or courts, this issue is also very important. 

Next issue is that of productivity. Quality and productivity are often closely related to each 
other. According to the motto of Japanese companies "Quality is the easiest way to improve 
productivity", one can understand the importance of quality. For the survival of a company, 
quality backed-up with productivity is a must. 

Remember that it is the poor productivity and not the superior quality that makes product 
expensive. 

Poor quality increases costs incurred by the organisation. These include scrap and rework 
cost, warranty costs, replacement and repair costs after purchase. Cost of quality is a 
measure of cost to the firm for the lack of quality. It is very difficult to measure and often 
cannot be found in accounts books. But by overlooking or underestimating, we cannot lower 
its importance. One must be very careful as most of the cost elements are hidden. 

i Competitive pressure/complaints from the customer, professionalism and desire to increase 
sales all have a potential role in the need for improvement (Figure 9.1). 

Strive for 
Excellence 

Survival I Competition 

Increasing Custon~ers' (lomplaints and DRIVES FOR 
Expectations Suggestions from 

Customers 

Higher Profit I Globalisation of Trade 
Advancement of 

Technology 

Figure 9.1 : Driving Forces for Improvement 
t 

The role of management is significant in coordinating the forces, shown in Figure 9.1, and 
. the adoption of newer modem and cost effective inanagement approach. 

-, k 
9.2.2 Controlling Aspects of Quality 
According to common man's usage control means "making something to behave in a way 

.I we want it to behave". But the technical meaning of control is different. In fact control is 
standard of comparison for VERIFYING or CHECKING the findings of a process. 

! But upon extending the concept of control to quality control, one finds that above 

i definitions lack in one vital issue - FEEDBACK. Thus, a refined version would be as 

I quoted by Juron as, "The process of measuring quality performance comparing it to the 
requirements and acting on the difference". 

i 
l Thus, quality control is a regulatory process through which we measure actual performance, 

1 compare it with the standards set for it and act on the difference. 

The purpose of quality control activities does not restrict to manage the quality but even to 
maintain the assurance of continued high quality of products and service. Like any other 
control activity it also involves the measurement, feedback, comparison with the standards 
and correction where necessary. The word measurement immediately tells us that there is 
one more aspect of guality characteristic, i.e. qualitative aspect. 

: i Again qualitative aspect of quality itself leads to following two different categories -4 (i) Attributes, and 

1 (ii) Variables. 

I Attributes are actually countables. Situations like present or not present (a dichotomous 
classification). For example, materials may be defective or non-defective, accepted or 
rejected, go or no go. 

Management rrf Qoality 
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For attributes data. discrete distributions such as Binomial and Poisson are used tolnake 
inferences about the population characteristic being controlled. 

Variables are actually measurable. Examples of measurable quantities are dimensions. 
weights, telnperature and times. For variable data, we use continuous distrihut~ons such as 
normal distribution. 

Inspection 

Before going illto the details of methods to control quality it will be good if we fnnliliarise 
ourselves with the basic issues of col~ducting inspection. The sole purpose of inspection is to 
provide iilfornlation cor~cenliiig the degree to which itelm conform to a standard. 

Some i~nportailt issues pertaining to inspection are as follows : 

( 1) How much to inspect '! 

(2) At what points the process inspection should be carried out ? 

(3) Whether to inspect attributes or variables ? 

(1) The inspection n~ay  range from no or zero inspection to rigorous inspection inspecting 
each iten] many tiines as is the case with space vehicles, rockets, etc. But mn(1st ot the 
industrial situations lie in between these two extremes. i.e. zero inspection ancl 100CTc 
intensive inspection. 

No doubt, most of situatioils require some inspection but neither it is possihle nor 
economically feasible to critically examine each and every part or activity. 

The anlount of illspection needed is governed by costs of inspection and expected costs 
of passing defective items. 

* Optimum Amount of inspection 

F i r e  9.2 : Cost vs Amount of Inspection Grnph 

From.the graph given in Figure 9.2, it is very much obvious that the goal ofcourse is to 
minimise the sum of two costs. 

(2) Where to inspect - The right answer for this question varies from industry to industry 
as it depends on type of products, types of processes used, machines used, a id  the level 
of human involvement. 

Still in practice the following are typical inspection points : 

(a) Raw illaterials and purchased parts. 

(b) Finished products. 

(c) Before a costly operation is carried out. 

(d) Before an irreversible process. 

(e) Before a covering process, viz. painting, heat treatment, assembly that may hide 
defects. 

(3) Control procedures will differ depending on the characteristic of a product or service 
that is to be controlled, i.e., attribute data or variable one. For example, actual weight 
of cement bag can be measured whereas number of broken bottles in a shipment can he 
counted. 
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Statist~cs 1s (lie collection, analysis, iiilerpretatiol~ and presentation of data. 

9.3.1 Methods of Summarising Data 
Practical mcthods of sui~lmarising data stress simplicity. Sometimes one n~ethod prnvides a 
useful and complete bumnarisation. In other cases, two or even three methods are needed 
Lor complete clarity. Tllree key methods are the frequency distribut~on, histogram, and 
measures of central tendency and dispersion. 

The I'rerluency Distribution 

The frequency distribution is a statistical tool for presenting numerous facts in a form 
wliich m'akes more clear the central tendency and dispersion ;llong the scalc of 
measurement. 

Table 9.1 below shows "raw data" representing the tinle taken by a gang of 
mamtenat~ce n~en  on hundred different occasions for overhaul~ng a particular type of 
mnchi~~e. A practitioner scatwing these 100 facts has difficulty in grasping their 
meaning. 

'Table 9.1 : Time (in Minutes) for Overhauling a Particular Type 
of Machine on 100 Occasions 

Table 9.2 shows the same data after tabulation. Note how to tallies in the column 
"Tabulation" make more evident where is the central tendency and what is the 
dispersion. The column "Frequency" is nlerely a recorded count by these same 
tall~es. The column "Cumulative Frequency" shows the number of occasions with 
overhauling time equal to or lesser than the associated overliauling time. 

Table 9.2 : Tally of Overhauling Times 

Cumulative 
Tabulation 

I 28 I 2 
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Tabulation 

44 1 100 

Table 9.2 exhibits a r~ulge of values from 27 to 44 or 17 intervals of 1 rniilute each. 
When it is desired to reduce t l~e number of such intervals, the data are grouped illto 
"cells". Table 0.3 shows the same data grouped into a frequency of oilly six cells. 
each 3 minutes wide. Grouping the data cells simplifies preseiltation and study of the 
distribution but loses some of the details. (However, one can always go back to the 
original data, if necessary.) 

Table 9.3 : Frequency Distribution of Overhauling Times 

The following are the steps taken to construct a frequency distributioil 

(1) Decide on the number of cells : Table 9.4 provides guidelines which are 
adequate for most cases encountered. These guidelines are not rigid and should 
be adjusted when necessary. 

Table 9.4 : Number of Cells in Frequency Distribution 

(2) Calculate the approximate cell interval I : The cell interval equals the largest 
observation minus the smallest observation divided by the number o f ,  '1s. 
Rouild this result to some convenient number. 

Recommended Number of 
Cells 

6 

7 

8 

9 

1 0 

11-20 

Sl. No. 

1 

2 

3 

4 

5 

6 

Number of Observations 

20 - 50 

51 - 100 

101 -200 

201 -500 

501 - 1000 

Over 1000 



(3) Construct the cells by listing cell boundaries : As an aid to later calculation : 

(a) The cell boundaries should be to one more decimal place than the actual 
data and should end in a 5. 

(b) The cell interval sllould be co~lstant throughout the entire frequency 
distribution. 

(4) Tally each observation into the appropriate cell and then list the total frequeilcy 
,f for each cell. 

The Histogram 
There are several ways of showing a frequency distribution in graphic form. The 
most popular is thc frequency histogram. Figure 9.3 shows the overhauling time data 
of Table 9.3 depicted in histogram for~il. The diagram is so easy to construct and 
interpret that it is widely used in elementary inalysis of data. 

Figure 9.3 : Histognm of Overhaul Time 

One example of wide, effective use of frequeilcy histograms is comparison of process 
capabilities with tolerance limits. The histogram of Figure 9.4 shows a process which 
is inherently capable of holding the tolerances drawn on tlie salrle figure. The high 
degree of defectives being produced is the result of running this process at a setting 
which does not locate its central tendency near the nlid point of the tolerance range. 

Lower 
tolerance 

l imi t  

Upper 
tolerance 

l imit 

Figure 9.4 : Histograni of a Process 

Measures of Central Tendency 

Most frequency distributions exhibit a "central tendency", i.e. a shape such that the 
bulk of the observations pile up 111 the area between the two extremes. The measure 
of this central tendency is one of the two most fundamental measures in all statistical 
analysis. 

There are following three principal measures of central tendency : 

(1) Arithmetic Mean (the ordinary "average"), used for symmetrical or near 
sylnmetrical dislributions, or for distributions which lock a clear dornin'ult 
single peak. 

The arithmetic mean is the most generally used in quality work. It is 
- - - I  --.- A n- ,.L-+-- */. --.----,. -:-- - . : - I >  --.----.. 6 -c 
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defective etc. that conlrol charts have been devised to analyse and keep track ot 
it. Such control charts give the earliest, obtainable warning of significant 
changes in the central value. 

The mean is calculated by adding the observations and dividing by the nunlber 
of observations. 

(2) Median (the middle value where the figures are arranged accortling to size). 
used for reducing the effects d extreme values, or for data which call be ranked 
but are not economically measurable (shades of colour, visual appearance. odd) 
or for special testing situations. If, for example, the average of five parts tested 
is used to decide whether a life test requirement has been met, then the life time 
of the third part to fail can sometimes serve to predict the average of all five. 
and thereby the decision of the test can be made much sooner. 

(3) Mode (value which occurs most often in data), used for severely skewed 
distributions, describing a11 irregular situation where two peaks are found, or for 
eliminating the effects of extreme values. 

Measures of Dispersion 

Data are always scattered around the zone of central tendency, and the extent of this 
scatter is called dispersion or variation. Measures of dispersion is the second of the 
two most fundamental measures in all statistical analysis. 

There are several measures of dispersion. The simplest is the range, which is the 
difference between the maximum and minimum values in the data. As the range 1s 

based on only two values, it is most useful when the number of observations is smilll 
(about 10 or less). 

The most important measure of variation is the standard deviation. The definition of 
the standard deviation is a following formula : 

where x; = ith observation, x = arithmetic mean, 

n = number of observations, 'and s = sample standard deviation. 

For calculation. purposes, following equivalent formula is used 

The square of the standard deviation is called the variance with data in frequency 
distribution form, short cut calculations can simplify finding the average and the 
standard deviation. This is illustrated in Table 9.5. To start, an arbitrary origin A 1s 

assumed as 37. 

Table 9.5 : Calculation of Average and Standard Deviation 

x= I85 x= lo0 x = - 8 7  
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colunn indicate how rnany cells the entry is above or below the arbitrary zero. Minus 
signs are attached when the entry is srnaller than the assumed value, 37. The,fil values 
in column (4) are found by n~ultiplying together the entries in columns (2) and (3). 
~imilarl~.~f(d) '  is found by multiplying the figures in columns (3) and (4). Note that 
the totals in columns (4) and (6) are identified in the formulas as xftl and zf((o2 
respectively and I is the cell interval. As the multiplications are small enough to be 
carried out mentally, the complete table can be made quickly. 

For salnple sizes of about 10 or fewer observations, the standard deviation can he - 
R approx~nlated from the range by calculating -, where the value of d2 can be 
( i2 

obtained from Table 9.6. For example, suppose the first colurrln of values in 
Table 9.1 represents a sample of 10. The range is (40 - 29) or 11. Frorn Table 9.6, 
d2 = 3.078. The estimate of standard deviation is therefore 1113.078 = 3.6. This is 
much simpler than calculating the st'mdard deviation directly. 

Table 9.6 : d2 Factor for Estimating Standard Deviation 

No. of I 3 4 5 6 7 8 9 
Observations 1 

SAQ 1 
(a) Why quality is gaining importance day-by-day ? Do you think that quality 

should be treated as a separate function or it should be under production deptt. 

(b) Describe some of the ~na.jor areas of an organisation which are being influenced 
by quality and how ? 

(c) Describe various method3 of summarisilig data ? 

9.4 QUALITY ASSURANCE AND QUALITY CONTROL 

There are two dist~nct quality functions withln task of malung a product or delivering a 
service. The first is quality assurance. This is concerned with the determination of 
methodslprocedures to be used and the type and frequency of checks to be made within the 
system in order to ensure that the system is meeting the specifications embodied in the 
design. The second side of coin is quality control, which concerns with the actual checking 
or completion of the various tasks involved in t l~e  quality procedures which have been 
determined within the quality assurance function. Whilst the latter is often best completed as 
a centralised function due to the test equipment investment and the level of skilled staff 
required, the former is normally best undertaken within the operations function and at the 
time the job is completed. Developments and the place of quality control within the job of 
work can be easily understood through Figure 9.5. 
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I Acceptance I 
Sampling 

INPUTS 

Figure 9.5 

()I  JTGI ~ T S  

SAQ 2 

t T 1 

Control Charts 

Differentiate between "quality assurance" and "quality control". 

ACCEPTANCE SAMPLING 

One of the powerful statistical techniques of quality control is Acceptance Sampling. This 
technique is generally used in those situations where items are inspected in batches. 
generally known as lots. For example, you may receive a shipment of 10,000 electric bulbs 
and you nlqy have to decide whether to accept the shipment or return it back to the supplier. 
The acceptability will depend on the acceptable quality of the lot, which in tun] depends on 
the use and the price you are willing to pay for this quality. Suppose you decide to accept if 
the average fraction defective is less than 5 percent. Then to ascertain the actual quality you 
may decide to inspect each and every bulb. Such a strategy of 100 percent inspection, 
however, inay often be expei~sive and impractical. In such cases a more intelligent way is to 
use the concept of Sampling Inspection. 

The idea of sampling inspection is to inspect only a snull portion of the lot and infer the 
quality of the lot, based on the quality of the sample. Acceptance is based on the inference 
made froin the sainple and hence the technique is h o w n  as Acceptance Sainpling. 
Typically a lot is specified by its size (N) and the fraction V) of defectives that are expected 
to be present (at the inost) in the lot. The principles of statistics are used in Ihe inference 
process. 

Interestingly the concept of acceptance sampling is no different from the strategy adopted 
by a typical housewife who decides whether or not a pot-ful of rice is cooked by inspecting 
just a spoonful of grains. 

Two things must be kept in mind. In order that sampling inspection might work, the sample 
must be representative of the lot. Typically this is ensured by choosing the sample at 
random so that every portion of the lot has equal representation in the sample. Such a 
sampling is known as Random Sampling. Second, a sample is only representative and not 
identical (in characteristics) with the lot. In the inference process, thereforc. a few good lots 
will be rejected and a few bad lots will be accepted. We can control such sampling errors, 
but they cannot be eliininated. In fact in the design of sampling plans we will ensure that 
the errors are kept below certain acceptable levels. 

Activity 1 
Think of a common situation where 100 percent inspection is 

(a) impractical 

(b) impossible. 
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9.5.1 Sampling Plans 
We will first consider a single sampling plan in which acceptlreject decisions are based on 
the results of a single sample c)f n items from the lot of n items. Each of the n sanlple items 
is inspected and categorised as either acceptable or defective. Such a plan is known as 
-Sampling by Attributes. (We will not discuss Sampling by Variables in this unit. The 
interested rc'aders may refer to the Further Reading Section given at the end of the block.) If 
the number of defective itenw: in the sample exceeds a pre-specified cut-off level, c,  the 
entire hiitch is rejected. (Depending on costs, a rejected lot may be scrapped, 100 per cent 
inspected or returned back to the inanufacturer.) Since a finding of c or fewer defective 
items in tlie sainple implies accepting thc batch, c is often referred to as the acceptance 
level. A salilpling plan is specified by the values of n and c. 

The sainpling plan is supposed to separate good lots frc~ti~ bad lots. As mentioned earlier 
there are bound to  be sampling errc.)rs. We will now study the probabilities of such error 
graphically, using an Operating Characteristic Curve. 

The Operating Characteristic Curve 

It is useful to have a simple picture that allows us to compare sanipling plans as to 
how they will react to different lots with unknown, varying fraction defective. Such 
a compartson is provided by the ()perating Cliaracteristic Curve (OCC) which 
displays the probability of accepting a lot with any fraction defective. 

Figure 9.6 : Operating Ll~aracteristic Cbrve 

Figure 9.6 shows OCC for two single satnpling plans A ru~d B with n = 35, c = 1 and 
n = 150, c = 6, respectively. For example, suppose that a lot with F = 10 percent 
defectives IS considered to be a bad lot and a lot with f = 2 percent defectives is 
considered to be a good lot. Fro~ll Figure 9.6, it is clear that sampling plan A would 
stand a 14 percent chance of accepting a bad lot. The same unfortunate error can 
occur with the sampling plan B, with larger sample size also, but the probability of 
error is much smaller. In fact, it is only 1 percent. The sampling plan B is also better 
at not rejecting goods lots (f= 2 percent). Sampling plan A has 16 percent chance of 
rejecting a good lot whereas plan B has only 3 percent chance of rejecting a good lot. 

It is 1101 surprisiilg that a larger sample does a better job of discriminating between 
good and bad lots. It has more information. However, the price for increased 
accuracy is higher inspection costs. The design of a sampling plan has to optimally 
trade off cost with discrimination. 

The values of the ordinates of the Operating Characteristics Curve are determined 
from tlie Poisson Distribution. The actual details can be found in the advanced texts 
listed in the reference. 

At t h ~ s  molllent. pause for a while and check for yourself whether you have understc3od 
OCC. Do tl~e following Activity. 

Activity 2 
(21) How will the OCC chiulge shape as 

( I )  n is increased, keeping c cor~t ru~r  (ii) c is increased, keeping n constant. 

Management of Quality 
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(h) What will he tlle linliting shape of the OCC ? 

(c) Can you interpret your answers to (3) ;uid (b) ? , 

9.5.2 Design of Single Sampling Plan 
You have to design a sampling pl'm (n, c)  that has an OCC that meets certain pre-specified 
requirements. Generally, the design is based on the f(>llowing criteria that are related to the 
probability of mLaking either of the following errors : accepting a bad lot (P) a id  rejecting a 
goocl lot (a ) .  The criteria are established subjectively and ultimately should reflect the cost 
of accepting a bad lot or rejecting a good lot. Needless to say, before a and P values can be 
specified. one has to decide what is a good lot and what is a bad lot. Invxiahly, tllis is clone 
by specifying the lower/upper linlits of fractitwl detective 0, as illustrated below : 

AQL (Acceptable Quality Level) the fraction defective (n that the user conbiders 
acceptable. Thus if a batch were known to have a fraction defective equal to AQL. it 
should not be rejected. 

LTPD (Lot Tolerance Percent Defective) the fraction defective that deflnec a bad lot 
or olie that should be rejected. Ofcourse AQL inust be less than LTPD. 

Producers Risk ( a )  the largest allowable probability of reiecting a good lot (due to 
statistical error). Note that a good lot has fraction defective less tllan or equal to AQL 
(generally, 5 percent). 

Consumers Risk (P) the largest allowable probability of accepting a bad lot (due to 
statistical error). Note tllat a had lot as fraction defective greater than or equal to 
LTPD (generally 10 percent). 

Example 9.1 

Cnilsider a manufacturing situation with the following values : 

AQL = 0.02 a = 0.05 

LTPD = 0.10 [3 = 0.01 e 

Solution 

Froin Figure 9.6, you can verify that sampling plan A (n = 35, c = I )  has ;I probability 
of acceptance of 84 percent for a fraction defective of 0.02 (AQL). In other words, 
this plan has a 16 percent chance of rejecting a good lot. Sinlilarly, it has a 
probability of 0.14 of rejecting a bad lot with f = 0.10 (LTPD). Since both the values 
are higher than the allowed values of 0.05 and 0.01, respectively, this sainl>ling plan 
is not acceptable. Only larger values of n can yield better discriminating power. 

The sampling plan B (n = 150, c = 6) has the probability of accepting a good lot by 
97 percent and probability of rejecting a bad lot by 1 percent. In othcr words. it llas a 
a value of 0.03 and P value of 0.01. This discriminating power is even illore than 
what is needed. The plan is acceptable but it may be possible to get the required 
discrinlination with smaller sample size and in turn with a lower inspection cost. 

One way to decide the optimal sampling plan is to search through several sainpling plans 
with n values between 35 and 150 and select the one that matches a and P values more 
closely. An easier way is to use Thorndike Chart (Table 9.7). This chart can he used for 

(a) Plotting (.)CC, a ~ d  

(b) Designiilg a Sainpling Plan. 

We will illustrate tlle design of sampling plan usii~g tllis chart. Before we movc to this topic. 
ensure that Plan A does not meet the requirement and Plan B meets more th;m the 
requirements, by following the arguments given earlier. 

To design tlle slunpling plan follow the instructioil at the bottom of the chrut. Note that we 
have read off p = 0.01 and (1 - a )  = 0.95 rows only. We first need to find a c value for 
which 

LTPD &I- 
Pa AVL 
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LTPD 0.10 
P A P -  - 
AQL 0.02 

- 5. 

Starting with c = 0. we reado8 gp = 4.6052 and & = 0.0513 and so 5 5 is not 
Clu 

& - 14.5706 satisfied. Continuing with c = 1,2 ,3 ,4 ,  5 we find that for c = 6, - < 5. 
pa 3.2853 

Hence, we choose c = 6. 

Table 9.7 : Tharndike Chart for Single Sampling Plan 

p rows, entries 0.010 
denoted kp 0.025 

0.050 
0.100 
0.200 

Acceptance 
Probability 

(I - a) rows. 0.500 
entries 0.800 

denoted pa 0.900 
0.950 
0.975 
0.990 

(1) To plot an (.)C:C curve for a given sample plan (n, c)  : 
(a) Find the column for your r value. 
(b) Divide each number in that column by n. The results are the f values for the horizontal axis. 
(c) The Po values, for the vertical axis, are in the far left column. 

Acceptance Num ber c 
I 

(2) To find a single sampling plan : 

Pa 

. -. 

LTPD 
(a) Find r for which < -- 

Pa AQL. 

(b) Then choose any n between np = Pa A and na = - 
LTPD AQL. 

0 

(3) Tu find tile acceptance probability for a given n, c and f : 
(a) Multiply (n)Cf). 
(h) In the appropriate c column, find values above and below nf: 
(c) In the Po column read upper and lower limits for P, in two rows from step (b) (interpolate, if 

you wish). 

To get the value of n, the limits are np = A and nu = - 
LTPD 

pa Reading off the table, 
AQL' 

p = nf = expected number defective in the sample 

1 

we get, 

Hence, sampling plans with size in the range of 146 to 165 will satisfy the requirement. The 
exact values of a and p for any sampling plan can be determined using Thorndike chart 
again. The exercise at the end of the unit will give you an opportunity to design any other 
sampling plans and decide the exact values of Consumer's Risk and Producer's Risk. 

9.5.3 Average Outgoing Quality 
The inspection process rejects lots with high fraction defectives. After rejection either you 
may stop, or you may continue the inspection of all the items in the rejected lot and all 
defective items are replaced with good items. Such a policy is known as Rectifying 
Inspection. 
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In rectifying inspection, all outgoing lots co~lsist of N items either accepted ones or rejected 
ones. Suppose, a lot has inconing fraction defectivef. If it is accepted (N - n) items remaill 
uninspected. We. therefore, expectf (N - n) defectives in the accepted lots (assunLi~ig that 
the defectives found in the sanlple are replaced with good ones). In contrast. i l  it is rcjocted 
and hence (100 percent rectified and inspected) there are no defectives. Thus i l  IJ,, is lht~ 
probability that the sampling plan will accept the lot, 

(Po) (I? (N- n) + (1 - P',) (0) 
()utgoing fraction defective = - 

N 

A plot of ongoing fraction defective against incolning fraction defective ( f )  is Felicr;llly 
called the Average Outgoing Quality (A(')()) curve. Figure 9.7 shows the curve for sampling 
plan B (n = 150, (. = 6) of  the earlier examples. This curve has n surprising property tlla~l. a s /  
increases, there conies a point at which the outgoing fraction defective ;rcluallv begins t o  
improve. The reason heinp that the sanlpli~lg plan rejects most bad Jots arl~cl t h~~ j l  are rectifiecl 
through 100 percent inspection. 

Figure 9.7 : AC)Q Curve for Sanlpli~lg Plan B (N = 10,000) 

The most critical Incorning fraction defectivef gives the worst outgoing cluality. 0 1 1  the 
average, the value of that critical f is not iinportant but the corresponding outgoing fr'raclion 
defective generally known as Average Outgoing Quality Limit (A( )QL) is exrremel jl 
useful. No nlatter what the incoming fraction defective is, the long-run averagcb outgoi~~g 
fraction defective will not be worse than AOQL. 

You do not have to determine ACIQL by plotting the AOQ. One can use the followi~~g 
A(.)QL factor given in Tablc 9.8. To get the AOQL simply use the formul;~ 

AOQL = (AOQL factor) (i - i) 
Table 9.X : AOQL Factor 

Acceptauce Number (C) AOQL, Factor (Y) 

0.3679 
0.8400 
1.3711 
1.9424 
2.5435 
3.1682 
3.8 120 
4.4720 
5.1457 
5.89 14 
6.5277 

Convince youself that you understand the mechanism of determining AOQL hy tlo~ng I h e  
following activity. 



Activity 3 
(a) Using OCC for sampling plan B, draw the AOQL curve over the range of 

0 - 10 percent fraction defective and detennine AOQL. 

Management of Quality 

(b) Verify your answer to (a) using AOQL factor in Table 9.8 and the formula. 

Many managers prefer to use AOQL as a criterion for designing a sampling plan rather than 
i~ying to decide on values of AQL, LTPD, a and P. Dodge and Romig (1959) present tables 
that are designed for this purpose. In fact, these tables meet the requirement of a specified 
AOQL and minimise the expected number of items inspected per lot. 

The OCC approach and AOQL based approach are but two of many other approaches that 
can be used to design a sampling plan. Choice among them is a match of personal 

, experience, the exact situation and the objectives of the organisation. Regardless of the 
. '  
* i approach, all sampling plans have both an OC curve and AOQ curve, so the principles 

discussed in this unit can be used to evaluate any sampling plan. 

9.5.4 Double and Multiple Sampling 
Extensions of the single sampling plans to double and multiple sampling plans are also 
available. In a double sampling plan, after the first nl samples have been inspected there are 
three choices depending on the number of defectives found : 

I I (1) reject the lot, 

(2) accept the lot, and 

(3) draw a second sample of n;! items. 

If choice (3) is made the final acceptlreject decision is made on combined sample of nl + n2 

items. A multiple sampling plan operates in the same way, but with more than two samples. 
Double and multiple sampling plans reduce inspection costs because many acceptlreject 
decisions ,are made based on the first sample which is smaller than that of the single 
sampling plan. However, single sampling plan is more common and easy to use. Details of 
multiple sampling plan are found in references. 

9.6 PROCESS CONTROL 

9.6.1 Variability 
All products and services have a certain amount of natural variability because of variations 
in the input as well as imperfections in the process. For example, different quality of raw 
materials could have been used and different quantities of chemicals could have been used 
in the process. This process variability may be measured by the process standard deviation 
o, which indicates how much the products will vary even if the process is in control. 
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Figure 9.8 : Process Variability 
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M a ~ ~ a ~ e r i a l  Co~~trol Protlucts 1i;lve to meet specified toler;hnces imposcd by Uieir intended use. Accordillyly the 
Strategies natural v;rriahility must he suhstaiitially smaller th;m the specified tolerancc. This is shown 

aid explained in Figure 9.8 in which tlie centr;11 line is tlie desired average o1'Uit. process 
and tlie daslied lines are tlie '3-Sigina limits' representing tlie natural process varia1,ility. 

It can be sliown lhat variations of more than 30  fro111 tlie process average are very unlikely. 
In fact, it is about 0.25 percent if tlie process follows the nornlal distribution ;u~tl definitely 
less Llitul 5% L'or niosr processes. The solid lines represent the tolenuices specifictl hy tlle 
intended use of tlic product. 

Within Llie specified loleralnces, a cerlrrili a~iiouiit of prtxess variability is to he expt'cteti 
However: it is the goal of tlie statistical process control to determine when tlie process 
variability is getting out of Iltuid, so tlial corrective action c,ul be taken, preferably before the 
required toleraices are violaled. This is generally achieved by a Control Chart. 

9.6.2 Control Charts 
111 order to pn)vide rapid feedback to an ongoing production process, methods ~omewliat 
different from acceptance sanipliug are appropriate. Sanlples are taken as soon as they ;Ire 
available, rather Lhan wailing for Llie co~npletioii of a lot. This affords the opp)rtuiiity to 
detect unpla~uied changes in tlie prtxess. shortly after they occur and take a qui& action. 
such as adjusli~ig thc ~iiacliiiie. 

T i e  inost common device used for this purpose is Shewart Control ChiKt inlrtducetl ill 
1931. The control chart is a visual display of the result of an inspeclion proccss 
incorporating carefully derived limits to indicate unusual behaviour. A control chart can he 
based 011 categorical inforination or actual measurement. Accordingly, they are c;~lled 
control chart for variables and control chart for attributes. Since coulrol c l ~ ; ~ r l  lor 
variables are nlore couimo~lly used and inore powerful, we will describe t1ie111 first. 

9.6.3 X and R Charts 
Consider XYZ Conipany that uses aui autoniatic machines to fill 1 kg boxes of sugar, The 
tolerances are specified as 1.000 kg on tlie lower side (legal require~nenl) and I .005 ky oli 
the liiglier side (no point wasting sugar). Si~lce the spread is only 0.005 they selectecf ;I 

machine that has a ~iatural process variahility of = 0.0003. The 3-sigma limits of thc 
niacliine therefore are 3 (0.0003) = 0.0009 kg above and below the mean. Tlie spread is 
0.0018 which is narrower Llian tlle specified tolerance of 0.005. They a~iust'tlie iliachine to 
fill boxes with a11 average 1.0025 kg half way hetween the tolerance limits. 

An X Chart (Average Control Chart) was set-up to detect when the machine goes our 01' 
control. In order to reduce tlie iialural process variability, samples of n = 5 boxch wcre 
weighed, and the average weight per box, X, was recorded for each sample. Flgurc 0 
shows the control chart used for this niachine aund Uie four points plotted on tlie cliart 
represent the X values from four saniples (a tolal of twenty 1 kg boxes). We \hall c x i ~ i ~ ~ l i c  
tlie details of the chart. 

U p p p r  Cont ro l  ~ i r n i t  l o r  9-  

.J 
g. 1.0021 . - 
w 

L o w t r  C o n t r o l  L l m l t  f o r  X 
3 

Figure 9.9 : Chart I 

There is a1 appareut trend in X. The samples seem to be getting progress~vely lieav~er. 
However, appearances notwithst,mding, the trend in the Figure 9.9 nlay be X clue lo I ;uidonl 
tlm.,-tmmnt;nnc ~t ; m  + ~ > : m  ronnfim t l -nt  v.v., .n..c-t ; ~ - r - r \mnr - tn  t h o  r r r - \ n r * u n t  nf r t ~ t ; r t ; ~ . r ~ ~  r i r r n ; t ; r . n m r . a  I * 



in our discussion. The standard deviation of the sample average (OZ) is expressed through 
the formula, 

Therefore, the averages of n = 5 boxes of sugar should have a standard deviation of 

- X = F -  0'0003 - 0.000174 kg. 

The control limits in Figure 9.9 represent %sigma limits and are (3)(0.000134) = 0.0004 
above and below the intended average of 1.0025. If a sample average falls outside these 
control limits the deviation from the process average is statistically significant. 

The fourth sample X is on the control limit and therefore there is a strong statistical 
evidence that more sugar is put into the boxes than what was intended and the machine 
needs ad-justment. 

The R Chart (Range Control Chart) is also used to control the processes. The range of a 
sample is the largest value minus the smallest. An R chart is appropriate if process 
sometimes goes out of control in such a way that there is inconsistency in the values, but no 
shift in the mean value of the process. For example, a worker who is basically good might 
produce an inconsistent set of sizes (of some manufactured product) when he is fatigued. 
The R chart used to plot the data of XYZ Company appears in Figure 9.10. 

- V D D Q ~  Contro l  ~ i m i t  for R=.0.00(48 

- 
- . ~ z 0 . 0 0 0 7  - -  - - - - -. - 
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L o w e r  Control ~ i m i  t t o r  R = 0.0000 

Figure 9.10 : R Chart 

The control limits for R chart are determined differently. There is no need for lower control 
limit which is generally (for n 5 6 it is zero) zero. Table 9.9 is used to set the upper control 
limit for an R chart and factor D2 from the table is multiplied by the process standard 
deviation, o. In the case of XYZ Company dala, D2 = 4.91 8 (for a sample size of 5) and 
hence, upper control limit = (0.0003)(4.918) = 0.00148. As can be seen in Figure 9.10, no 
significant shifts are present. 

Activity 4 
Verify the control chart for the example given in Figure 9.10. The data regarding the 
sample is as in TabIe 9.10. 

Table 9.9 : R Chart Factor 

Mal~agen~el~t of Quality 

Sample Size D2 
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Box 

1 
2 
3 
4 
5 

Average 
Range 

Determining the sample size is an important decision. It is common to use n = 4 or n = 5 in 
order to obtain low cost feedback. Large samples such as n = 15 or 20 are necessary if the 
process standard deviation is large. To a large extent this will depend on the rate of 
production, convenience and other considerations as well. Similarly, it is important to 
decide the frequency of sampliilg. It should be in general proportional to the average 
frequency of out-of-control conditions. It is fairly complex decision to make if one were to 
look for some optimality. Generally. it is decided by convenience. 

Table 9.10 : Weights of Twenty 1 kg Boxes 

9.6.4 Other Control Charts 

Sample 2 

There are several other control charts, including the p-chart which is used to co11trol the 
process when the measurement is by attributes. In other words, the decision is only to decide 
whether or not the sample item is acceptable. N o  measurement is taken. For exan~ple in 
using the GO/NO GO gauges one gets only such a measurement. 

The p-chart is based on the fraction defective. y ,  in a sample of n items. If 110 represents the 
normal process defective (i.e. when the process is in control) then the 3-0 control limits are, 

Sample 3 

This is based on the fact that the number of defectives has the binomial probability. The 
cortuol chart is used just like an fT chart, except that the fraction defective y is calculated 
rather than X for each sample of n itcms and a lower control limit is often omitted. 

Sample 4 

Sample sizes are typically larger for p-chart than for X charts. Since the information content 
of a yeslno measurement is much smaller than the actual variable measurement, it can only 
be expected. In fact, the required sample size can be computed approximately from the 
following formula : 

In this formula yo is the normal process fraction defective, yl is the specified fraction 
defective that is unacceptable. (po like AQL and pl is like LTPD in acceptance sampling.) 

For example, consider ABC Company Uiat makes ready-made shirts. It has been found that 
4 percent of the shirts are defective when the process is under control. ABC Con~pany wants 
to be able to detect a shirt to 12 percent defective on the basis of one sample of n items. The 
formula for n suggests a sample size of n = 197. The upper control limits will be 

SAQ 3 
What is the fundamental difference between the use of acceptance san~plillg p lan  
and process control cliatrs ? 



9.7 A NOTE ON VARIABILITY IN MANUFACTURE Managenlent of Quality 

When the variability present in a production process is limited to chance variation, the 
process is said to be in a state of "Statistical Control". The state of statistical control is 
attained by avoiding of another variation, called as assignable variation. An assignable 
variation may be due to the extraneous causes like defective manoevring of the machine, 
poor quality, raw materials, man-made error and so on. Since assignable variation may 
contribute substantially to the deviations from the state of statistical control, a systematic 
method of detecting and eliminating deviations before or during the course of a 
manufacturing prcxess is desirable. Thus the act of getting a process in statistical control 
involves the identification and elinunation of assignable variation. 

A production process is said to be in a state of statistical control if it is governed by chance 
variations alone and the assignable variations are totally absent in the process. 

The main objective in any production prcxess is to control the quality of the finished 
product so that it conforms to specifications. 

9.8 QUALITY FUNCTION AND ITS ASSURANCE 

The existence of a company, whether a manufacturing industry or a process industry or a 
job order shop, depends on lhe income that it receives from selling of its products and 
services. Again this selling is dependent on the "fitness for use" dictated by customer. 
Therefore, the company functions concerned with quality or achieving fitness for 
customer's use are known as quality functions. It includes the complete journey of the 
product right from its conception till it reaches in the hands of customer. Therefore, it is said 
that quality is not the baby of quality control department rather it permeates through each 
and every activity of organisation either directly or indirectly. 

The journey of the product begins with the market survey and market research data to probe 
what does customer want out of a product. 

Research and development specialists try to create a product which can meet customer's 
stated and implied needs. Depending upon the advice of R&D persons, process and product 
design engineers prepare product and material specifications considering the quality 
requirements. Sinularly, process engineers specify about the process, machines and the 
toolinglinstrumentation capable of producing the products with requisite quality. 

Purchasing specialists buy materials and components processing appropriate qualities after 
careful selection of vendors. Operators are also trained to use the process and tools and 
equipments so as to ensure that the products are as per design and would satisfy customer's 
requirements. 

The final judge is ofcourse customers. He is king of business, therefore feedback either in 
the form of complaints or suggestion is carefully tapped and is used as a basis for redesign, 
modification or alteration resulting in improvements. Thus the cycle is repeated. 

"Quality assurance" deals with ensuring the desired quality, durability and other aspects of 
product (performance, field complaints or other characteristics) through scientific 
engineering and management techniques. The job of critical evaluation of company's 
activities with respect to quality reporting the results of evaluation to all concerned for 
informati011 and necessary action and subsequent action taken is known as "Quality 
assurance function". 

Obviously, there are three distinct stages in consideration of total quality of product; related 
to quality assurance. 

(1) Design stage assurance (when the product is on papers, conceptual level) : The 
idea is to assure that quality of designs and engineering detailing is according to 
needs of the customers. 

(2) Manufacturing stage (transformation stage when the product is changing from 
conceptual stage to physical reality) : To assure that whether the product 
manufactured conforms to design specifications. 

(3) Field stage (when the product is in the hands of user or user's reactions while 
using that products) : It is associated with observing the performance in actual 
field, analysing and critically reviewing the performance, maintenance aspects, 
life, with a view of improvement in the products in next generation if any. 



I 'Ilanagerial Control 
Strategies Quality of assurance = Assurance at the design stage (conceptual stage) 

+ 
Assurance at manufacturing stage (transformation stage) 

+ 
Assuring quality of pertormance (field stage or use stage) 

In short, assurmce aclivities are related with presenting to the manageinent the sunlniauised 
facts on what is happening with the quality function. So that corrective actions czui be taken 
if there is any deviation froin the desired level. Quality assurance, thus, helps to maiiit;~in the 
qual~ty of the products and hence, the reputation of the firm dlso gets improved with good 
customer relations. 

SAQ 4 
Describe three dislinct stages in consideration of total quality of product: related to 
quality 2. r ssur;ulce. L 

9.9 OVERVIEW OF I S 0  9000 

IS0  9000 is perhaps the niost talked n~anagement concepl Loday. Otcourse niedia must be 
given due credit for it but the nlessage has already splashed - you w ~ l l  Iiavc to demonstrate 
your ability to prov~de Consistently high quality products and services. Reg~stration 
confcmning Lo Inteniatioiial Organisation for Standardisation (ISO) offcrs such a meclituiisn~. 

Almost every quality conscious company is engaged in the quest tor IS0 9000. Either it has 
adopted certification and wishes to retain il or is in the process of getting it. 

Iso is a greek word nieaniiig equal, like Iso thermal, Iso bar, etc. This was t'aken as a prefix 
to a series of standards developed by Internatioiial (.)rganisation for Standardisation, ISO. It 
is worldwide federation of more tllan 50 national standard bodies or bureaus including India 
through B IS (Bureau of Indian Standards). Its headquarter is in Geneva, Switzerlru~d. 

The basic objective behind the formation of &SO was to meet the needs for worldwide 
harincmisation and rationalisation of terms, standards and methodologies used for assessing 
capability of suppliers to fulfill customer's requirements. Thus, tlle idea was to bring 
transparency in the field of Quality Management for the benefit of both internal quality 
management as well as for the customers to see. 

I S 0  9000 is a series of six internationally accepted standards to guide arid to audit 
company's quality management practices, documents arid records. These standards were 
issued in 198'7 by IS0  in Geneva arid were named as IS0  9000, IS0  9001, IS0  9002. 
IS0  9003 andl IS0  9004. One Inore IS0 8402 is for definitions. Figure 9.1 1 clears the 
structure of ISO. 

Non Cc~otractual 
Situation 

Ternlinology or (>lossary stand'ud 
(Gives definition of all the terms) 

Bas~c set of element< that a suppller would l ~ k r  to 
know about Internal docun~e~~tat~ons.  (Quallty 
M,anagement and system element< gu~dehnas.) 

Road map to 4 other quallty syqtenis 
(Guldellnes for selection and use) 

I S 0  9001 
I 

IS() 9002 
-1 

I S 0  9003 

Model for quality Model for quality Model for quality 

assurance in assurance iu production assurance in fin;~l 

design/de:velopment. and mstdlation inspection and test 

k>roduction, installation 
and servinng 

Figure 9.11 : IS0 Struc ture  



Followinp x p r r  important benefsts ot [ S O  certltication. h1s11:rgenlent tjf  Quulitj 

(1) Transparency in the systcnl b~t11 fro111 external c u s t o ~ ~ ~ e r  point of view as well 
as from internill customer point. 

( 2 )  Better ilc~cumentation of records, facts and pertaining data, therefor:: 
strenndiued records. 

(31 h~ternat~onal recognition of  ab~ l~ ty ,  credibil~ty and expertise 111 the 
dznionstrat~on of cons~sterit qual~ty of products. liencc, increase m number of 
Lusromer?. 1.e. iepeat bus~ness. 

(4) Competitive edge in thc tlo~ncstic and global market. 

( 5  j Cul lure for cor~tinuous and ccw~sistent improvenient in tluali ty 

(1) Cange \  the attitude ot the work-lorce. the result 1s - ~mnprovzd house keepnig, 
work amlosphere and tjuallty awareness. 

(7) Encourages tho feel~ng ot doing r~glit tllings at right tlme thus no rework or 
nuthing for rectificat~on. 

(8) Process of quality i~nprc~venient 1s maintained by reducing wastes and repairs - 
e~ll~ancing protils. 

(9) Sdpper w~tlinut I S 0  cerulicatlon nlay face 111gher insurance ratcs or be denied 
i11siira11cc in some markets. 

SAQ 5 

(a) Wlrat benefits Indian industries can derivk after getting I S 0  certification ? 

I (b) C'onment on the following : 
! I:.is important to inspect tlie inspecttw. 

As ;i quality ii~~provement progranune is established, cost of quality increases. 

-- 
9.10 SUMMARY 

Quality is firness t'or use. Using tl~is definition leads to many opportqiities to improve both 
I quality and productivity siniultaneously. Many quality problen~5 h;lve causes that cross 

departmental boundaries. SO a good quality management system iilust make the entire 
organisation responsible for quality. S taiistical methods are in~port;mt tools for quality 
control,. They scparate rand0111 variations fro111 real assignable causes of deviations from 
nornlal. Acceptance sampling helps in deciding the quality of large batch (lot) from :UI 

inspection ot slnall sample. The operating characteristic curve precisely gives the risks 
associated with my  sampling plan. The design o f  a sa~npling plan can he based on 
Operating Cliaracteristic Curve as well as Average Outgoing Quality. Control cllar~s display 
the results of inspecting a continuous process. lliis provides convenient. and rapid feedback 
suggesting when 1-kedback, overhaul or adjustn~e~it, may be needed. The design of control 
diart is baszd on soulid statistical principle regarding the behaviour of sample mean. 

Thc statistical ri~ethods described in this unit are used widely in manufacturing aid service 
industry. They are also the basis for mmy of the comno~ily used, yet more complex, 
schemes described in the references. 

- - 

9.11 ANSWERS TO SAQs 

Refer the relevant preceding text in tlie unit or ou~er useful books on the topic listed in the 
section "Further Reading" t o  get the answers of the SAQs as well as guidance for 
performing given activities. 


