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quality product requires that it is made that way. There are

several Oother advsntages.

Obviously 1f the product is made with more tham 95. good, taesm
outgoing quality will be vetter than the product comsidered
sbove, In fact, if it is known that the "as sade" quality is
satisfactory, no further inspection is required at all. This
would completely eliminate all scrap and re-work becsuse noae
would be sought. However thie happy situation never arices
completely and there is slways some doubt as to the actual
quality made. Further there camn be long periods duriag which
the product 1is made to a satisfactory quality, but, for mo
apparent reason, it deteriorates froa, say, &4 defectives to
10t or more and this can continue for several hours or evea
days. The object of quality control is to detect such chaagee

in a minimum of tiae.

In many cases, the customer is another part of tre same firs
where t'.e components are asseabdled to make the products. 1t
all components are made to the specificatioan, thea they caa
always be assembled and this 1s still true 1f the components
have been sorted by 100% inapection. However, the ease of
assembly and *he time tsxen will depead upom the actual sises
of the components insjde the specification. 1f there are saay
near the top limit, producing a tight fit, then asseadly takes
longer cnd this will occur with a betch origimally coataiaing
%> or more defectives. At the other extreme, loose fite Iros

compoments nea: bottom limits are inclimed to have .aferior

performance or life, or both. Th.s ia aov defined as inferier
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reliability and is characteristic of the assemdbly of batches
which have been required to Dbe screened because they are not

g00d enouih as made.

petter quality "as made" is therefore associated with reduced
inspection requirements and easier assembly. However it 1is
not known in advance just how good the quality is, =0 sonme
inspection 1s always required to estimate this quality as well
as give customer protection, The former aspect is greatly
influenced by other knowledge particularly the measureaent of
quality previously obtained by the eame process working under

what are believed to be the same technical conditions,

Typical figures quoted in the UK show that costs due to

inepection and quality failures amount to about 7% of the gross
turnover with another X spent on creating and controlling quality,
However, when this effort is doubled to cost 1%, it has the

offect of reducing juspection and failure coete to about i%.

The net saving of 2¥< of gross turnover appliee to the quality
obtainable from existing resourcee without any substantial
technical changes in operatiom. It is 1likely that somswhat
larger savinge would result from eisilar methods im small

companies,

There will be situations where the available facilities are
still imadsquate to produce a quality acceptable to the market
without a sorting proceee. This occurs ia a factory making
glass containers where 35X good product 1is coasidered

coamercially eatisfactory although 19% dsfectives camaot be

passed straight 1ato the msarkst. lere sortiang is regarded as
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part of the production process but an efficient glassworks
will establish controls to ensure that defective bottles are
not produced at a rate exceeding 15% for any extended period.
It 1s 80 easy to permit quality to slide when there are

always 80 many defectives. This 85% output can be used for
planning to estimate delivery dates and costing to be
competitive in tendering. Any deterioration will delay
delivery, increase costs (loss on a contract) and run a greater
risk that excessive defectives are delivered to customers

despite the sorting.
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5 Definition of Quality

The quality of a product can be defined as the degree with
which it satisfies the purpose for which it is intended. It
starts with design which establishes the level of performance
required and this applies to every item. However there are
differences from unit to unit so that some will be found to
satisfy the purpose while others will not. For example, a
celling fan is designed to rotate at a speed of at least 180
rpn, However, tne variation from fan to fan amounted to *12
rpm 80 that the worst nad a speed of only 174 rpm even when
nothing had gone wrong, About one fan in 16 failed to rotate
at the minimum specified speed and hence they could be said to
be of inferior quality. Nevertheless they still circulated
the air round the room so they still possessed some quality as
celling fans and it s difficult to state how much lower their

value is because of the inferior performance.

On the other hand, the best fan would rotate at 198 rpm which
is much better than the required specification. About one fan
in six would have speeds in excess of 190 rpm and again it is
difficult to stat;e how much higher value they have. It is
quite certain that the customer would not be prepared to pay
more when the specified value is 180 rpa. The company has to
decide what the quality level should be, how it should be
interpreted and then how it should be designed to give that
quality, These are all related to cost and generally manage-
ment must decide what market it is trying to attract, how large

that market is, what proportion it will obtain and, thus, the

level of manufacture. This decides me thods which can be
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employed with subsequent effect on quality and cost, There is
then a relationship between selling price and share of market
leading round the whole cycle again, All this depends upon
compliance with the design quality; any failure to do so will
affect everything so we are naturally led to the more important

quality of conformance.

As another example, an automobile is basically a device for
conveying people from one place to another but the speed,
comfort and safety with which this can be accomplished depends
upon the quality designed into the product, Other factors of
economy, capacity, manoeuvrability, ease of parking, noise, etc.
are also 1mportant design features. A luxury limousine will
be much more expensive than a "People's car" and will certainly
be regarded as being of higher quality, Some custouwers are
prepared to pay the additional cost,s80 much so that in the UK
the most expensive car costs 30 times as much a8 the cheapest.,
However it does not mean that its quality is 30 times as high,
In fact, it is almost impossible to give a quantitative compari-
son of thelr qualities. Such relative values of quality are
purely subjective and they will be influenced to a large extent
by the confidence that actual manufacture will conform to the
design. There can be no certainty that the most expensive
product will conform to its own design as well as the least

eéxpensive.

The description of any product gives some definition of its
quality but it is well known that different examples of the same

product are of different qualities. This variation gives rise
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to ideas of product performance for which minimum values may be
specified in National Standards and other ways = ceiling fan to
rotate at a minimum of 180 rpm, Thua t.s customer is able to
purchase a product with a specified performance which may extend
to a large number of characteristics including appearance and

other subjective features such as taste, smell,

The reliability of a product is another aspect of its quality.
Although there are complex mathematical definitions, it can be
thought of as a measure of the maintenance of performance through-
out life, vost products are subject to wear and require regular
servicing to maintain an acceptable performance, This is

Obvious for complex products like aircraft but it is also
necessary for commonplace products like garments, The ease with
which the servicing can be carried out and the availability of
spares and other materials to enable it to be accomplished

have a profound effect on overall product quality,

The quality performanre of the final product depends upon the
quality of the components and materials from which it is
constructed, These also require to have their quality
performance specified. Materials usually have minimum (or
mwaximum) values of various physical and/or chemical properties

specified and these must be verified by small samples.

The quality of components is specified by a number of
dimensional sizes usually shown on a drawing with tolerances
which have been chosen so that the product can always be

assembled and will function satisfactorily if all components

satisfy their specified limits. Product quality then depends
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upon component quality but it often happens that unnecessarily
tight tolerances are specified for components to make sure,

This causes more expensive manufacturing processes to be used or
100% inspection to sort "good" from "bad", However it is not
generally known how far and how frequently these tight limits
can be violated without detrimental effect on the final product.

This is another problem to be investigated by quality control

methods.

It is not sufficient to 8pecify qualities of materials and
components and performances of products. It is also necessary
that actual production conforms with these qualities and
performances. This can only happen if the methods used for
manufacture are capable of producing the desired quality and
that technical control is maintained to ensure that these
methods are operated as planned. These features are the
quality of conformance which is evaluated by quality control

techniques discussed in the following sections.
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dlethods to Improve Quality

Quality can only be obtained from technology. This is true
even in the craft industries where technology has to be defined
as the ability to repeat methods time and time again on
materials with concstant physical characteristics, In
practice, completely uniform material is never obtained,
neither is it possible to have exact repetition of any process.
A super craftsman would be able to predict how the material
will vary before he processes it and automatically he makes

ad justments to his methods so as to balance the effezt of the
variable material, This is an impossible task but some degree
of balance is achieved and the ultimate uniformity is a measure

of the craftsman's skill.

Variation is particularly true of "natural" materials but
modern technology has developed methods to produce a more
uniform material to enable standard processes to be used in
later stages of manufacture. For example, there is enormous
variability among the individual fibres of cotton. The
preparatory processes are designed to blend these fibres and
produce laps and then slivers which are proportionally much
more uniform. The doubling and spinning processes continue
this blending so that ultimately each square centimetre of a
plece of woven cloth is very similar to every other square
centimetre even though a microscopic examination would reveal

the original variation from fibre to fibre.

The obvious way to improve the quality of a product is to

improve the technology used in the manufacture. This could oe
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achieved by better methods or more efficient use of current
methods. An initial step must consist of evaluating the
efficiency of existing methods. This is best done by
measuring the quality of the output over a sufficiently long
period so that all normal variation has an opportunity to
occur, Analyeis of the data then shows whether it is stable,
relative to its own measured variation, or not, If it is
stable, then improved quality will require vetter technology,
but otherwise some improvement can be obtained by better

utilisation of existing methods.

Technical improvements usually incur capital expense and this
is likely to involve foreign currency difficulties in
developing countries. All efforts should be made first to
ensure that the best use i8 being made of current plant before
ordering new. Further, estimates should be made of the period
over which the best use of current plant will continue to

provide sufficiently high quality to satisfy the market. It

often happens that although existing quality does not satisfy
the market, a proper quality control plan w.ould enable present
resources to do so for a few more years. There is an example
of a cotton mill in South India which was interested in re-
equipping its spinning shed because efficiency was 12% lower
than the standard expected for the frames being used and count
being spun. It is well known that spinning efficiency is
positively correlated with yarn quality, so improved quality
would also result from increased efficiency. It was estimated
that new foreign plant would mave the 12% loss but it involved

scarce currency with a delay of several months for delivery.
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A provisional order was placed and at the same time a study

of the losses was initiated, This showed that most of the
variation occurred from time to time rather than from frame to
frame and that the observed variation was too large to occur
by chance. A quality control plan was introduced to reduce
the incidence of unstable operation and this had the effect qf

increasing the efficiency by 1l4% over a period of six months.

A simlilar study was carried out in the weaving shed of a Jute
mill and in this case there was so much variation from loom to
loom that it was not possible to detect time to time variation.
The study was based on quality control interpretation of

activity sampling. The results of one section were:

looms number B§3pp§§§§din :f??::?:ﬁ;
ngood" 4? 323 77.1%
"had" 3 49 45.%
total 50 372 75.2%

The three bad looms were overhauled to bring their efficiencies
up to the remainder of the group and a repeat study themn showed
a slight improvement in the overall shop performance to 77.5%
efficiency. An increased output of better quality cloth was
Obtained from the same plant by overhauling only 6% of it.

Very little extra improvement would have been obtained by
overhauling every loomn. Six "intermediate" ones had an
average estimated efficiency of 65.6% and these same looms gave
the higher estimate of 76.7% in the second study without any

technical change in their operation at all.
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This example has been quoted to illustrate how productivity
and quality are improved by i1e selective overhaul of plant.
This can be regarded as a technical change without any great
capital expense. lHowever it does use, in developing
countries, scarce skilled labour so the importance of choosing

the right plant for overhaul cannot be over emphasised,

This study was part of the initial investigation to determine
the quality standard for the loom shed before setting up a
routine quality control system. The standard was provisionally
set at 77.5% and the object was to maintain the efficiency at
this level. Maintenance of quality is just as important as

improvement.

Improved quality is often obtained in industrialised countries
by using completely new methods but these are based on
extensive Research and Development programmes quite beyond the
scope of small industries in developing countries. Mostly the
impetus for such improved processes comes from the desire to
save expensive manpower and again this is not a usual problem in
developing countries. Nevertheless, it may be economic for
some small firms to operate new and improved methods especially
when they have technical collaboration agreements. The
decision should be made from a study of the economics of the

situation; it should not be a matter of prestige.

The obvious remedies for poor quality are new or improved

plant, better materials or methods but these are not

necessarily the solutions even in large organisations. If new
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plant is operated as badly as the old, improvements in

quality and efficiency will not be ae large as they could be by
working the old plant as well as possible. Further, the
initial improvements obtained with the new plant would not be
maintained. This leads naturally to the alternative, but not

exclusive, method of improving quality by better management.

Detailed objectives of better management are different in
industrialised and developing countries. Both are concerned
with higher efficiency, but cost and labour productivity are
predominant in the former group. Plant and material
utilisation (productivity) are much more important in
developing countries. Cost, of course, is also important but
a good case can be made for subsidising labour costs - this is

discussed in Section 6.

The fundamentals of good quality management are not difficult,
First, the operator must know what is required and given
facilities to enable him tO perform the Lask,. Then he amust
have sufficient training so that he understands what he has to
do and he is capable of doing it. Next the materials he uses
must be available in sufficient quantity at the time they are
required and there must be simple means of disposing of the
finished work without damage. The workplace must be well 1it,
heated (or cooled), ventilated with sufficient space to move
with heights and distances arranged to enable him to continue
for the whole of the work period without undue fatique. It
should be kept clean and free from accident hasards such as

fire from cotton waste.




The required quality must be specified on a documeat (which is
often a drawing) with facilities to meaeure tre quality
actually produced in the same units, Ideslly this should be
done immediately after the ites has been processed either by
the operator or by an inspector who makes his observations
available to the operator. The operator sust underetand that
he is responsible for the quality he producee even if somebody

else measuree it.

Consistent high quality is impossible without paying due
regard to the factors given adove. dowever they do raise a
number of queries which are eocluable by quality coatrol methods,
The major query is concerned with the relationship between the
specification and process capadiiity. Injitially it is
aseumed that the epecification ie correct and iaviolable.
Processea are choeen which are delieved can satiefy the
requirea specification economically and then it is necessary to
measure their capability to do 0. Thie involvee making many
items and meaeuring their quality and interpretation of the
results, Somedody in management must be capabdble of thls
interpretation objectively and then decide whether tne process
matches the epecificatiom. If it doee, production cam proceed
as long aa 1t 1s controlled but otherwiee elther the process or
specification must be changed. In many ceses it is the latter
and the easement Of preasure on the proceee operator often hae
the effect of improving quality although not to euch am exteat

that the initial specification wouold be eatisfied.

Changed proceases may comsist of alteriag operatiag comditioas




(temperature, pressure, speed, etc.) or adding further

operations (sortirg) or working with different (more uaiform)
materials or adding Jigs and fixtures to prevent errors or a
complete change such as was considered adove under techaical
iaprovements. The decision as to what change is likely to be
BOost bemeficial, taking accouat of ecomomic factore, will ba
deternined from techaical comsiderations but the magaitude of
the improvement can uswally be gauged oaly by interpretatioa of
obeervations leading oace agaia to the wse of quality coatrol

techaiques.
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Measurement of Quality

The simplest measurement of quality of an individual item is
merely to inspect it to decide whetner it poesesses the
required attributes or not. For example, the wajor
requirement of a bucket is that it should hold water without
leaking. If this is satisfied it is acceptable but if it
leaks, no matter how slowly, it is defective. There can be
little doubt about the accuracy of this measurement and it
suffices for a particular bucket. The user is only concerned

with his bducket.

The manufacturer is more concerned with the quality of all his
buckets and he cannot deduce that all are satisfactory just
because the first one is. Conversely he should not adjust all
his processes whenever he finds one that leaks. His decision
must arise from consideration of the inspection of many items
and he must dietinguish between the quality of an individual

bucket and that of the product as a whole.

Suppoee he finds that over a period there are 2% leaking
buckete and he cannot detect any differences in the way the
buckets were made over the whole period. Then the occurrence
0f a leaking bucket is a matter of chance a;iling fros an
unpredictable comdination of conditions all coming within the
norsal range of variation in msmufacture. The operator has
not made a defective deliberately, nor even by allowing Lie
attention to wander; he is trying just ae hard to make good
buckete when the defective occure. Clearly the quality of the

product cannot de judged by measurement of one unit.
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Since the defectives occur at random, it is quite possible for
there to be runs of 100 acceptable buckets (frequently) and
even 230 about once in 100 runs, These would not imply any
improvement in quality any more tnan finding 2 leskers out of

8 proves the quality is worse,

The measurement of product quality by counting attributes is
therefore subject to large sampling errors and it is necessary
to inspect large numbvers to obtain reliable estimates,
Somewhat smaller numbers will suffice if the standard quality
is poor, say 203% defective, The ¢ 3sential quantity is the

total number of defectives in all the samples,

The bucket is also subject to other defects, capacity, weight,
dimensions, dents, surface scratches, etc, any one of which
makes it defective although it is 8till marketable, The
overall quality can be measured by the total number 0f these
defects, Sometimes they are classified as major, minor or
incidental with a combination of these to give a demerit score

48 a measure of quality,

Counting of defects also measures quality in products made
continuously such aes woven cloth or enamelled wire, It can

be quoted as the number of defects per square metre even though
the samples may consist of much smaller areas. The sampling
errors associated with counting defectives still apply to the
counting of defects but,as the numbers are usually larger, the
effect is not so important. Again the important quantity is

the total number of defects Over all the samples providing the

variation follows a random pattern.
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Verification of product quality requires much less measurement.
For example, if it has been established earlier that the

normal quality is 2 defective, then a sample of 10 units
without any defectives confirms it. It is also confirmed if
the sample contains 2 defectives. 20 in the small sample
verifies 2% in the product! This is dealt with in considerable

detail in Section 7 under quality control.

Many products, particularly engineering pieceparts, are
designated as effective or defective wnen it would be possible
to measure the actual size. This is done after checkiny with
Go No-Go gauges which are very simple to use but it is important
that their accuracy is checked frequently. Their use implies
that, if a component has all its dimensions inside the
tolerance, it is perfect, but if any dimension is outside the
limits then the component is useless. This has already been

mentioned in Section 3 with some doubt as to its validity.

It is common practice for the "first-off" to be checked with
such gauges by a competent inspector and,after his clearance,
the job is allowed to run subject to periodic sampling checks
with the same gauges by the inspector or by the operator.

This cannot guarantee that all the pieceparts couply with the
drawing and a "emall" percentage of defectives is usually

accepted. Although "small" is not properly defined, it does
imply that the degree of defectiveness will also be small and

the incorrectly sized components will have no practical

detrimental effect on the quality of the ultimate product.




- 26 -

It would certainly be better to measure actual sizes to know
what margin exists inside the tolerance and such measurements
also give estimates of the dispersion among component sizes.
Simple dimensions like the diameter of a bolt may be measured
with a micrometer but unless the component is an exact circular
cylinder, there could be variations due to ovality and taper
apart from errors introduced by the way tnhe ohserver uses the
instrument, These should be small relative to the tolerance
but this is not necessarily true. Examples can be quoted
where random errors of measurement can exceed the tolerance

occasionally,

The choice of measuring instrument will be influenced by the
tolerance and the speed with which observations can be made,
There is little point in measuring a diameter as 0.7497" when
the drawing limits are 0.745" - ©.755", In general the unit
of measurement should be between 5% and 10% of the tolerance.
If this diameter is measured to the nearest 0.001", a recorded
value of 0.755" means that the observer believes that the true
value lies between 0.7545" and 0.7555"; the upper part of this

is outside the limits although the piecepart would be accepted,

An entirely different kind of quality measurement occurs in
determining the physical and chemical properties of materials
such as steel, moulding powders, rubber, jute, etc. These
will be delivered to an agreed specification and will require

that a sample be analysed or tested. The sample will consist

of a few grammes to represent the whole consignment; it is
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impossible to test every gramme. There are approved methods
of selecting such samples to give a good estimate of the
averaze quality but they do not measure the variability in the
material over the whole consignment. The material is never
used in the same way that the sample is selected so

variability in the material appears in the ultimate product.

A small user can never determine accurately the properties of
the material he uses and he seldom knows how variation in these
properties affects the quality he produces. His best
protection comes from the purchase of material supplied under
a Certification kark scheme operated and licensed by the

National Standards Institution. This is discussed in some

detail in Section 10.




6

- 28 -

Quality in Developing Countries

Quality problems in developing countries stem Primarily from
the low level of education among the bulk of the population,
This is associated with a low standard of living and no massive
demand for goods and services which would permit the use of
advanced technical methods of production, Since such methods
have been developed in industrialised countries with labour
shortages, they have often concentrated on automatic and semi-
automatic machines with jigs and fixtures in labour saving
devices, All of these tend to produce greater uniformity as
long as they are correctly adjusted and hence better quality is
obtainable, These adjustments require highly skilled labour
with long and expensive set ups 80 that advanced methods are
only economic with long runs. When such a machine goes out of
ad justment, the quality of the product deteriorates rapidly and
can be detected with very simple inspection and quality control
procedures. This is very necessary to avoid making excessive

scrap.

Many firms in industrialised countries who have automatic
machines also use many simple machines for the same purpose
because of their flexibility especially when small quantities
have to be produced. Despite increased labour costs, this is
the cheapest method of manufacture but the qQuality produced
will not be s0 uniform. Also when a simple machine goes out
0of adjustment, the quality deterioration will not be 80 great

making it of less importance but more difficult to detect.

The best firms in industrialised countries use quality control
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schemes to detect these changes in a minimum time. The
simplest procedures are not suitable for this purpose but
developments of the control chart technique first proposed by
Shewart in 1924 can be very veluable. These are given in

Section ¢.2.

There are two main reasons why developing countries do not

use the most modern automatic machines. These would not be
economic with the required quantities ana there is no object in
saving unskilled labour when it is very plentiful. Shortages
of foreign currency and of skilled labour for setting up are
contributory causes but they can be overcome for a limited part
of industry in which advanced automatic plant has to be used to
obtain the required quality. When this is done, it is
important thet the plant is used efficiently. An example from
an engineering firm in a devel oping country working with
technical co-operation from a large British company will

illustrate this,.

It was required to make a pin to a tolerance of 1.00 ¢ 005 mm
and a watchmaking automatic lathe was available for this
purpose. Measurements of the capability of the machine showed
that it could hold an overall tolerance of Q.u06 mm with
perfect material. A study of the components actually made
showed a variation of 0.038 mm which could have been reduced to
0.031 mm with a sound quality control scheme. The difficulty
arose from the use of indigenous material which was very

variable but the best avallable without further expenditure of

foreign currency. Management was inclined to blame the setter
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for the rejects and he spent most of his time on the impossible
task of balancing the material changes, just before they
occurred, by setting ad justments. The result was g dispersion
0f 0.056 am as quoted above; this corresponds to L
defectives. The best he could have done with the available
naterial was 527 defective but there would have been
practically zero if material had been imported from a cuitable
source, As the defectives are produced at randoum, they have
to be remved by a sorting operation. The machine downtime
for setting was over 60% to give a useful output of about only

205, of that planned when the machine was purchased,

Apart fro.. the rare use of highly advanced technical plant,
there is quite a range of simple to intermediate technologies
available to developing countries which are suitable to use
with their size of market, Goneralli a8 technology becomes
more sophisticated it requires:
larger capital investment
more accurate tooling
more skilled labour to set up
longer set up times
long runs to balance high set
up costs
more frequent nonitorins of operating
conditions and product quality
but less operator skill and attention, Fixed costs per unit

are minimised but total costs are greatly dependent upon run

quantity.
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Consider the manufacture of a small phenolic moulding, This
can be made one at a time on a simple mechanical press or in
multi-impression tools on a hydraulic press with an automatic
tiner. The latter method is capable of better quality at
lower costs for large enough batch quantitiecs as long as
operating conditions are set and maintained at Ooptimum levels,
These include:

temperature distribution

over the tools

pressure

cure time

breathe time

pellet weight

together with accuracy in making all tools alike.

Optimum operating conditions can be determined from imdustrial
experimentation on the shop floor. This will also give the
range of levels which can be permitted without gubstantial
worsening of quality, These must be matched against technical
poesibilities in the firm. It is useless to know that the
optimum cure temperature is 1579C unless it is also known how
far it can depart from this without detriment, If it is also
known that a tolerance of £70C can be permitted, there must
8till be technical facilities - measurement, thermostats, etc. -
to ensure it is obtained. The figures quoted are within the
capability of any reasonable moulding shop, but, if the
tolerance had been $1°C, then the necessary controls would be

beyond the scope of the small firms for which this paper is




Prepared,

Statisticians can be trained to aesigyn and interpret the
necessary experiments over a wide range of industries, The
success Of their efforts will depend upon the co-operation tney
receive from the technical personnel. Training of the
statisticians ana the way they can help industry in developing

countries is discussed in Section 11 under Assistance.

The simple mechanical press will require an operator to load

the correct quantity of powder into the mould and maintain

svecified temperatures and pressures. These will not be as

simple to achieve as in a large nydraulic press but there is

likely to be more latitude, However there is great dependence

on the human factor and a larger proportion of defective

mouldings must be expected from time to time. After

unloading, each item must be inspected and this is best done by

the operator while he is haniling the piecoe, It would require
accurate work measurement and strict adherence to a standard

work pattern for him to look after two such presses without

loss of output and certainly when there is surplus manpower, |
it is not decirable to do so, There should be plenty of time |

for the necessary inspection,

Comparison of the two methods shows that the hydraulic press
involves much greater capital expense and its six impression
tool will cost more than six times as much as tne simple

tooling in the mechanical press. It will also require more

skilled labour to set up but the operator can be quite




unskilled and it is essy for him to look after two such preeceee
to produce about 14 timee the output per manhour. Further the
product will normally de of better quality slthough if anything
does gO wrong, there will be a lot of expensive scrap.
Inspection by the operator as he umloade will show up any

defectivee produced but it will mot indicate whether there

should be other techaical actiom or not, In particular, one

impreseion may become faulty to make a scrap souldin: in every
lifre, Management muet them decide to:
continue and remove the ecrap mouldings
or blaak off the faulty tool with aay neceseary
adjusteente
or cloee down the prese and correct the fault.
This decision 1e not e0 very simple ae there will aleo be a
ssall numbdber of defectivee produced by the randoa and
uacontrollable variatioas in the procese. The seccesity for
skilled and profeeeional manpower may preveat the more advanced

prees from being used.

The "best"” method of manufacture will bde the one with the
ainimun standard coet for the product. Thie would assuse
availability of all nmecessary resourcee iacludiag skilled labdowr
and foreign curreacy. Developing counmtriee have large aumbers
of uaskilled people many of whom are uaemployed. Nevertheleoss
all of them consume the food, goods and eervices WwWhich come

iato or are produced ia the coumtry. As far as the matioa

(not the govermment) ie coacermed, it does not matter whether a

firm employs 20 men efficiently owt of 100 available or all of
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IMPROVING PRODUCT QUALITY IN SMALL
INDUSTRIES IN DEVELOPING COUNTRIES

Summary
Quality can only be created by technology and better quality

depende upon improved technology or better use of current
facilities. Small industries in developing countries can do
little to improve their technology but they can manage their

businesses more efficiently,

Better management may require redeployment of resources with
changes in empharis on the relationships between mén, machines,
material and money. Developing countries are short of all of
these except manpower which is abundant but mostly unskilled,
It is often in the national interest that greater output should
be obtained from plant or that material should be saved by the
use of increased labour which would otherwise be unemployed.,

This should be subsidised by the State.

Greater efficiency will come from the use of scientific manage-
ment techniques of which Quality Control is appropriate here.

The literature and published case studies are nearly all
concerned with mass production but the principles are equally
applicable to small industries even those engased on small scale
production. The details of application may be very different
and small industries with simple technology require quite
sophisticated control systems for optimum uee of resources, The
necessary trained personnei are not generally available but
considerable improvements can be obtained with suitable

simplified methnds, | Some general purpose quality control plans




have been designed with this object. Step by step procedures
for installing and maintaining these systems are given in the

appendices,

The forms of assistance available to small firms from extension
service agenclies, large plants and national bodies are discussed.
These lead to the use of the international sampling plan (vest
known as LIL-STD-1050) and otner forms of certification for
materials supplied to, as well as by, the smals firus, A
programme of international technical assistance 1s proposed in
the conclusion with the object of training local graduates 80
that they can train others and hence liead to a self sustaining

quali‘y programme for the nationm.




l Preamble
The standard of living in any country depends largely upon what
it is able to produce, It may be fortunate enough to be
naturally rich in minerals, such as oil, when production consists
primarily of extraction from the earth. Under such conditions
there are always more advanced countries being very willing to
help in the exploitation with some kind of sharing arrangement
between the companies of the several countries. However, many
developing countries are not so iucky and they have to rely
more upon their own efforts. The United Nat.ons technical
assistance programme is designed to help them to help them-

selves, This paper tacxkles one aspect of the problen,

A fundamental difference between the industrialised and
developing countries 18 in the number, skill and education of
the labour force. The industrialised natious have a higher
standard of living with a larger proportion of skilled and
educated people who are expensive to employ. There ie great
pressure to use them as efficiently as possible and this has led
to more advanced technology with the completely automated

factory as the ultimate aim.

On the other hand, developing countries are comparatively short
of skilled men and have larze numbers of untrained and poorly
educated people for whom it is difficult to find any kind of
employment. Basic industries certainly exist in developing
countries but generally these require large capital expenditure
for each person employed. These are often quite efficient and

provide the materials on which other domestic industries depend



but they are seldom competitive enough to be able to export
surpluses, Their contribution to national prosperity is
largely indirect and most of it must come from the small
industries which employ the majority of the people. These

lack the technical co-operation from industrialised countries

with their associated management skills 80 it is not surprising

that they are not so efficient,

Many books have been published describing these nanagement
techniques with case studies relating to large scale or mass
production. It is not immediately obvious that these
techniques can be adapted for use in small companies. Never-
theless the principles are just as valid for small scale
production although the detail of use may be very different
from that used in mass production. An understanding of these
principles is necessary but the actual shop floor operation can
be simplified to a sufficient extent for useful techniques to

be applied even by personnel with limited education.

lanagement in small companies may consist of only one or two
people and it is clearly impossible for thea to become expert
or even learn about every technique which may be offered to
then, However the principles of control are applicable to
many techniques and this paper shows how they can be applied in

the quality field.

Iaprovement in standard of living will be achieved by producing
goods in larger quantity or of higher quality or preferably
both. Many of such goods can be produced in excess of

domestic requirements so that they can be exported in exchange

| |




for food, consumer goods, industrial saterials and plant,

Export customers nave a world wide choice of cuppliers so
obtaining orders requires that pri:ce, delivery and quality are
all competitive, These can be specified in a contract but
unless the conditions agreed are met, repe t orders will not be
forthcoming and the whole standard of living will collapse.
Excessive rejects will increase costs, delay delivery and raise
doubts as to quality even after 100% inspection. On the other
hand, improved quality makes the supplier more competitive even
if any cost saving is not passed to the customer. The
importance of being able to forecast accurately how facilities
will work in practice cannot be over emphasised. This
depends upon knowing what is truly possible and instituting
controls to ensure that they are realised. This is one of the

proper functions of quality control,




2 Advantages of Improvin ualit

The Public Ianage of improved quality is better customer
satisfaction with goods that perform as expected at the time of
sale and continue to do so for the whole of a specified or
implied guarantee period. This 1s generally associated with
final inspection of the product but there are still complaints
from users which may be due to premature failure, Some
arbitrary limit is set for such complaints and when it is
exceeded, cven for short periods, there are demands for more
and more final inspection to make sure! This will then take
place at a later time when quality being made is quite
unrelated to the batches which gave rise to the complaints.

The additional inspection will not serve its intended purpose.

Any industrialist knows that, if his firm makes 5 defectives,
some will pass through any inspection lcfoon. For example,
1004 inspection of such a product will probably remove 380% of
the defectives but there will still be 1% in the screened work.
In addition the inspection is likely to reject at least 1% and
probably much more of good product! A further 100% inspectiom
would double inspection costs and may be 70% effective, still
leaving 0.3%% defectives among the goods delivered to the
customer. Fven a third stage of 100% inspection will not find
every defective and cannot guarantee satisfaction at all times.
The question then arises that if 300% is not sufficient, whbat
should be done? This question is just as valid in the small
industries of the developing countries as it is in the most

sophisticated technology of space exploration. The answer 1is

that quality cannot come from inspection and that a high




them lees efficiently if the total output is of equal value and
there is no useful work for the surplus 80. In practice this
would not happen and the output value should riase as the
number employed increases eitner by greater output or better

quality or both.

All developing countries have some textile industry and a small
fira may have a weaving shed with 2h simple power driven looms.
An immediate problem is to decide its manning. Suppose the
10088 run at the rate of 10,000 picks per hour but that each
leom 1s stopped for an average of 12 miautes per hour for
sending yarn breaks and shuttle changes, Then, if each loom
has its own weaver, it will run for 48 minutes per hour to give
0,000 picks or Q% efficiency, The weaver should only be busy
for 20% of his time 80 he could certainly attend to another
loom, It he does 80 it is possible that the second loom will
have a yarn dreak or require a shuttle change during the time
he is attending to the first loom, The probability of this
occurring can be calculated and tables are available to give
the amount of down time due to this interference. In this

particular shed, the possibilities are:

Nuaber of Looms per Picks per Shed
weavers weaver hour efficiency
24 1 192 000 30.0%

12 2 187 680 78.2%
8 3 181 728 75.7%
6 b 173 532 72. %
) 6 148 932 62.1%
3 8 119 265 49.7%
2 12 80 000 3d.%
1 24 40 000 16.7%




and

is
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Taking cost per metre of cloth (or 1,000 picks) as a criterion,
the shed should have 8 or 12 weavers, the actual figure being
decided by relative cost of labour and plant. ilowever the
national outlook would require maximum production from the
shed and this will need the employasent of 24 weavers if they
are available, Weaving is not highly skilled and it should be

possible to obtain the required numbers by simple training.

The quality of woven cloth depends largely upon the time that
the loom continues to run after a break has occurred, Many
looms have automatic stops in which case any increase in the
number of weavers can only have a narginal effect on quality,

The improvement can be quite substantial on looms without them.

This example shows how an excessive number of unskilled people
with limited training can be used to obtain better plant
utilisation. The moulding shop example showed how a similar
deployment of unskilled labour, also with limited training,
could use simpler plant saving currency and skilled personnel
for set ups, In both cases, factory costs may be higher but
it could be in the national interest to incur such costs.
Standard quality would scarcely be affected but departures from
standard operating conditions are not so serious. Further, the
more skilled labour released could then be used for products

where quality is more important or has greater value.

The same principle can be applied in the control of quality,
This depends upon the maintenance of standard technical

operating conditions which is usually verified by inspection

of the product, The amount of inspection depends upon the




confidence that technical control is maintained and the

actual inspection methods used. This confidence will in turn
depend upon the inspection results; it will be high only if
all of these confirm expected quality. This seldom occurs;
all industries have some inspection results which indicate
departures from standard, These are likely to form a larger
proportion in the smaller industries of developing countries.
Such industries require more frequent inspection or more
efficient inspection or preferably both. More efficient
inspection involves measurement rather than gauging and this
requires better trained labour. When this is not available
better control will mean more frequent gauging immediately
after manufacture employing more unskilled labour to avoid
poorer quality for too long. This may not be economic for
the firm but it could well be in the national interest.

Firms should be encouraged to look into this possibility and,
if it is found to be true, then the additional net cost

should be subsidised.

There are some industries where it is not possible to measure
the quality of the product during manufacture. However it is
still possible to determine optimunm operating conditions and
control will then be exercised on the input variables.

Quality can only be maintained if these are kept within the
specified intervals, For example, the properties of moulding
sand have a large effect on quality in a foundry. The
castings themselves can only receive a cursory inspection when
first made - blowholes and inclusions will only become apparent

at a later stage - and even if some adjustment has to be made
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to the process, it will apply to the input variables which
could have been measured without reference to the ultimste
product. In fact, they can be treated as if they were the
product of an earlier process in the same way that component
dimensions are controlled during manufacture. This even

applies to such abstract "products" as metal temperature.

It 18 now clear that developing countries have to make use of
simple to intermediate technologies particularly for their
smaller firms. The designed quality which they are able to
offer is aleo simple to intermediate but this is no reason why
the quality of conformance should not be high. It is most
important that they should make the best use of all their
resources which ai'e generally limited in every respect except

for unskilled manpower.
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Principles of Quality Control

The basic principie of Quality Control is very simple. It 1is
merely the systematic comparison of current achievement against
experience and this can only be done Bcientifically if both
achievement and experience are expressed on a numerical scale.
The first step then requires the evaluation of experience and
this must be observed over a sufficiently long period oI time
80 that all normal variation has an opportunity to occur.

This exverience contains some degree of variation in the
quality produced and it is important to decide whether this

variation is inevitable with existing technology.

The decision depends on the observed pattern of variation and
statistical (mathematical) techniques have been devised to
compute whether thie observed pattern. could "reasonably" be
obtained by chance. An arbitrary definition is given to
"reasonably" and it is often associated with & chance that a
more variable pattern wculd be obtained once in 100 times that
such a set of data is collected from a stable process, Other
definitions are also used instead; the simplest merely

relates to the acceptance of the most extreme values,

On some occasions the initial investigation shows that the
process is stable over the whole period and them it is deduced
that technical operating conditions remained the same through-
out the period. Further it may be deduced that the quality

obtained is the best that is possible with current technology.

More frequently, the initial investigatiom shows that over part
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of the time, the quality is inferior to the average by amounts
which cannot reasonably be due to chance taking account of the
variability during the whole period. This implies that normal
technical operating conditions were not maintained and it would
be possible to achieve better quality if they were maintained.
The achievable quality level can be estimated by averaging the
results over the stable period. This 1s clarified by an

example.

|
Fifty-two cartons, each containing 168 glass botties, were 1
inspected over a month to examine the quality of the sorting
process. It was found that there was a total of 231 defectives
corresponding to 2.64% but 90 of these occurred in 5 cartons.

Such a pattern of vasriation is extremely unlikely to occur by

chance 80 it can be deduced that the process was not being

operated as well as it could be for about 10% of the time.

The figures can be summarised in a table:

Number Number
Perlod inspected defective Percentage
Stable 7896 141 1.79
Unetable 840 90 10.7
Total 8736 231 2.64

It is clear that elimination of the unstable period would show
an improvement in outgoing quality but, more important, it
would avoid the very poor quality in about 10% of the cartons
dispatched. Ae sorting is & manual operav.on which depends
only on the skill and attention of the operator, thie would be

possible with euitable motivation for him to maintain his

standard,
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Standard quality for sorting this glass bottle will be based or
the observed defectives in the 47 cartons which formed a stable
group. The average is 3 defectives per carton but they
contain various numbers between O and 7. It would therefore
be expected that future production will also contain up to 7
defectives or even § occasionally but not as many as 12 which
was the best result of the five cartons packed in the unstable
period, Control then consists of verifying that the process
is working normally as long as all sample results are in
accordance with stable experience while requiring that
appropriate technical action is taken to restore normal
operating conditions whenever a sample result is outaide stable
experience, This is achieved by placing a control limit at a
value sufficiently unlikely to occur by chance when the process
is working normally and accepting all smaller values as
confirming that the process is working as well as possible.
iiowever, any sample giving a value which reaches or exceeds the
contrcl limit will be accepted as evidence that the process is

not working normally,

The position of the control limit can be computed or read off
from simple tables and in this case it must be larger than 8
and certainly not as large as 13. It is always a compromise
between unnecessary (and detrimental) adjustment to a process
and failure to do 80 when technical -ontrol has truly slipped.
The value used in the British Standard 1313 corresponds to a

~ chance of less than one in 200 but there is nothing sacrosanct
about this; some firms in the UK use one in 100 or one in

1,000 limits while others follow US conventions and use a
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more caiplex formula to compute the linits.

Somewhat similar resulte were obtained for the whole group of
bottles with comparable physical characteristics. The

figures are:

Period Number Number Percentage

inspected defective
Stable 29,460 647 2,20
Unstable 5.132 Lk 14,2
Total 32,59e 1,091 3.35

These results were typical of the whole factory over the month
during which nearly 540,000 pieces of ware were inspected with
2.77% defectives, However the stable level was 1.98&)
defectives and instability occurred for about 1%¢ of the
cartons, The stable level was considered to be just
satisfactory but improved quality would obtain a larger 3hare
of the market. No further improvement could be expected
without a technical innovation which had to affect the sorter's
application to his job without loss of output. This was
achieved by designing a quality incentive bonus scheme based on
& quality control plan with pre-set initial targets for each
type of ware. These quality targets were set at higher levels
than had been obtained previously but were still considered to
be achievable with sufficient motivation. The weighted
average of these targets was about 1% defectives and the actual

quality achieved after nine months was 0.7% defectives.

The purpose of the initial investigation is to determine the

quality which can be obtained over a sufficiently long period




of time so0 that all normal commercial variation has an
opportunity to occur. This is then defined as the Quality
Standard for the process and it is not necessary for this

to be expressed as a proporticn defective. It is preferable
for it to be given as an objective averaxe level together
with a measure of process variability, After this is done,
quality still cannot be controlled unless the firm believes
it «xnows how to create the necessary technical operating
conditions to make the product to tnis quality standard,

There must never be any doubt about this belief!

In practice, technical control cannot be maintained indefinitely
and departures will occur from time to time even though there
has been no conscious effort to change anything. The effect
is seen as a change in quality and, if the specified techaical
operating conditions are correct, this change can only be a
deterioration, Any quality control plan is designed to detect
the change as soon as possible taking account of its magnitude
and importance. Generally large changes can be detected
sooner than small changes but the true purpose is to know
vhether standard technical operating conditions still apply or
not, It is accepted that they do unless there is sufficient

evidence on a control chart to the contrary.

It must be emphasised that once an out of control situation has
been observed, it is vital that appropriate technical action is
taken to restore normal operating conditions. There can be no

information about the quality that the process is producing

until this action has been taken, There will be knowledge
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about the individual items in a sample which are measured but
no knowledge about the much larger quantity which are not
measured., Even if later samples give results coming well
within the control limits, it must not be assumed tnat tne
process is working normally again; it is unlikely to correct
itself without suitable technical action. On the other hand,
when standard technical operating conditions do apply, there is
considerable knowledge about all the product including those
not measured and even those not yet made. One cannot say what
the quality of an unmeasured item is but it is possible to
assert what proportion of the product will have qualities

within specified intervals,

Sometimes the initial investigation gives a stable quality
which is better than the market requires and this can occur
even when the overall quality is unsatisfactory. For example,
a multi-spindle automatic lathe was found to be capable of
working to limits of %0.001 in while producing a component with
a tolerance of 20.002 in, Usually this tolerance was met but
there were extensive periods when 20% or more of the product

failed to comply.

In such situations it is always possible to achieve some cost
reduction or similar advantage providing that the process is
controlled to the stable quality level. The more uniform
quality may have some value by:
providing an easier assembly
or reducing work at a later operation
or producing a better performance

or producing a more reliable product, etc.




If there are no such advantages, then it Eight be possibdble to:
use a cheaper material
or work towards a limit to save material

or run the process faster, etc.

In the example from the glassworks, feed back was obtained by
the financial incentive but generally this is not neceesary nor
is it very desirable in developing countries. However, the
principle of feed back is vital in any quality control plan;
it is useless to know that the process has become unstable
unless something is done about it. In the wider sense, feed
back 18 used after the initial studies have given their
estimates of process capabilities. These provide informatioa
for:

1 the designer to quote realistic tolerances

2 procesc planning to assign appropriate machines

3 purchasing to obtain economic Plant for products

being made and planned

kb maintenance to assess wear and need for overhaul

5 tool and gauge room for checking and measuring

6 sales to specify achievable performances.
This is still true even in small firms of developing countries
where one or two men have to look after all these functioas.

They should work with the best available information,

Failure to achieve these capabilities will show up om the
control charts from which information is fed to:

1l supervision for appropriate techanical

action, setting, etc




productioa plasniag to easure correct
quantities despite losses
costing to assign excesses
inspection and quality assuramce to
ensure customer satisfactioa
5 service.
Field complaints and merket eaquiries show what the customer
vantes and what he thinks of the product. This should ke fed
back for coasideratios by designs, epecification and throwgh

the whole cycle dack to productioca, quality coatrol, ete. It

is truly said that "Quality is everydody's bdusiness” and

quality coatrol gives the axis oa which all othe:r aspects

revolve.




¢ Techniques of Quality gontrol

It is now acceptea that Statistical Quality Control covers three
main areas, samnling plans, control charts and industrial
exXperiunentation, A sampling plan 15 a set of rules to decide
whether a batch of material of consignment of components should
be accepted or not. The control chart 1s used to ensure that
the achievable quality standard is maintained. This implies
that technical Operating condftions are normal which should be
true most of the time, The chart will detect Changes in these
operatin-: conditions when they occur and this should be rare,
industrial experimentation is required when the achievable
quality standard will not satisfy market requirements, It aime
at determining optimua Operating conditions and often uses quite

sophisticated statistical methods to achieve this objective,

8.1 sampling Plang

These are uced by producers of goods to give themselves an

Assurance that the quality will satisfy an agreed or implied
level, They are also used by coasumers for a similar purpose.
Great ingenuity has g0ne 1into the design of some sampling plans
and generally they fall into one of two types. In effect the
first ascumes that a batch is unacceptable unless the sample
results are considerably better than the required quality while
the second accepts batches in sequence unless the sample results
are considerabdly worse than the required quality, The both

8erve their purpose and relate to differemt situations,

Dodge and Romig's well known tabies illumtrate the first typeo.

For exauple, they may wimh to avoid acceptance of a bdbatch of




adbout 2000 items if it contains 2, or more defectives. Their
eimpleet sampling plan requires that a eample of 44O items
has less than 6 defectivee for acceptance of the batch, This
corresponds to something better than l.36. defectives in the
sample. In fact, if the producer supplied a batch waith
exactly 24 defectives, the consumer would still have a one in

10 chance that he will accept it.

These plans are rather severe on the producer who finds that
even when hie batchee contain oniy half the maximum allowabdls
proportion of defectives, he willi still have well over a
quarter O0f them rejected. This is far too frequent so he has
to supply goods of a much higher standara for wanicn he obtains
little reward. Nevertueless this type of samplinkg plan ic the
best for isolated batches in which there is little »>r no

background knowledge of quality.

The second type has rore universal use and there 1s ROW an
internationally agreed etandard sst of sampling plans with the
title ABCA-ARMY-STD-105A. This is the reeult of collabdoration
between USA, UL and Canada each of whos iesues the set with its

own title.*®

Thie is MIL-STD-105D im USA, DEF-131A in UK and

CA-C-11% in Canada.

This is a developmeat of MIL-STD-105 firet ueed in USA for
acceptancs of military stores and soon extsnded to all official

purchases whaa it was suitabdle. It exerted great pressure




- 48 -

On many firms to improve quality anc led to a wide extension in
the use Of statistical quality control. Subsequently it was
widely used in Lurope leadins to compatible tables being
published in UK, The latest tables incorporate the best

features of all that have gone before,

The simplest plans in these tables for batches of 2000 itenms
requires that samples of 125 units are eelected and inspected.
If the acceptable quality level (AQL) 1s 1.% defective, then
up to 5> defectives are permitted in the sample without

rejection, This corresponds to 4. defectives in the sample,

The basic thinking behind these plans is that no producer can
afford to have many of nis consignments rejected so that he is
economicslly forced to work to an agreea or imposed AQL. They
are most suitable whea long sequences of batches of the sane
saterial are submitted for ecceptance, If the producer
supplies goods at the AQL of 1.5% in this example, them he will
have about one batch in 80 rejected which is comsidered
satisfactory to both parties. On the other hand, if he
presents an occasional poor batch with &% defectives, it will
still have a 50% chance of being accepted ky this particular

plan,

Small firmws in developing countries have to purchaee goods end
materials. If thes require regular euppliee of the eame goods,
they could use the MIL-STD type of eampling plan st an agreed
AQL but they are unlikely to be able to impoee edequate
penalties if bad quality ie presented to them in the eame way

that large firms and government departments can. The
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Dodge-fomiz plane give better protection against really bad
quality but require much more inspection, In either caee,
there must be agreenment as to both eampling plan and quality
level; the emall firm can expect to be at a dieadvantage in
making such agreenents, Thelir best protection comee f{roa
using material supplied under a Certificatiom Mark Scheme
where the eampling of the product and examination of routine
quality measurements i1e¢ the responsibility of the Natiomal

Standarde Institution, This is discueeed in Sectioa 10.

The probleme are eubdstantialiy the same when emall firms
supply the goods they have made. Certainly they mhould aot
rely upom sampliamg plane for quality aesuraace. Thie will
come from the proper uee Oof control charts during manufacture,
These will give the quality levels which they know they can
achieve coneletently to form the baeis of aay eampling plan
which their customers iatend to use, control charts aleo
give evidence of quality for official Certificatioa Mark

Schemee and in disputes with customere.

8.2 gontrol Charte

These are used to give eystematic monitoring of the quality of
the product during manufacture. They usually require that
eamples are taken from the process and inspected but can be
used with 100% inepection if desired. In either case, the
items are inspected to decide whether the process is working
normally or not. The decision will be the best on the
available evidence but there can be no absolute guarantee that

it is correct. The process will produce some satisfactory




items when it 15 ocut 01 adjustuent and eoaveresely, 1t wvill
produce iteas of doudtful qQuality whea 1t 1s Operating

perfectly.

There are rulea for deciding whether the procees ehould ve
allowed to contimue running or whether a technical change 1is
ReCessary to restore normal operating comditioas, Theee rules
depend upon the values of coatrol linits aad are chosea so

that tae process will have a long uninterrupted run whesm it is
workiag mormsally but any change from etamdard operating
conditions will be detected ia a miaimum of time. These
objectives conflict with one another aad omphasis is usually
placed on a long rua whea conditions are normal. Detectiona of
disturded conditioas depeads 4pon the Rumber of items inspected
and the type of coatrol chart. Very simple methods caa de
uaed if there is high coafideace that aormal techaical operating
conditions will de maimtained, but more complex methods are
required or much more imspection 1f this coafideace does not

oxist,

This can be illustrated by am example of the eimplest kind of
coatrol chart, Samplee of 20 items are takenm from the process
which is kmowa to produce 2% defectives ia the long run when
properly adjusted. The control chart is based on the number
of defectivee foumd in the samples and it is clear that most
samples will contain O or 1 defective (about 9% of them). It
would be possidble to set the control limit at 2 defectives when

the process would only run for about 17 samples without

uaneceesary and detrimental adjustment. 4 higher value for the
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control limit would be better and it could be 3 when the
average run leagth (ARL) would be 140 for standard quality or
& with an ARL of 1600. When techaical comtrol is lost, 1t
will be aseumed that the defectives increase to 10% and the ARL
for a coatrol limit of 3 will them be 3.1. The ARL is 7.5 it

the control 1limit is set at 4.

If technical control is usually maintaised for loag periode, aa
average wvait of 7.5 eamplee to detect the change is not very
important and it is preferable to eet the control limit at b.
On the other hand if quality deterioratee frequeatly, say omce
Per week or more, then the control limit is better eet at 3.
In either case, the time to detect the change can be reduced by
more frequent sampling and this may bde the Dbest method ia

developing countries with a surplue of labouwr.

This prodles decomes more acute whea Ahigher quality ie mecossarny
and ie aorsally odtained. If the standard quality is 0.2%
desfectives and it is deeired to detect a chaage to 1%
defectives, thea the samples should be tem tisee tie eisze, vis
200 items, for the same seamsitivity, Thie 1is not oftea
practicable s0 more frequent eamples are takea and it still

takee a long time to dstect the required change whem it occurs.

The reason for this poor sensitivity is the emall amoumt of
information contained in the knowledge that az item does or

does not satisfy some requiresent. Thie is all that is

. possidble with true attributes such as leaking duckete or

correct colours. However quality is often determined by

counting defectives for simplicity when it would be possibdle to




measure actual values of quality characteriatics. The
additional inforsation contained in actual meseuremeate can
€lve auch improved seneitivity by using control charte for
variables. The standard type Of chart assumee that all the
pProcees variation occurs within the eamples. This is not
necessarily true and these control charte will not always work

without modi’ications which are not explained ia staadard

qua.ity control bosks. Unfortunately trese difficulties are
more likely to occur with the simpler technologies availabdle
in developiny countries. However the simpler number defective

chart with its limited eensitivity vil. always work.

There is no doubt that better control is obtaisable with
properly designed measurement charts which take account of all
the variability in the system due to sachine, msterial and senm.
Thie requires skilled etatistical knowledge which should be made
available to small firms on a subsidised comsultative basie.
Once such a chart is set up, it looks just the same as any

other mean and range control chart and works in oexXactly the came

way.

The choice then comes to a smaller amount of more skilled

inspection by measurement, together with eome simple

calculatione, or more inspection by attributes without any

calculations, There ie little difference in operation or
routine interpretation of the charts. However the former
requires more knowledge to set up and the charts can be used to

provide more information for quality development later,

There is an intermediate type of chart which was developed in
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1942 but,after an initial surge of enthusiasa, nae had

limited application, This is the Compres.ed Limit method
which can be ueed instead of control by variables. In eftect,
it requires that the items in the samples are jauged to iLimite
which are stricter than the specification, 'he velues Of
these compressed limite ere computed from tue process
variability end they are used 9only tO decide wnether tecunical
operating conditione are saintaineu or anot. (hey should grver
be used to eetimate product quality when tecunical control has
elipped. Used in the right context, . auging 01 / itewms tO
optimum compressed limits #ill be about as sensitive tOo changes
ae actual measurements of 5 1tems whereas 100 or sore would
have to be gauged to specification limits for high quality
products, Although approximate formulae are given in
published tables, compreesed limits really require some

etatistical ekill for efficient use.

Many additional rules have been propoeed to increaee the
sensitivity of contiol charts at the expense of simplicity.
The simplest is to add Warning Limits between the central line
and control limit which then becomes an Action Liait, The
occurrence of two successive samples on or beyond the warning
limit is regarded as being equivalent to a sinsle sample
result violating the action limit, Sometines the rules
require that a second sample is taken iamediately when one
reaches the warning 1imit. Applying either set of rules will
certainly detect a change with less inspection but they also
reduce the ARL when standard quality is maintained. ho

allowance is made for this undesirable reduction in published




ochemes dut, if 1t were, varaiag limits would still show some

useful improvement ia seneitivity,

Alternative rulea have been proposed which can bde ueed as well
48, Or instead of, warmiag liaits, These relate to russ of

9 or 10 succeesive poimts oa the sane side of the ceatral liae
of a chart or a trend of 9 or 10 ouccessive poiats all of which
are higher (or lower) than the preceding poinat. These rules
correctly imdicate that o change ia techaical operstiag
conditions has occurred dut interpretation by uaskilled
pPersonnel may be misleading, They should be used with care by

emall firms or uader expert guidaace.

Somewhat bdetter results are edtained 1if waraiag liaits are
modified 80 as to apply to the average of twe swecessive pointe
inetead of compariag each Poiat separately againmet a liait,
Consider an exasple ia which the odjective meaa 1s 100 with the
upper action lisit at 130, Thea the ordimary waraiag liait
would bde at 120, The modified varaing limit for the average

Of two succeesive poiats would be l2le, It can bde shown that

® These are '-sigma' amd '2-sigma' limite for imdividuale

together with '3-sigma' for the mean of two iteas.

Af the true mean imncreases abdove 100, them the average of two
auccesaive sampies 1s more likely to reach 121 thaa doth of

then reaching 120.

The use of waraing limits for two succesaive samples caa de
extended to thres or more samples vith improved seasitivity as

the numbder of samples is increased, However the chart sooa




becomes vVery complicated and there is mo rscord of anybody

using more tham three pairs of comtrol limits.

During recent years snothsr techmique has come into use which,
despits its mathematical origina, 1s esssntially a control
chart with an adjustable number of thess modified sarning
limits to givs saxiaum ssneitivity to Change. A8 each new
eample is oObtained it ia compared against a limit while at the
same time, it is couhinod with the immediately preceding 1, 2,
3, &4 .. etc. sample results and compared against appropriate
iimite, This gives the most sensitive statistic il control
svailable and a eimplified veraiom of thie techaique can be
used by unskilied perecnnel ia small firms evea with mmall

scale productioa,

The techaique 1a most vereatils and csa be used for coatrel by
attridutea or variabdles with any sample size and any SUBBATY
seasure and 1t can b pplied to any sequence of samples. It
1s cslled the Cummlative Sum Chart, coaveniently abbreviated to
Cusum Chart, and as its name implies it requires that the
cumulative sum of the deviatioms of the coatre} statistic
(summary messure) adove a predetermined Refsreace Value be
formed after each smple result bdecomes avalladle and compared
against a kiand of coatrol limit called a Deciaion Iaterval.
This continuea uatil either the cumum becomes sero or negative
when 1t is deduced that the procesa 1is working mormally or it
reaches or exceeds the decisiom imterval which is taken as
sufficient evidence that techmical operating conditions have
changed.® The cusum ean start at aay sample and there are
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®* When worsened quallty gives a decrease in the value of the
control statistic, the decision interval will be negative and
the process is considered to be working normally as long as

the cusum is positive.

very simple rules to decide optimum starting points.

The characteristics of any cusum plan are determined completel)
by the two parameters, reference value and decision interval,
once the sample size and control statistic have been decided.
These are chosen so that there is a large ARL when conditions
are normal and a small ARL when they have changed by an
undesireble amount. iiany pepers and some books containing
tables snd nomojrams have been published to enable suitable
plans to be designed for any particular situation. There are
some points of particular interest to small firms which will be
elaborated here. These lead to definite recommendations of

cusum plsans which can be used by such firms,

A very valuable property of cusum schemes for variables is that
their sensitivity is almost independent of sample size. This
means that if samples of 5 items are used to give an ARL of 40Q
at standard quality falling to 5 at rejectable quality, samples
of one could be used instead with suitable changes of parameter
to give an AKkL of 2000 at standard quality when the AxL at

rejectable quality will be almost exactly 13, The number

inspected is the same for the same sensitivity of control. A

cusum plan should therefore use the natural sample size and in

small industries this is nearly always one. The actual
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siven by the purchaser complete with sampling frequencies and
control limits, Thess are not always succeseful in the emall
firm with less skilled labour and supervisiona. The
difficulties which occur from time to time are best reso.ved by

visits from officers of the large plant.

9.4 National Standards Institutions

A National Standard is a spscification for ¢ product or

material agreed by a committee representing manufacturers sm
users with ispartial members nominated by govsrnment departaents,
univarsities, etc. It will rsprssent a quality level which

can be achieved by nearly all reputable menufacturers. ihe
National Standards Institutiom provides facilities for cossittee

meetings anac the secretariat.

National Standards for materials will usually imclude test

procedures together with requirsd limite for compliance. Any

spall firm purchasing materials to such a Natiomal Stamdard will

know the worst quality it expscts to obtainm and can arrangse its j
manufacturing processes tO make ths best use of such quality.

However small firms may not have ths facilitiss to perfors

the specified tests in which cass they will not have the same |
guarantee that the material snpplisd truly coaforss. The %
actual quality supplied will mot be altered by the user's

failure to perform the recommended tssts!

|
|
|
|
This difficulty has besm recogaised ia sevsral countriee over l
many years and a solution obtaimed ey a Certificatioa Mark i

1

Scheae whereby the National Staadards [rstitutioca sharee




recpoasibiiity for the qhaftty of 'coertified material’'. This
scheme is fully discuseed im the following section, Small
firme should always ask {or certified material if it ie

avalilable.

National Standards for products are somewhat eimilar but they
require perforsance specifications as well as dimensional
accuracy. They also include minisums life requiremente for
consumable products such as electric lamps. Life tests can
ORly be carried out on eamples which are always too small to
detect saall deteriorations in quality, particularly d the
user. The manufacturer will have other background
information. Again consumer protection is best obtained by

the Certification Marx Scheme.

The remaining Vational Standarde apply to nomenclature, test
proceuures including quality coatrol amd standardieation of
sizes such as screve, bricks, etc. These can provide the
basis for commercial comtracts and emall firms can easily take
advantage of the facilities once they kmow that they exist,
They should certainly purchase all Natiosal Standards relevant
to their own manufacture (for saterials and products) to kmnow
what can be expected with good commercial practice ia their
own country. Quality etudies uadertakea as in previous
sections will then indicate how they will de able to face their
competitors. Improved quality sust reeult from all firme

doing their best.
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Certification

In its simplest sense, quality certification consists of the
producer sending a record of his final inspection results to
his customer with the batch to which the certification relates.
This would be part of the purchasing agreement and would
include all the test procedures and the sampling plan used for
the final inspection. The producer can scarcely dispatch any
batch which falls to satisfy the required conditions unless he
falsifies his report. The consumer will require some safe-
guard against such a possibility and he would reserve the right
to carry out verifying tests on any batch. He 1is not

restricted to using the same sampling plan for this purpose,

These certification plans are very suitable when there is
regular production and delivery of the same goods providing

that no disputee occur as to the quality of any batch. If any
such disputes should occur, they reduce the confidence in all
the other batches which have been accepted recently. There
can never be any great confidence in the quality of an isolated
batch without support from other evidence. This could come
from complete inspection, which would have to be done by the
consusmer, but maximum confidence comes fros the integrity of the

supplier.

In fact, the consumer wishes to save the trouble and expense of
§00ds inwards inspection and he would like to think that all
batches presented to him will be free of all defectives. 1In
practice, there will be some agreed maximum proportion of
defectives and the sampling plan should reflect this acceptabdble




quality level (AQL). However some batches of AQL will still
be rejected by the producer by the chance of selection of the
sample, He will salvage what he can of the batch by 100%
sortin; and sometimes he will find the rejection is not
justified. This should not occur frequently as it increases

costs which the consumer will have to bear in the long run.

A small firm is more likely to be the producer in this kind of
certification plan rather than the consumer and he will have to
accept an imposed AQL. This will probably be obtained from
the international sampling plan - AECA-ARMY-STD-105A - but more
commonly known as MIL-STD-105D. Some account of this was
given in Section 38.1. Experience, even in the large plunts of
industrialised countries, has shown that the required AQL,
imposed by stute industries and ministries, is only satisfied
economically if an efficient quality control scheme is in
operation., The rapid expansion of quality control methods in
USA during the decade following the war has been largely
attributed to the public sector's insistence of purchasing to
MIL-STD-105. Small firms have a lesson to learn from this
background but they obtain little assistance from certification

plans when they have to provide the quality certificate.

The other aspect of certification occurs when the small firm
purchases its requirements which will be called material. It
will not be strong enough by itself to insist on the supplier
giving quality records relating to the actual batch, This 1is

not 80 important as long as all batches are of substantially

the same and acceptable quality. The small firm is not in any




position either to insist upon this or to verify it. It is

here that the Certification lark Scheme mentioned in tine

preceding section gives the necessary protection and ascistance.

In many countries the lational Standards Institution owns a
registered Trade lark which it is prepared to license to
manufacturers who are able to satisfy it that they consistently
supply goods to the appropriate Jational Standard - say .5 1253.
The goods and containers can then carry a stamp with the
registered Trade larlk '"NS 125" in some distinctive design.
Such a licence gives a guarantee of quality for the whole
product not merely the items or test pieces which have been
inspected, The responsibility for maintainin: the guarantee
is shared between the manufacturer and the lational Standards
Institution (NSI) but it does not imply that tiiere will never
be an item which does not comply with NS 123, It is unusual
for any National Standard to specify the actual quaiity
directly. It does give rules for acceptance from which it is
possible to compute the quality level which will almost
certainly lead to acceptance, The occasional defective will
occur and any replacement will be subject to normal

commercial practice. The Certification iark Scheme would be
stronger if it specified the compensation to be siven for an

occasional defective.

It must be emphasised that the Certification Mark Scheuwe is
much stronger than the National Standard by itself. for
example, a typical acceptance clause may read:

"Take a sample of 3 pleces and test them in

I W
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accordance with clause 4, Accept the
consignment as conforming to the Standard if
all 3 pieces satisfy the requirements of
clause 4. Reject the consignment as nct
conforming to the Standard if 2 or 3 pieces
fail to satisfy the requirements of clause 4.
If there is one piece which fails to satisfy
these requirements, take another sample of 3
pieces for a further test. The consignment
will then be accepted as conforming to the
Standard if all 3 pieces satisfy the
requirements of clause 4 but will be rejected
if one or more pieces fail to satisfy these

requirements."

It can be shown that there is at least a 99% chance of
accepting a consignment with less than 3% defectives but a
batch with 30% defectives will still have almost exactly an

even chance of acceptance,

A scrupulously honest firm will only claim compliance with such
a Standard if it is able to work consistently with less than %
defectives. However, some firms lacking in technical ability
will not be able to produce goods to such high quality and
their samples will still satisfy the acceptance clause on some
occasions but not always. This will occur merely by the chance
of selection of the samples even when the true quality of a
number of consignments remains constant. Such a firm can

justly claim to have complied with the Standard on these
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fortunate occasions although the consumer does not obtain
better quality. This 1s certainly not the spirit of a
National Standard. The Certificatioua Mark Scheme provides
protection to the consumer even when he has no testing
facilities nimsels ., It also has the effect of safeguarding
the better 7irme against unfair competition from others who are

not always surplying goods satisfying the Standard.

The NSI has three main responsibilities in the issuing of a
licence to use the Trade Mark in connection with its
Certification Mark Scheme. They must be satisfied that:
1l the firm has adequate facilitlies to test
whether the product is in conformity with
the Standard,
2 it makes routine tests on the product which
are kept in a proper manner and are
available for imspection by the NSI,
3 these records truly represent the quality
which the firm is supplying.
The first two of these conditions must be satisfied before the
licence 1is issued and the firm is at liberty to propose any
method of maintaining its routine records as long as the NSI
is satisfied that the quality of the product can be deduced

from thess records.

The continuance of the licence requires the third condition to
be satisfied as well. This truly involves a higher level of
quality than that corresponding to NS 123 because the NSI will

take sanmples of the firm's products either from its warehouse

. g e g e
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or purchases on the open market, Thece samples will then be
measured by a tosting authority or by the NSI's own laboratory
if it has suitable facilities, Lt is then not sufficient that
the sam>ble results are acceptable to the Standard; it is also
necessa'y that they arc in agreement with the routinc test
fi.,ures supplied by the firm. This can be clarified by an

exa:iple.

The teasile stren;th of test pleces made from a particular
grade or phenolic moulding powder are required to have an
avaera_e value of 7500 lb/sq in. in the long run wnile the
average value for the three test pieces made from a single
batch of powder must exceed 6500 1lb/sq in. koutine factory
records will show values in excess of 6500 and they may well
cover a range from 7400 to 8200. If the testing authority
obtains a value of 72CC, such a result would satisfy the
accectance clause of the Ltandard but it could not be
considered as bein:; in agreement with the firm's official
records, the NSI would then have the right to withdraw the
licence to operate the Certification lark because there can be
no relience in the figures quoted by the firm. Furtner ao
testing authority can ever carry out sufficient tests to
guarantee the quality of a product if it does not believe, in
advance, that the firm supplying the proauct will always
maintain the quality. Ylithdrawal of a licence should be a
very rare occurrence but it should be given maximum publicity
when it does happen. it shoula only be re~-issued after the
manufacturer has proved that the quzlity of his product is

definitely superior to that required by the Standard.




It is obvious that it is in the firm's best interests L0 present
reliable figures to the NSI on all occasions and it should
never claim to supply a better quality than it is, in fact,
supplying. It may be added that it is very difficult to "cook"
the results in such a way that a professional industrial

statistician will be misled.

The best method by which the manufacturer can maintain routine
quality records is the quality control chart. These can
establish levels of quality throughout the manufacturing
processes in addition to the Factory Quality Standard for the
final product. This will demonstrate that the firm is capable
of making the product in conformity with N5 123 which is strong
supporting evidence when making application for a Certification

Mark licence.

There is still one difficulty which must be resolved before the
Certification Mark Scheme can operate to everybody's
satisfaction. No matter how careful they are in the
manufacturing unit, there will be rare occasions when quality
deteriorates. This will be shown up on the quality control
chart and suitable technical action will be taken to restore
normal operating conditions. However some items of poor
quality will have been made and it is important that these do
not get into the main stream of proper quality production.
Disposal of suspect work is important in any certification
schene. The most satisfactory method is complete segregation
to be so0ld later down graded as '"not certified® or "seconds"

possibly at reduced prices.




- 74 -

Any small firm can insist upon purchasing only certified
materials when it is available in its own country. The cost
should be no higher for certification and it does give an
assurance that the quality is in conformance with the National
Standard. No licensee can afford to take the risk of losing

his licence in a properly operated scheme.

Certification schemes are not confined to National Standards
Institutions; some are operated by consumer associations.
These may give a certificate of the actual values they have
obtained after testing open market purchases but the numbers
involved are too small to give a fair representation of the
whole of a manufacturer's production. Nevertheless these
reports are widely read and the general public places a great
deal of reliance in their unbiassed tests. They provide a
strong incentive for any firm to present better quality to the
public to increase sales. These associations may also
initiate propaganda for higher quality than has been agreed by
the NSI committee. This higher quality will be obtained on
some occasions because factory standards are generally better
than national standardes but it cannot be guaranteed without

changed methods and increased costs,

Consumer associations also look into the reliability and
performance of products over the whole of a normal life. This
will include the frequency and cost of maintenance and repair
with the ease of obtaining any necessary spares and consumable

parts. Again the numbers involved cannot be large enough to

8ive accurate estimates of product reliability although
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differences between competing brands may be well established.
They may invite the general public to contribute their own
experiences of these products but these comments will be

largely subjective.

The range of activities of some consumer associations is even
wider than that of the corresponding national standards
institution. They can extend from simple objects and materials
like tennis balls and soap powders to complex products like
automobiles. They also devise theilr own performance tests to
assess quality which are used in addition to those given in

national standards.

The least attractive part of their activities is the sugxestion
in many reports that quality problems can be solved by more
final inspection. This is in direct conflict with the old
cliche "You cannot inspect quality into a product unless it is
already built into it», Nevertheless it is fair comment that
if a defective is found in a market purchase of ten items, the
product as a whole will almost certainly contain at least 0.5%
defectives and probably many more. On the other hand, they
serve a very useful purpose in drawing attention to design
features, both good and bad, which can be expected to be

repeated throughout the whole of the product.

Another kind of certification has existed in industrialised
countries for many years. There has been legal requirement
that pharmaceutical products should have their composition

stated on the labels 0of the containers. The objective has

been the protection of public health and some countries now

T e Ceai e
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require that similar meacures are taken for manufactured foods

especially those which will be exported.

kxport certification has become a legal requiremsut in some
developin, countries in recent years. It is realised that the
standard of living of the nation is greatly affected by its
export performance which in turn depends upon the customers'’
confidence tha. quality will be maintained. It is particularly
necescary that non-traditional exports, such as ngineering
producte from Africa and Asia, should be of adequate quality to
sell in competition with similar goods made in Europe. Any
industry is at liberty to propose a procedure which will give
the Export Certificate of Quality and the simplest schemes make
use of MIL-STD-105D for products made in batches of 500 or more.
These will cover most small industriec who are encouraged to

improve their quality performance above the AQL imposed by the

minigtry to obtain an export certificate.
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Thie paper hae reviewed the value of ispruving product quality
and the methods which are availabdle to small industriee in

developing countries to achieve this Objective.

The first step aust be to persuade the proprietors ana RADaRZOTe
Oof emall busineeser that their best interests are serveu by
improved efficiency. This 1s accepted fairly readily ana they
Rust see greater financial rewards from the Changes they are
aoked to make. It 1is not at all obvious that improved

quality will accomplish this. The traditional outlook 1e that
quality is aesociated with imspectiom which is a necessary but
undeeirable overhead cost. They understand that ;reater
revards will come from increaeed output and they believe this

conflicts with improved quality.

They must be pereuaded that this coaflict does mot exiet in a
well run firm and t! 't quality comtrol is comcermed with saking
the beet use of all resources. There are situations where
curreat resources ehould be re-deployed vith a emall investmeat
in quality coatrol to reduce both scrap and rectificatios.

This may entail engaging more staff, purchasiag measuring
oquipment and even employing comsultaate to establieh a eimple
syeten. This latter course should be eudbaidised inm a
developing couatry. The best propeganda willi bde supplied Wy
the management of other small firme who have shown eubstantial

profits by tackling their quality prodless.

Onge there has deea asseptanse that quality should de measured
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for an extended period, it will be obvious that any method of
control must improvse quality, These methods have been
discussed in Section ¢.2 and step by step procedures are £iven
in the appendices for the simplest of thenm, These will be
found to be very useful for those procesees which come close to
gatisfyiny product specifications when working as well as

possible, They can be expected to reduce defectives by 20%

Or more even wuen operated by unskilled pereonnel in small
industries of develouping countries. Isprovements of this order
of magnitude may or may not be really useful to an individual
firm but they can be repeated over moet of a country with

l.ttle concentrated effort. The total effect will bde very

considerable.

Very many firms would benefit by usiang more sdvanced quality
control techaiques but it is impoesible to generalise as to how
great any improvement will be. Each project has to be Judged
on its Oown merits. Some improvemente will be negligible while
the optimum scheme in othere could be b or 5 times as good as
the general purpose plan. Certainly all coatrol charts

ehould be gcrutinised occasionally by s more skilled quality
éontrol offi er, He is likely to be s local graduate who has
been trained to a higher level by visiting experte. He should
then be sble toc deeign a bdetter scheme which can he uaderstood
snd operated by the factory pereommel without his supervision,
It need sot be the sheolute optimum bdut it sust save aore thaa

it coete.

Major quality improvemests, which will meke a sigaificaat




contribution to raising the standard of living, will only come
1f a genuine demand for it is created ovar the whole
population. This depends upon a full programme of education
and all developing countries are trying to achieve this, It
is a slow process and international agencies can help
particularly in training to build on the education already
obtained locally or in industrialised countries. Ultimately
training for the mass of the pPopulation must be given by
indigenous personnel and first it is necessary to create these
trainers. They will norsally be local graduates who are

selected to work with visiting ixport-.

The quality control Pioneers in USA and UK were not statisticiams,
They were engineers, scientists and technologists who found
that they could understand and solve their technical problems

by the application of statistical methods to their Observations,

It wvas natural that similarly educated people should be given

the initial training in statistical quality control (sQC) in

developing countries. This was not found to be so success ful
in Iadia where the maximum quality control effort has been made
among these countries. Although many of them attended the
first group of training courses given by UN experts with the
object of creating "teacher-trainees®, no engineer or scientist
vas fouad to be both suitable and willing t¢ undertake this
work.,

A major reason was that engineers, scientists apd technologists

were offered much higher salaries ia their own subjects than in

8QC. Further there are excelleat training facilities for




statisticians in India but insufficient employment
opportunities. The large proportion of quality control
engineers there have had thelir basic training in statistics
mostly with lMaster's degrees., The few engineers and
scientists who have made a career in SQC have been out-
standingly successful, It would appear that most of the
trained engineers in developing countries serve their ne.cion
best by working in engineering although they would be better
engineers with an understanding of SQC. Experience shows that
there is no great difficulty for them in learning sufficient
statistics once they are convinced that SQC is a valuable
technique. Similarly a statistician who works in a particular
industry will have no great difficulty in learning sufficient
of this industry to make useful quality control applications
but he will require much deeper traininé to make a contribution
to the very large number of small industries in developing

countries.

The initial objective of any internationally sponsored tresining
programme will be the creation of the necessary indigenous
trainers. It is proposed that this should be carried out by a
team of 5 or 4 visiting experts whose total experience would
cover a wide range of industries of all sizes. They will give
a two week introductory course covering the simple techniques
described briefly in Sections 8.1 and 8.2. Although this will
make use of modern teaching aids to simulate industrial sampling,
no course on a practical subject like quality control can truly
succeed without laboratory work. Here the ideal laboratory is

the factory floor so it is proposed that the initial
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theoretical instruction is followed immediately by 35 or 4
weeks investigations and applications in a variety of
industries. The students will be encouraged to work on these
projects by themselves but they will be supervised by the
experts, They will reascemble for another week or more after
this practical period to report back to the whole group, The
discussions which will ensue should consolidate their learning
and indicate what their next steps should be. It is not
proposed that they should study the subject in greater depth at

this stage of their development,

Some of the ctudents will have had industrial experience before
attending the course and may have been well established in
their particular company. Their project work should take
place in their own factory and the success they achieve at
these early stages given the widest publicity to encourage
others especially the smaller industries. These students are

unlikely to become the future trainers.

Other students will be graduates in any discipline with little
or no industrial experience. A scientific or statistical
background is preferable. Their projects will be their first
industrial contacts and they should continue similar work after
the reunion period to enlarge their experience. Obviously
they must be supported by some public agency to enable them to
do so0. This will be justified if it is intended that they

should become the future trainers.

The whole of this initial programme would be completed in about

two months after which the team could move to an adjoining

gt




centre which might be a neighbouring country where they would
repeat tne programme, It would be desirable for one member of
the team to stay ut the original centre or to adjust his work
allocation £0 that he is available to return there. He

woulu c¢ontinue to advise the potential trainere and work with
them in organiosing their own {f{irst training course invoiving
the simplest techniques. He should act as Course Chairman for
its presentation with a minimum of direct participation but
plenty of discussions with the trainee lecturers at the end of
each day. tie should sum up the course at the end and
encourage the delegates to try to make some simple applications.
At this stage, the course might only cover a period of one week
concentrating on simple sampling plans and tne general purpose
control charts given in the appendices. These would be

equally useful to small anc large industries.

Further quality improvements would come from the tighter control
of more sophisticated schemes, It will take some time before
the trainers learn how to use statistical methods to design
suitable schemes which take account of all the technical

factors involved, This can only come from experience and any
technical assistance expert will ensure that the experience is

directed into the most appropriate channels.

This method of international assistance was used as a first step
in India but the country is too large for it to have succeeded
without further assistance. This took the form of longer

tours of duty by several international experts covering a total

of 13 expert-years. The quality control programme there has




concentrated on establishing a group of SQC Units in eight
major cities, They give a subsidised consultative service to
industry and have a major objective of trainiag their own staff
by practical example. Originally each Unit was under the
technical leadership of an international expert with a emall
staff of statisticians who had attended the initial course
given by the (N team. These men have now acquired sufficient
8kill and experience to run all the Units themselves and train

their junior staff also by practical example. They all offer

short courses for industry to supplement their consultancy and

most client firms take advantage of these.

This kind of prosramme'vould be suitable for other developing
countries with good facilities for basic teaching of statis-
tics. It need not be as large and one or two expert-years
would suffice for most countries, The first impact would
improve quality in the larger industries but it would achieve
the primary objective of training quality control engineers
without whom no long term quality programme can be truly

effective.,

It is difficult to quantify the quality improvement which will
be obtained by following the proposals contained in this
report. However it is possible to visualise an Index which
measures overall quality om a scale between 0 and 100.
Perfection would be represented by 100 and must be regarded as
being unattainable without enormous expense quite outside the
scope of any firm in a developing country. There can be

little meaning attached to an Index of O but current quality
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Bay have an Index of 20. Then the various steps can be

expected to increase this as in the following table. I
|

Step Action Index
1 Initial value 20
2 Establish specification and provide

&00d working conditions 25
5 Provide facilities for operators to

verify quality they have made 50
4 Make use of National Standards,

Certified material and laboratory

testing facilities 40
5 Use of simple general purpose Quality

Control plans 60
6 Analyeis of quality data with fcod

back for small technical changes

including instructions for setting 65

7 Shop floor experimentation to determine
optimum operating conditions with
implementation of an appropriate

quality control plan 70
8 Gradual evolution to 75

9 Major technical changes which are
likely to be too expensive 80

10 Perfection 100

It can be seen that completion of step (5) after the earlier

ones will take most firmx about half way to perfection and they
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can achieve this with current facilities as long ae there is
the will to do so! It would be easier with help frou
experienced Quality Control Engineers but it is not vital,
This help is necessary for further improvement: anu would

result from a programme of international assistance,

There is often pressure to install new and improved plant -
Step (9) - before all the earlier steps have been taken.

This action would usually require scarce foreign currency with
a considerable time delay. The table shows that the increment
on this account is only 5 and it is unlikely to be much greater
wherever it is inserted. The Index itself will vary from day
to day and initial improvements may be somewhat larger.

However experience shows that the whole of a larger jmprovement
will not be maintained without undertaking the oarlio} steps

also,




APPE.DIX A

A Simple General Purpose Quality Control

Plan Rased on Cumulative Sum Technique

1_Control by Counting

This plan has been designed to provide a sensitive control when
it is only possible to inspect the product qualitatively and
decide whether each item satisfies some requirement or not,

it is equally applicable when quantitative inspection would be
possible but it is not considered economic or practicable to

use it,

The figures quoted apply to ¢ process producing 2% defectives
under normal technical operating conditions but these
conditions become disturbed on unpredictable occasions thereby
increasing the rate of defectives appreciably. Definite
technical action is required to restore normal conditions when

such a disturbance has occurred,

The ob'ect is to avoid making any changes to the process when
it is working satisfactorily - the chance of doins s0 is only
about one ian 450 per sample - while detecting a change to 10%

defectives in an average of 3} samples.

If the standar® quslity is not 2% defectives, the plan can
easily be adapted merely by altering the sample size so that
the expected number of defectives remains as O.4. For example,

use sauples of 40 for a standard of 1% defectives or samples of

8 for a standard of 5% defectives. In each case, the change

detected in about 3} samples will be five times the standard
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proportion of defectives,

Any convenient sampling interval can be used and this will
depend upon the degree of confidence that technical control
will be maintained taking account of the sensitivity quoted

above,

Procedure 1
Frepare a cusum table in which the observations and control

calculations will be recorded - see Figure 1.

Select a first sample of 20 items from the process, 1nspoct‘
each of them and count the number which are defective to the

quality characteristic being inspected.
Record the number of defectives in column 2, sample 1.

If the number of defectives is 2 or more, subtract 1 from the
number and record in columns 3 and 4, sample 1. Do not
record anything in these cells if there ars less than 2

defectives.

Accept the process as working at a satisfactory level if there
is no entry in column 4 or the number there is less than 3.
Note: There is really no evidence that the

process is not working satisfactorily.

If the entry in column 4 is 3 or more, it indicates that the
process was not working at a satisfactory level for about the
period that there have been continuous entries in column 4,
Take appropriaéo technical actioa t0 restore the process to
standard technical operatiag conditions, record this action in




column 5, leave a blank line and restart the table at zero for

the next sample.

Select a second sample of 20 items from the process, inspect
each of them and count the number which are defective to the

quality characteristic being inspected.

Record the number of defectives in column 2, sampls <.

If .olumn 4, sample 1 has anything recorded in it, subtract
1l from the number of defectives in sample 2 and record in

column 3, sample 2,

Add the entries in column 3, sample 2 and column 4, sample 1.
Record the sum in column 4, sample 2 if it is positive. Do

not record anything in this cell if it is zero.

If column 4, sample 1 is blank and there are 2 or more

defectives in sample 2, subtract 1 from the number and record
in columns 3 and 4, sample 2. Do not record anything in

these cells if there are less than 2 defectives,

Accept the process as working at a satisfactory level if there

is no entry in column 4 or the number there is less thanm 3.

If the entry in column 4 is 3 or more, it indicates that the
process was not working at a satisfactory level for about the
period that there have been continuous entries in columa 4.
Take appropriate technical action to restore the process to
standard technical operating conditioms, record this actioa ia
column 5, leave a blank line and restart the table at sero for

the next sample.
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Select further samples of 20 items from the process at about the
same intervals as were used between samples 1 and 2, inspect
each of theam and couat the number which are defective to tne

qQuality characteristic being inspected.

Record the number of defectivee for the r'® sample ia columa 2,

sample r,

If colusa & of the previoue eample hae aaythiag recorded in it,
subtract 1 from the number of defectives ia salaple r and record

ia columa 3, sample r.

Add the excess recorded ia columa 3, sample r to the entry ia
the previous sample at columa & and record the sum ia columa &,
sample r if it is poeitive. Do mot record aaythiag ia tiais

cell if it 1e sgero.

If columa 4 of the previous eample 1¢ dlaak and there are 2 or
more defectives in eample r, eudtract 1 from the nusber and
record in columame 3 ani 4, eample r. Do mot record enything ia

these coelle 1f there are lese than 2 defectives.

Test the process for stadility after each sample result is

evaluated by followiag imstructiomss (12) and (13).
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The data ian thie tadble were ebdtained by eimulation

to dlluatrate the procedure.
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APPERRIX B

S le General 0ose Quslit ontrol

Plan pased on Cumulative Sur Technigue

2 Control by Measurement

This plan has been designed for a process which produces s
product whose quality is determined by direct measurement and
for which experience shows “‘hat the tolerance is often met bY
over 99% of s bdbatch run. Past results may show periods of
excessive rejects and operating the plsn will reduce both the

frequency and intensity of these unsstisfsctory perlods.

It is assumed that there is an objective mean, represented by
the symdol, P together with a tolerance, T, 80 that:

the low limit = p - /2

high limit = P 1/2

Normally these are imposed by design, commercial or legal
requiremsents but sometimes the specification is one-sided, say
at the low limit, while the upper limit can have any value.
Ia practice, there will also be an upper limit imposed by

ecomomic considerations so that the problem still reduces to

the comtrol of a measured dimension with an objective mean of P

and an overall toleramce of T.

The plaa can de operated either by figures in a tadle or W i
plotting a cusum chart. lltop by step procedures are given for
both methods which are exactly equivaleant to one another. The
tadbular fors lemds itself more easily for further analysis dut
the graphical method is simpler om the shop floor. ;
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Columns 1 to 6 of procedure 2 are sufficient for the control
of the level of working. Columns 7 to 9 are used if it 1s
desired to have some control of variability as well.

Similarly steps (1) to (18) of procedure 3 provide the control
of level with steps (19) to (28) for control of variability.
It ic easier to take steps (20) to (23) immediately after step
(15) and to compute and plot yr immediately after xr has been

obtained,

The data quoted in Figures 2 and 3 were obtained by simulation
to illustrate the procedures. Samples 1 - 10 show a stable
situation with samples 36 - 45 being set at a lower level.
This is detected in sample 45 with evidence that it occurred

about sample 4l.

The plan gives a fair control when the conditions detailed above
are satisfied but it is unlikely to be the optimum; neither will
it lead to better basic quality. However it should be simple
enough to operate, and analysis of the results by an SQC

engineer will indicate the next steps for increased efficiency.

The object is to avoid making any changes to the process when
it is working satisfactorily - the cluncg of doing so is only
about one in 500 per sample - while detecting a setting 0.2T
away from the objective after measuring an average of only 10

items. It will also detect a S0% increase in variadility ia

about the same time.




Procedure 2

Prepare a cusum table in which the observations and control

calculations will be recorded - see Figure 2.

Record the mean, )x, and tolerance, T, of the specified

dimension as indicated at the top of the table.

Compute V, = p + 0.1T and record as the reference value for

ascending cusum as indicated above column 4.

Compute V, = p - 0.1T and record as the reference value for

descending cusum as indicated above column 6.

Compute Vy = 0.3T and record as the reference value for the

variability cusum as indicated above column 8.

Select a first item direct from the process, measure its

dimension represented by the symbol, X,, and record in column &,

sample 1.

If X, is greater than V,, compute the excess (X, - V,) and

record in colusns 3 and 4, sample 1. Do not record anything

in columns 5, 6, 7, 8 and 9.

If X, ie lese than Vg, compute the excess (x, - V:) and record

in columne 5 and 6, eample 1, Do not record anything im

coluans }’ ‘h 7’ 8 and 9.

‘ ‘ ~4
. e o i o -

Note: (X, - V,) will be negative.

If X, ie between V, and V, inclusive, do not record aaythinmg

more for eample 1.




Accept the process as working as closely as possible to the
specification if there are no entries in columns 4 and 6 or, if

there are any entries, they are all numerically less than T.

If the entry in column 4 is equal to or exceeds T, it indicates
that the process i1s set too high. Reset the process about
0.2T lower, record the action in column 10 and restart the

table at zero.

If the numerical value of the entry in column 6 is equal to or
exceeds T, it indicates that the process is set too low.
Reset the process about 0.2T higher, record the action in columm

10 and restart the table at zero.

Select a second item direct from the process, measure its

dimension represented by the symbol, Xq» and record in column
2, sample 2.
Note: This could be the second item made or
it could be a sample selected after a

suitable interval.

Record any technical change which occurred between sample 1

and sample 2 in column 10, sanple 1.

If columa 4, ssmple 1 has anything recorded in it, cempute the

excess (X, - V,) and record in column 3, sample 2.

Add the entries in columa 5, sample 2 and column 4, sample 1.
Record the sum in colusa 4, sample 2 if it is positive, Do

aot record anything ia this cell {f the sum is sero or negative.




If column 4, sample 1 is blank, compute the excess (xl- v,)
1f it is positive and record in columns 3> and 4, sample 2, Do
not record anything in these cells il the excess is zero or

negative,

If column 6, sample 1 has anything recorded in it, compute the

excess (X, - V.) and record in column 5, sample 2.

Add the entries in column 5, sample 2 and column 6, sample 1,
Record the sum in column 6, sample 2 if it is negative. Do not

record anything in this cell if the sum is zero or positive.

If column 6, sample 1 is blank, compute the excess (X, -V, if
it is negative and record in columns 5 and 6, sample 2. Do not

record anything in these cells if the excess is zero or positive.

Compute the difference between X, and X, giving this difference

a positive sign and record in columan 7, sample 2.

If the difference found im (21) is greater than V,, subtract V,

from it and record in columns 8 and 9, sample 2.

If the differemce foumd in (21) is rot greater tham V,, do not

record anythiag in columns 8 and 9, sample 2.

Accept the process as workiag as closely as possible to the
specification 1f there are mo entriee in columns 4, 6 and 9 or,

12 there are any entires, they are all numerically less than T,

If the eatry im columm &4 1s equal to or exceeds T, it iadicates
that the process was workimg at too high a level for about the
period that there have deea continuous eatires iam eolumm &,
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Reset the process about 0.2T lower, record the action in column

lu and restart the table at zero.

If the numerical value of the entry in column 6 1s equal to or
exceeds T, it indicates that the process was working at too low
a level for about the period that there have been continuous
entries in column 6. Reset the process about 0.2T higher,

record the action in column 10 and restart the table at zero.

If the entry in column 9 1is equal to or exceeds T, it indicates
an increase in process variability which has existed for about
the period that there have been continuous entries in column 9.
Examine the process to determine the cause, take the necessary
action to restore normal working conditions, record this action
in column 10 and restart the table at zero.
Note: Any entries in column 10 during
the unstable period may give a

clue to the cause.

Select further items direct from the process at intervals
gimilar to those used in instruction (13) and measure the
dimension of each as it becomes available. Denote the

dimension of the rth item by the symbol, X, and record in

column 2, sample r,

Record any technical change whic. occurred between two sample

items in column 10 of the earlier sample.

I1f column 4 of the previous sample has anything recorded 1in it,

compute the excess (X, - V,) and record in column 3, sample r.
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Add the excess recorded in column 5, sample r to the entry in the
previous sample at column 4 and record the sum in column 4,
sample r if it is positive. Do not record anything in this cell

if the sum is zero or negative.

1f column 4 of the previous sample is blank, compute the excess
(xr - V‘) if it is positive and record in columns 3 and 4, sample
r, Do not record anything in these cells if the excess is zero

or negative,

If column 6 of the previous sample has anything recorded in 1it,

compute the excess (xr - Vt) and record in column 5, sample r.

Add the excess recorded in column 5, sample r to the entry in
the previous sample at column 6 and record the sum in column 6,
sample r if it is negative. Do not record anything in this cell

if the sum is zero or positive.

If column 6 of the previous sample is blank, compute the excess
(X, - V,) if it is negative and record in columns 5 and 6, sample
r. Do not record anything in theee cells if the excess is sero

or positive.

Compute the difference between Xr and xr-l giving thie

difference a positive sign and record in colusn 7, sample r.

If colusn 9 of the previous sample has anything recorded in 1it,

subtract V4 from the difference found im (36) and record in

column 8, sample r.

Add the result recorded im colusma 8, sample r to the eatry ia the

previoue eample at columa 9 and record the sum ia colusa 9,
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sample r if it is positive. Do not record anything in this cell

if the sum is zero or negative.

If column 9 or the previous sample is blank and the difference
found in (36) is greater than V,, subtract V, from it and record

in columns § and 9, sample r.

If column 9 or the previous sample is blank and the difference
found in (36) is not greater than V4, do not record anything in

columns 8 and 9, sample r.

Test the process for stability as each sample result is

evaluated by following instructions (24) to (27) applied to

sample r.
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Procedure 3

Prepare a chart on a squared background with the horiszontal axis
indicating the time and date of sampling and with the vertical

axis providing values of the measured dimension.

Choose a uniform scale for the horizontal axis which is
conveniently graduatéd in sample nuambers.
Note: The plan is not confined to sampling;
it can be used when every item is

measured,

Graduate the vertical scale in terms of the measured dimensioa
s0 that the specified tolerance, T, is represented by exactly

10 sampling intervals on the horizontal scale.

Choose an origin about half way up the vertical axis and at the

extreme left of the chart.

Make a parallelogram mask in a rigid transparent plastic with
an angle of 450 between the adjacent sides and the horisontal
distance between the parallel sloping sides equal to 10 sanpling
intervals on the horizontal scale of the chart.
Note: The vertical distance between the
parallel sloping sides will also

be equal to 10 sampling intervals.

Make a groove along the top (or bottom) of the chart in which
the mask can slide while always maintaining a horisoatal

direction for the base.

Select a first item direct from the process, measure its
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| dimension and subtract the objective mean, jp, from thia

measurement. Denote tne difference by the symbol, x, .

8 Plot x, sgainst sam,le nuaber 1 to give the first point on the
control chart. Take care to uee the correct sign of x, in

thie plotting.

9 Slide the parallelogras mask over the chart uatil the latest
plotted point comes om the trailing edge. Make sure that the
mask is properly located in the groove to maintain its
horisoatal edgee parallel to the ssaple number axis.

Note: If the latest poiat is lower thaa the
immediately precediag point, tura the
sask over so that the slopiag edges
indicate a decrease in cusuas for an

increass in sample nuamder.

10 Scrutinise the chart to determine whether any Of the earlier
plotted points (imcluding the origia) fall ia froat of the

leading edge.

11 Ascept the process as workiag as clossly as possibdle to the

specification if nome of the earlier poiats fall ia froat of

the leading edge.

12 1f aay of the earlier plotted poiats fall oa or 1ia froat of the
leading edge, it ladicates that the procese was not working at
standard quality for abdout the period detween the violating
and latest plotted pointa. Take appropriate techaical action
%0 restore the process %o standard tesaalcal operating

conditions aad restart the ehart at sero.

Fote: The techaical astioa for this chart 1is




usually resetting and tLe amouant would

be about 0,2T.

It is convenient tO leave a space equal
to two or three samples when restarting
the chart at a new origin; the technical

action should be recorded in this space.

13 Select a second item direct froa the process, measure its
dimension and subtract the objective mean, ’, from this
measurement, Denote the difference by the symbol, X,.

Note: This could be the second item made or
it could be a sample selected after a

suitadble interval.

14 Plot the second point against sample ausber 2 at a height x,

above the height of the first poimt plotted. Take care tO wee

the correct sign of x, im this plotting.

15 Teet the process for stability by followiag imstructioas (9) %o

(12).

16 Select further items direct from the process at iatervals
similar to those used in imstructios (13) and measure the \
dimension of each as it becomes available. sSubtract the

objective mean, p, from each measuresent aad demote the ‘

deviation of the r'B item by the symwl, xp.

Plot the rtB point agaimst sample musber r at a height xp above
the height of the previous poiat plotted, Take care to wse

the correct siga of xp in this plotting.
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Test the process for stabllity after each point is plotted by

following instructions (9) to (12).

Prepare a similar chart with the same scales to examine process
variability.
Note: The same chart can be used both for
letel and variability if the second
set of points can be identified by

different colours.

Choose a convenient origin on @ vertical line correspoading to

sample number 1.

Compute the difference betweon x \lld x, giving this differeace

a positive sign.

Subtract 0.2T from the differeace obtained in (21) with the
appropriate siga to Reasure the excess of process variabdility

over a provisiomal s.aindard. Denote this Dby JY4.

not 3y, against sample aumber 2 om the second coatrol chart.

Take care to use the correct siga of y, im this plotting.

Use the parallelogras mask as ia iastructions (9) to (12) %
test for stability of variability.
Fote: This would mot aorsally be used to

look for decreases in variabdility.

Compute the differeace sotwoea xr amd xp_, giving this

difference a positive siga as each value of 3, 18 obtained.

Subtract 0.27 from the differease odtained ia (25) with the
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appropriate sign anc denote it by yp.

27 Plot the (r - 1)"‘ point on the secoad coantrol chart against

sanple number r at a height y,. adbove the height of the previous

point plotted. Take care to use the correct siga of y,. ia this

plotting.

28 Test the stability of the process variability after eaclL poist

is plotted 2y followiag imstructioms (9) to (12).
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measured value is then the control statistic.

Another property of cusum plans is that the most sensitive
control is obtained when the reference value is chosen to be
halfway betwaen the acceptable and rejectable quality levels.
This just leaves a choice of decision interval to design a
general purpose plan and it s0 happens that the decision
interval can be made equal to the tolerance if the process is
capable of working to the specification. This will not
generally be an optimum plan but its simplicity outweighs any
small diaagivantngo on this account. A step by step procedure
for operating such a plan is given in Appendix B. It is not
suitable for processes which normally produce more than 2j

defectives.

This plan has an optional extension to control process
variability by examining the difference between two successive
samples. It makes no attempt to assign causes to any
excessive variability; this is impossible with such a simple
pPlan. They can only come from technical examination when

there has been a clear indication that it has occurred.

Alternative methods of presentation are given using a table or
a chart. It is strongly recommended that all observations are
tabulated, even if the chart is used, and subjected to skilled
analysis later to obtain maximum information and hence improve

product quality.

The cusum technique can also be used for control when quality

is measured by counting the number of defectives in a sample.
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These also have a reference value and a decision interval which
togetner with tiie sample size define the plan completely, In
principle it is possible to have samples of one item ae
recommenaed for direct measurement but this tends to complicate
the application ratner than simplify it, Most plans use
integral values for both the par.meters but this is not
essential. One simple pair of values and a convenient sample
size have beon selected to provide a useful general purpose
plan which is jiven as a step by step procedure in Appendix A.
It is desiznea for use when standard quality corresponds to 2%
defectives but it is easily adapted to other quality levels.

It can also be used instead of control by variables when
standard quality is not good enough for the plan given in

Appendix E.

3.3 ladustrial Experimentation

control charts are used to ensure that the achievable quality
standard is malntained without reference to whether this will
satisfy the market or not, In many cases, particularly for
exports from developing countries, this quality is not good
eadugzh even when it is maintained. The obvious action is 100%
sorting to sell the goods but they can never be as reliable as
those which are made to specification. Alternatively the
process itself can be examined to determire whether the
svecified operating conditions are truly optimum or even if it
iz possible to maintain them within the required limits. It
is essential that this is a practical examination which will be

applicable to normal production on the shop floor. It is not

sufficient to know what can be done in the laboratories of a




collaborating company in an industrialised country!

Modern industrial experimentation is designed to give the
required information with a minimum of efiort and of
interference with normal production. This requires the use of
statistical methods to determine the combination of input
technical factors which gives optimum quality. The input
technical factors are obvious and normal operating values, with
tolerances, will have bevn assigned to them. In moulding
rubber, these are temperature, pressure and cure time and there
may be others. Quality will also be affected by less obvious
factors which may be of greater importance, These include
batches of material, operators, machines, shifts, etc. all of

which produce variability which has to be accapted.

An experiment can be designeu to determine how quality is
affected by all of these together with any interactions which
are ccnsidered, in advance, might be important, The experiment
can be limited to the ordinary range of variability used in
manufacture or some factors can be given values outside their
usual intervals. It is important to kuow just how quality
will be measured and whether any other aspects such as
productivity or cost are also to be taken into account. It is
even more important that the observations are taken after
changed conditions have had sufficient opportunity to settle
down and that the operator makes po special effort to obtain
better quality than he usually exerts, Finally it must be
possible to deduce how much variability in product quality

would remain if all factors are maintained exactly at




specified levels. This is a statistical abstraction but it
can be deduced from a properly designed experiment, It is
desirable that *this statistical "error" can be deduced in more
than one way as an overall control on the conduct of the

experiment,

Graduate statisticians can be trained in the principles of
design of industrial experiments. They must collaborate with
the technical personnel and share the responsibility of
supervising the operators during the actual performance to
ensure that it is carried out as planned. Even 80, there will
often be discrepancies aund a well trained industrial
statistician will be able to extract the maximum information

from the data collected,

Tho largest proportional potential improvement in quality and
efficiency occurs in small firms with their simpler technology.
Their best way of helping themselves is to conduct suitable
experiments to determine optimum operatinz levels for all
technical factors which they can control together with estimates
of the quality standard which these will produce. They then
require a quality control plan to ensure that this quality
standard is maintained, Such a programme requirec highly
trained professional personnel for ‘nvestigation and
installation. Small firms cannot afford to employ such people
permanently and would be unable to make use of their skill for
more than a small part of their time if they were so employed.

Routine control can be exercised by relatively unskilled people

with simple training.
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9 Assistance

9.1 Extension Services

)

Possibly the greatest obstacle to improving product quality is
inertia. Often this arises vbecause the manufacturer does not
know what quality he makes nor how much it varies from day to
day. He may truly believe that he cannot do anything about it !
and that he is only ablie to satisfy his ¢ 'stomers by sorting
the work immedietely before dispatch, This certainly occurs
in craft industries, such as pottery, where material variaticns
are blamed for everything that goes wrong. The attitude is
that better raterial will come to hand later and then quality
will recover automatically. He will not hsve any facilities
to test the raw material and he will not know what properties
should be measured for him or what values they should have,

As long 2s he buys clay, he is able to make pottery and
experience tells him that sufficient of his output will be

saleable to stay in buriness.

This situation improved greatly in industrialised countries
with the establishament of industrial extension agencies in the
form of Research or Trade Associations. These are supported
by the particular industry and often receive grants from public
funds. Technical information is available to any member firm
and any management technique appropriate to the industry.

Some Research Associations also offer training facilities, both
technical and managerial, to their members. They will also

tackle specific problems for member firms but with full

economic consultancy charges.




pveveloping countries are now following the 1lead with similar
extension services but they require more publicity for wider
acceptance particularly by the smaller organisations. These
receive government grants and possibly they should be increase
if sufficient officers of adequate calibre are available for
employment, Their services should always be subeidised even
for specific company problems but the magnitude of the subsidy
could be related to the value that the solution contributes to

the national economy taking account of the firm's size.

A particularly fine example of extension service agencies is
the group of SQC Units in India. These provide a limited
consultancy service, particularly in quality problems, but
require that the actual collection of the quality data is made
by factory personnel under guidance. Analysis of the data
and subsequent establishment of quality standards and control
procedures are periformed by the Unit consultant. The whole
project is turned over to the factory for routine operation as
500n as possible, Maintenance visits are made from time to
time to ensure that quality standards and controls are kept up

to date,

These SQC Units are also engaged in training at all levels,
They offer a full time one-year courege in SQC and related
techniques at a professional level with continuing employment
as junior consultants until such time as the young graduates
are capable of imdependent work, This particular activity is

not of particular interest to small firms except that 1t

creates the consultants who can help them occasionally.
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There are also short traiming cources over two or three weeks
to which small firm personnel have been sent witu great

benefit particularly i1n conjunction with tue cvusuitoncy

service,

5.2 (Central Testing Laboratory

These oxist in many countries with the prims 'y object of
standardising and calibrating measuring equipment. They also¢
make actual measurements Of quality when disputes arice and are
available for such measurement: when the supplier or the
customer does not possess the facilities himself. They are
often supported by public funds and their charges may not
include all the basic overheads. There are similar laboratory
facilities in many extension sirvice agencies. Small firms
should use this kind of laboratory for the calibratiom of their
test equipment, There should be regular checks, particularly
of gauges which certainly change in size with constant use.

The amount of change should also be recorded in the laboratory
report so0 that the small user can estimate tihe 1ate ard hence
decide how long an interval it is safe to use the equipment

without re-standardisation.

Some factories send samples of their output or test pieces to
these laboratories for measurement. These may be to verity
the accuracy of their own tests but more often the laboratory
will provide the only quality measurements. If these are not
satisfactory, the small manufacturing unit may decide not to
dispatch the particular batch but frequently it will bhave teen

seat before thi test results are received. It aust be




emphasised that, although this may be very useful and should be
encoura;ed, it is never conirol of quality even if tke poor

work is scrapped or rectified.

9.5 Large Plants

There are two main areas where small firms can oObtain
assistance from large plants. The first occurs when they are
the customer and the larse supplier wishes to maintain or
improve his share of the market by providing technical data
about his product - the small firm's material - s0 that it can
be used efficiently. Generally this data is only available in
instruction documents provided at the time of sale. A very fet
larg;e companies are prepared to go further than this and will

offer their know-how as part of their sales campaign.

ihe other aree of assistance occurs when the small firm acts as
a sub-contractor. dere self interest is often the dominating
reason since failure to obtain the right goods of the right
quality at the right time can pe very expensive to a large
highly organised industry. In addition to providing de‘ailed
specifications with drawings to show exactly what is required,
many firms will also explain in great detail how the components
should be made and supply special tools and fixtures to help to
achieve this objective. They may #l1so indicate how they will
verify that the quality of the koods is satisfactory and
propose that the sub-contractor shouid use the sane sampling
plans, Thie, by itself, will not ensure that the components
are made correctly and some form of quality control during

manufacture is also required. Suitable plans are sometines






