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ABOUT NPC

The National Productivity Council, established in 19_58, is an autonomous
organisation registered-as a society. It is tripartite in its constitution and repre-
sentatives of Government, employers and workers and various professional
bodies participate in its working. Besides its headquarters at New Delhi, NPC
operates through eight Regional Directotates. Its activities are further extended
by a nation-wide network of 49 Local Productivity Councils,

The objective of NPC is to stimulate, productivity consciousness in the
country and to provide productivity services with a view to maximising the utili-
sation of available resources of men, machines, materials and power; to wage
war against waste; and to help secure for the people of the country a better and
higher standard of living. To this end, NPC collects and disseminates informa-
tion about the concepts and technigues of productivity through various publica-
tions including periodicals and audiovisual media of films, radio and exhibitions.
It organises and conducts seminars and training programmes for various levels
of management in the subjects of productivity.

With a view to demonstrating the validity and value in application of pro-
ductivity techniques, NPC offers a Productivity Survey and Implementation
Setvice (PSIS), for which the demand has been steadily and steeply rising. This
service is intended to assist industry adopt techniques of better management and
operational eficiency, consistent with the economic and social aspirations of the
nation,

NPC has established various other specialised services, such as, Fuel
Efficiency, Plant Engineering and Production Engineering Services; Productivity
Services for public sector undertakings, public utilities, public administration,
post-harvest operations in agriculture and small industries: Applied Productivity
Research for evolving trends and indices of productivity in the core-sector of eco-
nomy; National Scheme of Supervisory Development, under which an examina-
tion is held and National Certificates in Supervision arc awarded to the successful
candidates; and Productivity Programmes for Trade Union Officials and Workers.
NPC also conducts institutional training programmes for the development of
consultants in productivity and ‘management in the areas of Industrial Engineering,
Fuel Efficiency, Plant Engineering, Behavioural Sciences, Financial Managemert,
and Marketing Management.
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introductory Note

Practically the world over, there has been iacreasing recognition that the develop-
ment of supervisory skills can significantly contribute to the improvement of producti-
vity of an enterprisc. From its inception in 1958, the National Productivity Courcil
has laid stress on supervisory development programmes, but since it needed a more
concerted drive, it introduced during the Asian Productivity Year 1970 a natioawide
scheme to prepare candidates through self-study and classroom or enterprise-level
guidance for a professional qualifying examination leading to the award of National
Certificate in Supervision.

The response to’the WPC scheme has been quite good. Management of all
forward-looking enterprises havs evinced considerable interest, and over five thousand
candidates in all have appeared for the examination during the last five years.
In implementing the NPC's Supervisory Development Scheme, some of the local
Productivity Councils have extended their co-operation and suppoi” The success of
any sedf-study scheme ultimately depends on making available adequate study material
prepared by competent experts, and written in a lucid and simple style. NPC has
brought out as many as 27 Management Guides so far which attempt to give a basic
understanding of the various topics included in the syllabus,

This Guide on Inspection and Quality Conttol has been prepared by
Shri M. V. V. Raman Director, Industrial Engineering, NPC, New Delhi.

These Guides are also designed to be of help to managerial personnel as well as
students of Management who wish to have some basic understacding of the science and
practice of managermnent,
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INSPECTION AMD QUALITY CONTROL

1. Introduction

1.1 Quaiity is an essential requirement of any product. Modern guality zou-
trol is an integrated approach to the quality function in an organisation
with the basic objective of providing a definite quality assurance and
keeping the quality costs at an optimum; the integration has to take place
in the fields of design, manufacture and use.

1.2 One of the basic principles of a guality contrel programme is the princi-
ple of prevention of defects or building quality as the manufacturing con-
tinues. Though quality contro! perronnel assist in the discharge of this
function, the responsibility for building qualiiy rests with the production
personnel, Thus supervisory personnel have a major responsibility to-
wards quality; the quality contro} group assists them in the maintenancy
of quality and its improvement,

1.3 In exercising the function of quality control, inspection and testing play a
fundamental roie. They provide » basis for guality evaluation in various
stages of manufaciure inciuding acceplance of raw materials and other
bought out items; through this evaluation adequate control procedures
could be designed so that the specified *quality’ is built into product and
placed in the hands of the consumer.

2. Measarement

2.1 The development of science and technology have been successtul in provi-
ding consumers with better and consistent quality products. However, it
should be emphasised that this development would not have been possible
without development of better methods of measuremznt, and laying down
product specifications. The progress in the science of measurement has
always played a fundamental part in the practical applications of many
researches in the field of science and technelogy. This has towund clear
emphasis in the statcment by Lord Kelvin, “that when you tan measure
what you are speaking about, and express it in humbers, you know some-
thing about it, but when you cannot measure 1L, wWign you cannot express
it in numbers, your knowledge is of a meagre and unsatisfactory kind;
it may be the beginning of kncwiedge, but you have scarcely, in your
thoughts, advanced to the stage of sciepce, whatever the matter may be™,




2.2 Specifications are clear statements of requirements. The nced and use of

2.3

specifications in every day life is fairly obvious. Without specilicutions,
we canpot buy and sell, we cannot express what we want; the work in
offices, banks, factories would probably come o a standstill without them.
The need for the specifications in modern industry can be appreciated
readily by realising the fact that materials may have to be purchased from
difficutt sources, fabricated by different groups of peopic at different places
and assermbled into a finished product; obviously without specifications
desired results cannot be achieved. The blue prints, operation sheets,
purchase requirements, packaging insiructions, organisation charts, and
the like used in factories are alt examples of specifications.

The clearest way of writing down specifications is expressing through
numerical values; when this is done a universal understanding is created.
Here comes the importance of measurzments,  If we cannot measure, we
cannot specify numericalty. When we cannot specily, we cannot reproduce
it also. Tt is also (o be appreciated that when we can measure, specify and
produce it, the use of it and experience will help in the deveiopment of
new products, processes and procedures; this again requires refinement
in measurement and accuracy and further leads to better specifications
and manufacture which in turn leads to new and better products; this

contributes to higher standards of living.

2.4 The development of science of measurement, whether it relates to physical,

2.5

2.5.1

chemical, electrical or other characieristics, makes a fascinating study
which brings to the fore that until measurement and refinement in
measurement to greater accuracies were done, the progress in enginecring

and weeshnology was very slow.

The numerical value of any quality characteristic-—hardness, tensile stren-
gth, wattage, weight etc., is determined with the aid of a necessary device.
It should be emphasised that ne measuring process can translaie the exact
numerical value of the quality characteristic. Thus, the recorded values
actually represenit errors in measurement and varigtion of product ghality
The errors in measurement are not only produced by the measuring
instrument alone but also by the person using the instrument and en-
vironmental conditions. The errors in measurement assume great impor-
tance 1 some industries (e.g. chemical) and also in situations where the

specifications are tight.

The accuracy of measnrement refers how closely it represents the true
value. ]t may be said that usually it1s impossible to know the true value.

2



2.5.2 Measurements taken by the same instrument on a singic picce severul
times will not yield same numerical values. The nemerical measure 0!
the variation of these readings, given by the standard deviation. is celied
the precision of the measurement.

2.5.3 Ti should be noted that the measurcments may show amyv of the
following situations:

PRECISE , BUT NOT ACCURATE, BUT NOT ACCURATE AND
ACCURATE PRECISE
PRECISE
FIGURE-4

2.5.4 There are many situations in indvstry where dircet measurements are
not possible and the results of inspection are subjective Examslos
would be polishing, plating of metal, pamting, counting defzcts, iz
Here also the reliability of obscrvations have to be assessed.

2.5.5 Thus, while standardizing inspection procedures n uny plant ihe
reliability of measuremenis have to be taken into vonsideration.  This
analysis also brings to light how it is essential 10 keep chech on testin:
equipments and the ability of inspectors in uvsing them.  Abo ine
morent an instrument is put to use 11 begins to deterioratle in afoura
Hence, a regular programme of checking and calibrating the n-truments
is a very important function. These will be discussed Jater

Some Basic Ideas

3.1 The modern industrial inspection arose as a result of mass produc.
tion. The product now produced in industries is the result of sanous
processes, each independent by itself, of parts and compenents produced
at different work centres and assembled together; thes 13 particularn
true of engineering industries. Thus arises the need for dimensiondi
inspection and control. Some basic ideas with regard to dimensiona
inspection will be discussed in the succeeding paragraphs.

3.2 The dimensional cootrol, though essential, should not be interpreted
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3.2.1

3.3

341

3.3.2

3.3.3

to mean inspecting parts and components to ‘exact’ dimensions. In prac-
tice this would be uneconomical and may not be required for performing
the required function; dimensional control means inspecting parts
for conformance within specified limits set by the design. Thus, in
engingering drawings the specification gives the basic dimension, that 1s
the thearetically perfect dimension and the permissible variation around
it; thisis the function of the designer and depends on the fanctional re-
quirement of the part, or component. This is a recognition of the fact
that in mass production it would be impossible {in the sense uneconomi-
cal) to produce each item to exact dimension, due to various factors;
machines, men, materials, environment e(c,

The extent of variation intentionally permitted is called tolerance.
Thus dimensions are exprcssed' as 2.000" 4-0.001*". This means that as
long as the parts are within 2:001" and 1.999" it is satisfactory. In this
example, the tolerance spread is on both sides of the basic dimension
and is called as a bilateral tolerance. Sometimes the tolerances are
specified as 2.000" +0.001"" particularly for mating parts. Here the
—0.000"
tolerance spread is only on one side and- is referred to as
unilateral tolerance. The maximum and minimum dimensions as
permitted by the tolerances are ~alled limits. Specification of tolerances
is an important aspect as cost aspects are involved; very close tolerances
may require skilled workers, precise machines, and high grade materials.

The interchangeablec manufacture requires that it is necessary to specify
the type of fit or clearance on component parts.

Clearance is ihe difference in size between the mating parts, where the
critical dimension of the male part is smaller than the corresponding
internal dimension of the female part. The degree of clearance is deter-
mincd by the functional requirements.  Allowance s the term used to
specify the minimum clearance between mated parts.

When the male member is made intentionally larger than the female,
so as to make a relatively permanent assembly, the difference is called
interference. Allowance (negative) then refers to the maximum permisst-
ble interference between mated parts.

Thus *allowance means the intentional difference {minimum clearance or

maximum interference) between mated parts to attain a specific class of
at,”

3.4 When interference exists and parts have to be assembled by force, it

may not be possible to rely on interchangeable methods of assembly. In
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these cases ‘Selective Assembly’ is resorted to, 50 as to provide a prede-
termined fit. Selective assembly also has to be resorted when an
assembly consists of large number of parts. This type of assembly is also
referred to as zoning assembly,

3.5 Expericnce with assembling of shafts into holes and the types of fits (loose,

free, push press ctc.) and tolerance needed has now been consolidated into
a standard developed by the International Federation of the National
Standardization Associations (ISA} published in 1942, It comprises*:

(i) A system of 20 classes of fits ranging from lovse clearance to
extreme interference

(i) A system of tolerance related to the variable of diameter in
accordance with the formula (expressed in microns—0.001 mm):

3 S
Tolerance==0.52 «[D +0.001 D
where D =diameter. The tolcrances are divided into 16 grades of

graduated precision,

(iii) A system of gauges comprising working, acceptance and reference
gauges.

(iv) A system of terminology and symbols,

4, Inspection Function

4.1

4.2

4.3

In industry items or products are manufactured to meet specific
requirements. 1n simple tarms, inspection might be called the function of
comparing or determining the conformance of the product to specifica-
tions. Of course, this function is not mereiy confined to the finished
product, but extends to the various stages and processes in the entire
manufacture, including raw materials and purchased compenents.

The scope, vastness and varicties of inspection aspects can be visualised by
studying the inspection procedures and practices involved in several types
of industries, e.g. engineering, foundry, chemical, textiles, pharmaceuticals,

etc.

Tnspection function in industry has a vital role to play in sceing that the
established quality requirements are put in the product, as vital as other
functions like design, manufacture, purchasing, etc. Inract, the function

* JM.

Juran, Quality Control handbook, 3-24.
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4.5

of inspection is to see that the requirements as specified by the design
department are actually met by tae production department. {ts main func-
tion, thus, is to interpret the design requirements and stand in judgment
between design and production. It may al<c be said that the inspection
department 10 a factery represents the customer.

A detailed study of inspection funetion includes a vitiety of aspects
perlaining to inspection which may be visualised as under: —-

Otler aspects:
Fig. 2 \
N / \ Planning

\ : Procedures
\ -t

V4 \

&
o
iy
<
&
i

2 -
) Training
Q
<~
Ed

Inspection Calibration

\\/
3 : Records
e _\} Standardization
Specification |

The need for inspection ina modern set-up is fairly obvious. The most
compelling reason is the requirement of interchangeabslity in mass produc-
tion. Without inspection it would be difficult 1o see things are assembled
together. The materials, parts, accessories may have to be purchased from
various sources which necessitates that the purchased items are as per
requirements.  Another rteason is that inspection of the linal product is
not sufficient and therefore inspection in several stages is necessary
before the final product is acceptable. Another important reasaon for
inspection and measurement is for improvement of products, processes.

4.6 Inspection has come to be classified in terms that are descriptive of

the sort of work performed or the location of the inspection in the
process or shop; according to the geneval sort of labour involved, we
have: Manual inspection, Visual inspection, Test inspeclion, Automatic
inspection; description of the arca in which ingpection is carried out;
Prccess inspeciron, Final inspectien, Receiving inpection, Tool and gauge
inspection.  They may be broken down into other operations, such as:
Patrol inspection, First picce inspection, Sampling inspection, 1009
inspection.



4.7 Basically, the duties of inspector are as under:

(i) interpretation of the specification
(ii) measurement of the product
(iit) comparison with the standard
(iv) judging for conformity
(v) disposition of the product
{vi) recording the darta.

4.7.]1 Inspection personnel are also classitied under variety of names depend-
ing upon the work carried out. TIn somne cases the knowledge required is

simple, but there are situations where highly competent and specialised
* knowledge 1s required.

1ispection Planning

5.1 Inspection planning is an essential aspect in the inspection function; it
should be appreciated though inspection is absolutely essential, it does
not add to the value of the product. Too much inspection or teco
little inspection is harmful, in the sense one adds to the cost and the
other may not provide requisite quality assurance.

5.2. [nspection planning consists of five elements:
(iy What to inspect: determining important characteristics to achieve
desired quality economically.
(iiy How to inspect: right equipment, clear definitions, trained inspec-

lors; use of too much precision when not required, lack of precision

when it is necessary; wrong procedures, etc., are costly in the long
run.

(iii) When to inspect:
(a) whether setting can change and this affects quality e.g. tool wear;

(b) whether subsequent failure may result in  costly rework/
rejections;

(c) whetirer areas are not available for inspection after the assembly
is completed e.g. a rivetted structure;

{(d) whether quality of work depends on the skill and experience of
the operative e.g. pressing a bearing in a housing,

(¢) whether defective part can be isolated during subsequent inspec-
tion/check, e.g. a defective valve ih radio.

7




{ivy Where 10 inspect ; that is the areas which should be covered by

inspection:

{a) Incoming materials
(b) Manufacture

(¢) Toels

{d) Assembiy

{e) Functional tests

(£ Final inspection

(g) Shelt tests

(h} Environmental tests

{(v) How much 1o inspect: This is an important question; minimum

inspection should be done consistent with requirements.

6. Inspection Techniques

6.1 Ti.c techniques of inspecton vary according to the situation and type

of indtistry, that is the nature of the product. A broad scheme will be
discussed which will apply generally in industry. There-are three stages
in the progress of material through works. They are:

¢) Incoming or receiving inspection
(iiy Inprocess inspection, and

(iii) Final inspection and testing

6.2 Incoming inspection is essential in order to determine whether purchased

621

materials satisfy the stipulated requirements. Proper incoming inspec-
tion will prevent waste of time and money in production by identifying
non-conforming items at the receiving stage itself.

In the incoming inspection the problem is of acceptance of materials
already produced. Supplier will have done inspection before delivering.
Sampling inspection may be resorted in majority of the situations. The
acceptance of right quality material does not entirely lie in inspection
alone, but also depends on suppliers ability and good vendor-vendee
relations.  These may be achieved through the development, specifica-
tions, inspection and murual discussions for solving problems between
vendor and vendee.

6.3 Inspection in the various stages of manufacture is an important func-

tion. Each time an operation is added, the cost of the item goes up and
therefore the stage inspection has the responsibility of seeing that

8



6.3.2

6.3.3

6.4

6.4.]

6.5

operations are added only to thoseitems which are acceptable func-
tionally, Here inspection is not merely for acceptance purposes but also
guide and cerrect as manufacturing is continuing and produce items
that meet the stipulated specifications, production and inspection are
closely located and immediate action is possible.

In engineering industry it is a com.mon practice to check the first piece
carefully, called first-off inspection or first picce inspection, before pro-
duction is allowed to continue. It is good to follow this practice as
otherwise the whole lot produced may be liable to rejection. The
information p}ovidcd by first piece inspection, heips the setup man and
the operator to rectify and correct the process.

The first piece inspection helps in starting the production run smoothly
It would then be necessary to see that the job conunues o produce
items according to specifications. Many factories employ patrol inspec-
tion technique for this purpose. The interval of visits may vary accor-
ding to the nature of operation. it may be mentioned that operative
themselves check the pieces and petrol inspection may be thought of as
additional check, but of course bya qualified inspector who isa
specialist in measurement and interpretation of drawings.

If the in-process inspectian is organised properly it would be possibie to
keep the rejections and wework at alow level and in many cases may
make corrections to process even before any rejeciions are produced,
particularly in the case of dimensional control.

The final inspection 15 the inspection of the finished product before 1t
is despatched 1o the customer. The inspection is for the purpose of
“acceptance”’, but the knowledge of how it is huilt is avaiiable as cou-
trasted to the incoming inspection. Here the product is examined for
both its appearance and performance keeping customer in view.

There are various practices with regard to final inspection, They may
be complete inspection, or sampling inspection. In some companies
sampling inspection as a form of quality audit is followed after complete
inspection.

By ‘quality’ in industry is meant, any characieristic measurable or pot
cither of raw materials, or component parts, or ass¢ mblies or finished
products. In order that we may produce finished products of standard,
quality and maintain uniform quality, it is essential to have check on

9




6.5.

—_

incoming materials, processes at the various stages of manufacture and
on the finished products. This is the function of inspection in industry
which checks the quality against specifications; thus, there will
be inspection of incoming materials, inspection at several stages in the
manufacture and final inspection of finished products either by con-
sumer or producer or both. Generally, the inspection adopted in
industry is visual, by measurement, by gauging or sensery.

Quality characteristics observed in industry can be classified generally
into any one of the following categories:

(i) Directly measurable quality characteristics: examples would be
wattage, shear strength, thickpess, specific gravity, etc.

(i) Non-measurable quality characteristics: examples would be
rejections due to cracks, dents, flaws, breakages, etc., and
generally inspection results obtained by classifying the product
as good or defective. A defective item may contain one or
more defects.

(iii) Tnspection results obtained by counting defects: examples would
be surface defects, coil winding break, packing defects,
assembly defects etc.

{iv} Sensory qualities: Inspection results obtained by human beings
through the senses without the aid of any equipment or other
facilities examples would be: odour, taste, appearance eic.

7. Tools of Inspection

7.1

It has already becn mentioned that inspection is “the function of
comparing or determining the conformance of product to specifica-
tions”. From thisitis obvious that specifications are tools of inspec-
tion; others are: inspection equipment, calibration of equipment,
inspection records and sampling imspection.

Inindustry it 1s an accepted practice to write detailed specifizations for
items (component, assembly, finished item, or raw material) which it
manufactures or purchases from outside sources. This practice greatly
helps in the understanding and manufacture of the items. It is neces-
sary to evolve a method of maintaining these specifications, keep them
current and available when needed. If the specifications and drawings
are not up-to-date, or contain wrong specifications or Lot clear in
terms of dimensioans, tolerances costly errors mav be committed.

10



7.1.2 In engineering 1industry the mest common form of specitication is the

blueprint. The part or product is described in great detail. It actually
conveys how a point or product should be made, including material.

7.1.3 In the modern set-up of manufacturing detailed specifications are very

important as many groups of people are invohved in manufacture,
including outside sources. Though blueprints are available in many
sityations they may have to be ampiified by explanations. Innon-
engineering industry mostly specifications are elaborately written docu-
ments. Generally the specifications are of three types: purchase {or
incoming material) specification, process specification and product
specification.

7.1.4 Incoming material refers to the components, parts or items that enter

into manufacture or assemblies, which are purchased from outside
sources. Thersfore, they must conform to the specification requirements
in order that the finished products ars to be satisfactory. In addition,
incoming materials may also include items that may not directly enter
inte manufacturing or assemblies. Exampiss would be, uniform for
employees, soap, sand papers, packing materials etc.  Even these items
have to meet specified requiremsnts.

7.1.4.} A good incoming material specification should include sufficient

information so as to make it clear to the supplier as to what is required.
Some of the essential information are, apart from identification,
details of the specifications, lot identifications, sampling details, detailed
requirements including physical, electrical, chemical and other properties
with tolerances, packaging details, methods of test, and sampling plans
to be applied and other requirements.

A process may be visualised to include men, machine, materials,
inspection equipment and procedures, environmental conditions both
for production and inspection, tools, dies, jigs and fixtures, speeds,
settings, temperature pressure, etc, as in figure 3 on page 11(a). This
brings out clearly the requircments for drafting process specifications.

7.1.5.} The engineering drawings provide the necessary details with regard to

process specifications. However, detailed requirements have to be
written down in many industries, e.g. chemical industries. The object.

11
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of process specifications are really to provide information on right
processes and processing conditions,

7.1.6 Product specifications, though follows the patiern of pu{ch.as.;e or
incoming materiai specifications 10 terms of drafting, serve a different
purpose. To provide customers a consistent standards, 1t 1s necessary
to have product specifications. This will not only inforn.] thg custo-
mers as to the quality standards, but assist in producing 1items to
sbtain the finished product according to the final specifications of the

product.

7.2 The specifications provide the necessary details as to what is required
and what is to he done: then the inspection has the responsibility of
seeing that what is produced is in fzct what was desired; this determina-
tion requirss equipment which will enable inspectors o measur¢ or
compare the items produced to specifications, This may involve
equipment for a particular component, an inspection equipment that
may be used for a variety of parts or components; this also involves
speed of inspection, precision, nature of tests —— destructive of nof-
destructive and skill requived. Broadly the different methods of
inspection in engineering industry may be grouped as under :—

i1) Inspection by measuremant
(ity Limit gauges

(i) Multiple gauging

(iv) Optical comparators

{v) Air gauges

{vi) Non-destructive testing

fviy Visual inspection

7.2.1 Some other methods of inspection and test may be added to show the
wide scope of inspection and test and equipment: Metallurgical, chemi-
¢cal, electric and electronic testing,

7.2.2 Exact measurements are required in many situations for controlling
processes; the characteristics may include linear dimensions, surface
finish. weight, strength, tightness of screws etc. Examples of inspection
equipment would be: micrometer, vernier calipers, torque-indicating
spangers etc.

7.2.3 Fixed Limit Gauge: Fixed Limit gauge 13 a simple (nsirument which can

12



7.2.3.1

7.24

7.2.5

7.2.6

728

be used even by an unskilled eperator to know quickly whether the
product is within the limits iaid down in the specification; but it is not

useful when it is necessary to know the exact amount of variation.

Comparator Type Limit Gauge:
gauges and provides more infor
ble of being set
rapid in use and

This is an improvement on fixed limii
mation than the latter. Jt is also capa-
‘o cater for different jobs without difficalty. It is more
it is possible to check several dimensions in one sat up.

Multiple Ganging. The gauging unit consists of electrical contacts ope.

rating a series of coloured signal lamps which indicate whether the
dimension is correct, over-size or under-size,

Optical Comparators: The object is projected cn a screen and magni-
fied 12 te 50 times. Thisis compared against a known standard.

Air Gauges: Preliminary setting is made with reference to a master ring
and the gauging plug is introduced into the Job for checking any
diameter. Variation is read on dial. It is very useful for inspecting mass
production work.

Automatic Gauging: Usetul where sampling cannot replace total inspec-
tion because of unavoidable inconsistencies such as occur with a close
tolerance which cannot be held or where the dimension or characteristic
15 very imporiant. The degree of mechanisation varies depending on the
type and accuracy of product. In a tully automatic factory the gauging
mechanism is utilised to reset the machine.

Non-Destructive Testing: The testing methods for detecting flaws and
defects in materials without impairing the usefulness or serviceability
of the material is termed as non-destructive testing(NDT). The increased
demand on product reliability especially the critical requirements in
the felds of aircraft, missiles, nuclear energy-and electronic components
bave been responsible for the rapid growth of non-destructive methods
of testing. The test methods utilised are visual, pressure and Jeak,
penetrant, thermal, radiography, acoustic (sonic and ultrasonic),
magnetic, clectrical and electrostatic, electromagnetic  induction
and others.

Visual Testing: Visual method is the oldest and simplest of methods of
NDT. Of course, visual inspection is also an integral part in other
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methos of MDT. Iy this method the tes: plece 13 illuminated with hght
and txasained witi the sys, sowetones with magnifving glasses, It should
he mimphasised that hugh magnificarion may ot always be necessary
ot desirable, High povwer magnification are intended for fooking in detail
at wmething siready found, Viseal methods of inspection aiways require
kit and expere wer

sl peak Teing: fnotigs fepe of tesiing the flow of air, gas
of liquids tuzough the Jefeets twvedds ihe presence, The pressure within

cor ia pudde groater than the outside pressure; &
Wi be testing of auwtomobile tubes  and leaks are

the hallow  test

gpmnte e

dptectod whe o iadlared sube s paierzed Inowater,

Popeiruni sl inspection may be thought of asan
extersion 7 sisual inspection method.. The difference is ihai the liquid
mothods provide o vontrast belween the defect and the back-

pepeirant
grovnd snd makes demotion nilyeasi In this method of inspection
enly surfece Jefects or defects wwhieh arcopen te the surface are reveal-
ed,  Thcis e uld be detecied provided they are cpento
curface, aml act as vapillurics 1o drawing the penetrant: grinding cracks,
welding cracks, casting vacks, faiigue cracks, shrinkage. blowhcles,
waams, 1aps, POFes  CobLdnalts. DOTosily iick of bouding, pinholes in

welds, throuch cracks, forging laps and bursts, pauges, tool marks and

wiis

ai”;’:“.ﬂg H

die marks.

Therma! Metnads: The mehod consists in applying  heat (direct,
electric. induction, in‘ra-red) o the test specimen and observing the
terpparatuie  ditribution. Flaws alter this distribution  which can be
detected by ihe use of temperature indicaiive substances, wax. tempe-
ratigs seneidne phospors. infri-red film thermocouples, noa-conducting
areas {poor bonding) ae cutlined, The method could be used for

cpecking briazed or bomded argas

Magnetic Flaw Detection: This tesf s apphed to magnetisable com-
ponents and relivs on the fact that the fefects have a lower permeability
than the material itseif and ‘consequently distort the magnetic field, At
or near the surface this distortion causes a lcakage field which is strong
=nough 10 attract fine particies of magnetic material, The accumulation
of particles indicates the defect which may be a crack, slag inclusion,
segregation, or change of striwture. Not all of these are nectssarily
causes for rejection,
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Eddy current techniques can be used to inspect electrically conducting
specimens for defects, irregularities in structure, and variations in
composition. Applications of eddy current testing include metal sorting
detection of cracks, voids, and inclusions, measurement of plate or
tubbing thickness, determination of coating thickness, and measurement
of thickness of non-conducting films on electrically conducting base
material. Eddy current tests ace most effective for locating irregularities
near the surface of the specimen. When a coil carrying alternating cur-
rent 1s brought near a metal specimen, eddy currents are induced in
the metal by electromagnetic induction. The ¢ddy currents induced in
the inetal set up a magoetic field which opposes the original magaetic
field. The impedance of the exciting ccil or any pick-up ¢oil in the close
proximity to the specimen is affected by the presence of the indnced eddy
currents. The patl of the eddy currents is distorted by the presence of
a defect or other homogenetics, The apparent impedance of the coil is
changed by the presence of a defect, This change in impedance can
be measure” and used to give an indication of defecis or differences
in physical, chemical and matellurgical structure,

Ultrazonics: Vibrational waves whicl have a frequency above tne hearing
range of the normal ear {a frequency greater than 20,000 cps) are called
ultrasonic waves. Certain phenomena which occur at ultrasonic frequen-
cies are not usually observed in the audible range. This works on the
nrinciple of reflected wave, When a beam of sound wave of ultrasonic
frequency over 20 Kes, strikes one surface of the part through the
transmitting crystal, a portion of it is reflected {rom the top surface into
receiving crystal, When this wave is converted into an clectrical impulise
and projected on the screen of the oscilloscope, a vertical pip is produced,
When the un-reflected purtion of the wave strikes the opposite inter
face it gets reflected and received by the receiving crystal and wiil be seen
as another vertical pip away from the first pip. The distance between
the two pips is a measure of the thickness of the material.

If, however there is a discontinuity like crack inside the material, the
wave gets reflected from it, instead of from the opposite inter face and
creates another pip on the oscilloscope. The distance of the inter-
mediate pip from the first pip will be a measure of the distance the
defect from the top surface. In order to help the inspector to interpret
the indications on the oscilioscope, standard test blocks having known
size holes drilled are used,
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7.2.9

73

74

7.5

Radiography: The wse of X.ray or gamma rad:iation is termed as
Radiography. The intensity of the penetrating radiation is modificd by
passage through material and by defects in the material. The pheno-
menon of differential absorption is the basis of radiography. The con-
trast (different in density) on the developed film between the image of
an area containing a defect and the image of a defect-free area of the
specimen permits the observer to distinguish the flaw,

Visual inspection is performed with or without the aid of the ordinary
magnifying glass. To aid the inspector visual standards are provided for
comparing quality characteristics which cannot be directly measured.
Examples would be: Shade of a painted surface, scratches and defects
on an optical su face etc

In order that parts produced are of consistent and of acceptable quality,
it is necessary to keep the production and inspection gauges and test
equipments always accurate. No tool can produce a job more accurate
than its own inherent accuracy. Also no gauge can measurc an article
more accurately than its own inherent accuracy. Hence, systematic
maintenance and control of gauges and test equipments is an essential
requisite for maintaining the quality level,

A planned system of gauge control aims at planned maintenance of all
gauges and test equipments to a desired accuracy and periodic with-
drawal for readjusting or reconditioning and checking with a sub-
stamdard of known accuracy.

Adequate inspection records are absolutely essential. They provide
valuable information as to recurring troubles, and heln in keeping
track of rejections and reworks and scrap produced. Records of tests
and customer complaints help in improving quality. Inaddition there
should be specific provision for communicating inspection or test results
to production personnel as quickly as possible.

Though inspection in industry cannot be eliminated completely, it is
possible to reduce the inspection substantially. Infact a good quality
control programme will ensure this reduction in inspection. However,
there are situations in industry where 100 per cent inspection will be
esseniial, In cases where requirements are considered critical, as for
example certain components in aeroplane, it is essential Lo check each
part, Also in cases where the production is very small, all the parts
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may be inspected. Apart from these situations there is considerable
scope for reducing imspection in industry which will cut down costs.

7.5.1 Sampling inspection is not new to industry, Technicians and quality

control workers, make observations for studying processes or judging
operations; this sort of observations can arise in many fields. The
number of measurements taken depends upon the process and circum-
stances. However, it may be noted that, generally, we take measurements
only on a few items that are produced to draw inferences about the
quality that is being obtained. For example, in order to know whether
we are spinning the nominal count, we take a {ew ‘bobbins’ cut of a
large number of bobbins that are being processed; to "know the
average life of the lamps in a baich, we take a few lamps (obviously
we must take only a few) burn them and obtain an idea of the life of
the batch. The few measurements we make are called the sample and
the large aggregates of these measurements is called the population or
universe, The sampling inspection is not only common in the actual
manufacture but also in checking incoming material and outgoing
product as well,

8. Quality Control

8.1 Qnuality control activities relate to the evaluation, maintenance, and im-
proving quality economically; the broad areas of application are:
incoming material control, process control and product control.

The approach to the solution of quality problems involves three aspects:

@)

(i

(i)

Engineering: The creation and development of a preduct is basi-
cally engineering; the development of quality evaluation through
improved inspection procedures is aiso engineering; again, the
knowledge of the causes of defects and sub-standard products and
their rectification is engineering.

) Sretistical: The concept of the behaviour of a prucess, which has
brought in the idea of ‘prevention’ and ‘comtrol’ is statistical;
building an information system to satisfy the concepts of ‘preven-
tion' and ‘control’ and improving upon product quality, requires
statistical thinking,

Managerial: The competent use of the engineering and statistical
technology is managerial; the creation of a climate for quality
consciousness in the organisation depends upon the policies and
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practices of the management; the effective coordination of the
quality control function with those of others is manageria).

8.2 The inspection function of quality control has been dealt atlength in

the earlier sections. A brief description of statistical technology in
quality controt function will be discussed in the following sections.

9. Frogquency Distribution

9.1 Frequency distribution is a fundamental concept in quality control;

9.2

9.3

9.4

in fact the frequency distribution provides a basis for exercising control
and provides a basis for improving of quality. This may be demonstra-
ted with the aid of an example.

The example considered relates to a turning operation; the quality
characteristic being diameter of the pedal axle, specifications being
0.526" 4 0.002". Measurements made on 96 axles produced in a shift
are given in Table 1. Before going further, it may be useful to generalise
a few points based on this example. The study of any quality characteris-
ticof a product or a part from a manufacturing process—precision
bore, length or tensile strength—shows that no two pieces are exactly
alike. The recorded measurements of the iadividual pieces differ from
one another in spite of our best efforts; whether small or large, varia-
tion does exist from piece to piece. This factis well recognised, for, in
the manufacture of any product certain amount of tolerance is specified
in the drawing. Thus, when a set of measurements are taken on a quality
characteristic the measurements will not be identical but will be
found to lie within a range. Generally, most of the measurements will
cluster round the value and as the deviation from this value increases
on either side, the number of pieces having these deviations will be less and
less. The actual spread of the measurements depends upon the process
and control exercised over it.

Variability observed in a set of measurements can be graphically repre-
sented which brings out several interesting features. In the above
example, the recorded measurements will not be exactly 0,526,
but exhibit variation. This variation could be clearly demon-
strated with the aid of a graphical presentation cailed the frequency
distribution.

A frequency distribution of a set of measurements is an arrangement
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Part name :
Characteristic :

Pedal axle.
Diameter

TABLE 1

Measurements of 96 diameters are given :

0.525
0.527
0.526
0.524
0.528
0.526
0.529
0.528
0.528
0.528
0.526
0.528
0.530
0.529
0.527
0.529

0.524
0.527
0.526
0.525
0.528
0.528
0.529
0.527
0.527
0.527
0.527
0.527
0.529
0.529
0.527
0.528

Dimension

0.523
0.524
0.525
0.526
0.527
0.528
0.529
0.539

Operation :
Specification :
(.526 0.524
0.526 0.526
0526 0.526
0.525 0.523
0.529 0.529
0.528 0.528
0.529 0.527
0.527 0.527
0.521 0.527
0.527 0.528
0.527 0.527
0.521 0.528
0.529 0.530
0.529 0.528
0.528 0.529
0.529 0.529
TABLE 2
Frequency Table
Taliy

HI I

™I M HU M IR
PRI O I T
M

Turning
0.52640.002"
0.526 0.527
0.527 0.526
0.526 0.526
0.526 0.527
0.527 0.528
0.527 0.527
0.530 0.527
0.528 0.527
0.528 0.528
0.527 0.526
0.528 0.526
0.528 0.527
0.530 0.528
0.528 0.526
0.529 0.528
0.530 0.528
Frequency
1
3
3
17
28
24
15
5
96

e ————



FREQUENCY DISTRIBUTION OF DIAMETER OF AXLES
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(SEE TABLE-{)
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0.524

0.525

0.%526
Q.527
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9.5

9.6

9.7

of.the observed data into ordered groups or classes which show the
frequency of measurements in each of the classes, or individual values.

Table 2 iliusirates a convenient method of classifying the measure-
ments. For each measurement a tally mark is putin the appropriate
celt or individual value and these telly marks may be grouped in fives
in each cell as tallying of the measurements continues.

Using a convenient horizontal scale for the measurements and vertical
scales for the frequencies, the frequency distribution can be represented
graphically in several ways, such as frequency bar diagram, frequency
polygon, or histogram. The bar diagram for the distribution in table
is shown in figure 4 at 20 (a).

When a frequency distribution is drawn the basic points to be remem-
bered are:

(i} To effect a condensation of the data so that the mind can
grasp the significance easily.

(ii) The pattern of variation described by the data.

(iii) Computation of certain numerical constants from the data
which describe a process clearly.

The figure 4 describes the pattern of variation for the diameter of the
axle of table 1. At this juncture it is necessary to pause fo1 a while
and understand this implication. The data in Tablel is the quality
evaluation of a process with reference to the characteristic, diameter of
axle; again this is the result of certain technical and operating condi-
tions obtained during manufacture. The frequency distribution (bar
diagram) may therefore be thought of as representing the process pattern
or behaviour of the process at the time of obtaining the date. This
indicates the correspondence between the frequency distributions and
the technical and operating conditions of a process and thus opens up
an interesting area for further investigation.

What would be the frequency distribution of the axle diameters, if
taken on another day 7 Still more interesting, what would be the
frequency distributions for other quality characteristic of the processes,
e.g. strength, length, resistance, weight etc. ? Is the pattern observed
satisfactory or what would be the pattern that may be considered
satisfactory ? Unless a universal approach is developed, it would be
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9.8

9.9

9.9.1

difficult to use the idea of frequcncy distribution for practical purposes
10 control or improve processes.

Without going into the detajls of the theory it may be mentioned, that,
if a process is working under reasonably constant conditions of
manufacture (see defibition of process on page 11) whatever be the
measurable characteristic under consideration, the frequency distri-
bution always takes the same shape as shown in figure 5. The smooth
curve is drawn to emphasize that this will be achieved when large
number of diameters are taken from the process. This curve is called
the normal curve or normal frequency distribution.

L

e + 20—

36~ -

PIGURE -5

Thus the normal curve represents a desirable state of affairs, as this is
the best that could be done in any given circumstances. If a process
gives rise to this type of distribution the process is said to be in a
state of control.
The properties of the normal curve then becomes the properties of a
process in a state of control. The distribution is completely specified
by the mean () and the standard deviation (), a measure of variation,
and are related to sach other when the process is in control:

X + 19 comorises 68.3% of observations

X + 29 comprises 95.5 %, of observations

X =+ 39 comprises 99.7% of observations
This indicates that almost all observations will be within a law of R
+ 39 (that is 99.7%) provided the process is in a state of control, The
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9.10

values of ¥ and o could be obtained from the process. Thus a process
in a state of control is predictable and this concept used in exercising
control over processcs discussed under control charts.

The understanding of process through the aid of frequency distribution
may be appreciated by the following explanation:

Fig. (i) Product range substantiaily
less than specified and distribution is
well centered. Consider using smaller
samples on subsequent lots.

Fig. (ii) Product range substantially
less than specified but distribution is
off center. Production of defects im-
minent.

Fig. (iii) Product range substantially
less than specified but distribution is
badly ofi center, producing defects
above maximum limit. Vendor can
meet tolerance and eliminate defects
by centeting the distribution.

Fig. (vi) Product range approximate-
ly same as specified and distribution is
well centered. Slight shift off center
will produce at one limit. Vendor
may require increased tolerance.

Fig. (v) Product range approximately
same as specified but distribution is
off center, producing defects above
maximum limit. Vendor must reduce
product  range through change
in process or by better control acd
distribution must also be centered.
May require increased tolerance.
Fig. (iv) Distribution is well centered
but exceeds specified range and defects
ire occurring at both limits. Change
n process or better control required
to reduce range. Vendor may require
increased tolerance,

MIN. LINIT MAX, LimT
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Fig. (vii) Double distribution suggests
possibility of two sets of tools, change
1n process or material during running
of this lot. Vendor can easily hold
tolerance since range of cither distri-
bution is smaller than specified.

Fig. (viii) Same as Fig. 7 except that
the two centers are far apart to
cause defects outside both limits,
No increase in tolerance needed.
Condition should be easily corrected,

Fig. (ix) Distribution off center to mi-
tiimum limit and lot has been inspect-
ed 100 per cent before shipping. If
production is centered vendor may be
able to eliminate the 100 per cent
inspection. “

Fig. (x) Same as Fig, 9 except
operator is passing defects or gauge
is slightly off.

Fig. {xi) One hundred per cent inspec-
tion gauges are probably not set to
correct limits and defects appear below
the minimum limit. Operator may
be having difficulty deciding "border-
line cases.

Fig. (vii) Same as Fig. 9 Gauges set
correctly but operator has missed
some parts.

M. LiWIT MAK, LT
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9.11

10.
10.1

10.1.1

Fig. (xili) Principal distribution has
narrow range and is well centered.
Small distribution above maximum
limit may be parts from tool and set
up try outs not set aside. Vendor
should be able to ascertain cause
and correct condition.

Fig. (xiv) Similar to Fig. 13 except
main product distribution is off center
to minimum Jimit, producing defects
outside both limits. Vender should be
able to correct condition, No increase
in tolerance required.

Fig. (xv) Distribution has narrow
range and is well centered. A few indi-
vidual picces are exceeding maximum
limit. May be due to misses by opera-
tor or ‘'machine. Vendor should have
no difficulty in overcoming this condi-
tion,

For exercising control over process another technique, namely, the
control chart is available, The chart is based on the frequency dis-
tribution model developed and provides an excellent basis for effecting
control over processes as the manufacture continues.

CONTROL CHARTS

The control charts for measurements, also called X-R charts, can be
used whenever an observed quality characteristic is expressed in actual
ineasurements, like weight in pourds, length in inches or temperature

in F° ete. Prior to running the X-R charts on any process, several points

have to be considered. They are:

M, LT

MAY LT

(i) The quality characteristic to be studied

(i) The measuring equipment and gauges

{iii) Selection of samples (rational sub-grouping)

(iv) Recording of the data.

After collecting the data, due regard paid to the points mentioned
above, the analysis can be done by drawing the control chart for X and
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10.2

10.3

10.4

10.4.1

R. The information provided by this preliminary study can then be
used for cortrol of the process,

In deciding on what characteristics the controi chart should be run,
past experience may help. For example, inspectior records might
show that a product is being rejected too often on a particular characte-
ristic. If the same product is inspected for several quality characteristics
charts for cach of the characteristics may be run.

It is to be clearly recognised that anaiysis of the data will not yield
results of utility unless the data collected are free from errors. Errors
in measurement can enter into the data by use of faulty instruments,
lack of experience in the use of instruments; in some situations the
accuracy of the instrument may not be sufficient. Also lack of clear-
cut definition of the quality characteristic and the method of taking
measurements may lead to error in measurements, It is essential to
obtain data that are free from error so that valid conclusions can be
drawn.

In order that maximum information is obtained from a control chart,
due regard should be paid in the selection of samples, or sub-groups as
they are calied. The interpretation that may be placed on the infor-
mation provided by the chart entirely depends on the choice of these
sub-groups. For example, a sub-group may be chosen at a particular
time by collecting four or five consecutive items of the product, or the
products produced during a period may be collected in a box and four
or five items may be chosen to form the sub-group; or again the
inspector may go to the machine at fixed interval of time and collect
four or five items to form the sub-group.

The choice of the sub-groups depends on the purpose or the control
chart. If the chart is maintained for controlling the quality the object
would be to reveal any differences in sub-groups due to assignable
causes so that corrective action can be taken. In such circumstances,
consecutive items produced during 2 short time may be preferred. Sub-
groups should be chosen in such a way that measurements within &
group tend to be more elike than amongst the groups. Such groups are
called rational sub-groups. if the purpese is to know whether units pro-
duced over a period of time are homogeneous the sub-group can be
formed by taking units from those already produced.
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10.4.2 The choice of the rational sub-groups is of fundamental importance in
control chart work. As Shewart points out “The ultimate object is
not only to detect trouble but also find it, and such discovery naturally
involves classification. The engineer who is successful in dividing
his data initiaily into rational sub-groups based upon rational hypo-
thesis is therefore inherently better off in the longrun than the one
who is not thus successful”. The classification involves the suspected
source of causes of variation of products of different machines, different
spindles in a machine, different operators, different shifts, differences in
materials (or materials entering production over time) environment etc,

10.4.3 The choice of the number of items in a sub-group, also called sample
size, and the frequency of sampling depend upon the process and no
general rule can be laid down in the choice. Generally samples of size
4 or 5 may be preferred. The frequency of sampling or the time between
the selection of two successive groups depends on the state of control
exercised. 1In initial studies more frequent samples will be required
(e.g- 15 min. or 30 min.) and when a state of control is being maintain-
ed the frequency may be relaxed. About 25 sub-groups of size four
or about 20 groups of size five under cantrol will give good estimates
of the process average and dispersion.

10.44 While collecting d2ta it may not be necessary to go exactly at the
specified time; in fact this should not be practised. This is to avoid
the operative being careful at the time of sampling or any periodicities
of the process to coincide with sampling,

10.5 The collection of the data for control chart purposes should be done in
properly designed forms. The design of forms depends on the process
and type of inspection. While recording the data the following points
should always be remembered :

(i) The order of the measurements

(it} The conditicns under which the measurements were taken

(il Tbe observer who made the measurements

(iv) The time at which the measurement was taken

(v) Other details which would help in the interpretation of the data.
10.6 Preliminary data for constructing the control chart for a process may

be obtained by collecting 20 or 25 samples. The preliminary data may
be collected within a shift. In case it is not possible to obtain 20 or 25
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10.6.1

samples, as few as 10 successive samples may be used pending accumu-
lation of data.

To know whether an unknown process shows a state of control
or mof, it is necessary to establish the trial control limits,
When once the data have been collected the calculation of trial control
limits is a simple numerical procedure. The steps in the calculation
arc:

(i) Calculate the average of all the items or the average of all the
sub-groups (3{‘)
() Caleulate the averages and the ranges of all the sub-groups (R)

(iii) Obtain the relevant faclors from the Table A. These are Ay, D,
D, and D. (Note that these depend on the sample size)

(iv) The control limits on the chart for averages are given by:

UCL_ = X+A:R LCL_ = X—A:R
X X

(v} The contro! linits for the chart for ranges are given by:
UCLk  =D{R
LCLr =D,R

(vi) Plot the zverages of the sub-groups in one chart, in the order
collected and the ranges io another chart which should be
betow the X chart so that the sub-groups correspond to one
another in both the charts,

(viiy Draw the ceniral lines X and R on the X and R charts respec-
tively.

(viii) Draw the control limits on both X and R charts (It is customary
to draw these in dotted lines).

{ix) Anychange in the process that might have been noted in (he
data sheet, such as tocl grind, new stock, repair, operator change
setting, etc., should be noted below X chart.

10.6.2 The control chart can thus be drawn. Lack of control is indicated in

the chart by oneor more samples falling outside the control limits.
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10.6.3

10.6.4

10.7

10.8

This ¢ an 1ndication of the assignable covess influenmnag the process,
If arecord of conditions under which the measurements wers made -
time, new stock, operator change, of¢.--ii night be poesibla o asugn
definite reasons for the points falling outude the control imite, Thes:

sub-groups are eliminated and the process average X and disperon £
are calcufated from the sub-zroups which show a stute of womisd
While comng this it 1§ swoumad iput the asiipnabl oaoses |
been found and that hey fuve peen eiiminated. e

calculated on  these esthoutes ace then used for conirul

Process.

In Some cases «f nmigit 0 happen

actual process averase mav differ, 308 o easy to chanp &ve]
(e.g, setting) thi, wijustment can be miade and this is teker aa the

standard, In case its difficuli or costly tomake this adjustment in
the level a suitable standard has (¢ rr evolved and used for future
control purposes,

The trial control Hmits serve the purposs of knowing whether & process
isin control or pot.  Tha ievised limits as explained esavher haoe to be
o owhen 2

used to control the process--to hunt for uny zass.unable cais

point falls outside ihe conicel Gmits and 1o take action 0 eliminae the

same. The control inmts may be revised. if found mecossary, oo data
accumulate,

The control charts drawn or more specifically the points nlotied on tha
chart, describe a pattern. A knowledge of the produrtion process and
the pattern of points on the controt chiarts will lead to a projar nter
pretation of the working of ihe process fo fuct for any process, it
is possible and wili be useful ro prevacc o bzt of canses which wig
give rise to pacticular pattern of painis. The v

in a control chart is Key to its interpretation.  These aspecis anid other
information including process capability, may be studied by consalting
references given at the end of the bookie!.

An example may be discussed to make the points clear. Table 3 gives
the data compiled for analysing the process with the aid of coztrol chart
with regard to the diameter of pedal axies. The controb chart caloula-
tions are explained in Table 3 itself. The controi char for the process
is shown in fig. 6.
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Department M/C Shop

Operation; Turning

TABLE 3

Drawing No: 3423 Operator: L. Singh Sample size:
Part Name: Pedal axle Specification: 0,526” Sampling
+ .002" Internal :
Machine A 22 Inspector : BK Pal Date:
No. Time individual Measurements* Average
| 8.00 AM — =2 —2 0 L ~—0.7
2 8.30 AM 1 1 0 0 I 0 05
3 9.00 AM o 0 0 0 0 0
4 930 AM -2 =1 -l -3 0 1 —1.0
5 1000 AM 2 2 3 3 1 2 2.2
6 10.30 AM 0 p 2 2 1 1 1.3
7 11.00 AM 3 3 3 1 3 ) 2.5
8 11.30 AM 2 i 1 1 2 1 1.3
9 12.00 noon 2 1 i 1 2 2 1.5
10 100 PM 1 ] ] 2 i 0 0.8
11 1.30 PM 0 0 1 ! 2 0 0.7
12 2.00PM 2 i t 2 2 1 1.5
13 230 PM 4 3 3 4 4 2 34
14 300PM 3 3 3 2 2 0 22
1§ 330 PM 1 | 2 3 3 2 20
16 4,00 PM k! 2 3 3 4 2 28
209

* Measuremsnts, deviation from 0,526"x1000
X =209/16=13; R = 31/16=1.9
For n=6, from Tables A;=0.48,

Control limits for Averages
13:048x 1.9

UCL=22; LCL=0.4

Process capability: R _ 1.

D,=0, D,=2.0, and ds=2.5.
Control limits for Ranges
LCL=D,R =0
UCL=D, R = 3.8

=18 51
FPE T itk

28(a)

Characteristic: Diameter

6

30 mm
13-1-70
Range

k|
]
(]
4
2
2
3
1
|
2
2
i
2
3
2
2
31
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10.8.1 The examination of the control chart reveals many interesting points:
(i) The presess is not in a st.te of control.

{ii) The process has gone out of control on both sides of the control
limits.

(iti) A gradual incre.se in dimensions indicate tool wear and further
that the operator is not sure as to when the tool should be taken
for grinding.

(iv) The initial low values and readjustment (at sample 5) indicate
that the operator has difficulty ininitial setting.

(v) Sample 4 indicates that attempts at adjustment has been made
but not successful. the peoint falling outside control limit in both
the charts,

(vi} The average dimension which should be zero (in new units) is
actually 1.3 indicating higher dimension.

(vii) The actual average dimension achieved during the shift is much
higher than 1.3. After sample 5, adjustment is made on the
higher side and the average of points 5 to 16 works out to 1.8.

(viii) Therange chart shows control except for sample point 4, the
reason for which i1s known i.e. adjustment.

(ix) Since the range chart is exhibiting good control it would be
possible to compute the ability of the process to produce the
parts, that is the process capability which may be compared to
specifications. In this case the factoris 0.7 (see table 3)and
the process can produce parts within 4 2.1 units. This may
be compared to the process required that + 2 units (0.002%)
which indidates that the machine is just sufficient to meet the
requirement provided the average dimension is controlied
adequately.

(x) Tt isalso possible to calculate® the proportion of axles which
will have dimensions above the upper specification limit (i.c.
0.528) if the present average is maintained (that is 1.3 in new
units or 0.527); 26% of the items would have to be reworked.

(xi) In essence the operator is playing safe, in the sense he is work-
ing at higher dimension with the result no rejections would
result, but rework has to be done.

=Supervisors are advised to consult their quality conirol departiment for this explanatioa.
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10.8.2

10.9

10.9.1

10.9.2

10.9.3

The information obtatned in one day and by the use of control chart
analysis gives a great understanding of the process. The same
chart could further be used for a proper initial seiting, watching the
process for adjustments and for knowing when trouble has crept into
the process.

The control charts for X—R are applicable o quality characteristics

that are directly measurable. However, in industrial practice, situations
are many, where direct measurements are either not feasible or possible
but necessitate some other type of quality evaluation, For instance,
the colour of paint or the surface finish of a casting do not lend them-
selves to direct measurement. Tn these circumstances, the inspection
results in the classification of the items as defective or non-defective,
rood or bad, passable or non-passable according as the item conform to
specifications or not. Tn these situations the guality characteristics are
said to be observed as attributes.

A defective article can further be examined for the type and number of
defects in it. A defective item may contain one or more defects of
various types. When the product is examined as a whole for conformity
to specifications, the inspection results in the classification of the pro-
duct as defective and non-defective. However, where consideration is
given to the type and the number of defects, a count of th2 number of
defects on an item of proauct helps in the evaluation of the quality of
the item. For example, a casting may be defective because of blow
holes, cracks, cuts, scabs, sponginess, swells, runouts, misruns, bad
surface, etc. Each of them is called a defect. A casting that has any
one or more of these defects is a dofective casting.

There are also cases where the direct measurement of the quality
characteristic is possible, but is not done in practice for reasons of
economy and time. It is common practice in such cases to check the
comporent parts by gauges which decide whether a dimension falls
within specified [imits rather than determine the actual dimension of the
product, The result of such tests is again the classification of items as
acceptable or not.

In some cases a single part has to be inspected for 2 number of dimen-
sions. In such cases for ease of inspection, economy and time
attribute inspection is done with the aid of gauges,
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10.9.4 Quality characteristics observed as attributes may be expressed in the

10.9.5

foliowing ways:

(i} Fraction defective (p): This is defined as the ratio of the
number of defective articles found in an inspection to the tota!
number of articles inspected.

7Number nf defective articles found

" Total number inspected

(ii} Percent defective ; The fraction defective expressed as percentage
gives percent defective.

(iii) Number defective : The actual number of defective articles found
in the samples inspected.

(iv) Number of defects observed in a given area, length or time.

The control chart for defectives, known as p-chart, is used whenever
the quality characteristic observed results in the classification of items
as defectives or not. The coocept of rationai sub-groups plays an
important part in the interpretation of p-charts also. Thus, the
inspection resuits by different inspectors, fraction defectives of
different machines doing the same job, or of different shifts, have to
be charted separately uptil the evidence shows that the performance
of machines, inspectors have different shifts are the same. It is
important that in the first instance the method of inspection should be
standardised. The recording of inspection results should be made in
properly designed forms. In some situations, it may be necessary to
maintain charts on defectives due to some selected major defects.

10.9.6 Geperally prelimipary data for the construction of p-chart may be

10.9.7

obtained from the past records. About 20 to 25 samples may be
sufficient to get an idea of the working of the process and to evaluate
the standard fraction defective for future control.

To know whether a process is in a state of control or not, it is
necessary to calculate the trial control limits. The calculation is
explained below:

it Compute the fracuon defective for each of the samples. The
fraction defective is given by

Number of defectives in the sample
"Number of items in the sample

p::
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(ii) Obtain estimate of the standard fraction defective

Number of defectives in all the samples combined
Total number of items in all the samples combined

p
(iii) The trial control limits are given by:

UCL=" +3 \/'p (1—p)/m
LCL=p—3 \[zﬂlmp)/n

If the number of items inspected (n) varies, the control Jimits
have to be calculated for each sample. This type of limits is
called variable controt limits. However, if the sample size
remains the same, one set of limits can be used for all samples.

(iv) Plot the individual fraction defective (or per cent defective)
values.

(v) Draw the central line at 7 and the control Jimits.

10.9.8 In cases where the sampls size varies, the control limits on the pchart

10.9.9

are calculated for each sample. 1t is to be noted that smailer the
sample size, wider the control band and vice versa, If the sample size
does pot vary appreciably a single set of control limits may be used
based on the average sample size. This holds good for practical pur-
poses in situations where the largest sampie size does not exceed the

smallest sample size by more than twenty per cent of the smallest
sample size.

The process is judged for control in the same way, as is done for
¥ —R charts. If all the points fall within the control limits without
giving rise to any specific pattern, the process is said to be in control
under these conditions the ohserved variations in the fraction defective
are due to chance causes and the average fraction defective D is takén
as the standard fraction defective (p). If a point folls above the upper
control limit it is a clear indication that this sample does not
come from a process with fraction defective . This indicates deterio-
ration in quality. If details of conditions under which the data were
collected were known, it might be possible to know the reason for
this deterioration. Of particular importance is whether there was
any change of inspection or inspection standard. If a point
below the jower control limit, it is a situation showing improvement.
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However, before accepting this improvement it should be investigated
whether there was any slackness in inspection or not. When several
points fall outside the control limits, the revised estimate of the
standard fraction defective may be obtained by eliminating ali the
points that fall above the upper control limit (it is assumed that the
points that fall below the lower control limit are not due to faulty
inspection) The standard fraction defective may be revised periodi-
cally.

10.9.10 An exampie with the detas of the construction of the p- chart is given

1010

in Table 4. The control chart is shown in figure 7. The control chart
reveals hopelessly out of control situation. In this case the reasonis
obvious as different 1ypes of stems are included together, violating the
principie of rational sub-grouping. The per cent défective is different
for different types of stems though produced on the same machine. For
further analysis to reduce rejections separate control charts for different
types should be drawn and the process watched.

On a similar basis control charts for the counted data may be
drawn called the C-chart. The sample size is usuaily, either fixed
time, length, an area. a single unit, or group of units. The sample
size is also called the ‘Areas of opportunity’. In the case of coil
winding the fixed length of wire for which the break are observed
constitutes the sample size or area of opportunty. Tn the case of sur-
face blemishes, area of the surface is the sample size. Tn the case of
casting defects, a single part (e. g., base plate, side cover) is the sample
size. The sample size may be same or varying.

10.10.1 The construction of the control chart for number of defects (cailed c-

chart) where the sample size is constant is as follows:

(i) Compute the average number of defects ¢

- Number of defects in all samples
= TTotal number of samples

tii) The trial control limits are given by:

Upper control limit: ¢ +3x ’ <
Lower control limit: ¢ 3% f e

(ii) Plot number of defects in the individual samples
(iv) Draw the central line at ¢ and the control limits
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Name of Component... ... ...

TABLE 4

Control of Rejections

Date

| Sept. 1955
2

PO A oh P L

0

1l
13
4

15

ié
17
18
20
21

22
23
24
25
27

30

.Stem (all types) Machine |
Number Number Fraction Conirol Limits
{nspeﬂed Defective Defective Upper Lower
n)
3,000 518 0.1727 0.1500 0.1130
4,000 675 1.1688 0.1478 0.1152
1,250 263 0.2104 0.1602 0.1028
2,500 462 0.1848 0.1518 0.1112
500 34 0.0680 0.1768 0.0862
5,300 346 0.0653 01454 0.1176
4,500 517 0.114% 0.1466 0.1164
3,000 318 0.1060 0.1500 01130
4,500 482 0.1071 0.1466 0.1164
6,000 632 0.1053 0.1446 0.1184
3,250 355 0.1092 (0.1493 0.1137
5,150 391 0.1550 0.1449 0.118]
3,000 540 0.1800 0,1500 0.1130
2,500 424 0.1696 0.1518 0.1112
7,500 1,088 0.1451 (.1432 0.1198
9,000 1,094 0.1216 0.1422 0.1208
4,750 675 0.1421 0.1462 0.1168
7,750 807 0.1041 ¢.1430 0.1200
5,000 655 0.1310 0.1458 0.1172
4,250 563 0.1325 0.1471 0.1159
4,000 666 0.1665 0.1478 0.1152
8,250 1,095 0.1327 0.1427 0.1203
7.750 1,014 0,1308 0.1430 0,1200
1,07,300 14,114
—_ 4114
P = Tora = 01315
3°=3J P(—pm — 1O4
n
UCL=p+3 \/'p_(l-—i—) /n =0.13154 U8
n
LCL=p—3 [S(i-p)yn _ Lot
\[ p (1--p)/ 0.1315 T
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10.10.2

10.10.3

(v) If the lower control Jimit is negative then LCL is taken as
zero,

Whenever the sample sizc varies instead of ploiting the actual number
of defects, ¢, u = ¢/nis plotted, where n is the sample size which is
varying. The central line will be drawn at u and the contro! limits are
given by:

Upper control limit : U + 3x U/n

Lower control limit : U ~ 3 x \/’ O/n

Here u, is the estimate of the standard number of defects per unit.
In this case the control limits will be varying for each sample.

The interpretation of these charts is similar to the charts for fraction
defective and number defectives. The evaluation of the standard is
also done on the same lines.

11, SAMPLING PLANS

1.1

11.2

Sampling plans may be used for the acceptance {or rejection) of
products or items already produced on the basis of sampling inspection.
The uses of acceptance sampling are:

(1) To determine the acceptability of the incoming products and
outgoing products;

(i) To detormine the acceptability of the products from one
department to another within the plant;

(ii) Toselect the vendors who supply specified quality materials
required for processing; and

{iv) To improve the quality of the material supplied bythe vendors,

The acceptance sampling procedures of incoming material control can
be applied to a variety of products and situations. The product may
be a component part, an assembly, or finished product in bulk, in
solid, liquid or gaseous form. The product may be submitted in lots,
stored in heaps, or tanks or may be moving on a conveyor etc. In all
these situations, procedures for acceptance on sampling basis could be
worked out.
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11.2.1 The problem of acceptance sampling may be stated as follows when
the material is supplied in lots:

A producer (supplier) submits lot/lots consisting of a large number
of items manufactured to certain specifications. The number of
defective items is not known. The consumer (buyer) has to decide
whether to accept the lot/lots as copforming to stipulated specifi-
cations or reject the same as not conforming to specifications.

11.2.2 When the acceptance of the lot is decided onthe basis of sampling
inspection statements regarding the lot quality cannot be made with
certainty, since all theitems are not inspected. Lots of acceptable
quality, on some occasions might be rejected ; or lots of infericr quality
may be accepted. However, statistical methods can provide sampling
schemes which will minimise these risks.

11.2.3 The lot quality can be expressed in several ways. If the inspection of
the individual items (or units) taken from the lot is carried out by actual
measurement, called variables inspection, the lot quality may be
expressed as:

() The average of the individual items, that is, arithmetic
-Neans;

(i) The variability of the individual iemns, that is, standard
deviation,

(iii) The ratio of the variability of the average of the individua!
items, that is the co-efficient of variation.

If the inspection is carried out by classifying the items in sample as
defective or non-defective called, the attribute inspection the lot quality
may be expressed as:

Percentage of defective items, that 1s, percent defectives.

1f the inspection is carried out by counting the number of defects 1n
the sample of items, also called attribute inspection, the lot quality is
expressed by:

The average number of defects per units, that is, defects per

® unit,

Sometimes the sample items are classified as defective or pon-defective
even though the quality characteristics are directly measurabie; for
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11.2.4

11.3

instance, the items may be classified as short or long even though the
length could be measured,

When lots are submitted for purpose of acceptance the decision of
acceptance (or rejection) is made on the basis of sampling plan. A
sampling plan gives the sampling procedure to be followed with
quantitative estimates of the risks to be taken by the producer and the
consumer. The sampling plan depends on the product and the
‘Quality’ of the product supplied. The sampling plan has to be chosen
that 1s best suited to the particular situation, The suitability of any
plancan be judged by the properties it possesses. A good sampling
plan should invariably accept all good lots, reject all bad lots and the
amount of inspection needed should be small and easy to administer in
practice.

The sampling plans may be grouped into three categcties. They are
called ‘single’, ‘double’ and ‘multiple’ sampling plans.

The examples of these types of plans are given below:

INSPECTION LOT SIZE 3400

Type of Sample Sample Combined Samples
Sampling Size Size Accept- Rejection
ance No. number
(1) Single  First 225(n) 255(n) 14{c) 15(n)
(ii) Double First 150(n;) 150(m;) 9cs) 244r)
Second 300(ns) 450(n; +ng) 23(cz) 24(rs)
(iii) Multiple First 50(n:) 50(n,) 1(c1) 6(11)
Second  50(ny) 100(n; +n0s) Ics) 9(rs)
Third 50(n,) 150(n;+nz+n,) T(cy) 13(r)
Fourth  50(n,) 200(n;+ns+ . ,+m)) 10(c,) 16(r,)
Fiftl 50(ny) 250(n+na+. . +ny) 13(c,) 19(rs)
Sixth 50(n,) 300(ny+oa+..+n,)  16(ce) 22(r,)
Seventh 50(n,) 350(o1+nat..+0,) 19(cy) 25¢¢,)
Eighth 50(n,) 400(m +ny+..+0y) 24(c,) 25(r,)
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11.3.1 The method of using these plans is given belew :

SINGLE SAMPLING PLAN

Inspect a sample of

225 items

|

¥

If the sample contains
14 or fewer defective
items, accept the lot

DOUBLE SAMPLING FLAN

Inspect a first sample
of 150 itéms
l
i

If the first sample contains

¥
If the sample contains

15 or more defective
items, reject the lot

9 or fewer defective
items, accept the
inspection lot

i

—

¥
Between 9 and 24
* defective iterns

I
l
1
i

‘Inspect a second sample
of 300 additional items

l
}

If the fi.st and the second
samples combined contains

+
24 or more defective
items, reject the
inspection lot

J
I

¥
23 fewer defective
items, accept the
inspection lot

l
l

P NN
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24 or more defective
items, reject the

inspection lot
|
|
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ACCEPTANCE

I
f
|
|

MULTIPLE SAMPLING PLAN

Inspection a first sample of 50 items

I
!

If the first sample contains

1 or fewer defective
items accept the
inspection lot

Between | and 6

defective items
|
|
4
Inspect a second sample
of 50 additional items

+
If the first and second
sample combined contain

6 or more defective
items, reject the
inspection lot

oo
3 or fewer defective
items, accept the
inspection lot

v
Between 3 and 9

defective items

|
i

4
Inspect a third sampte
of 50 additional items

And so on, throuéh 4 more samples
then, if the inspection ot has
still not been accelpted or rejected
Lo
Inspect a last (eight)
sample of 50 additional items

¥
If all samples combined contain
|

¥
9 or more defective
itemns, reject the
inspection lot

I
|

———p

4
24 or fewer defective

items, accept the

inspection ot
ii
I

—————e s
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25 or more defective
items, reject the
inspection lot
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1132 Example (i) is called a Single Sampling Plan as the acceptance or
rejection is decided on the basis of a single sample drawn from the lot.
A plan of this type requires three quantities to be specified: the lot size,
that is, the number of items in the lot (denoted by N); the sample
size, that is, the number of items in the sample (denoted by nj; the
acceptance number, that is, the number defective items atiowable in the
sameple (denoted by c) and 2 rejection number (denoted by 1}.

Example (ii) is called a Double Sampling Plan. This involves the
possibility of taking a second sample from the inspection {ot amd
basing the decision of acceptance {or rejectios) on the two samples
combined. Thus, after the first sample, the lot may be accepted or
rejected by taking up of another sample. Such a planis specified by
the lot size (N), first sample size (ny), first acceptance number (¢,), first
fejection number (r;), second sample size (ms), second acceptance
number {c;), for the two sample combined and asecond rejection
number (re) for both the samples combined.

Examp!z (jii) is called 2 Multiple Sampling Plan where there is possi-
bility of taking more than two samples before a decision is reached.
This is an extension of the double sampling pien andis completely
specified by the Jot size (N), first sample size {(m), first acceptance
number (c,) first rejection number (r:) second sample size (ns), second,
acceptance number (¢,) for the two combined samples, second rejection
pumber {r2) for the two samples combined and so on.

QUESTIONS

1. Why is industrial inspection necessary?
2. Define: Tolerance, limits, interference, allowance, selective assembly,

3. What are the factors that determine the setting up of tolerances for an
itemn ?

4. Explain what 1s meant by direct measurement, comparison measurement
and direct check measurement with examples,

5. Write brief notes on : Micrometer, Plug, Ring, and Snap Gauges, Gauge
Blocks, Dial Indicators, and Thread Gauges.

6. Describe the role of optical instruments in inspection 1n industry.
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