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SYNOPS1S

This Investigational preject is concerned with aquality manpagesent in  the
process plant manufacturing industry. Process plant manufacture can be defined
as the design, manufacture and installation of pressure vessels, pipework,
heat exchangers, storage vesseis, ete., far the power generation, chemical and
oil processing Indusiries, food and beverage, metals producing and mining
industries. [t fs a sufficiently homogeneous Indusiry in terms  of
marufacturing technology, supplier/purchaser relationships and manufacturing
practices for cimilar quality assurance (Q.A.} and gquality econtrol (4.8.)

practices to be employed,

The scope and sims of the project cover the fnllowgng:

a) Studying the requirements of Quality Management system
standards, with particular reference to the new 150 8000
series of standards.

b) An  investigation into the presenl state of quality
assurance In industry, with emphasis on the process plant
manufacturing s=zetor.

¢} Studying the economic aspects of quality assurance, again
with emphaslz on the process plant manufacturing seeteor.

d) To obtain experience and ¢eedback from the implementation of
a formal quality management system, based on the Quality
Sygtiem standarda, into a manufacturer of process plant

equipment,

In order to achieve these aims, a general discussion on quality concepts,

Quality Management standards and Quality Assurance in prosess plant
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manufacture is followed by a detailed case study at a local manufacturer of
process plant equipment. Feedback obtained from the implementation af the
quality system in this company would also apply to other suppliers of process

plant equipment in this country.

Most texts tend to refer to Q.C. and Q.A. of high volume manufactured items
according to essentially standard spec.fications, which are usually generated
by the manufacturer himself via the design department. The Q.A. approach here
iz very different from that applicable in process plant manufacture. In
process plant manufacture, the fellowing are different from bhigh volume

mamufacture:

al The degree of clie  invalvement at st} stages tends ta be

much hilgher.
b The complexity of the product tends to be much greater.
¢) ..o uniqueness of each plant.

d) The time taken to "manufacture™ the product (from design

through to final commissioning tends to be very long).
e} The consequences of lack of quality, in terms of economies,

safety and statutory requlrements, tend to be much greater.

Some of +the special features of the process plant manufacturing industry
mentioned above =actually determine to a wvery large extent the practical

appiicatioﬁ of the Quality Management System standards.

The products are high wvalue and in many casas are unique 1n the sense that

gach plant is different, They are thus Tfone-off" items itallor-made for that
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particular client or project and therefore mass production §.C. methods are

not usually relevant,

The uniquenezs of the items means that they are often manufactured to customer
specifications., These detaiied instructions may refer to specific quality
control activitiesz to be undertaken by the marufacturer. The guality approach

o he adopted by the supplier i3 thusz often dictated by the custome!

The items Involved in the industry are also usually part of a large projecr ar
system. A failure in one item (late delivery as well as actual failure) may
affeet the entire project or system. There are usualliy zafety aspects to the
process plant products as well. ‘

The economic congequences of paor quality can be enormous In the prucess plant
industry, due to consequential costs ra{her than the direct cost of repair.
This direct ecosti may be relatively swall, depending on the extent of repair
required and accessibility for repair. In many cases this cost would not be
borne by the purchaser if it can be proven that the supplier had not nmet
contrectually zereed upon quatity standards. The consequential costs, which
are primarily due to loBt revenue because of inoperative plant, are in general

borne by the purchaser of the defsetive plant and tend te be very high.

The arguements presented for justify{pg Q.A, from an econamic point of view
are biased, depanding on whether one is the manufacturer or client. This s
because the balance between risk and expenditure is not the same for each
party. The manufacturer 1is in a relatively low risk/high expenditure
situation because he has tfo spend significant sums of money ioc maintain the

Q.A. systen,
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The client on the other hand is in a high risk/low expenditure situation. His
expenditure is relatively low because he merely assesses and generally
monitors the performance of his suppliers, However, shauld a failure ovccur
and the production capacity of the plant suffer or a quality problem delay the

project, then the conzequential costs suffered by the client can he enormous.

The costs of a §.A, system are therefore easily Justified by the client, by
polnting out that an effective gquallty system should reduce the risks af plant
fajlures, Furthermore, reductlions {n insurance premiums dus to reduced risks
of failure for manufacturer and supplier, also provide economic justification

for a quality system. \

The manufacturer is faced by a relatively high D.A. expendiiure situation and
must welgh up the cost of increasing his levels af ﬁuality contro] against the
ineremental increase in quality assurance cbtained and potential reductions in
repair and rectification costs. The elient will naturaliy argue that the
increased costs incurred by the manufacturer are not worth considering if the

extra quality control will reduce the rigks of an expensive failurs.

Unnecessary quality relsted costs and inefficient quality programmes should be
avoided, however, because they must eventually be paid for. The wmanufacturer
must realise a reasonable prafit to stay in business and the cost of quality
programmes must eventually be passed on to the client. [t is thus in ‘he
interests of both parties to ensure‘that an efficlent, effective quality

system 1s  operated by the manufacturer which provides the elient with an

adequate assurance of product guality.

With regard to methods of manufacturs, "Special Processes" are usually of

eritical importance in this indusiry and failure to control special processes
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is often the cause of quality prableas. Particularly strong emphasis is thus
ptaced on the &.A, of these special prucesses, In the context of B.A. these
special processes refer mainly fo welding, heat treatment and unon-destructive

testin,

Process plant equipment +tends to be manufactured to detailed technical
gpecifications which nay inciude relevant national or international standards.
(e.g. ASHME codes for pressure vessel manufacturs). The specifications and
standards e¢an be very specifie regarding wscceptable quality standards,

inspection requirements and documents to be generated.

"

Contractual matters also influence the quality systems applicable in this
industry. Manufactured items in this industry tend to be part of a larger
praject involving many organisations such as the elie y consulting englineers,
major contractors, sub-pontractorz and ingpection authorities. These wvarious
vrganisations will have contractual relatianships with one another (which will
include responsihilities and obligations in re.pect of Q.A,) and they all have
some say In the quaiity system of the manufacturer. This is a complicating
factor and tends to take away some control from tLhe manufacturer, which {3
contrary to quality management principles. These principles state that the
manufacturer is entirely responsibie for the quality of the product. Although
not satisfactory, the situation is inevitable because of the wide range of

specialist skills required in the process piant Industry.

Another contractusr: matter is thatv any statutory requirements must be
contractually nat as well. This requirement adds a further dimension to the

quatity policles of the manufacturer.
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Finally, there is also a tradition in this industry of utilising third party
inspection autherities to provide independent checks on the quality aof items
manufactured or installed. This manufacture - then - inspect approach tends
to he less cost effective than the modern §.A. ajproach of cantrolling design

and manufacture to avoid quality problems.

All. these factars were taken inte account when devetloping and Implementing the
new quality gsystem at Huppmann Fabrications, a loezl manufacturer of process
plant squipment, in the case study section aof the repart. The company had been
awaridsd a major contract by their most important customer, and was placed
under great preszure to Ifmplement a formal GQ.A. system, This system was to be

utilised during the design, manufacture and inrtaliation of the contract.

{n appropriate eystem was developed and 1mplémented for the company.
Experiences gained from both the workshop and site environments provided
indicators for future directiems the quality system at the company should
take. The feedback obtained from the quality sysiem shoutd prove useful to
other proce.s plant manufacturerz faced with the task of iaplementing a formal

quality management system into their company.
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t.1

INTRODUCTION

The rige of Quality Assurance in South Africa.

In recent years there has bheen a trend worldwlide towards more stringent
customer expectations with regard to the quality of the products and
services which they intend to purchase‘*?’. Many companies have realised
that improvements In quality tend to result in an Iimproved economic
parformance of the organisation. Improved quality of products or services
are accompanied by increases in productivity, efficiency and market
penetration.t?! The use of Quality as a major sirategic weapon for a
company has been highlighted*” by {he remarkable succes> of the Japanese
industry, which has often been attributes io their emphasls on Quality as a

competitive edge. s

Praviously acceptable levels of defects, reliability, poor workmanship
etc,, have become unacceptable in today’'s market}lace, The rise of
consumerism In America daring the 1960's, 1led by Halph Nader and
action-line columns in newspapers, resulted in a greater public interest in
cuyality and safety of products,.?4? Laws such as the Consumer Product
Safety Act passed by the U.S5.Congress in 1872, were aimed at preventing
hazardous or defective products from reaching consumers,¢4? In more
affluent nations such as America nr'Eurnpe, a more demanding consumer began

to emerge who praferred to do without rather than pay for second best.'#?

Disasters which have inecurred 1losg of tife ard equipment (such as the
explosion of the chemical plant at Flinborough), as well as the rising cost

of roeplacement plant and equipment, have resulted in Gthe purchasers aof
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engineering products placing greater pressure on suppliers to provide

agsurance of product quality anu reliability.

In South Africa, the situation ic similar. Although the "average® consumer
remains relatively unsophisticated and undemanding when compared with the
more affluent countries, the purchasers of engineering products have become
more dempnding in terms of quality expectatiocns. According to Jan de Vries
of Bastech, ¢} 80% of all eguipment received by SASOL during the 1987/1988
period had te be returned to Lhe fabricator or had to be repaired -5 site,

He cites the reasons fer this as being
(a) incomplete or incorrect Interpretation of requirements;
(b} lack of in-house fluality Control.

Although many wmanufacturing industries ‘in South Africa are making
significant efforts to implement quality improvement programs,f®’ clearly
there are still many areas tnat need improverment. Since 1850, the
operation of the South African Bureau of Standards (SABS) Certification
Mark Bcheme has required the application of "guality control™ in thuse
factories operating under this scheme. During the sixties, extensive
attention was given to promoiing quality control in South Africa. In 1878,
the Council of the S5ABS wvas requested to investigate the need for Quality
Assurance and ensure cao-ordination of 1ts application, t®? This led to the
publishing in 1879 of the'SAbs ¢ode of practice OLBY for Quality Management

Svstiens,

At this point, it 1is perhaps appropriate to clarify the use of these
quality terms. "gusiiiy Assurance” 1ig the term given to the management

system in an organisation which both ensures the quality of the final
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product or service is correct, and that there is evidence of this
satisfactory quality. "Quality Control™ on the other hand refers to the
physical actions {inspections, process monitoring) which are undertaken tn
help dbitain +thilg assurange.'?’ The +term "Quality Hanagement® has also
gntered the quality terminology and can be used to describe the management
system used by an oarganisation vo control and *guarantee" his quality,??!
f.e. an organisation uses a "quality manapgement®™ system to manage, amongst
other things, "qu=ality contrel" o provide "quality assurance." This is
confusing and in this report, "quality assurance” and "quality management®
will be taken as meaning the same thing i.e. the management system used it~

provide assurance of quality,

There has been a growing trend iIn South Africa, for purcnasers to place
increased pressures on suppllers toa introduze formzal quality systems, In
order Lo provide this quality assurance.!®’ The reasons are clear. Poor
quality products or services are bad for a supplier’s reputation and thus
business in the future, as well as invelwing nim in repair or replacement
costs. The party most :immediately affected by the poor quality however, is
the purchaser. These consequences can cons. niently ’ be broken down into

"eeonomic", "safety" and "statutpry® or "regulatory®™ aspects.

Under economic consequ::ces for the purchaser ane eould consider the costs

incurred due to the following situations:

(a} The performance of the product may ve downgraded due to poor

guality on receipt, or else may need repair.

(m The product may be delivered late due to unai.icipated

repalr work.
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{ec) The product may fail in service due to poor gquality.

The above situations will lead to direct costs of repair as well as
copgsequential costs resulting from non-operation {(or reduced performance)
of the squipment or system oy which that defoctive product ferms a part.
birect costs of repair will usually he passed on to the supplier, if he can
be proven to have not met contractual requiremente, The consequential
costs however, will usually be borne by the customer, and these can ba many

times higher than the direct costs of repair,

The second consequence of poor gquality, namely "safety", will be considered
next. Due to sub-standard quality, a product can cause safety hazards and
endanger lives. Take for axample a service failure in a plant containing
toxic substances. The operators (and thus purchaser) +tend to bear the
consequences of fhese failures. Financlally, this may include damages paid
to victims of the failureg as well as more stringent (and thus expensive)

sut.sequent controls lpposed upen the purchaser.

Related to the above are the statutory requirementis and product liability
consequences of poor product quality, in 1865, the American Law Institute
for example, issued its "Restatement of the Law of Tarts® which made
manufacturers liable for product defects even  without pioof of
negligence.t*! There is thus often a need to comply with statutory safety
requirenents in terms of product safety and potential liability e¢laims. A
formal quality system can provide the discipline to ensure that regulations

are complied with as well as providing evidence of this compliance.

Product 1iability ocan then be defended via ‘“development risk® type

arguments if "reagonab) et precaut]ons have been taken.
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1.2

Quality Assurance (Q.A.) would provide this evidence and should lessen the
risk of faiiure anyway. In fact, another advantage of having an effective
g.A. System in a company (and evidence to prove this} is that it will
minimise product liability insurance premiums, which can be quite

substantial 7!

ft is thus understandable that supp]lers are being pressurised into
adopting Q.A. systems, There are however, also suppliers who wish io
introduce formal quality wmanagement systems inte their companies without
customer pressure. They realise the strategic advantages to be gained.
Improved reputation in the marketplace and minimising risks agsinst product
liahility claims would be some of these benefits. A more productive company
due to =& more efficient conversion of rescurces into products would be

another benefit.

Scope & Almz of Investigational Project

The aims of this investigational project e be summariced as follows:

a} To study the requirements of the Quality Management system
standards, with'particular reference to th. new Intern -ional

Standards Organisation, [50 9000 series of standards.

b} To investigate the present state of Quality Assurance in

industry, with particular emphasis on the process plant

r

manufacturing sectar,

c) Te study the economic aspects of Quality Assurance, again with

emphasis on the process plant manufacturing sector,
d} To obtain experience and feedback from the lmplementation of a
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formal qualily management system, based on the Quality Systen

standards, into a manufacturer of process plant equipment.

In order to achieve these aimz, a general discussion on quality concepts,
Quality MHansgement =tandards and Quality Assupance in process ple.c
manufacture will be followed by a detailed case study at a local
manufacturer nf process plant equipment, Feedback obtained from the
impiementation of the quality system in this company would also apply to

other suppliers of process plant’ equipment in this countiry.
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2.

2.1

2.2

THE QUALITY OF A PRUDUCT OR SERVICE

Introduction

In view of the fact that this project is concerned with Quality Assurance
and Quality Centrol, it is appropriaie at this stage to adequately define
what ig meant by the quality of a product or service., Numerous definitions
of quality exist, nich tend to view guality from different perspectives.
Garvint*®! hay developed =2 comprehensive framework which presents sach

observer's perspective.

Five Perspectives on Guality

2.2.1 The Transcendental Apprasch

This is 'the approach of philesophv, and refers te an "innate
excal lence™ which is universally recognisable through experience.
This is a vague and highly subjective approach which is not of much

uge In the manufacturing context.

2.2.2 The Product-Based Approach

In this app-oach quality differences reflect differences in the
guality of attributes of products. Performance of the product is
one of the attributes. Performance can be sald to be the ability
of the product to perform itz technical function in a satisfactory

manner and at an economically acceptable cost.

Fy

Product durabllity is another attribute and refers to the amount of-

usage an individual obtains from a product prior to its breakdown.
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2.

2.3

2.2.4

Product features are secondary attributes when compared to
performance, They can be considered as .the “bells and whistles"

and may he persecnal to the individual,

The User-Based Approach

In this approach the user relates quality with the extent that some
want or need s satisfied, This tends to be based on persgonz!
judgement and is thus subjective. As Feigenbaum statest‘7??
"quality is what the customer says it is, not what the eugineer or
marketing man says it is." Sometimes the customer does not possess
complete information as to the product's attributes and thus reliés
on indirect measures a; supgested by images, advertising and brand

names, Tngether with aesthetics, this perceived gquality makes up

the user wased approach,

The Manufacturing~based Apprasch

The manufacturing hased approach to quality is of particular
relevance to this nroject because It considers quality from the
supplier's point of view, it implies ‘Y“conformance to
specifications" in terms of designed specifications, the assumptien
being thet the design catisfies the requirements of the customer as

well as any applicable national construction standards.

The Value-baged Approach

Garvin states that "Quoiity is inereasingly apt to be discussed and
perceived in relation to price.™ i.e. Provision o  performance or

conformance to cequirements ot an  acceptable eost, This
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2.3

value-based approach is becoming more prevalent according to hin
and implies that quality is being equated with value, ar

"affordahle excellence.”

In line with this, Chase‘!s} {s of the opinion that "in today's
global market, superior value iz the prefercred market share capture
strategy.” When product design displays close fidelity to consumer
needs, In conjunction .with product  conformance to design
specifications, "a winning synergy of product differentiation hy
high gquality and competitive price results in superior

gustomer-perceived value.?

Garvin summarises ' {s article by developing what he calls the "Dimensions
of Qeality" as follaws: .
‘ a) Performance

h} Features

c) Reliability

d) Conformance

el Dur;bility

f) Serviceability
g} Aestheties

h) Porceived Quality’ Image

According to Garvin, the manufacturer should always be siriving to improve

or add further dimensions of quality to his product or service,

A Definition of Quality

John Groocock'!®' has defined quality as fallows:
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"The quality of a product is the degree of conformance of all the relevant
features and characteristics of the product to all of the aspects of a

customer’s need, limited by the price and delivery he or she will accept."

This definitlion includes a number of perspectives mentioned above and is a
useful ane faf the manufacturer because it includes the manufacturing
approach ot "conformance" as well as the user and value approaches of
need" and "price". Huality is thus "what is wanted” as well as "when it
is needed" and has two aspects to 1it, namely accuracy or conformance, as
well as timeliness. RQuality Management then Dbecomes a mann. 'ment system
which is utilised to ensure that the customer is provided with what iz
wanted/needed (there is sometimes & subtle difference between the two),

when it is needed.

2.4 Major Fagtors [nfluencing Qualtity

The five moin factors which effect the quality of produets can be

summarised as follows:

1. Design

The design and thus engineering specifieations, together with
quality specifications will affect the final quality of the product
to a great extent. More specifically; the degres to which the
design and related specifications, meet the needs of the custamar
whilst being compatible with the capability of operators, equipment

and materials availabla,

2. Equipmnent
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The compatibility of equipment with the design, 1its range of

capabilitlies and its state of repair,

Material

The quality of incoming matsrial, testing performed on material and

methods of storage and packaging.

Scheduling

One azpect of "guality" which is particularly relevant in process
plant manufacture, is that of timely delivery of products or timely
commissioning and compretion of projects. Scheduling within the

factory as well as project planning thus clearly influences quatity.

"

Human Performance

The influence of the human factor upon product guality will vary,
depending on the degree of mechanisation or automation 3¢ the
manufacturing process. This performance is a sum of ability and
motivation. Ability in turn iz affected by training, experience and

the "potential" of that individual,

Individual motivation is itselfﬁan enormous tapie, heyond the scope
of this project. Amongst the factors influencing motivation are the
general working environment and "Company Culture" within the
organisation. Under this Company Culture would be included the
attitude of the company towards its employees, expectations placed
on employees in terms of Jjob performance and the degree to which

enployee performance is rewarded.
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Under the topic of rewards, one can add that it is the valve of the
potentia) rewards and the effort required to earn those rewards, as

perceived by the employee, which are of paramount

importance. When

rewards are given, then the perceived fairness of reward

allocations also influerice the motivation of the individual, ' ¥?

The abave mentioned factors would need £a be carefully adressed hy the
Quality Management system uillised by a company, to ensure that they are

not being detrimental to produet quality.
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3.

3.1

3.2

GUALITY MANAGEMENT STAMDARDS

Historical Developments

According to Rogerson'??, the introduction of "quality" as a separate
digscipline from design and production engineefing disciﬁlines prabably
arose due to advances made In the use of statistical quality control (SRC)
techniques. These techniques, based on induetive statisties and
informative sampling, were developed by the Americans and introduced to
Japan in the 1950's, t9! S5QC revolutionised quality control at the time
and was applicable to wmanufacturers utillzing bateh production or

continuous production methods.

The limitations of the techniques were soon 2pparent to the Japanese and
SQC became merely one of the tools of a new quality conirel approach. It
wags realised that all departments of a company {(marketing, design,
purchasing, efec.}) and all the empioyees uof the company had a coﬁtributian
to make towards final product quality, This led to the development of
company wide quality econtrol which is the moast important feature of

Japan's Tolal Qual;ty Control (TRC)Y today.1®?

Tote) fluality Contrpol in Japan

First coined by Feigembaum in the 1950's, Total fuality Control was seen by

him to meant??!:

"an effeactive system for integrating the quadity develapment, quality
maintenance and quality improvement efforts of the varicus groups in an
organisation, so as to enable production and service at the most economic

levels which allow for full customer satisfaction.™
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Although the approaches of Japanese THC to include all departments in a
company irn the quality controf system is applicable to all organisations,
the actual techniques utiiised are generally more app}icabie to bateh and
econtinual production methods. However, many of the principles and concepts
of TQC are sound quality management principles applicable to any

organisation, and include!+!:

1} Assigning primary responsibility for product quality to the
production department rather than the Q.C. department. This puts
responsibility back to those people clasest +to manufacturing the

products.

iil Developing a habit of improvement in all aspects of the
gperations of a company. A doing away ' with the typical American
precandition that a favourable cost-benefit ratio be demonstrated
prior to attempting any quality improvement projects. This has the
affect of stifling quality improvement ideas, The traditional
Western approach is illustrated in Figure 3.1, It maintains that
there is a certain leve! of Quality Control which should be applied
to minimise total cost. These are the "mathenmatics of mediocrity"
as Price ‘%' puts it and is a2 doctrine of dzfeatism. The Japanese
approach is that quality improvements are generally economically

desirable and lead to reduced costs eventually.

fii)  Process control rather than merely insyeaeting products;
process ocapability studies, process monite ing and feedback
infarmatian, leading to a reductfon in unwant d variations In the

manufacturing process.
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iv) Easy te see and understand gquality standards, qoality
performance ektc, The Japanese tend to push information on quality
data down levels in an organisation in order to educate the
warikioree and provide Infermation necessapy to analyse problems and
propose solutions. The typical Western approacht!®! {5 to feed
information upwards in order to provide middle management with
ugseful summaries. The assumption is made that these quality problens
are the responsibility only of management, instead of supplying
information to the people most direetly involved in manufacturing

the products.

v) insistence on meoting establiched quality standards and glving
production workers the authority to stng produstion processes in
order to avoid producing defective products "puts teeth in the
priority policy of quality first and autput secapd. ™t} Wastern
quality devariments often give in to pressure from manuf%cturing.
passing cemponents, sub-agsemblies ete. which do not meet quality
standards. This serves to undermine he e¢ntire Quality Contro!

system.

vi), Correcting one’s oun errorc rather than utilizing a separate
ra-vork crew is a TQC concept which serves to complete the loop of
assigning responsibility for quality teo preduction, It provides
effective feedback to the source of quality problems and allows for

correcliive actions to be Laken.

vii) The TQC principte of performing 100% inspection where possible
aef products at various production stages as well as final

inspestian, iz in ecntrast to the traditional Vesiern approach of
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lot-acceptance sampling using statistical methods. All statistical
methods of sampling imply that a certain number of defects will be
inevitat!e. The only methed ef ensuring that no defects have been
produced is by 100% sampling, but ‘he fatigue factors, time and
expense of sampling ‘'arge numbers wusually makes 100% Inspection
impractical., The salutiqp s to automate the inspection process and
this has hee done very successfuily by many Japanese firms and is
now being incorporated in Western companies as well. Toyota Motors
has virtually elirinated the need for Statistical Quallty Controlt®
by the use of Source Inspection and "Poke-yoke"™ devieces, as

developed by Shigeo Shinge.

The idea is that defects occur because errors have been made, The
ideal situation would be to cateh these errors at the source before
they become defects. The "Zero Quality Control" approach of Shigeo
Shingo, is {o utilise "poke-yoke" or errer-proof devices. These
perform 100% incpection and provide immediate feedback and action at
the source of errar, thereby preventing defects from heing made.
Utilizing this approach, by 1977 Matsushita achieved their first
zerg-monthly defecis of 30.000 washing machines. ¢3! The {deal] of
zero defectives had been achieved! The *Zero #uplity Control?

gystem iz aimed at high volume production, but the prineiples ecan

really be applied in any manufacturing system.

viii) TQC advocateg continual quality improvements thus
rejecting any notions of acceptabie quality levels. In making
gquality  improvements, the Japanese utllize structured,

projact-by-project improvement programmes., Typically, some sort of
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committee will review proposed quality improvement projects, of
which the best are selected and assigned to project teams to be
worked on.'ti’ These proposals will tend to originate froa the shop
flpor. All too often in Western companies, employees feal that poor
quality is "in the systfem" and that exposure of problems could
result in sameone getling into trouble,!'®? Schonbergeprt 11!
warns, however, that ‘T™workers and foremen ocan only solve about 15
percent of yuality contral problems, The rest must be handled by
management ar the engineering staff, The workforce can deal with
the trivizl matters, but major quality matters related to vendor
relations, management policies, process and product design are

outside the control of production staff.”

ix) In the Japanese approach the &.C.Department becomes a
facilitator becaguse primary responsibility for quality has been
assigned to production.t"? As facilitatar the Q.C.Department
concentrates on the removal of defact causes, keeping track of
quality accomplighments, monitoring of operations to ensure that
standard prpcedures are followed and (laising with purchasing
department to monitor supplier quality standards. The Q.C.
Department also co-ordinate §.C. training, wmonltors and analyses
internal and external failures, and ensures that special inspections
are performed which are required by customers, standards or

legisliation, The #.C. Departwent may also carry out final sampling

audits that measure the quality levels of outgoing products.

%) Housekeeping iz alse stressed by TQC'!'' Lecause it provides

an environment wnich is conducive to improved wark thabits, cuality
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and care of facilities. Related to this is that of product handiing
vhereby incaming materia!, work-in-progress and finlshed goods, are
kept clean and pratected.'!®? Responsiblity for the above rests

a8

with warkers and foremen once agaln.

xi) Daily machine checks are performed because faully machines are
vften the cause of defects. The machines are pampered through
series of checks and adjustments by operators themselves,'!!! in
contrast with the Western worker’s over~reliance on the maintenance

department.

In summary then, THC emphasises operator rather than (.C. department
responsibility as a means of obtaining the desired process control of
manufacturing. The philosoephy of TQC is based on lopgic, is directed
towards simplicity and doing things right. As suyeh, iU is applicable to
any organisation seeking te attain product quality excellence. The
approach of TAC to inveolve al) departments of & anmpany ic also reflected

in the Quality Management standards, which shall be reviewed shortily.

A further aspect of TJC which needs to be discussed is that of Q.C.
Circles. Tris idea was born In Japan in 18G62,'"* when it was ppinted out
that if people on the shop floor are reatly the anes who generate quality,
then those people should formafly Q;rtiaipate via QC circle activities.
These QC circles formally mwobilise s=mali, vaoluntary teams in order to

improve quality and productivity, There appears to he conflicting

information about the success of these RC circles.

8n the one hand, Shigeo Shingo'®' cglaims that the international acclaim for

the quality of Japanese products was due mors to QC circle activities than
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SQC methods themselves. Schonbergert!’t on the other hand states that QC
circlies should only be used to wring the last defects out of a praduction
system, and that disappointment will oceur if they are introduced too sarly
intc a company. Furthermore., Deming‘'?®’ siates ihat most nof the causes of
poor quality betong to the "systen" and are thus beyond the pawer of the
workforce. Shigeo Shingo alsn warns that sueccess of the QC elrcles in
Japan is due te the group-orientated character cf the Japanese people and
that they may not be successful in the +typically adversarial Western
atmogphere between workers and nanagement as well as ‘the emphasis on

individualism In the West.

In South Africa there have been attempts at Introducing 4€ circles into
companies and thers are approximately 3000 circles operative at present, ¢4}
The National Assocciation of Preductivity and Quality Circles of South
Africa (NAPROQCSA) was established in 19B6 to promote the QC circle concept

and provide guidelines for thelr successful implementation.

The actual success of these Q.C. circles in South Africa remains unclear.
Toyola in Durban has had great success with their QC ecirele progranme and
they suggest that ieamwork comes naturally to the Zulu workers because of
their group-orientated oculture,f?23? The azuceess of their Q¢ circle
progre.me ig probably also due to their {inheritance of Japanese management
attitudes from their parent company. The growth of Trade Unionism in South
Africa, which has resulted in the present lack of solidarity hetween
workers and management in many unionised industries, as well as the view hy
same Unions that QC clreles are means of exploiting workers, are factors
wvhich are detrimental to the successful implementation of QC eircles in

this country,
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In general it does appear that QC circles can work in the West, hut they
require good relationships to exist between management and workers, they
need the development af teamwork attitudes in a company and they tend to be
used in larger, mass-production type environments. Finally, they require an

"anlightered® management approach.

Quality Management System Standards,

The development of quality system standards arese when it became necessary
for customers to satisfy themgelves that their suppliers were utifising
satisfactory guality policles, 7! There was also & need +to develop a
management criteria framework for organisatiorns wish;ng to implement
formal quality systems. in order to check and approve the quality systems
utilized by a number of suppliers with varying orpganisational structures
and hence varying quality systems, the customer needed a standard against
which to assess them. Hence the development of quality system standards

and their bias towards the clientts weeds.!'??

The first "clientis" who recognised the need for these methods of mgsessing
their suppliers’ competence in a quality sense, were military procurement
bedies. This was due to costly delays which had oceurred in severa)
prajeets, when major quality prnblemg were encountered, as exemplified in
the paper by Admiral Rickover.''%? In it he details the +{ype and extent
of quality problems incurred by the US Navy 1n obtaining their Polaris
Missile system, The 1860's thus saw the inlroduction of a series of

quality standards for military procurement purposes,

In the U.K. this led ta the intraduction of civilian versions of the

military standards, - BS B5179. This Britizh standard was carasfully

&
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defined as a guide to the requirements for a quality =system and was
eventually superseded by BS 5750. The rise of nuclear power projecits in
Europe and the USA quickly resulted in the intredustion of similar nuclear

qualiiy standards, ANSI N45 in Ameriea and the Britis,  BS 5882 in 1980.

The late 1970's saw the growth of fermal Q.A. by many purchasers aof heavy,
expynsive plant, which led to a proliferation of standards issued by these
purchasers. This was confusing and undesirable, and resulted in the
introduction of BS5750, Parts 1, Z and 3 to cover the requirements of all
purposes {excepi nuclear systemg). The South African SABS 0157 standard
is essentially identical te this standard. The Canadian stendard CSA Z299
is a comprehensive one which covers general purposes as well as nuclear

requirements at its Level 1.

in 1887 the Internatioral Organisation for Standardisation ([80), which is
a worldwide federation of national standards hodies, produced the (S0 8000
series on Quality Assurance. This new standard, which has subsequently
been adopted by the SABS as well, is an improvement over the older
standards because it is clearer in its intent and is easier to understand.
1t also provides imprnved guidelines for implementation. Although there
are some differences between the new standard and the previous South
African standard, they are essentidlly the same. A company wishing ta
inplement a formal quality system will naturaliy chbose'the new standard
beaause of these improvements and the added trade advantage of conforming

to an international quality standard.

There have also arisen a number of industry specific standards and
guidelines to implementatien of qualily standards (e.g. SABS Recommended

Practice for the application of BSABS 0157-1987 within the Pressure
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Equipment Manufacturing Industry)., These are based on the criteria of the
genera! purpose standards, but offer more industry specific guidance than

is possible in the genera! purpose siandards.

The quality management system's aim is to avoid the following situations

which would contribute towards quality problems.

a) not identifying a elient’s requirements or expeetations.
b) lack of design proving

¢l inadéquate dravings and other worlk Instructions

d) lach of control of purchase ltems and subcontracted waerk
e) insufficient time te ashiove the required quality

f) inadequate maintenance of production machines

g) inadequate training of personnel

h) inadequate data collection and subsequent analyais

) inadequate wr incorrect use of baslec statistics

j) unclear organisational responsibilities

k) not knowing the costs of quality to the company concerned.

These situations waould be remedied by an effective quality management

system.

The quality system standards define . various management criteria for a
system bui not technical criteria, nor how these management oriteria are to
be met, Thies 1is because every organisation is different iIn terms of
methods of working, personnel and resources, The shandards define matters
such as which activities need to be controlled, responsibilities, when
written procedures or instruclions are required, need fer calibration of
inspection equipment, need {for systematic reporting, analysis of defects

F
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and non-conformences, and the need for regular, systematic quality
audits. !’ They may be regarded as a Total Quality Control approach because
2il agpects of a companies activities related to the final preduct or
service are covered i.e. from ocontract review through design and

manufacture, to final delivery or installation.

The management contro! elements which are addressed by the nmore rigorous
standards (such as 150 9001 of the [50 9000 saries, or SABS 0157 Part 1D

can be sumparised as follows:

1, Dogumented Quality System.

The supplier’s quality system shall be documented and include the
quality management oabjectives, palicies and procedures which

deponstrate compiiance with that particular quality standard.

2, Drganisation,

This requirement states that the organisational structure shali be
documented and take into =2ccount the 1nter-disciplina¥y nature of
quality assurance activities. Those perfarming the operation are
responsib]g for its quality but audits of the quality system,
praocesses and products shall be carried out by personnel with mno
direct responsibiiity far the work being performed, Someone with
sufficient management position and authority mnust be appointed,
responsibls for monitoring the quality activities to ensure that
the quality standard is being adhered to, Often this regquirement
is met by appointing a Quality Manager with only these
responsibilities. This is not a requirement of the standard and
wauld be a costly way of meeting the requirement in a small

r

COmpany.

Page 23



3. Contract Review.

Pracedures for contract review are to be established and each
contract should be reviewed €0 ensure that requirements are
adequately defined, requirements differing from the t{ender are
resolved and that the supplier has the capability +to meet

contractual requirements.

&, Design Control,

Procadures to control and verify the design of the product in drder
to ensure that specified requirements are met, appropriate
gtandards are taken into account and that correct design documents
are produced. Checks on the adequacy of the design via formal
design reviews as wel] as controls on design changes are also

required.

5. Documents snd Docupent Control.

Documentation is needed to define requirements, provide work
instructions, record and commun'cate inspection results and other
management or engineering decislons, in order to provide objective
evidence that quality is being controlled, Document contro] means
that documents are reviewed and appraved by authorised persomnel
prior to issue. Amended documents shall be reviewed as well and
all obsolete documents are to be removed from points of issus

promptly.

G. Purchasing.

The supplier ig to ensure that purchased products conform to
specified requirements. The standard defines in some detail the

type of information needed for purchasing documents. Yhere
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épprnériate, the supplier shall establish procedures for
identifying the product during all stages of production, thus

praviding traceabiiity.

7. Process Control.
Production processes are to be carried out wunder controlled
conditions. This requires documented work instructions defining
the manner of production where the absence of these would adversely
affect quality, use of suitable equipment, compliance with
applicable standards and quality plans, Processes and products are
to be monitored during production and installation., Criteria fo-
workmanshiy are {to be in a quantitive form (e.g. dimensional
tolerances) or qualitive feorm (workmanship samples). Special
procesaes, such as welding, require compliance with documented
provedures. Processes are to be qualified and records of qualified

processes, equipment and personnel waintained, as appropriﬁte.

8. Inspection and Testing,

The standard c¢overs recquirements for receiving ipspection and
testing (including that of purchaser supplied products), in-process
inspections and final inspection and tasting, In order to wverify
that conformance to  specified requirements have been met,
Non-conforming products are to be identified and segregated.
Follow-up action to the _pcourence of non-conforwances via repalr,
re-work or scrapping and the institution of action to prevent
further oecurrences (corrective action) is to be undertaken via
defined procedures. Records are fo be maintained which give

evidence that the product has passed Inspegtions, with defined
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acceptance criteria, In the nuclear standards, the inspection is
to be cerried out by someone other than those performing the
activity being inspected because of the extreme assurance required

in this industry.

8. Inspection, Measuring and Test Equipment.

This equipment is to be cantrolled, calibrated and maintained as
ingpection and test results have no validity if the integrity and

rellability of the Inspectign equipment is unknown.

10, Inspection and Test Status,

The inspection and tegt status of products shall be ldentified by
using a varlety of methods, Records shall identify the inspection

authority responsible for release of comforming product.

11, Handiing, Storage, Packaging and Delivery.

The standard requires that there bhe documented procedures.far these

activities, The aim of this is to prevent damage during
trangportation but wmore importantily, to ensure that critical

material is stored and used correctly to prevent deterioration.

12. fuality Recgrds.

These shall he maintained ‘to demonstrate achievement of the
required quality and effective operation of the quality system,
The period for <which records are to be retained needs to be
established between cliéht and supplier or may be determined by

lav.

13. Tralning.
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Procedures for identifying training needs are to be maintained and
subequent training of personnel effecting quality s to bhe
provided. Personnel performing tasks shall be qualified on the
basis of appropriate eduecation, training and experience, as

required.

14, Quality Audits.

Regular, documented internal audits of the quality system are to
be earried out according to defined procedures and by "qualified"
auditors who have no direct responsibility for the area or function
being audited. Appropriate follow-up actlon is to be taken and

cumented.

3.5 Construction Standards versus Quality Management Standards

Mational construction standards are commonily refarred to and - this is
especially so in the process plant manufacturing industry. 1% is Iimportant
to understand their relationships to {Quality 'Hanagement standards and

their inherent limitations.

In respect of "quality", these construction standards will tend to cover

the fo | wing:

1y Design - methods, allowable stiresses, safety features, ete,

2) Materials - type of materiaf allowed and wermissible
operating conditions (temperature and environment).

3) Quality eriteria - dimensional tolerances, defect aceptance
levels (especially of welded joints).

4) Inspection methods - types of i.spectfions required, when ithey
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ghould be applied and extent of inspection.

A typical example of a construction code is the ASME Boiler and Pressure
Vegsel code, This code includes quality manapgement systewm features within
the sgstandard and "Maceredited userg" (ASME stamp holders) have the
authority to claim their products are manufactured +o standard. These
taceredited usors” have thei: systems assessed and audited, just as the

qualiiy management standards require audifing.

The . OME code is thus a very comprehensive standard and a little
appreclated fact is that unless the company has the required quality
system elements in place, the construection is nol to standard. To use part
of the ASME code in fsolation is a dangerous situation eg. to analyse
radiograph results to ASME without the deslign caleoulations having met ASME

requiremen -.

The Mational &Standards are produced by a hody of  experts efpressing
consensus views based on collective experience.¢?! They tend to be
general documents covering a wide range of circumstances. They cannot fake
into acecount very ~new teechnology (materials, mﬁnufacturing methads,
designs etec.i becaus2 thers can be no general conse.sus on new technclogy.
The general nature of ihe standards means that they fo not cover the

I

gpeciallsed nature of certalin items,

It is thus not aluayr possible to define engineering or quality
requirements of a praoduct in terms of national standards, The client or
supplier must then develop their own specifications iw addition te, or

partly modifying, the national standards,
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There are also sound engineering reasons for stating that most national
standards are toe stringent, This is especlally so Iin the mrea of special
processes. For example, the quality of welded joints is defined in terms
of the defects which the currently used NDT technigques can detect. Intense
studies of the correlation between weid quality (as normally defined by
the standards) and the actual performance of welded fahrications have
indicated that these definitions of acceptable fguality are illogical when
considered in terms of sftructural performance‘?2?, The standards are too
conservative, lmplying unnecessary repairs which of course add to the cost

af welded fabrlication.

There is ample evidence, going as far back as Salter and Gethin's study in
1972¢23)  {o indicate that minor workmanship defects such as porosity and
sulid inclusions are not the chuse of strusl -al failures (ie. failures
due to overlead, fatigue ar fraciure). Those minor defects form the

majority of defects found by Lthe various forms of NDT.t2z2?

Methods for svaluating the importance of defects In a quantitative way
have developed, so that engineering standards can te defined in a more
logizal way, These methods rely on a fracture mcchanics analysis to

predict a defeet's propensity te initiate failure.

L

It is beyond the scope of this investigational project to delve into
fracture nechanies theory. Construction standards such as ASME XI, based
on a fracture mechanics approach, have been developed, Unfortunately, due
to farge discrepancies In fracture toughness testing of materiale and
problems with accurately determining the size of defects with present NDT
techniques, these new standards have remained wltra-conservative. The

presence of residual stresses (due to welding for example), further
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compiicates the matter because it hecomes very difficuit to know what the

applied stress at a defect is.

It seems then, that for the immediate future we musi be content with the
present conszrvative construction codes. The Quality Management uystem
adopied by a company must therefore be able to incorporate the specific
quality requirements of any consiruction codes or "in-house® standards

utilised by the manufacturer.
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4,

4.1

QUALITY ASSURANCE IN PROCESS PLANT MANUFACTURE

introduction

Process plant manufacture can be defined as the design, nmanufacture and
installation of pressure vessels, pipework, heat exchangers, pumps, storage
tanks and structural steelwork, for the power generation, chemrical and oil
processing industries, fond and bevaerage, metals producing and mining
industry,t?? It is a sufficiently homogeneous industry in terms of
manufacturing technalogy, supplier/purchaser ralationship and manufacturing
practices for similar Q.A. and Q.C. practices to be employed. The degree
of these practices may vary congsiderably, hauever, {consider the
differences in levels of Q.A. that would be applicable to the econstruction

of a nuclear power plant when compared to a dairy).

Mogt texts tend to refer to Q.C. and Q.A., of high volume manufa-tared items
according to wessentially standard speciffecations, whiech are usually
generated by the manufacturer himself via the design depariment., The Q.A.
approach here is very different from that applicable in process plant
manufacture. In process plant manufacture, the following are different

from high volume manufacture:

[

al The degree of client invoivement at all stamges iends to be

much higher.

b) The camplexity of the product tends to be much greater.

c) The uniqueness of each plant.

dl The time taken to "manufacture® the product (from design
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4.2

o

through to fina! commissioning tends to be very longl.

el The consequences of lack of quality, in terms of economics,

safaety and statutory requirements, tend io be much greater.

This tnatter point was touched upon previously, and wil!l now be considered

in terms of the process plant industry,

Cansequences of Popr Quality

The economic consequences of Ppoor quality an be enormous in  the process
plant Industry due to consequential! costs rather than the direct cost of
repair. This direct cost may be relatively small, depending on the axtent
of repalr required and accessibility for repair. In many cases this cost
would nol be borne by the purchaser if it can be proven that the supplier
had not met contractually agreed upon quality standards. The consequential
cogts, which are primarily due to lost revenue (i.e. if a brewery Is out of
production for aone day, there is one day's loss of production and hence, we
assume, profit) are in general borne by the purchaser of the defective

plant and tend to be very high.

An idea of the magnitude which theae consequential cosis can reach, was
given by feddief2®? in 1978 and derived from experience in obtaining and
commissioning power stations in the early 1873's. AL this point In time,
there was great activity in the U.K, In power station construction, but it
was before the imposition of formal! §.A. programmes on suppliers, He gives

the following costs due to delays In commissioning:
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PROJECTED ZONSTRUCTION COST : 350 MILLION POUNDS

IF A 1 YEAR DELAY ON OME 50 MILLICON POUND CONTRACT OCCURS,

THEN: EXTRA INTEREST CHARGES - 40 to 45 MILLION POUNDS
ESCALAT!ION TO DTHER CONTRACTS - 10 to 30 MILLION POUNDS
EXTRA SITE CDSTS: 9 MILLION POUNDS

USE OF LESS EFFICIENT PLANT FOR 1 MDRE YEAR - 30 to 110 MILLION

POUNDS

"his is not to say that all delays to commissioning are due to quality
problems, but it does indicate how high consequential costs can he. With
potential qualiiy related costs of +this magnitude, there i3 2 very sound
econamic argument for purchasers of process plant equipment -to Iimpose
formal quality management disciplines upon 1Liheir suppliers. They wish to
ensure that as far as is rgasonably possible, required quality is achisved

and necassary measures have beern taken to prevent fallures from occurring.

The safety related consequences of poor quality can be considered in terms
of safety hazards caused Dby servicF failures due {o Inferior aquality.
Service failures in pressurised pliant, plants containing tuiic or flammable
products and structural systems, are always potentially hazardous in the
senge of endangering lives nr the environment. It is wsually the operalors
and thus purchaser af the enginecering products who bear the consequences of
failure as well as subsequently imposed more stringent (and thus expensive)

contrels. Agaln it is in the interests of the purchaser to ensure as far as

-3
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4.3

posgihie that these failures zcannot occur and that they can be seen to have

taken all "reasonable" measures to prevent them.

The need to comply with statutory requirements in respect of product safety
and the potential liability of a supplier under producer liability laws was
mentioned previously. In the light of this and the potential hazards aof
process plants, it is in the interests of both supplier and purchaser to
ensure that .statutory requirements are met, Teasonable precautions have
been taken and documented evidence of this is avallable. A formal Q.A.
system would provide thid. Suppilers also find it necessary to provide
adequate Quality Assurance, in order to proteect themsejves in terms of

their reputation and their image in the market place.

It becomes a major problem in the application of formal 9.4, and 4.C.
procedures in. the process plant industry, to balance the inteorests of
supplier and purchaser, with their differing objectives and  exposure to
risks, Formal Q.A. system standards, such as 150 9000, have evolved as the
mogt efficient and "visi{ble" method of providing the assurance of quality
to the purchaser. As their value (at least to Lhe purchaser) becomes moie
evident and consequences of quality failure become ever greater (due to
more expensive, more complex plants and stricter legal controls), so the
application of formal quality management systems will caatinue tuo increase

in this sector of the engineering industry.'”’

The Economics of 0.4,

4.3.1 Inktroductign

The impuosition of a formal quality system Inte a Company will involve extra

costs because resources are required by the quality system.  This section
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of Lhe report will cdncentrate on these economic aspects of Q.A., how costs
can be kept to a minimum and a further discussion an the economic
justification of R.A. systems. Emphaszis will be placed on these economic
aspects when viewed in the !ight of the specialised process plant
manufacturing industry. As will be seen, the nature of products (high
value and unique items designed and manufactured to client and national
specifications) and the traditional approach of using Third Papty
ingpection in this industry, determines to a great extent the economics of

Q.A. In proecess plant manufacture.

4£.3.2 The General Approach to Quality Casts

The general approach to defining quality related costs, as given by British
Standard B8G143 and most Q.A. literature,t*?' is to distinguish between
different dost ﬁategories, as illustrated in Fig 4.1. The principal areas
are the costs of control and the costs of failure of control.ti®! The
costs of control can again be differentiated inte prevention costs, i.e.
the costs of any action taken to investigate, prevent_nr reduce defects and
failures, and appraisal c¢ost i.e. the c¢ost of assessing the quality

achieved,
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QUALITY COSTS

SEGMENTS
] |
w| PRCVEMYION COSTS
COSTS OF conTheL. | = [
""“*-;.l APPMAYSAL COSTS _|
SANAL, FAILURE COSTS
COSTS OF FAILUAE _.—-—-‘"", INTERNAL 513§
OF CONTROL
""\-.\.| EXTERMAL TAILURE COSTS |
FIGURE 4.1

Costs of failure of contro! can be split inta Internal failure costs and
external failure costs. Internal failute costs.are-those which arise within
the company due to unsatisfactary quality perfo;mance, before product
ounership is transferred to the customer, This includes the costs of
serap, spoilage and reworked material, External failure gosts are those
which arise once ownership ‘af the product has been transferred to the
customer, whick }nclude warranty and repair costs, stc. Research shows that
the costs of pnér quality to a wmanufacturing company can be dramatic.
Typiecally, the cost of inferior qgality can be between 15 and 20 percent
of szies,'??) In addition, wup té 25 percent of assets, 25 percent af
people, #0 por cent of space and 50 per cent of invenitory can be

attributed to handiing or coping with defective products.t??!

Generally, mest of these costs have remained hldden from management because
of the "iceberg" syndreome, illustrated in Figure 4.2. The clearly viaible
costs of poor quality such as serap, revork and warranty coste, have not
been of sufficient magnitude to  attract much management attention.

However, If traditional cost accounting methods were changed to account
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for all other hidden quality costs, the magnitude of these costs would

certainly give cause for alarm.
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4.2, THE ICEBERG OF POOR QUALITY.

%

Fig

Many companies have realised this potential for reducing cosis and thus
increasing profitability, or else reducing prices to become more
competitive. Reductions of guality costs of up to 80% have been achieved by
companies that have made quality control and perhaps meore importantiy,

quality improvement, a competitive strategy for success.!?4!?

4.3.3 |Ipdustry Influence upon Q.A. Economics

The general approach to quality ocosts, i.e., costs of control and costs of
peor gqualitiy, are of most wvalue in the manufacture of mass pruduction or
hatch production items where quaiity costs can be averaged out over a large
imumber of units. In process plant manufacture, however, another

classification of quality related costs is more appropriate.t?!
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IfT one regards quality costs as consisting of "money spent" and "money
lost™, then "money spent™ can further be divided Into system costs aad
project ralated costs. "Moiey lost" consists -nf répairland regtification
costs as well as Lthe consequential costs of delay and loss of revenue from
the plant not operating. "Money spent® is  comparable to the prevention and

appralsal costs mentioned ecarlier, and "money lost® to the failure costs,

In this industry the products are usually unique, high value items and this
'project’ approoch means it s sensible to differentiate between sysien
costs (thosa cosis which can be oconsidered as part of the basic cost aof
being in businesa) and project costs which can be nsharged directiy to a

project. These costs are illustrated in Table 4.1.

(a} System Cosis
QA departmeut costs (stafl, production of quality manuals, internal.
audits, departmenial overheads),
QC depurtment costs (stafl, depurtmenta) overheads),
Training.
Development {new desipns, manufacturing processes, assessment of
new malterials), :
Maintenanee and clibration of inspection equipment.

(b} Project Relaied Costs
Auditing and surveillance by clivats for specific projects.
Auditing and supveillance of supplicrs for specific projeets.
Inspection and tesl of bought-in items.
Development and qualification almanulacturing procedures lor specific
projects. '
Development and qualification of inspuction procedures for specific
projects.
Qualification of operators lor speciic projeets.

Validation inspection {including documentation requirements).
Repair and rework.

Qualification of repair and rework procedures for specific projects.
Inspestion and apcumentation of repaired and reworked components.
Delay costs incurred by the manufacturer (penaity clauses, loss of

revenue),

TABLE 4.1 Cost: Cotegories
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System cﬁsts ﬁre almost independent of the output of the company but are
affected by the nature of fabrication being undertaken.*‘”' The range of
materials utilised by the company, the degree of sub-contracting and
whether or not pressure wvessels are constructed, greatly influence the

magnitude of these system costs, They can be thought of as "fixrd” costs.

The project rejated costs are also very ch dependent on rlierts'
apecifieatfons, as well as contractuval and statutory reyuirements In terms
of outside inspection authorities. Although thev are "variable” costs
hecause they are directly related to the product, they are to a significant

degree oulside the control of the manufacturer.

For this reason, the traditional approach of trying to minimise quality
related costs by balancing prevention and appraisal casts against failure
costs, as illﬁstrated in Figure 4.3, does not apply in this induztry.
There 1is however, another {mportant reason why this approach is
unacceptable. The philosophy of BS6143 illustrated in Figure 4.3 implies
tﬁat there iz an acceptable level of defecls beyond which it is uneconomic
to reduce defect levels. The r we.tion and appraisal costs required would
exceed the sibsequent reductions in failure ce. .4,

In the process plant manufacturing iqdustry this philosephy 1s unacceptable
because a contractual relation;hip exists between supplier and client. The
supplisr has been contracted to supply "defect free" equipment which meets
the specifications of the client and only such equipment is acceptable to
the ctient., Furthermore, the consequences of Inferior quality mentioned in
Section 4.2, alse mean that the BS6143 approach is unacceptable in this

industry.
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FIGURE 4.3 Quality Costs veraus Quality Levels

This approach of acceptahiz quality levels has been rejected by the
Japanese. They do ?at seek economic justifications for quality
impravements, Instead, ‘they regard all quality improvements as eventually
being beneficial, due to a more efficient productioﬁ system and improved
image in this market place.‘?! It is true, however, that they tend to
place emphasis on "prevention™ rather than "appraisal™ because prevention
of defects at thelir source is .lways more cest efficient than merely

inspaction to weed out lefsectives.

This Japanese approach of rejeeting the notion of "Acceptable (Quality
Levelc" hay been increasingly adopted in a variety of Wester. industrles,

E-l

as part of the implementation of JIT.TQC manufacturing philosophies.ttt+t?

Fage 40




4.3.4 Redusing Quality Costs: The Manufacturer’s View

In order to attempt to reduce quality related costs in this industry, it is
important to establish which quality activities account for the major

portion of egpenses incurred, from the manufacturer's point of view.

A detailed study of tuslve process plant fabricaters has revealed that
these major quality activities are always the seme and congsist of:¢?!

1) Quality engineering

2} Validation Inspeection

3) Qualification of speeinl process procedures.

4} Repalr and restification.

The first activity, Quality Engineering, is taken to be all
pre~manufacturing engineering and contractual matters where Mquality" o.
Tquality persnnnq]“ are invelved. This would Inciude producing quallty
plans, negotiating specifications, production process capability studies,

ato,

A trend established in the study was that an inverse relationship exists
between Quality Englineerin, and the total costs of quality i.e. when more
affort is spent on plarning and solving potential quality problems, the
total quality related costs tend: to be less, Again, the wisdom of

"provention is befter than cure® applies.

fmother major quallty cost activity is wvalidation inspection, Formal
iuspections by client or third party !nspection Authorities are an integral
part of this industry, Iif only for repulatory and statutory requirements,
This is especialiy 50 in the preqdsure veosscl industry. Even the

introduction of formal Quality Management systems has done [ittle to reduce
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the validation inspection activity. There is thus little that can be done
abou® reducing these costs, with the exception that proper sch:duling of
inspection activities can do wmuch to avaid unnecessary deiays in
production. The cost to the m;anufacturer of delays will be considered

shortly.

The third major quality activity is that of special procecs procedure and
aperator qualifications. These special procesces are of critical
importance in this industry, which aceounts for the emphasis placed on
procedure and operator qualificatiaon, Unfortunately, these quatifications
are time-consuming and thus expensive. In order to avoid encessive
qualification requirements, it would be in the interest ¢f the manufacturer
to keep the number of procedures to a minimum. This could be achieved in
welding for example, by standardising on plate thicknesses and dasign of
welded joints, reducing the number of different filler materials used and
avoiding a high staff turnover. Alap, the manufacturer should neéotiate any
*special" requirements for a specific project with the client, pointing out

the additional costs that would,be involved.

The fina] major quality activity reported by the study of process plant
manufacturers is that of repair and rectification costs. The onsts are
tigh, nol because of the low quality Standards in this industry, but rather
because of the nature of the product. Poor accessibitity and the high
vajue of items means that repair work is usually expensive. This is
espeeially so baciuse most repair work =seems to invelve welding.'?! This
is because it Is almost impossible to produce entirely defoct free welds,
and the acceptance criterin for defeet levels tend to be arbitrary and

highiy conservative.
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The decision may depend on the inspector's interpretation of a particular
specification. Subsequent repair work is highly disruptive to production
plans and poor access often leads *to ru*wepajr"zf, as illustrated in
Figure 4.4 which shows the outcome of inspecting over 600 welds.  After
only the Gth inspection did all the welds manage ton pass inspection, - The

costs inecurred in sueh situations are naturally substantial.
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Iin order to raduce these costs, thnlmanufacturer should aim at preventative
methods such as proper Quality Engineering, making use of skilled,
competent ar .isans and good planning. For cxample when constructing pipe
lines, with propar planning the difficult welds can usually be performed on
the floor or workbench and the Tinal butts performad in situ can be chosen

to allow good accessibility.
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There is also evidencet2®! :hat the introduction of new manufacturing
technology (especially weldiny technology) tends tec reduce guality costs.
In particular, repair and rectification ocosts and asyociated delay costs
are reduged hecause of morz consistent manufasturing process auality.
Dramatic quality cost reductions in the nuclear power industry have been

achieved by using new manufacturing technalogy.i24?

A survey of process plant manufacturers'’* has shown that the costs of
these four major quality actlivities can be classified as "low", "medium™ or
"high" for this industry, 2s indicated in Table 4.2. The aim of the
manufacturer should be to have hig quality costs in the "low" regions, with
the reascnable assumption that he is stil] able te produce safe products
with an acceptable level of quality, According te  this survey,
manufucturers operating in the "high" regions should be able fo reduce

their quality related ¢osts by up to 50% .

TABLE 4)),
Costs as a pereentage of value added to item
Validation Speciat Repair and Delays
inspection process rectification
approvals

Low 0-6% 0-1% 0-2% ~12%
Meditm 6-1d4% 1=2:3% 2~6% 12-30%
High > 14%4 >23% = 6% :-.30%

4,3.5 Costs due to Delays

A related cost to direct quality costs is the cost itz the manufacturer of
delays resulting from oaquality activities and quality problems. These

delays are caused for example by repair and rectification, wuwaiting fer

Page 44




inspection, waiting for decisions on inspections or interpretations of

specifications, ete.

The costs due to delays have the following components;t7?!?
1} Impasition of penalty clauses.
2) Loss of [nterest on delayed completion payments
3) Costs and potential lost revente of resources

tied up in the delayed aspect of a project,

Calculation of actual delay costs must tfthus ifinclude information about
intgrest rates, size of penalty payments, schedule of payments and capacity
utilisation. Costs can be as high as 30% of contract value for, say, a 20%
extension to delivery time.t%) Delay costs ean thus be significant and
should always . be Included when calculating quality related costs, The
manufacturer sﬁcu!d aim to reduce delays by reducing repair and
rectifications, scheduling inspectiens carefully and pushing for rapid

outecomes of inspections or interpretations of specifications.

4,3.6 Economie Justification of §.A.

The arguements presented for justifying Q.A. fram an economic point of view
are biased, depending on vhether one is the manuf.cturer or client. This
is because the balance between risk and expenditure is not the same far
gach party.'"! The manufacturer is in a relatively low risk/high
expenditure sltuation because he has to spend significant sums of money to

maintain the Q.A, sysienm.

The elient on the other hand is in a high risk/low expenditure situation
because he bears the risk of the consequences of fallure. His exnendlture

is raelatively low hecause he nmerely assesses and gonerally monitors the
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performence of his suppliers, However, should a failure occur and the
production capacity of the plant suffer or a quality problem delay the
project, then the oconsequential costs suffered by the client can be
enormous. One day of downtime in a large brewery producing say, 1200 Hl .
every brew and assuming a R1 income per bottle would result in near

R4 miilion of lost income.

The costs of a R.A. system are therefore easily justified by the client, by
pointing out that an effective quality system should reduce the risks of
plant failures. Furthermore as mentioned in CGhapter 1 reductions in
irsurance premiums due to reduced risks of failure for manufacturer and

supplier, 7' also provide economic justification for a quality system.

The manufacturer is faced by a relatively high "Q.A. expenditure situation
and must weigh Iup the cost of increasing his levels of quality contral
against the incremental increase in quality assurance obitained and
potential reductions in cosis due to repair and rectification, The client
will natural(y argue that the incressed costs incurred by the manufacturer
are not yworth considering §f the extra quality control will reduce the

risks of an expensive fallure,

Unnecegsary quality related costs aqﬁ inefficient guaiity programmes must
be aveided, howaver, because they must eventually be paid for. The
manufacturer must realise a reasonahle profit to stay in business and the
cost of guality programmes must eventually be passed on to the ciient, [t
is thus in the interests of both parties 1o ensure that an efficient,
effective quality system is operzted by the manufacturer which provides the
¢lient with an adequate assuranece of product quality, In this way beth

parties benefft.
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The client should thus avoid setting an oxcessively high level of .4,
unlegs there are specific, sound reasons for doing this. More use shouid
be mads of standard items and modular design approaches in this industry.
Rogersont®t  reports that process plant manufacturers with "standard®
produet lines have the lowest overall quality related costs because the
manufacturing and quality activities become wmore efficient and proven

designs nean lhat the risk to clients of fallure are also reduced.

4.4 Trade-offs invelved in 8.A.

1f Quality Assurance is regarded as a management system designed to give
aasimum confidence that a given, acoep. "2 leve!l of quality is Dbeing
achieved, with a minimum of {otal! sxpenditure, then a number of aspecis

need to be considored.

Firstly, the management system,or "rules" encompass all of the company’s
activities. Secondly, it assumes that the eineering requirements of the
préduct have heen adequately defined so t 4+-A. can provide the assurance
that these have boen met. What is "acreptable quality™ is an engineering
decision that must be wmade in conjunction with decisions regarding an
appropriate level and rigour of the Q.A, system. For example, steelwork
with a high degree of redundancy may only require a far less rigorous Q.A.

mvgtem than, say a nuclear reactor component.

Thirdly, the cost corsiderations imply a number of trade-offs. These are

ag follows., 7!

1. The high cost of a sery ripgorous system and accompanying

low r’ak of failure versus the lower cost of a less
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vigarous sysiem and thus higher risj: of failure.

2. The cost of developing and introducing more advanced
manufacturing proeesses requiring less rigorous Q.A,
versus utilizing the existing, less exact manufacturing
processes with a subsequently more rigorous and thus

castly 'U.A. system.

3. {Jse of a conservative dezsign with lots of redundancy and
thus a low risk of fallure, which implies less rigorous
R.A., versus a3 more advanced, more efficient and thus
gconomic desigh with littie margin for error and thus
requiring a more comprehensive and expensive quality system.

4.5 Special features of the jndusiry and their offect on Q.4A,

Ll

Some of the special features of the process plant manufacturing Industry
actuaily determine to a very large extent the practical application of the
quélity management system standards which were discussed in a previous

chapter, These features are summarised as follows:

a) High value products
b) Designed and manufactured to client specifications

¢) Consequences of failure extremely high.

In order to identify the type of quality system applicable to this
industry, it is also appropriate to consider the type of product, methods

of manufacturing and contractual pattecns of purchase and supply.
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4,5.1

4,5.2

Type of Product.

The products are high value and in many cases are unigue In the
sense that each plant is different. They are thus' "one-off"
items tailor-made for that particular client or project and

therefore mass production @.C. methods are not usually relevant.

The uniqueness of the items means that-they are.nften manufactured
to customer specifications, These detailed instructions may refer
to specific quality control aetivities to be ﬁndertaken by the
manufacturer. The quality approach ko be adopted by the supplier is

thus often dictated by the ci-stomer.

The items involved In the industry are also usually part of a
large project or system. A failure in one item (late delivery as
well as actual failure) may affect the entire projeect or systen.
There ar usually safety aspects to the process plantlpruducts as

well, which have been mentioned previously.

Methods of Manufapgture,

"Special Processes" are usually of eritieal importance in this
industry and failure in special process control are often the
cause of quality problemst?!. Particutarly strong emphasig is thus
placed an the contre! and Q.A. of these special processes. In the

context of Q.A, these special processes refer mainly to welding,

heat treatment and non-destructive testing,

Process plant equipment tends to be manufactured to detailed

technical specificaticns which may Include relevant national or
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internatienal standards. {(e.g. ASME codes for pressure vessel
manufacture). The specifications and standards can be very
specific regarding acceptable quality standards, inspection

requirements and documents to be generated.
4.5.3 Contractual Matters,

Manufactured items in this industry tend to be part of a larger
project involving many organisations such as the Jlient,
consulting engineers, major contracters, sub-gontractors and
inspection authorities. These various organisations will have
contractual relationships with one another which will include
responsibilities and ;bligations in respect of Q.A. These various
organisétions thug all have some say in the quality system of the
manufacturer, which is a couplivating fastor and tends to tgpke
away some ocontrol from the manufacturer, This is5 contrary to
quality management principles which state ‘hat the manufacturer is
entirely responsible for the quality of the product. Although not

vatisfactory, the situatién is inevitable hecause af the wide

range of specialist skills required in the process plant indusiry.

Another contractual matter is that any statutory requirements must
be contractually met as well. This requirement adds a further

dimension to the quality poiicies of the manufacturer.

“Finally, there is also a tradition in this industry of wutilising
third party inspeciion authorities to provide independent checks
on the quality of items wmanufactured or installed. This

manufacture - fthen « inspect =zpproach tends to be leseg cest
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effective than the modern %.A. approach of controliing design and
sanufacture to avoid quality problems. Third party inspections
are bound to continue, however, especially in the manufacture of

pressurised plant, 7!
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3.1

CASE STUDY - HUPPMANN FABRICATIONS

Intraduction

This section of the investigational projeect vil! take the form of a case
study in which a formal Quality Management program will be developed for
Huppmann Fahrications (Pty) Ltd., a small company {less than 30 enployees),
gituated in Wilbart, Germiston. it Is the manufacturing arm of
Hrch, Huppmann S.A., which is In turn a sister ccmpary of
Hreh., Huppmann GmbH of Kit:iingen, West Germany. This company specializes
in the supply of brewhouse equipment and refrigeration plants to the
brewing Industry worldwide. Huppmann Fabrications  concentrates on
manufacturing brewkouse equipment for Souther- Africa. Present turnover for

Huppmann Fabrications is around the 3 miltlion K. 4 lavel,

Due to the hygiene requirements of the food and beverage industry, Huppmann
concentrates an the use of various grades ef stalnless steel in the
maﬁufacture of their products. The company can supply entire breweries on
a turn-key basis or individval tanks and related . process equipment, as

requi- d by the customer.

The strategy of the company is io specialise in brewhouses, which requires
a high degree of speclalist knawledge, rather than trying to compete in a
more general tank-consiructicn itype market. The advantage of this is that
the company is ‘“focused"™ and can build up expertise in its field, * .ch
means & higher premium on products and less compeiition. In fact in South
Africa, Huppmann is in a unique position in that it is tho only loeal
company in a position to manufacture a brewhouse in-nouse. Their major

competitor, Steinecker of Freising, VWest Germany, only has an agency in
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this epum': * and must sub-contract their work to local wmanufacturers if

laca} content is required.

The disadvantage of this extreme specimlisation Is that the customer base
tends to be small. In Scevtherrn Africa, Huppmann has oniy two elients,
namely South West Brewert .s Ltd, (SWB) and South African BHreweries Ltd,
{5AB). 0f these, SAB is by far the larger and thus more important
eustomer. Huppmann has received numerous enquiries from peiential elients
interested in micro-breweries, os per the growing trend in Europe and
North America, but ax yet no orders have heen placed for these small

plants.

In light of the above, it has been very imuportant for Huppmann to remain
gensitive to the needs of thei~ major custome}, and to adapt to these

continually changing needs.

It has also become clear over the years that SAB has mo iﬁtention of
relying on a sole supplier of L+ whouse squipment, They have financial as
well as strategle reasons for this. SAD is naturally concerned that a sole
supplier would not have to be coopetitive with priéing or could lower the
\standard of design and workmanshiyp, without the customer being in a strong
bargaining position, Furtﬁerqpre, SAB is also concerned about rlacing a
aicessive workioad on any one company. By ensuring that competition remains
in the markewplaca, SAB have forced suppliers to "remain on their toes™ in

terms of priece, qualily, innovalion and service,

5.2 The Rise of Quality Assurance In SAB

It is not sentirely clear aow the need for forma) RQ.A. in the saipply of

equipment to 5AB ar s¢, but it was probably linked to the foliowing:
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{al The completicn of Koeb rg Nuclear Power Station, where
Q.A. reached its zenith in South Afriea, with inevitable

rub-pffs on other process piant industries.

(b) The current trend worldwide towards farmal O.A. and the
development of international Quallity Mansgement systenm

standards.

{g) The consistently poor quaiity of goods supplied to the
process plant Industry (bearing in mind that BO% of goods
supplied to SASOL during 1987/88 were unsatigfactory, as

mentioned previously).

(d) The high cost of replacement plant, which has been made
warse by the weakening of the Rand against major foreipgn

currencies.

(e} Numerous expensive failures of stainlesy steel process

gquipment, for example, due to stress corrosion cracking.

!t has now becone a prerequisite of SAB that befuré a contract is awarded,
the supplier must have a formally documented and {(mplemented Quality
Managemer® system, satisfying‘ the lrequirements of BSAB. in practice,
however, this olause does npt yet appear to be insisted wupon, probably
because thern are not that many suppliers in the countery who have

inplemented such a fully documented quality system,

In June 1887, with the avarding of the contract sor the new brewhouse at
the Ohlsson’s Cape Brewery hanging in the balance, SA0 sonducted a visit to

the Huppmann Fabrications works. They 'rished to see whether Huppmann had
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systems in place which would assure SAB of the quality of the preducts

Huppmann would be supplying to SAB, in the event of obtaining the contract.

Unfortunately, Huppmann had very liltle to show their customer with respect
to Quality Assurance because no formal quality system was in place.
Huppmann maintained that even though they had no formal Q.A. and §.C. in
practice, the quality of the goods they deiivered in the past had been of a
high standard of quality. Furthermore, Huppmann assured SAB that they
would take immediate steps to implement a quality system to  the

requirenents of SAR,

Eventualtly, Huppmann was awarded the contract and the pressure was then on
to Llmplement a formal quality system. An investigatlon into s suitahle
system and the implementation of such a system became the basis of this
investigational project. Although it became clear that full implementation
of a documented system uould take a number of years of project-by-project
imprnﬁement steps, the initial resulis of this project wduld provide
valuable feedback to the company regarding future activities in this regard

and indicate to SAQ that Huppmann was gerious about its 3.A. commitment.

+*

The approach taken in this case study was to break it into distinet phases
as follows: .

a) Imvestipg: " ‘on phase

b} Implementation phase

c) Review and Feedback phase

The first vhase was a general "data collection® phase. This  involved an
Investigotion into customer requirements regarding RQuality Assurance (with

emphasis on Brewhouse equipment) as well as specific process and
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engineering requirements regarding Drewing equipment. The Investigation
phase also included 2 study of past quality problems which the cusiomers
had eneountered with Brewing equipment, in order that +these could bhe

avoided in future equipment supplied by Huppmann.

The Implementaion phase of the case stud, involved actually lmplementing a
formal, documented quality system into the company. The resulis of the
Investigational phase were incorporated in thir phase as well as infermal
quality management procedures which the company was utilising at the time,
The aim of the latter was to build on what was in existence already rather
than intreduce an entirely new sytem which would meet with great resistance

within the organisation,

The final Review phase of the case study involved a critical assessment of
the quaiity syaﬁam implemented, problems encountered and fuyture advances
which could be taken by the company to improve its quality management
system, This Review phase was undertaken after the completion of the
Ohissans’s Cape Brewery project and inecludes a sechtion dealing with the

Site environment and its influence upan the quality systeam.

5.3 investigation Phase

5.3.1 Customer Requirements

SAB have developed a standard, CEP 351 ‘“Quality Assurance Requirements for
Suppliers™ as part of their Engineﬁring Mamial (see APPENDIX A}, This
specifies the 0Q.A. requirements of BSAB, depending on the level of
eritieality of the equipment to he supplied. It states that before a

contract is awarded, the supplier must have a formally documented and
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implemented quality management system to Lhe requirements of SAB. CEP 351
also emphasises the need for supplier "Quality plans™, which contain as a
minimum the sequence and metheds of Inspection and testing, including _
witness and hold peints, for each siage of the work on that specific
project. These quality plans wiil be discussed in greater detail, in the

Implementaion phase of this report.

To caomplement CEP 351, SAD have issued CEE 40% "Quality Management Systems
for supplier’s of Material for Equipmeni used in Beer Production" and CEP
360 "Ctassification of Material and Services into levels of Criticality®
(see alse Appendix A). The former is merely the SAB interpretation of 5ABS
0157 and the latter requires that all material and services be classified
according te their respectl.v levels of criticality utilising the following

parameters,

Consequence of failure

- Bafety

Product taint/losses (product taste influences)

&

Praocurement cost

- Avallability

Each level of eriticality is then, assigned minimum quality assurance
requirements. The supply of Brewhouses lies in Criticality Level 1 because

they involve:

- High consequential costs of failure (repalr costs and loss of production)

Product. taste/losses due to failures to mect Process requirements.

High procurement cogts

High level of aperation/maintenance personnel
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- High cost of operation/maintenance {cost of raw materials and spare
parts)

- New technology input {(afthough Brewhousze technology is relatively
well proven, the new Brewhouse for the Dhlssons Cape Brewery was to
utilise fully stainless steel vessels for the first time i.e., no nild
steel/stainless steel c¢laddt plate to ald heat transfer, comprehensive
insulation specifications and a state-of-the-art, Prograamable Logic
Jontroller (PLC) plius VDU's rather than a mimic eonirol systs:.

- Gencrally long delays in SAB Management acceptance/agreement with
various aspects of the project,

- Long lead times ({aor iritial equipment as well as for replacement
equipnent if reauired), resulting in lang delivery delays. Much of the
equipment in a Huppmann supplied brewhouse is imported, which implies
procuremant delays unless high stock levels of spares are maintained.
This i¢ expengive however, and 1t may be more realistic to import major
itews as required, FEwven utilising air freight however, and ﬁssuming the
foreign supplier has the réquired item in stock, the quickest an {tem
could be imported into the country and passed through nustoms would he
around four to five days. Five days of inst. production in a large

brewhouse operating at peak capacity can be measured in mililions of Rand.

A Brevwhouse is typical of process plants in that a failure in one item
{late dalivery as well as actual faiture) may affect the entire project or
system. For example, in constructing a brewhouse, a delay in delivering a
tank to site due to quality problems, would delay the plpewerlk, delaying
the placing of wvalves and thus the instrument wiring, which would

aventually delay commissianing of the plant. in the design of brewhouses,
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it is not usually econemically practical to have redundant parallel systems
incorporated which could be activated in the event af failure of a

particular plece of equipment,

Fartunately, most of the maintenance »m a brevhouse can be performed
relatively quickly i.e., repalirs to pumps and valves, exchanging of
computer hardware cards in the PLC and instruments in the field, assuming
that spares are kept in stock, The exception to this would be major

structural fallures in vessels and to a lesser extent, pipevork.

With regard to the safety aspects of a DBrewhouse, the pressures reached in
the pressurised stzam equipment are relatively low, around 4 bar working
presswme, but nevertheless they are regarded as pressure vessels and thus
they have a far higher level of Q.A, required than other aspects of a
brewhouse, The.temperature of ot'.he preoduct in a2 brewhouse does not exceed
an atmospheric boiling Lemperature (around 103 degrees C at sea level) and
thus there 1is little danger af burns. Steam equipment, ﬁﬁich reaches
around 180 degrees C, is insulaied except for steam valves., Risks of burns
are thus restricted to these areas. During Cieaning-In-Place (CIP) of the
plant, there is a danger of personnel coming into contact with the hot
caustic utilised during this CIP, For this reason, manhales in vessels need
to incorparate proximity switches ‘which signal the PLC or hardware
interlocks, resulting in CIP valves closing automatically should a maniple

be opened during CIP.
Criticality Level 1 requires that:
= The supplier be asgsessed to comply with CABS 0157, Part | or 2, or

simliar, as appropriate.
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- Prior to contract award, suppliers submit to SAB for their review
and approval, quality plans giving details of all processes
employed to assure conformance to SAB requiremenis,

- Supplier to inform SAB of all acceptance criteria employed and
decumentation to be generated.

- Supplier to prepare complete data packages for SAB records.

{Drawings, quality records ete.}

There are also numercus Process requiremenis regarding Brewhouse equipment
which need toe be met. These are listed in Table 5.1 and are highly specifie
ta the brewing of beer, and some of them to SAB itself. These requlirements
nead to incorporated at the design stage of the equipment. The major design
work of a Brewhouse supplied h{ Huppmann tends tp be done at the parent
company in West Germany. For ihis reason it was “eyond the quality systenm
to be wutilised at Huppmann Fabrications, tn ensure that these Process
requirements had been met. This would form part of a qualiiy systen

utilised at the parent company.

The supply of brewhouses is uvsually done on a turn-key basis. Huppmann is
thue regpensible for everything in the brewhouse, excluding the civil work.
The scope of supply thus includes design of mechanieal, electrical,
tnstrument and software systems, ‘as well as manufacture, supply,
Installation and commissioning of all this equipment. taput from the
client or their consulting engineers oceurs wvia spesiflcations or detailed
design requirements. Huppmann in turn issues the client with Ltheir needs
in terms of civil requiremsents as well as utility (steam, hot and ceid

wvater, electrical energy, ete.} roquirements,
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VESSEL/STAGE __BREWING REQUIREMENTS
MILLING 1. Complete disintegration of endosperm to
make all constituents accessible to
enzymatic action.
2., Husk integrity to be maintained.
3. Quantity of flour to be kept to a minimum.
MASHING T. Oxygen pickup in mashtun. to be prevented.
2. Accurate time/temperature stands required.
3. No undesirable flavours in beer due to
burning of mash at heating area.
4. Stirrere should not break up malt husks.
LAUTERING 1. Sufficient clarity of wort.
2. Even sparging at correct temperature.
3.  Sufficient yield of extract.
4. Adequate cTeaning of false bottom.
WORT KETTLE 1. Stop all enzymic reaction.
2. FEfficient and effective transfer of heat
into the wort.
3.  Sufficient extract.of bittering and
Flavour compounds from hops.
4, Removal of undesirable nitrogenous and

tannin material, and other volatila
compounds.

TABLE 5.1 Some Brewing requirements of Brewhouse equipment.



The large variety of disciplines involved in constructing such a brewhouse
means that Huppmann must sub-contract some aspects of the installation
work. Huppmann Fabrications on s the in-house capability of installing
the mechanleal aspects of the brevhouse. Huppmann Germany can supply
-in-house, along with all mechanical aspecis, electrical panels and PLC
saoftware. Work such as electrical and instrumént instailations, cable
racking, grain elevators and insulation, is sib-centracted. Some aspects
nf the mechanical install: ion, such as the steam piping installation in
Cape Town, were also suh-éontracted due to  insufficient manpower.
Huppmann, beiny the main contractor, is contractualiy responsible for the
quality of +these sub-contractors. This meant <nat the Q.A. system

develaoped for Huppmann would have to extend to inciude any sub-contractors

utilised in a project,

5.3.2 Feedback from Existing Plants

This section of +the Investigation phase invalved visits éo existing
Huppmann plants and discussions with various BSiAR mafintenance personnel,
Process engineers and the newly formed SAB Q.A. Department. The aim of
these visits was £o abtain feedback about preoblems encountered with
Huppmanﬁ pracess plantz and what was required In  future plants fo avoid

these problems,

it emerged that SAR were experiencing major prablems at thit point in time
with the vessels in some of the brewhouses manufactured by Huppmann. This
was dus to stress corrosion cracking of the tanks which had made thenm
structura!lly unscund. The author investigated this problem, with emphasgis

placed on determining whether the eracking was linked to guality problems
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originating from Huppmann, or whether it wag due to environmenta! factors

beyond the cantrol af Huppmann.

The investigation tnok place in two breweries where the problem had been
encoauntered, Rosslyn near Fretoria and United Breweries in Bophuthatswana.
Some sub-standard welding workmanship was evident, especially at United
Breweries vhere thé tanks had been manufactured in Zimbabwe at the time and
imparted to Scuth Africa. The cause of aracking, however, was priwarily due
to insulation design detmils and the type of chemicals added to the vessels
as part of the brewing process and the method of adding these chemieals to

the vessels,

At United Breweries, water had entered Lhe insulation of the vessels when
they were being cleaned with hoses, (see Fig. 5.1) and the waier had
feached chloridé ions out of the insulation wool. Unfortunately, the
insulation was fully welded and did not have any drainage holes at the
bottom. Each successive c¢leaning of the vesse! would Ieach more chloride
frﬁm the wool and the concentration af chloride ions became stronger and
stronger, Austenitic stainless steels are very susceptible to aracking In
the presence of stresses {always present in a welded, non-stress relieved
storage vessel) as well as chloride ifons. It was felt that the vessels in
this brewhouse ware beyond repair. Drainag: holes had been drilled into
the insulation cladding and the method cof cleaning the tanks revised, but

unfortunately the damage had already been lone.

In Rosslyn, which is a very much larger brevhouse and thus downtime would
be far more costly, the damage te the vessels was limited to a triangular
region below the manholes. [t was felt that this was caused by the method

used by SAB to add Calcium Chioride and Sulphuric Acid to the vessels,
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This was merely poured through the manhole uging a bucket, and spillage of
the chemicals occurred gnto the internal surface of the vessel around the

manhole. The high concentration of chlorides in this area then led to the

stress corrosion cracking.

HOSES USED FOR

(LEANING. !
; JOINT OF CLADDING TO
VESSEL TQP NOT FULLY

SEALED,

T WALKwAY ]

HIGH PRESSURE

H,0

CHLORIDE CONTAINING
INSULATIDN WOOL.

L FULLY WELDED
LADOING.

WA AR S S Y A &

WEAK HCL
TRAPPED ACID,

fraat

/

Fig5.1. INSULATION SYSTEM-UNITED BREWERIES.

Repair procedures were suggested by Huppmann and these have subsequently
been carried out by Huppmann Fabrications. It was also recomme d that
the method of addition of the chemicals <t Rosslyn be modified by utilizing
a portable chute which would add the chemicals nmore centrally intc the

vessels or by ingstalling a dosing system which would add the chemicals

directly intoc the tanks.
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For the brewhouse in Cape Town, the method of insulating the vessels and
the insulation specificatian issued by SAB was cnmplet=ly revised. After
pickling and passivating the vessels, they were painted with a anti-stress
corrosion lacquer, a layer of aluminium foil attached utilieing a watershed
effect and then chloride-free insulation wool. The cladding was to be
fully seaied utilising silicone and stainless steel screws. Ample baciing
support to the ¢ladding was to be provided and shrouds around all
penetrations into the vessels were +to be utili-ed, as {llustrated in Fig.
5.2, In the event of leakage from the penetration, product fluid would not

enter the insulation.

FULLY WELDED.

SILICONE SEAL. —— AIR GAR.

INSULATION RING
FULLY WELDED.

ANTI STRESS LORROSION

LACQUER, ALUMINIUM

FOIL LAYER,LOW

ALL PENETRATIONS CHLORIDE WOOL.

1N VESSEL T0 HAVE
CONICAL SHROUDS.

CLADDING THEN
SCREWED ONTO
SHROUD FLANGE,

SCREWED CLADDING
SEALED WITH
SILICONE.

10 PUMP

NOTE:
LACQUER AND FOIL 7O FORM VAPOUR BARFIER,

Fig52. INSULATION SYSTEM — CAPE TOWN.
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The addition of chemic~ls to the vessels was also modified. In Cape Town, !
a fully automated dosing system was to be utilized which would dose the ’
chemiecal solutions directly into the vessels. The opening of the entry
tubes inte the veszels would be sufficiently far away from the sides of the

vesgels fo prevent contamination, as illustrated in Figure 5.3.

| _Le—JconicaL sroUD, |

e
l ﬁ%ﬁéﬁﬁﬂgﬁ
hﬁ

I ——— - et
P R A O N R P R AU S S R

2 I T
I ™

l SALT & {
ACID., t SALT# ACID

/L\—/—i\—/'\'v DOSING

Fig5.3. SALT AND ACID DOSING METHOD _
P

SAR also revealed other praoblems which they had encountered in stainless

stee!l procags plant, not necessarily manufactured by Huppmann, These

Included:
i) Collapse of vessels due to insufficient support.
ii) Corrosion of stainless steel pipawork due to lack of root

purging during welding,
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ili) Failure of a 316 grade vesse! initiated al a specific
tength of weid, This was duz to an inferior grade of

filler wire used during welding of the tank.

iv) Probleps with accessibility of items .equiring

maintenance.
v) Problems with rodents gnaviny, electricul and instiument cables.
vi) Corrosian af stainless steel due to ca~bon contamination.

This can occur when stainless steel! is in direct contact
with mild steel, or is in the vicinity when wurk is being
performned on mild steel. For example, when cutting with
an angle prinder or when tools are uged on mild steel as

well ag stainless sieel without chanpgling items in contact,

Experiences gained by SAS3L in Cheir proeess plants also  gave guldance to
probiems experienced with fabricated strinless sieel process equipment.
According to de Vries, %! 8O% of all equipment received during 1987/88 was
returned {0 the Fabricator or repaired on gite, This naturally cause=

delays and undesirable costs. Typical problems are:

!

Incorrect shell dimensi?ns

- Inecorrect nozizle eize rating

~ Ineorrect nozzle orientation/alignment
- Incoerract weolding

- Incorrect heat treatment

- Incorrect machining

~ Carbon contamination
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De Vries maintains that these problems are primarity due to incomplete or
incorrect interpretation of requirements and a lack of in-house Quality
Cantrol. SASOL is looking into shortlisting fabrieators in the future to
ane or maybe twe fabricators per category of equipment and theay are
avaluating the use of standard procedures., A fabricator would submit a

complete set of fabrication and testing procedures to SASTECH for approval.

This feedback of rcxperiences pgained at SAB and other process plant ugers
provided guideiines +to design improvement as well as Indleating where

emphasis needed to be placed by the new quality system at Huppmann.

Page 68



Implementation Phasa

5.4.1, Injitial Steps

The first aztep taken in implementing the new 0.A. system at Huppmann was to
pbtain top management appraval and support for such a venture, in order to
gain the required legi.imacy, A "production" meeting was called, which was
attended by the Managing Director (also the Project Engineer in the case of
Huppmann), the chief draughteman, the sales representative, shop foreman,

the buyer/storeman and the author,

The Mana,ing Director ejxplained the strategic mneed for introducing Quality
Assurance and Quality Control inte Huppmann. He emphasised that this did
not mear that Huppmann had been producing inferior quality products butl
that there was always room for improvement. He also explained the need for

Q.A from the customer’s point of view,

The author was appointed as the "Quality Manager" and made responsible for
“he implementation of a quality system suitabie to Huppmann and acceptable
to the eclient. It was requested by the Managing Dire&tor that ail personnel
to be invnlved in the new quality system were to give the author full

¢o-operatiaon, .

It was also emphasised that this did not mean that management was gning to
introduce a tean Ef "Police" inspectnrs to patrol the works., Rather, the
idea was to define quality responsibilities unambiguously and to ensure
that personnel had the carrect tools, information and management support

needad to ensure that high quality work could be achieved by each
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individual. The advantages for personne! were thus emphasised as well as

the advantages for the organisaztion as a whole.

The Demiﬁg cyéle (Figure 5.4) was used to illustrate this point. The cycle
begins by improving quality In the company, which requires employee
participation. This improved quality results in decreases of costs due to
fess serap, delays ete., which in turn results in an increase in the
prod.'etivity of the organisation. This would enable the company to remain
campeti-ive In the marketplace and retain or even improve its market share
due to bhetter qualily preducts and competitive pricing due to improved
produectivity. The company would be able %o stay in busginess and thus
continue to provice jobs ar even provide more jobz, The entire cycle is

then repeated.

The on-going role of the Quality Manapger's b at Huppmann would involve
working continuvally on the manufacturing system on a projeci-by-project
improvement basis. He was to focus on design (or design compatibility with
tocal equipment and locally available materials), maintenance, improvement
of equipment, traininyg and supervision, and penerally act as s quality
facllitator rather than inspector, He would promote the removal of defect
causes, monitor operations Lo see that standard procedures ware being

foltowed and moniior suppliers’ / subcontractors’ quality performances.

The rasults of tihe Investigational phase of the case study were then
incorporated into the Implementaion phase. This investigational phase had
reQealed that due to the eriticality of a brewhouse in a brewery, SAR
required of Huppmann - G.A.  system based on the IS0 9000 series with
aspecial emphasis placed on the wuse of quallty plans. The level of Q.A.

required in Huppmann was thus dictated by the customer.
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THE DEMING QUALITY CHAIN
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WITH BETTER QUALITY AND

Fig5.4. THE DEMING CYCLE.




UCTIVITY
MPROVES

-




To bégin with, a process flowchart was constructed of the steps taken in
manufacturing an item at Huppmann, from the initial ocustorer enquiry
through to delivery of the produst and instaliation on site (see
Figure 5.5}, This was a uwacful teo! beecnuse it provides an uverview of the
steps taken and the informal inspections utilised at the time, The aim of
the quality ssstem would be to assure the quality achieved at these various

steps and to minimise delays between the steps,

5.4.2 fQuality System Documentation

To formalise any existing §.C.activities, it became necessary to add a
number of inspection points inte the process flowchart, at the “natural
control stations." For example, in the construction of a storage tank, the

following could be regarded as the main natural control stations.

al Design

h)  Materiai Selection

e} Material Procurement

d? Material Receipt and Inspection
@) Marking aﬁd Cutiing of PFlate

f) Forming of Plate

g Fitting and Acsembly

h) Welder and Procedure Qualification
i’ Issue af Yelding Consumables

i3 Welding

k) N.D.T.

1} Dimensional Checks

m} Final Test
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Once these contrel stations have been identified, <&he following questions

need to be posed ‘7' about the activity performed at the ceontrol station:

1. Yhat physleal action takes place to specify, measure, record

or verify the engineering quality level?

2. Who is regpongible far the actions defined in Question 1
above (this includes responsibility for specifying, carrying

out, recording or taking action on the result of the activity?

3. How is information resulting from actions performed at the
control station transmitted through the organisation to the

peeple who need to know the results?

4. How are activities documented and recorded? Do these records

give a complete, objective account of what took place?

The ansvers to the above questions formed a camplefe account of tﬁe quality
system at that particular conirol station. When these answers for the
various contral stations were combined, they formed the quality system of
Lthe organisation. In order to answer these questinﬁs, however, a thorough

understanding of the workings of the organisation was required.

The results of this analysis could then be arranged into an orderly matrix
and the system could be checked off agalnst the quality system standard
requiremeﬁts (iSD QOOO in this case). An extract from this matrix is given
in Figure 5.6. Any deficienciez in the established quality system bhecane

apparent and these could be addressed.

The quality management pracedurés thus developed were utilised to form the

Quality Manual of the organisation. This Quality Manual Is essentially a
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FIBURE 5.6

Mebural Cortror Stakim QA Procedures

51l 2

-3

A

Procedure No: Q.A.0003 Rev.1

Title: Materiel Receipt and
Inspection Centrol.

Responsibility: Buyer or
Storeman

Acticn:

1.7 Scorenan to indicate to Buyer
vhen neteriel arrives. The
Buyer is then respnsible for the
Falliowing accions. (Tn the
shsance of the Buyer, the Store-
~en et remume respansibility
Tor 2 follawirg actions).

2.} Tre respmsible pasm is to
corpere the delivery note against
tra ghysical gods to ensre
oozebibility,

3.} T2 responsible persm is then to
axpave the origirel Order
zzzinst the delivery mote for
acrpatibddity.,

4,) The adar is to ba chacked
ginst the ariginal sbores
requisition (ses Q.A.002 for
Stores Requisition Q.A.
procedures).

5.} The sbove chadks are ko be

parformd in terms of typs,
alass, style, grade ebo. of
materiel

6.) If checks prove to be setisfactary,
meterdel to be issued to the Shop
Foreren.




T.3.0. 9001 SECTION 4 sub clauses

)

9

10

11

J2

13 |LH

-5

.16

17

.18

.19

KEY:

© Partial Fullfilment

& Complete Fullfilment




FIGURE 5,4 Contd. I.5.0. 90071 . .TION 4 suby clauses

Naturell Control, Station QA Procariures 411 .2. 31 4|56 |7181940a1].2 ,13 L lwlae|ar s |

Prodecure No. Q.4.003 eontd. Rev. 1 9 S

Title: Materiel Repaipt ard ' i
Ingpection Caitrol.

Respensibiliby Buyer or Storeman

Nexyconformence Actim 0 {0

In the event that lack of empetability

is detected In any of the cheds performad
gbove, then:

1. The respasible perscn us to repart this @ h 0
rn-confonmanee to the parsm respansible for
issuing the associzted Stores Requisitien.

2. 'Ihepermqrespms:blefbr-lssuirgtha| 0 0

Stores Requisition will decide vhat action is ‘

required, This will either be I -

(a) To retum the geods to the Supplier ()]

{(b) To mdify the arigirg] Stores Requisitio.
if the noroanformence is miner, This - 0
rodifieation is to be aignad and dated.

{¢) To dotain eparoval. fram Client prior to
issuing r-oonforming maberdel to shop ' )
Floop, Writter authordsatim to be
chtainad fras the Client in this case.

Records:

T. Respansible perso to sign off Qelity Plan Ly )]
to Indicate correct materdel received. 3] 4] 0

2. Copy of Order, Delivery Notes and Stores
Requisition to be (a) muintainad by Buyer ()

(b) sent to Axcounts Dept.




formal deseription of how the various technical operations of the company,
guch as design, manufacture, purchasing ete, ars controlled. [t alse
includes o management organisation  chart Iindicating the quality
organisation, with job descriptions of the various key personnel. These are
not, however, fu!l job descriptions but only those parts which are relevant
to the quality system. As more quality management procedures were

developed, they were added to the manual.

The Quality Manual did not, however, centain detailed technical procedures,
such as welding procedures or heat trealment procedures. These technical
procedures are not actually a direet part aof a quality management systen
but would be referenced where appropriate by quaifty plans, .5 will be

deseribed shartly.

For a small organisation such as Huppmann, the quality manual could contain
all the details af how a particular operation was to be controited. A large
arganisation would probably restrict the quality manual to defining various
rosponsibilities far the quality control activitiﬁs, and refer to separate
detailed "control" proccedures, This would aveid the quality manual becoming

too large and complicated,

The quality manuval is thus the primaryh quality documentalon to be prouuced
by the company's quality system. 14 is to be used as a "handbook" by the
company staff as well as a powerful demonstration document to outside
organisationg that the company is operating a formal quatity system. As a
formal system document, it must bo controlled itself in a suitable manner.
Thig means that it has o revision number, date of issue, record of

amendments, and someone responsible for maintaining and issuing ammended
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versiong. At  Huppmann, the Quality ‘Hanager was assigned this

respansibiltity.

The other centiral documents utilised in the new quality system at Huppmann
were quality plans, Each quality plan is & specifiec document that is
deviged for a particular item or project. A quality plan, as defined by
8AB, is5 a docraent derived from the quality programme setting out the
gpecific quality practices, acceptance criteria, resources and activities
rejevant to a particular item or project. The quality plan lists the
vavious steps (preferably in a chronological sequence) involved In the
production of *hat iitem and the various qualily activities which take place

at each step to verify the level of quality obtained at that step.

Quality plans d{ffer from Huppmann®™s quality manﬁal in that they are more
project gpecifis. Also, whereas the quality manual is more concerned with
the management aspects of the quality systiem {quality management
procedures), the quality plans will refer to actual technical procedures

and ensure that they are reievant to the manufacturing specification,

An example of a qunlity plan adopted by Huppmann for. = specific vessel is

filustrated in Fipgure 5.7, and contains the fallaewing information:

a) Revision number and daie - it is thus a controlled document
subject to formal documentation control, as are other quality

system documents.

h) Project MNa. - ., A unique number assipned to each project,
This number is then utitised on all purchasing, 8.A., and

accounting data linked to that project.
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c) Supplier’s nome, - This is included to =allow for

sub-contracted work as weil.

d} Quality Plan No. - A unique number assigned to each gquality
plan. A separate quality plan will be utilised for ail major
.items of . equipment e.g. vessels, steam piping, hoppers, screw

canveyars ete.

e} A sequential list of operations or steps in the manufacture,

ingtaliation and commissioning of that picce of equipment.

f) Each step of.mpanufacture is accompanied by the quality
control activity to be performed, to assure Lhe quality of that

step.

gl Each quality control step is also accompanied hy the
acceptance criteria (either qualitative or quantitative) to be
utilised when judging the accentability of quality..Thig section
may refer to a specific inspection procedure or specifigation iIf

the acceptance criteria are complex.

h The following ecolumn pf the quality plan spescifies the
documentation which accompanies that Q.C. activity and which is to

be consuited or generated,

i; Space is provided for the person condusting the quality check
to gign and date thé document. Responsibilities for performing
these checks are formally asigned via the quality manual, usually
to the people most closely linked to that manufacturing step. For

example, when issuing a drawing to the workshop, the design

Page 70




draughtsean at Huppmann will sign the quality plan te indicate
that the correct revision has been issued Lo the shop floor, This
person is then legally responsible for onsuring that the quality
check has &actually been performed and that the “"quality" is

acceptable when compared to the acceptance criteria.

N The customer has the option of speeifying the inspections and
tests which are to be "hold" and "witness™ points. A held point
indicates that the client wishes to inspect the prodiet bhefore
manufacturing can proceed. A witpness point indicates an
inspection which the client wishes to witness. There is alsa the
aption'of the customer specifying the points at which documents

are to be inspected.

k) Space Is also provided for a third party inspection
authority in the event that this 1is contrzetunlly . equired (For
example, in the manufacture of pressure vessels). The inspection
authority is able to indicate Ytheir hald, witness and inspection
points and sign off the slep once it .has been inspected and
approved‘e.g. a step fnvolving radiography would only be signed
nff'as acceptable when resulls of the radiographs had been

[}

approvad.

) The quality plan is to be approved by the supplier’s quality
manazgenunt representdtive. He is also to indicate his hold or
witness points on the quality plan, where he wil] sign off the

quality plan activity.
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m) The quality plan is also to be approved by the ocustomer.
This may involve zome negotiation between the supplier and olient
in terms of Q.C. activity requirements, acceptance criteria,
- procedurés, witpess points, ete. Should the customer require
special tests to be performed which do not form part of the
“gtapdarcd" Q,A. activities performed by Huppmann, then the costi af
these Lests can be negotiated with the client. Once the quality
plan has been approved, this forms a legal, contractual vocument

which indicates the leve! of Q.A., to be applied to that product.

This negotiating phase of the quality plans at the
post-award/pre~manufacturing stage of a contract was a rather time
consuming and thus expensive activity {for Huppmann. However, as was
indicated in the previous chapter on quality system economics, effort at
thisz quality planning stage was well worth it beecause of the inverse
relationship between quality planning and final total ™cost of QUality" to
the company, i.e. more effort spent on quality planning tends to reduge the

overall cost of quality to an organisation,

The nerotiating phase of a large, multi-disciplinary project such =as a
brevhouse actually continues throughout the manufacturing and installation
phase of the brevhouse, What is evident however, is that the engineering
ana quality specifications (or stoanderds) need to be nepgotiated and
approved by the celient prior ,tn aordoring of materials, manufacture or
installation. This ocan take the form of technical specifications igssued
with the tender, engineering drawings {(mechanical as well as electriceall,
approved worl and installation instruetions, quality plans, site sketches

etc.
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The reason for this 1is twofold. Firstly, how else does the manufacturer
know what he is suvpposed to make and what is acceptable, and the purchaser
Enow what he 1is buying? How else is the manufacturer able to plan his
purchasing of material, sub-contracting and resources required for the

project, in order to aveid delays in construction and commissioning?

Secondly, the difficulty and thus cost nf introducing conceptual or design
changes, increases dramatically as the project proceeds, through its
various stages, as illustrated In Figure 5.8, It is thus necessary that
the engineering and quality specifications reflect the true requirements of
the customer and that these are agreed upon as early as possihble. Once
agreed upon, *hese gpecifications are legally binding and cannot be changed

without approval of the other party.

5.4.3, [lnspecvtion documentation and equipment

The quality system developed {for Huppmann uses the qﬁa!ity plans as
comprehensive inspection and test plans. The inspection and test plan is
negotiated and approved by the customer, The quality plans reference
inspection pracedufes where applicable, hold point, witness peints and take
agcount of sub-contractor Inspection. There are actually a great number of
checks which anyone performs when ‘doing any work activity. It was

necessary to develop the degree of resolution of the quality plang, in

order to give the correct level of Q.A.

There is a reasonable depree in commen between the quality system standards
and their Insrection/testing requirementis. There are six aspects which
need to be under some form of gontrol (and thus defined in the quality

system utilised at Huppmana),
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Fig_58. COST OF DESIGN_CHANGES,

a) The inspector - his position, responsibiliities and
qualification.

The responsibilities of the various "inspectors" involved in the
ney quality system at Huppman wera defined in the quality manual.
These people were generally claosely involved with the work being

performed. Thisz iz in line with the Japanese appraach of worksrs
performing their own quality chegks. For more eritical equipment
such as pressure vessels, independant third party ingpecters
supplemented internal inspecters, due to  the higher levels of

fl.A, reguired with this type of equipment,
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The nuclear industry quality standards such as BS 5882 also adopt
_this "independent" inspector approach. This is understandable when
considering the oritical nature of the equipment supplied in this
industry, 180 BOO0 on the other hand does not insist upon the
independence of the inspector, except when performing design
reviews and audits of the quality system, producits or processes

{Section 4.1.2.2., 150 9001, 1987).

b) Inspection procedures - their correctness, completeness

and relevance.

ISD 0004 states in 5sectlon 4.10.2 that the product be Inspected
and tested as required by quality plans or documented procedures.
'n other words, a quality plan can suffies and written procedures

are not necessarily required.

Rogerson ‘7’ statwes that all inspection and test activfties should
be defined by procedures {drawnt up by suitably qualified
poersonmel) and that it is advisable to provide written procedures
for even the simplest inspection tasks., Although the need for
assligning regponsibilities for various inspections is apparent, it
did not seem reasonable ta\develop written procedures for every

simple inspection task perfarmed at Huppmann.

For example, consider performing a dimensional check on a vessel,
it is quite obvious how ta perform such a check and the tolerance
band on such products is such that any reasonable tape measure

would suffice for the jdb, To develop an  elaborate written
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procedure for this seems unreasonable and insulting to the

intelligence of the foreman responsible for such checks.

On the other hand, it was reasonable to develop a procedure which
would identify which dimensions were critical to a product and
required greater control, These were to be indicated by the
engineer or chief draughtsman on the drawing issued to the shop
floar by highlighting th-se dimensions with a flourescent yellow
marker, As these dimensional checks were performed by the
responsible person, they would bhe iInitialled next to *he
highlighted dimension to indicate that the check had heen
performed. The quality plan would also call for a Q.C. activity
requiring dimensions to be checked, which would act as a summary

that these checks had been performed.

A formal procedure was developed for dye penetrant testing at
Huppmann, and this was to he performed in-house by the
wor kshop foreman. In order to aveoid total reliance on his
interpretation of the test resulis, this was to be a witness point
for the client as well, and indicated as such on the quallty

plans.

[3

c. Inspection Eguipment.

The calibration ef inspection equipment Ie&  hasie to the
credibility of any Inspection resuit. The problem is in defining
to what degree inspection and test equipment needs to  he
calibrated and how the calibration should be traceable to a

national standard.
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) Dne'appfoach iz that used by the Canadian standard C5A Z288 which

divides inspection equipment into four groups:-

Groury I =~ Instruments for direct measurement {(eg.micrometer).
Group 2 - Accurate fived devices {eg. pauge blocks).

Group 3 - Less accurate adjustable and fixed instruments

(eg steel tapes).

Group 4 Adjustable gauges used for the transfer of iniformation

rather than inspection l(eg calliners).

Group 1 and 2 instruments should he calibrated to a ronognised,
authenticated standard whereas Groups 3 and 4 merely require to be

periodical]y checked for "good working arder."

In considering an Inspection or testing activity it was thus
necesgary to consider what type of instrumeni was required, (if
required at all as vifual inspection may sometimes be appropriate)}
what accuracy of measurement was required (for example, the
pressure‘gauge ugsed for hydrostatic testing of a vessel 1Is more
eritieal than a huridity recorder in an electrode store) and If

possible, how consistently the instrument had to perfaorm.

Rogerson *'7! wa.ns that there are always quality system auditors
who will demand that everything be calibrated, and who must be
convinced with sound arguments. At Huppmann, the boller making
inspection equipment utilised (e.g. tape measures, calipers) fegll
Into Groups 3 and 4, and thus a regular checl to ensure (he

working conditions of this measuring equinment sufficed. On the
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other hand, the pressure gauges utilised for pressure testing of
vessels and plpework which fall in Group 1, needed to be
controlled and calibrated. A calibration record was established
for these Group 1 and 2 instruments, which indicated when, how and

by whom they had last been calibrated.

d) Ingpection Records ~completeness, correciness and

avallability.

iS50 8001 requires that the supplier establishes and maintains
records vwhich give evidence that +the °~ product has  passed
inspections and/or tests with defined acceptance eriteria. Mo
inspection is worth anything unless the records are complete and

correct.

'Insﬁectibn records must include the item inspected, . inspection
procedure utilised (if applicable), inspection equipment utilised
»
(usually Included in the inspection procedure), inspector, date
ard inspection result. They should alzo nrevide evidence af follow
up action, if required. Reference should also be givea to linking
dnoumentation used to define acceptance criteria, such as
marufacturing specifications, material standards, customer

specifications ete.

An example cof the type of report used hy S.A.B. for
non-conformance is shown in Figure 5.9, 1 includes a description
of the non-conformance, corrective, action proprosed by the

contractor responsible and approval and comments by the client.
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It alss includes a section which indicates that the corrcective

action has taken place and is approved by the cuslomer.

It was Telt that the wuse of sunh defect action reports within
Hupprann would cause some problems, The commmunication channels
within Huppmann are simple and it seemed unnecessary that complex
inspection reporte be compiled every time a non-ceonformance was
encaunterad. Furthermore they would have wmebt with  great
resistance from the shop foreman who was not inclined to generate
many reports and who was in any event too busy supervising

manufrcture.

The perple invoived in the quality system were instructed in the
use of the quality plans, which would form the central inspection
records. Slgning off the Quality plan activicy by the correct,
responsible person indicated that the quality acceptance ecriteria
had been met, if wminor quality prnbléms were encountered, these
ware to be correcied by the person responsitie for generating the

quality probltem and signed off once acceptable,

Any major quality problems were to be reported {o the fQuality
Manager. The Quality Manager together with the Project Engineer
would then decide what corrective action was to be taken,
sometimes in consuliation with the elient or {nspection muthority.
If problems vere encountered and ~hey had been signed off at a
preview manufacturing step, then this was to be reporied to the
Quality Manager because it inaicabud a lagk of sysiem integrity.
Any non-conformance correclive action reports generated by the

customer were Lo be completed by the Quality Manager,
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The recording of excessive inspection detail including very
elaborate traceablility requirements (eg recording which batech of
electrodes was used for a particular weld) is often asked for.
The assumptiaon is that this gives a more detailed assurance of
quality. This Is frequently not so.'7' Merely recording data does
not glve assurance., Unlaess this detoailed information is analysed
and pracessed, for examplr, Lo give guidance in selecting welding
cansumables, then this expensive collection of data is wasted

effort.

@) Inaspecilion Status - Its clarity and accuracy.

it is important that an item is identifiable as either waiting to
be Inspected or has been inspected. The test status of products
can be identified by wusing markings, authorised stamps, tags,
labels, routing-cards, iInspection records, physical location or
other suitable means. Sometimes tagging is appropriate, at ather

times signing of & route card is more appropriate,

ldentification of inspection status must e thought of In a
logical sense. At Huppmann, there was a need to identify the
ingpection status of the, material wused in the tanks (hy
transfering the heat numbers onto the plates from the heat
certificates using a roller) and the weld seams. The weld seams
weve identified on .o drawing and the corresponding welding
‘schedule (see section on "Special proeess control") indicated the
status of inspection. The inspection status of the brewhouse
vessels and equipment could bhe jdentified at any time by referring

to the accompanying quality plan.
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f} The feedback - actions initiated as a result of the

inspeztion.

WNo inspection is of any use unless it provides a guide te further
action. The inspection “reports®™ form part of a communication
chain so that the responsible person (welder, design engineer,

f.A. Manager ete) can take appropriate action.

At Huppmann, quality problems caused by incorrect design and
engingering specifications aor quality standards that  were
inpractical to attain, were to be directed to the Quality Manager,
who would then take these up with the Project Engineer. Smal ler
quality problems which occurred on the shop floor could be dealt
uith_hy the shop {foreman. If he was wundenided abgut the ’
corrective actior to ke taken, he could contact the B.A, Manager

ar Project Engincer.

in the case of Pressure Vessels, third_party Insuoutors  were
utilised at Huppmann and they would liaise closely with the Q.A.
Manager. Results of inspections and N.D.T. performed by the
inspection authority wouid be fed back to the (.A. manager for

record purpose or for action as apprapriate.

5.4,4, Special Process Control

It was mentioned previocusly that "special processes" are the key processes
in this manufacturing industry and as such, they require special attention.

Included under "sp.cial procegses" wouid be welding, heat treatment and
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NDT. At Huppmann, heat treatment processes are not utilised, therefore the

special processes are really limited to welding and NDT.

The only NDT performed in-house by Huppmann themselves is dye penetrant
testing and a procedure was developed Lo formalise +this. AlIl other NDT
requirements such as radiography or pressure testing of pressure vessels,
was performed by third party inspection autherities, As such, it was
assumed that their procedures vwere correct and the interpretation of the

results hy their personnel was also correct.

Surprisingly enough, GS5AB does not mention "Special Process Controi® in
their CEP 35! standard, "Quality Management System for Suppliers of
Equipment in Beer Production". IS0 9001 on the other hand requires that
M eiiveses continvaus monitoring and/or compliance  with documented
procedures is required to ensure that the specified requirements are mat.
These processes shall be qualifled......... . BSB750 Part -1 iz less
definitive and states: "The supplier shall establish and maintain centrol
of all special processes that form part of production or inspection.
Equipment, essenftial processing environment and any necessary personnel
qualifications shall be prescribed to the satisfaction of the Purchaser’s
Repregentative". The nuclear standards have stringent requirements for
special process control, similar to IS0 900L. In general, however, all the
qualtlity system standards require measures over and above those required for

"normal manufacturing®.
The major attributes of all special processes are as follows:
a) A high degree of operator contrsl and involvement

b} The complexity of the technology
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=) The difficulty of doing effective process manitoring

a) Operator Control and Invelvement

Operator’'s actions when welding are of cruclal importance. The degree of
automation tends to be law (unless robotic welding is performed and this Is
not yet feasible in this industry). Automatic welding machines are used by
Huppmann in Garmany to weld the tubes to tube plates In the internal boiler
heat exchangers. This was noet economically feasible at Huppmann South
Africa because of the lower volume of heat exchangers manufactured. The
skill and Integrity of the welders thus needed to be qualified because

operator performance is key to the success of special processes.

b) Complexity of the technolagy.

All special processes tend to he complex processes with many variables
which control the quality of the process. Consider the wvariables which

santrol the quality of a welding operation:

1. Current

2, Arc voltage

3. Travel speed

4, Eleatrade compnsitiu;

5. Flux type or shielding gas type and flow rate
6. Electrode sizs

7. WUelding position

8. Joint design

8, Uelding sequence

10. Base metal type and thickness

it., Preheat and post-heat treatments
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12, Eleetrode manipulation {(weavers or siringer beads)
i3. Electrode angle
i4. Electrode-to-workploece pap

15, Environmenta! conditlong {(dirt, grime, wind etc.)

Although a welding specification can give some rules concerning the major
variables (heat input, welding position, amount of malerial deposited
ete.), it is in practice impossible to define exactly the permitted
tolerances on al! the varlables and develop means to control them. It is
thus necessary to show 1n an empirical way that the welding procedure is
satisfactory, but even then, the quality of +he procedure will be
influenced by the weldar. By qualifying the procedure howvever, it is
assumed that other welders with similar equipment and machine settings,

will also achieve the quality of the tested weld.

c) The difficulty of process monitoring.

Process monitoring can only be achieved if a few critical variables can he
identified and the influence of those variables on the quality of the
operation iIs known, Furthermore, those variableé need to be monitored
cantinunusly (or vaery frequently! and recorded whilst +the operation is
being performed. Near instantaneoys alteration to the process variables

nust alse be possible as a result of monitoring these critical variables,

Most special processes will fail on at least one of these points and
consequantly reliance must be placed on preventative measures (ensu:ing
only qualified peaple conduct special processes for example) and
post-oparation inspections (to ensure that the special process has “een

carried out adequately).
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The quality management steps taken by Huppmann to contral special processes

ware!:

a) Qualifying procedures to demonstrate that process procedures were
satisfactory.

b) Qualifying operators to demonstrate adequate skill and experience
in the process.

¢} Supervision to ensure that procedures were correctly followed and
only used by suitably quaiified operators,

d) Post operation inspections to ensure that the special process had

been adequately performed.,

At Huppmann, it was agreed with the elient that suitable weld procedure
qualifications_were to be obtained only for pressure vessels. Weld
procedures for non-pressure vessels were however, +te be submitted to SAB
for approval. The reason far this was that there were statutory
requirements coner ning pressure vessels, whereas the structural Integrity
of normal vessels was less critical, The designers of the welding
specifications (Logether with SAB due to their approval) were thus
responsible for aﬁsuring the suitability of +the weld procedure in that
context., {t was iImportant that the person drawing up the weld procedure

specification be suitably gualified and experiencad. An example of =&

welding specification daveloped for Huppmar: is shown in Figure B5.10.

All welders ware to be qualified however, to a suitable standard. In the
case of the brewing pressure vessels, which are designed to A.D. Merkblatt
(a German pressure vessel standard), the standard calls for welder
qualification to DIN85E0. This was the code used to qualify welders and an

example of such a qualification 1is given in Figure 6,11, DINBS60 actually
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calls for a written examination %o he performed as well as a practical
test., The test authorily performing Lhis welder qualification only gave
the welder & brief verba! "examinalion™ prior Lo the practica! test which
they feit was sufficient. This seems to undermine the DIN 8560 standard
howaver. How can a welder be qualified te such a standard when certain
requirements are omitited? It should be stated aon the certificate that the
practical aspect of DINB560 had been achieved but the written test had not

bean performed,

In order to provide wossurance that the welding specification had in fact
been uvtilised, the welders were ingtructed to complete the welding schedule
applicable to that piec~ of equipment. An example of such a welding
schedule is given in Figur2 5,12, It also ind;cates to the welder which
welding procedure is to be wused for each yelding -5eam indicated on the

manufacturing drawing.

The foreman was instructed to play a supervisory role on the shop floor, to
ensure that the welders were actually using the correect specifications. He
was to sign the gquality plan once al! welding wag complete, tc indicate

that he had supervised the welding adequately.

Post yelding inspections were to hekperfurmed visually by the foreman and
welders after welding. The welding specification indicated defect
acceptance oriterimn and so by signing the welding schedule and quality
plans, the workshap personnel indicated that these inspections had been
performed, The Quality Manager was free to indicate witness ar hoid points
on any of this documentation or to randomly monitor the .oekshop to ensure
that these procedures were being adhered to. Ag was mentioned previously,

dye penetrant testing when c¢alled {for was to be performed hy the foreman
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Fabrications
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UNIT INSPECTION
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and witpessed by a customer representative, Radicgraphy of pressure
vessels was to be performed according to applicable code requirements, by

an external inspection authority.

bo4,5 Incorporation of Customer Experiences

Feedback obtained in the Investigational phase of the case study, regarding
previoug experiences with Huppmann brewing equipment, was incrrporated int.

the new quzlity system at Huppmann.

For examplie, the problem of ensuring that  the new specification regarding
insulation was adequately adhered to by Huppmann was  handled by
incorporating the various insulation steps within the gqverall quality plan
for that specifiec vesset. An extract from one .af these quality plans is
given in Figure 5.13. This section of the quality plan was drawn up in

close l{aison with the @Q.A. departmenlt of SAB to ensure that it included

all ihe ingpection steps which they required.

Lack of root purging in stainless steel pipe-work was combated by including
the root purging requirement intc a yaeiding specification fo. pipe-work.
Due to the difficulty in a completed seclion of pipework, of actually
inspecting whether root purging had. been adequately performed, the welder
was required to sign a welding cchedule (described later in this report)
indicating that this purging had been done. The site foreman, who was also
in a pogition to monitor the welding being performed, was then required %o
gign off the quality plan to indicate that to the best of his knowledge,
the welds had been adequately purged. The cust-mer representative or
site-engineer was free to inspect completed (and accesaible) weids whenever

desired
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Faiture of stainless steel cquipment at welds due to inferior grade of
filler wire being wutilised waz avoided altogether by viilising only the
highest grade (31GL) of stainless steel fllter wire. Remaining stocks of
inferior grade (e.g. 308L} ui}e wag carefully wutiliged anly on inferior

grade (e.g.304) piping or tanks.

Corrosion of stainless stee! due +to carbon contamination was aveolded by
developing manufacturing procedures which specified that all rolls utilised
in forming processes would be adequately hardened and ecleaned thoroughly
hefore use. All ocutting, grinding ete, was to he done with abrasive
materinls dedicated to stainless steel. Cutting of mild stieel was tp be
performed well away from any stainiess steel and preferably outside the
workshop alteogether. These procedures were routinely monitored by the

Quality Manager.

Other prohlems encountered, such as Incorrect shell dimension or incorrect
nozzle orientations wore overcome by including suitable inspaction steps
into the quality plan, For ecxample, an  inspection of tacking a tank
topother, to check on the correct size prior to welding. A final inspection
by the customer ﬁas also ineluded, which oconu:isted of dimensional and
nozzle orientaion checks amongst other cheeks, prior to the release of

vessels to site,

The quality syslem devised for Huppmann s thus adequately flexible to
acconodate any special requirements of the customer. All that was needed
was ‘o  incorporate these into the releva . quality plans or
technical/manufacturing procedures. 1t was the resposibility of the Quality
Hanager to ensure that feedback from customers regarding quality prohlems

encountered, were adequetely recorded and action taken to ensure that they
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would not be repeated. As such, a file was set up to stere this quality

feedback data and a corrective action procedure developed.

5.4,6 The Ineorporation of Japanese TAC iteas

The Japanese TUC approach to quality management was discussed earlier In
this investigational project. The author attempted to incorporate where
passible the wisdom of the Japanese approach intoc the new qualilty systenm
at Huppmann. The following is a discussion of the TRC concepts involved in

the quaiity system at Huppmann.

Production Regponsibility

Primary responsibility for product cquality (in  terms of
workmanship) wlthin Huppmann was aésigned to the production
parsarmel, with the shap foreman carrying primary responsibility
for the manufacturing stages of the brevhouse equipment until it
was sent to site. On site, the site faremanl then resumed
responsibility for the quaiity of the installation. Production
personnel were given the authority to inspect their own work, to
be stplémented hy external inspectors in the case of pressure

vaessels.,

Habit of improvement

The Guality ﬂanager was to act as a facilitator by initiating
quality improvement projects and  ehsuring that these ware
inpler.nted within reasonable time spans, The review and auditing
requirements of the quaiity management standa.ds imply that the
quality system will be periodically reviewed and improved., Thae

customer feedback mechanisms introduced into Huppmann would also
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ensure that a habit of improvement was maintained within the

cOompany.

Progess Control

The Buality system at Huppmann utilises formalised control over
the manufacturing precess at all the "natural® control stations,
rather than relying on merely a final inspection of the product.
This meant that errors could be detected at early stages, which is
particularly important when considering the high cost of stainless
steel scrap and the consequences of delays to  projects,
Implementing corregtive action at an early stage is far easier and

less castly than at a later stapge.

Easy-to-see-quality

The nature of the work performed by Hupymann placed limitations on
the degree to which this TQC concept could be adopted. The
physical distance separating site-work and the shop floor made it
difficult to ensure that the quality problems encountered on site

vera communicated to the shop.

Furthermore, the geﬁerally crowdad, less clean and structured site
environment which Invalves a number of disciplines (machanical,
eivil, electrical ete.) makes it difficult to "see" the actual
quality being achieved, In the work-shop on the other hand, the
large size of the tanks manufactured, the small number in progress
at any one time and the relative simplicity of ihem (no
complicated, hidden mechanisms or electronics) made the quality

"oasy-to-see”.
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The welding aspect of the manufacturing process also placed some
limitatjons on the "easy-to-see-quality” concept. Although if a
walﬁ has a very poor appearance, It pgenerally Iz not up to
standard, the converse is not necessarily true. A weld which
visually appears sound may be structurally unsound due to
porosity, inclusions ete., which may onily be revealed by

sophisticated NDT techniques.

Insistence on Comgi&ancq

In this industry, the traditional approach of Acceptable Quality
Levels is not appligable becruse of the high costs associated with
defects. Contractual relationships between Huppmann and their
clients meant that compliance with specifications apnd quality
standards was insisted upon. The assumption made was that these

refiected the needs of the client and were actually attainable.

Line 8Siop

All personnel invoived in production (not only the foreman) were
given the authority to stop production  if they encountered a
quality ﬁroblem, were unhappy with the quali.y obtained from a
previous proeess or had queries  about the engineering
specifications or quality étnndards.

For example, it happened at Huppmann that during the oonstruetion
of the malt hoppers far the new brewhouse, a velder complained to
the foreman about a specific welding specification drawn up by the
design affice. It called far f{lush grinding of the welds. He
felt that the plate used for the hoppers was very thin, and

grinding the welds flush wauld make the hoppser struectually
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unsound. He was reluctant to weld the hopper and then sign the
welding schedule, because he did not want to be responsible for
its collapse. The matter was discussed with the Project Engineer
and it was decided that the vessel would be sgtrong enough but
careful grinding was required to avoid undercutting the material.
The welder was thanked for his concern and assured that, as long
as his welding was structurally sound and done aceording to

specification, the vessel would be sufficiently strang.

Corraecting one’s own _erraors

This was common practice * at Huppmann because the size of the
operation did not allow far & separate re-work crew. Once again a
problem was encountered with this TUC. principle when a separate
site crew was utilised. This ococurred in the Ohlseson’s Cape
Brevery project where a combined German/ioccally reecruit ' artisan
tean was utilised, Bhould a quality problem only he detected on
- aite, then it was not feasihle to send +those responsible in the

work-ghop to repair it.

Hawever,lthe entire‘aim of the 4quaility system is to eliminate
quality problems or certainly detect them befare they are sent to
site. The appearance of qu;lity problems on slte which originated
in the workshop would suggest deficiencies in the quality system.
[t was tnus of extreme imporiance to record any problems detected
an site and incorparate these into future quality plans, in order

to "tighten®™ the iInspectiaon net and aveid the protlems being

repeated.

100 Perarnt check
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This was the methad utilised at Huppmann and was in fact an
essential part of the gquality system, To provide the required
level af §.A., all vessels and all welds on vessels were subject
to some form of contro] and inspection. This meant that not only
pressure vessels but all the products supplied by Huppmann were to

bz subjeclted to quality control checks.

Projegt-hy-project improvements
This was the method adopted by Huppmann to obtain quality

performance improvements. Exposure of prubléms was encouraged and
regular "production meetings" were - 4p on a fortnightly basis,
The aims of these meetings was to bring togefher those key people
who eontributed tevards product quality, discuss quality problems

encountered and generally to seek ways of improving the quality

performance of the company. These meetings were also aimed at
ironing out quality problems encount “hich had been caused by
other "departments"or problems oneou vd with the implementation

of the new gquality system, The mertings were to serve as a faorum

for quaiity improvement praojecis.

One such project which developed from a production meeting
concerned the welding together of the thin stainless steel plates
uged to manufacture a vessel. This was done by laying the plates
on the floor, TIG welding _them together, turning the plates over
and backgrinding if necaessary. The entire weld was then fused

from the other side and finally ground flush.

An improvement wei suggested by the shop foreman at one of these

production meetings., A long, flat bar of copper was to be placed
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under the weld seam prior to welding. The bar was to have a
groave machined in it, which would be oppasite the welding seam.
Onece the plates were tacked together and placed over this copper
bar, the groove was plugged &t one end, argon gas fed in at the
other end and weights placed on the plate to form a seal. As the
welding proceded, the argan in the groove was to act as a
shielding gas, preventing oxidation of the material and promoting
penetration. This meant that only one run was required on a2 weld
seam. The copper wouid aid in absorhing the heat generated during
wvelding and minimise distortion, The idea was  approved,

implemented and was successful.

Housekeeping

The emphasis placed by the Japanese on housekeeping was
particularly relevant in the stainless steel environment in which
Huppmann operates. These materials are sensitive to contamination
and a c¢lean environment is beneficial in avolding this
cantamination., The workshop was swept entirely ¢lean once a week
and clutter in the shop was minimised by keeping most fittings in
the store, where tithey could he drawn via a stores requisition,
Stalnless steel sheet o6ffcuis were carefully stacked on ane side

of the shop where they could be accessed if required.
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5.5

Review of the Quaiity System

5.5.1 Implementation Probiems Encountered

This section of the repart will deal! with problems encountered by the
author whilst implementing the gquality sytem at Huppmann., These problems

are analysged and solutions recommended.

Production Meetings

The first probiem to be encountered during the implementation phase of the
case study was that +the production meetings proved to be less successful
than anticipated. Only a few of the production meetings were fully
attended because people were generally away on project sites elsewhere.
The sales representative in particular claimed that he was too busy to
attend these meetings and besides that, he knew all there was to know about
quality control anyhow (hr has subsequently left the companyl: It soon
hecame apparent that it would be very difficult to sechedule these meetings
such that afl the key peaple would he together at one time. Eventually
these meetings petgred out altogether when the author moved onto site

durirg the site-work stage of the new brewbouse.

If people cannot be brought together regulariy then someone must act as a
central point to whieh quality-related information is fed and who will act
promptly en such infarmation. This should be LChe Quality Manager, who
also needs to act as o catalyst to ensure that the drive towards quality

improvement is maintained.
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Management Resources

Many companies will probably find it difficult te allocate wvaluable
management respurces to this funetien and Huppmann was no exception, Thaere
is a danger that the company will appoint a management representative as
required by the quality system standards, who will have many
respansibilities hesfdes co-ordinating the quality system effort. The
implementation of the quality system can become severely delayed and in

practice, it may never become jimplemented effectively.

Fortunately, due teo a mnarrower praduct range and less communication
prohlems, small companies will tend to have less complex quality systems.
Nevertheless, faced by limited management resources to implement the

system, a company faces the following options:

a) ﬁflocating specific management time to the new quality gystem
and possibly neglecting other areas temporarily whllst the major
thrust towards implementation is required. One wmust then bear in
mind that even ance the system is established, management Lime
must be allaocated towards maintaining or improving the system and

performing the various functions required by the systenm.

VB Emplaying extra management resources, This may be too
expengive for a small company and implementation delays would

gcour vhilst that person becomes familiar with the new company.

c) Enlisting external expertise in the form of a quality
consultant or other expert, who will implement and document a
system, then hand it over Lto the company to mnmaintain. The

advantage is that the expertise and experience of the oconsultant
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Qnuld be valuable in dimplementing the system and the time taken
would be minimised because of the intensiiy of implementation. It
would be the sole funetion of that consultant whereas an in-house
person wauld have other responsibilities and encounter a learning
curve wfth respect to quality management system requirements.
Alse, sometimes an outsider sees the company more ohjectively and

is able to salve praoblems because of this fresh perspesctive.

One disadvantage is maturally the cost of such expertise (an
estimate of R1G 000 was obtained from one company for documenting
a quality system suitable for Huppmann). Apntha? dizadvantage Is
that an outsider may net be sensitive to the way in which the
company operates. Resistance could alén ba encountered due to an
outsider f"prying" inte the methods of operation of various
personnet. The luck of legitimacy £ an outsider may thus hamper

the implementation of the quality sy. .em.

At Huppmamn, the author was alficeated responsibility for implementing the
quality system and could thus be considered as a "Quality consultant™.
However, one imporfant difference was thal the author has had links with
the company for a number of years and thus was net an "outsider" ag another
consultant would have been. A quali%y g, 4tem has people at its core and
thus understanding the people involved in such a system ig naturally an
advantage. Being a student project, the cost of this “expertise" to the
company was & lot less than it would have been had a quajity consultant

baen utilised,
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Resistance gf Pergonnel

Initial resistance was met from personnel who were involved in the new
gystem. They regardcd the formalised procedures as mérely an extra work
foad and a waste of time. Once it became apparent that these pracedures
improved information flows and were in fact being done informally anyway,

resigtance usually began to diminish.

[t must again be stated however, the need +to keep documentation to a
minimum in order to reduce the work load of those people {involved anc
minimise their resistance to the uality system. There are some horror
storiest?? about the mass of the paperwvork generaﬁed bf a f@.A., system
exceeding the mass of the equipment manufactured. Careful assessment of
all documentation requircments and decument degiya f r that natter, was
essential. The quality management standards are a guia. in this matter and
tend to specify document requirements (albeit in a rather general manner)

depending on the level of §.A. required.

The customer likes to sce paperwark because he mistakenly assumes this
means pood Q.A. The questions te ask (and to negotiate with the customer)

are:

1) What information is really required to assure the quality of products

adequately?

2} How can this information be obtained wificiently without delaying busy

personnel unnecessarity?

At Huppmann, complete Q.A. plans were produced by the author (and
eventuaily by tha chief draughtsman) and a complete information package

including drawings, welding specifications, welding schedules and quality
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pians ware sent to the workshop when ready, All the foreman had to 4o was
sign and date the zetivities as required. Any revisgions to the quality
plans were issupd and old ones destroyed. Thig did mean however that the
new revision had to be re-zigned far the various activities which had taken
place. Fortunately, revisions to quality plans seldom occurred once they

had been approved by the client.

Incompiate Quality Plang

On site, numerous revicions to quality plans uccurged, due to additional
installation steps being acded as it became clear how the installation was
to be done and what §.C., activities woul he reguired. It was thus
impossible to draw up entire quality plans for the site-work prior to
atarting the installation because formal §.A. had never bheen utilised by
Huppnann. As the installation of the Dbrewhouse proceded however, the
author was able to consull t?a varfous German erectnrs about the steps

taken to install the planl ond what Jorm of quality checks they had

"informal [y" utilised in the past.

The ¢llent was understanding in this matter and merely checked the quality
plans on a regular basis as they grew, to ensure that they were
satisfactary. For the next brewhouse project in Botswana, Huppann has been
able to submit entire Instalilation'gquulity plans for approval prior to
commencement of site-work, due to the experience gained in this priject.
This has impressed the c¢lienl greatly because no other contractor working
on the new brewhousec site in Dotswana has been able to give SAD this degres

of site 4.A.
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Quatlity System procedures

Some problems also occurred initially with workshop personnel not adhering
to manufacturing procedures. This is understandahle hecause of the need for
personnel to adapt te any new system. For example, iInitially welders were
not given the welding specifications by the foreman and were not aware of
which specification was to be utilised, On one peeasion the incorrect
welding methed was utiliced to weld a manhele into one of the malt hoppers.
Too much heat input occurred anua the conical top buckled severely. A large
saction of the top had 1o be cut out and carsfully replaced. Upon
Invescigation, it was revealed that the weld specification issued to the
faveman by the adthor had not been consulted at all and the welder had
performed his work unsupervised, as he thought best. It was an expensive
tesson, but after this episode the welding specificatians vere consulted by
the foreman as well as the we{der concerned. Any queries fram the shop
floor personnel regarding welding specifieations were then directed to the

drawing offica.

Systems tend to dizorder

It Is one of the natural laws of the universe thaf with time all systems
tend to disorder. Quality systems are no exception +to %this as was revealed
when the author returned to the head gffice after performing the site worlk
aspeet of this investigational project., Although the chiel designer was
made responsible for {the gquality manager's functions during the auvthor's
abgenne, there was a distincl “slackening evident in the workshop, in
tarms of the quality sysltom precedurcs. Quality plans were not always
igsued to the shop prior to  commencoment nf manufactura, welding
spevifications were not supplied in some instances and some inspection

poinis were only signed after the plece of equipment had left to site,
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It was probably unwise to leave such a new system in the hands of someone
else, bhut at the time there was no choice because the site aspect needed
the attention of the author, It did paint out the need however, far a
routine surveillance of operations and regular auditing of the quality
system to ensure that the correct procedures were being followed and that

the quality system was functioning effectively.

Perhaps more emnhasis should have been placed on Yselling™ the new quality
gystem to th2 employees of the company. Clearly it is not an ideal system
if the only means to insure iis implementation is to M"police" the works
continually. If the employees involved in the system yere sold on the idea
and truly invelved, then the quality system wouid avoid hecomlng merely a
tedious "window dressing" exetcise ard "policing" the system could be

avalded.

One improved method of ‘TMselling"™ the system could be +to ensure that
feedback rogarding quality achievements of +the company is given to
eﬁp!oyees, and illustrating how the quality system had contributed to this
success. Anobther method could he to emphasise "gqualiiy" from the customer's
point of view, by physically showing employees quality probiems at
customers' plants, the consequences of these problems and how the quality
gystem was aiming at reducing the chances of these problems arising in the
future. It also appeared to be imporlant to re-establish the fartnightly
production meetings, to assist in selling the quality system to employees
by obtaining feedbaek regarding problems with the system, acting on this

Information and communigating quality achievements of the company, ete.
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Fluctuating D.A., levels

Another problem which occurred during the absence of the auther from the
head office, was that post-weid inspection methods on non-pressure vessels
ver nltered to suit the demands of the customer without considering the
cost and time implications. SAB had increased the slze of thelr Q.A.
department and the Inspector appolnted for the new brewhnuse in Botswana
had inereased the level of Q.A, required for welding. After the vessels
had been welded.he had requested that they be 10% radiﬁgraphed and Huppmann
had obliged him. Not anly was it causing unnecessary expenses, but the
radiographs were then judged according to ASME VIII, the American pressure
vessel code of practice. Snme‘gf the welds falied this stringent test, as
indieated in Figure 5.14, and had to be repaired at a further cost. VWhen
the TMunsatisfactory"” wélds were repaired and re-radiographed, the
acceptance critéria was suddenly changed to AD Merkblatt HP 5/3, (also for
pressure vessels but different acceptance criteria to ASME) ag indicated in

Figure 5.15.

This situation Is clearly unacceptable. The customer cannot be allowed to
sutldenly charge the level »f Q.A, at will and thn inspection authority
change acceptance specification at will elther. The gquality standards
contractually agreed upon in the appqpved quality plan (see Figure 5,18)

cannot be ehanged without negotiation between both parties.

Inspection Autharities

This example also highlights some of +the problems encountered with
inspaction authorities. The growing commibtment warldwide to formal quatity
systems based on quality management standards has meant the develapment of

increased in-house expertise regarding these standards as well as the

Page 118



THE UNIT I\SPECTIO\’ COMPANY OF B.A. (PTY) LTD.

{3, NG, 80/0R4E8/07

F’.

A, Thosternon BfoRT

T ' ] Report No.  g7/2101/001/00
RAD UNIT INSPECTION 3
fasufng Ot EHHU B mem Lior i
ice e - D f T
WADEVILLE T RADIOGRAPHIC INSPECTION REPORT ate of Test 7TH SEPTEMBER 1988
Custemar Locatien Customar Order NO. Unit Job Na,
RUPPMAN EDENVALE 7512 NDE 2101 4J
Typa ol Work Ficeo Identitication of Waork Pigee
| COOKER ORDER MO 7512 MASH CODKER
Service and Description of Weork Piece Size Mlata-ial
MATERIALS PROCESSING 3 SHOTS 10CHM X 40CM STAINLESS STEEL
Welding Praocess \Welding Posilian Waldar Stross Agliaved
GHMAH DOWN HAND BY HUPPMAN NOT GIVEN rs[ ] mo[ ]
Inspection Spacification Accepiamaz Spacfization Marking and Sening Up
ASME ¥ 1930 ASME YIIT 1983
Basia 'ijechnique Contairer Sourca Sirgnzih Siza Exposure SFD
Gamma Ray Dl c min l
Equipmant Make and Typa Enargy Expesura FFOD .
xey [ R 70 | 4 mAmin) 700
Foeal Spot Size X-Ray Filtration Coveloper Tima Tomp
4 Pb_SCRENS AGFA 5MINS | 20°C
films Screans Density 1491 Film Si Sanaitivity
AGFA D7 o 18} 1015036 soues L | 2 .
GENERAL REPORT
SHCT 1 - REPAIR 13 - 18CH
SHOT 2 REPAIR 17 - 24CM + T FOR 30MM FROM XING WELD
SHOT 3 ACCEPTARLE
-‘E;t Restriction and Comments Continuad on Sheet Mo,
SHEET 1 OF 1
i W
Inspecting Autharity Cuslemor HUPPMAN Unit Insp ?a-hef D. JOHNSON
Signed Signed Supervisor/interpeeter gy pAGRER ,‘M}




THE UNIT INSPECTION COMPANY OF 8.A, (PTY) LTD,
REQ. NO. BO/CR4DE. 07

Fio .5.1_5 RE-ThSRETION REPeRT
Report No. RT/2129/00170

UNIT INSPECTION

Tosun 0}? EURU o .l membar -
GELNG ca 1 v "~
CEHETT RADIOGRAPHIC INSPECTION REPORT Dat2 of Test
_WADEVTLLE 19TK SEPTEMBER 1988
Customer Lecation Custamer Order NO. Unit Job Ko,
HUPPMAR EDENVALE F 7512 2129 J
Type of Work Pi o identification &f Wark Pi
e WeRPS  rammeess pLATE  (CooKe®) ertlicavion of Tark Flees MASH COOKER BOTTOM
Seryvice ond Dascriptian of Woark Plece S ) Material
GRAIN PROCESSOR +/- B¥M STAINLESS STEEL
VWelding Protass VWeliding Pasilion Welder Stress Reliaved
GHAK DOWN HAND BY HUPPMAN vae[ ] mo[X]
Inspection Specification Accaptance Specification Warking ard Seyting Up
AD MERKBLATT ] AS MERKBLATT HP /3
Basic Te:hniqu Containgr . Souree Strength Size E: ~#sura SFD . -
Gammo Ray DL I ‘ ¢ | | min | '
Equipment Mahe ard Type Enargy Exposuig FFD
X-Ray | anpRex iy 160 ]| 2.2 mama] 700
Foczl Spet Sito X-Ray Filtretisn Develager Time Termp
A4 MM _ Ph AGFA | 5 MINS | 20 MIN
Fitmg Seresrs Density 1al Eilm Sige Sanshivity
AGFA 17 | Pb I 1.§ DIN 10 150 1Bsaurcs 5!3_‘5']'_‘] | 18 4
GENERAL REPGRY
SHOT 2 Rl ACCEPTABLE
SHOT 1 Rl ACCEPTABLE
Test Restriciion and Comments Continued an Sheet N
2 FILMS OVER REPAIRED AREAS 10 X 40 SHEET 1 OF 1
A’ﬁ-“‘
Inspetiing Authority Custemor  HUPPMAN ' Unit |mpeaina£fz§.%ﬁr§r—0. JOHNSOR
Signed Signed

Supervisst/Inocpreler 0 YpN RUBEN’??M




INSPELT

RFVISION !
DATE 27f7/24
PROJECT No. REFEREME KGALA GAD/ SUPPLIER /s pomAnas QUALITY PLAN No. ]4f7
DESCRIPION. 3/ L. DISHED RoTroM BLANK(MASH TUN)
1 2 3 4 5 6 8 9 |10 | 12
3
No DPERATION SUPP. 0.C. ACTIVITY AC(EP. CRITERIA | DOC. REQUD. fSuPP. Q.C. |paie SAB QA. |DATE p%sr:fay DATE
f " 2 - =
/! |DEsian oR AN APPZoVAL 524570506 éﬂw?_ Slss H
2 |ISSUE DRG, |cHeck. REvision APPLOVED DRGS,) NRG. N°, - -
e nareoTen | 42098 |6 %1 /55 el
r] ¥ .
po ofnee Mateaial cHzl Mn-nge.m.k. MQTEE:&LSPM:@ ﬁg s h/ﬁ w "I\CK\&’
O DRI~ -~ )
4- Esﬁ%’,‘fgeﬁgm VELey cesrificanon |MatRenl sp.sasﬁsg,.;}'lﬂﬁnr GH_ _4; m{7/55 | "1\@\&&" 1/
s QRoSER CEET 1L ATizY " )
£ |Mazk oVT PlTRY, OiviErISiond el | ol stanizs o | D2, Ao,
Bl oy ’ DEiQLmJ;N_g #~2099
& |ATue ano TEar3fEie Haar nto, | DiMe~gians o | Hasr
Tact &Lﬁh—»ﬁs CHecE., =T uP. WELD BRsrs, leeen Sldarid ] . '/
- = Pl o Ll
7 |Welo Peocenude) chack WeLo HUPPMA s~ welo e = 35 FE |xlsls
SPEC) Frcarions SP=cs Peoczouee< SPees o/
8 |welo pravk |Dye Pemareans nesriu)l Noviswal WeL Dinvg
FeR faacaoves |on BpeleGe)rso Wuond oarsesrs SesEpula
To SIEN ScHeDULE . ﬁ “T\C{lﬁ &/
PREPARED BY. A Nl 22/07 /S8 KEY SAB REP TO WIT | W | INSPECTOR
bolas NESS INSPECTION 70 WITNESS
SAB APPROVAL %M—- ¢S/ ed /5%
ACTION
UPPLIER APPROVAL g{ \ [S]gg 2 ErrTrrE B B
> S VA S INSPECTION
s DOCUMENTS
Eg_ﬁ.ﬁ o mzm ~PMPE ouEl Y
SAB REP TO I | INSPECTION



national constiruction standards. This was certainly the case with Huppmann
where prior to this projest, mno in-house expertise regarding quaiity
managerent standards and only & vague understanding of the national
construction standards existed. Companies such as Huppmann tended io rely
on the advice of inspection authorities regarding inspection requirements,

procedure qualifications ete.

This put the inspection authority in a rather powerful position. These
organisations are naturally in business to make a prafit and one can assume
that the more welder and procedure qualifications, radiographs, etc.
undertaken, the more profit the inspection avthority will make., As such
their advice in s~me matters may not be as unhiased as one might hope. For
example, the pgeometry of a 1test piece is often recommended by the
ingpection autherity. By ecareful selection of Lthe geometry of a weld
procedure test, a very wide combination of actual welding geometries
encountered can be covered. The converse Is also true, Certain pgeometries
are moreg limiting and further r Icedure tests would be required for
geometries not covered by that procedure quatification, These procedures
are pxpensive (around R1000 for an A-D Herkslatt procedure) and

time-consuming.

A fabricator would naturally want to avoid unnecessary @3.A, costs and a
high degree of understanding, of quality management and construction
standards is thus desirable. This knowledge for example, may have avoided
the repair costs encountered by Huppmann regarding the welds mentioned

above, which failed to pass the ASHME ceiteria.
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Delays

A major problem encountered at Huppmann, and one which the author was not
abhle to saolve, were the delays caused whilst awaiting-inspéctinn or results
of inspections from outside the company. Neither the customer'’'s inspectors
nor the inspection authorities were able to atiend immediately to
inspection hold and witness points when cafled far by the quality plans.
Although Buppmann would try and provide sufficient warning of approaching
inspection points, delays still ococwmisod. Not only were these highly
disruptive to work flows, bhut lhey alse resulted in increased lead times
for products and difficulties In planning completion dates. The potential
consequential delays to other aspects of a project were discussed earlier

in this report,

There did nnt'appéar ta be an easy soilution to this prohiem and the best

approach to adopt appeared to be as follaws:

a) Giving customer and inspection awthority ample' warning of
impending witness points by estimating the progress of a particular

item.

b) Requesting the Inspeation authority to expedite regults of NDT

examinations.

c) Remaining flexible in terms of workshop scheduling i.e. as soun as
a delay was encountered on one job, the workshop persenne. ‘ere to

have other jobs awniting which {hey could attend to.

d) Careful assessment of delays to other aspects of a project if the
item delayed is part of a larger =svstem ane subsequent replamming of

the project to try and minimise the effects of the delay.
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This 1s gclearly not an ldeal situation and if these delays cannat he
substantially redused in the future then the ososts encauntered by Huppmann
due to a less efficient production system will probably have to be passed
on to the customer., This could be daone for example by putting a cost to
these delays, which would depend on the level af Q.A. required by *he
customer, and building this into the quotation for that item/project as a
Q.A, system cost. [t could be pointed out to the elient the differing d.A.

casts, depending on the level nf Q.A. required.
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5.5.2 Feedback on Site 0,A.

This topic requires a separate discussion because there are many aspects of
the guality management system which were Influenced Dby the site
environpent, [t is at the site stage of any construction project, that atll
the pieces of equipment are brought together to form an integrated system.
The purpose of site Q.A, iz to provide a level of Quality control on site
sa that the designers’ irntentions as well as the requirements of the
" ecustomer are met. The ohjective {s to ensure that the specifications of the
contractor as well as the client are adhered te and to ensure that the

quality of workmanship is satisfactory te t-.= customer,

The ifutegrity of a plant su~a as a brevhouse }s rapidly revealed during
commissioning stages and a conseguence of an effective site Q.A. programme
would be to contribute towards a commissioning programme which runs
quickly and smoothly. The first brew done by a brewhouse is a énntractual
milestone date, usually with penalty clauses attached to it. Problems due
to faulty workmanship and installation, bezides being expensive to rectify,
can cause major delays in Lthe commissioning of a piant. The effect on the
reputation of the company as well as the profitability of the project would
be disastrous. Eventually the plant mizs £ rerform as specified, but at what

cost to the suppiier, especially with contractual penalty clauses in foree?

[n the past, "contrel” had tended to be lost by Huppmsnn once the equipment
had been manufactured and sent to site, For this reason, the site aspect of
the new Q,A, system required special attentlon and this section of the

report deals with vhe experiences gained by the author on site.
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The Ohlsgon’s Cape Brewery project was the first brewhouse built by
Huppmann with formal Q.A, as part of the site work activity. It 1is not
wsual for the German parent company to utilise Q.A. on site, They seem to
fmpticitly trust their artisans to perferm their work aecording to drawing
or gspecification and they wtilize highly experienced site foremen, They
also tend to use the same subcontractors wherever they happen to build a
brewpbouse in the world; the subcontactors know by new what Huppmann wants

from them and Huppmann knows what io erpect from them.

Huppmann generally builds brewhouses on a turn-key basis. The customer
(especially in less sophisticated Third Waorld esuntries) will say "We need
a brewhous. which produces x amount of beer® and he will éupply information
to Huppmann regarding their melhod of brewing beer. On the technical side
there will be 1{ttle input beecause it is as:uwed that Huppmann knows best

how Lo build a brewhouse which will meet Lhe requirements af the customer.

A customer sueh as SAB, however, wishes to have a far greater tachnical
inﬁut and contral over the flnal product., They utilise a combination of
internal expertise in the form of brewers, engineers, technicians and
draughtsmen as well as external consultants te generate & number of

technical specifications,

Huppmann provides a detailed tezhnical specification as part of the
contract bhetween themselves and their e¢lients., This is basically a
brealkdoym of all +the various cumponénts of the brewhouss, perfermance
figures, material speecification,s ete, The technieml specification, 1u
conjunction with approved Process Flow  Diagram (PFDY  and various

enginsering drawvings, form important Q.A. documents because they state whet
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the customer has purchased from Huppmann and how the piant is +to be

installed.

The role of the Q.A. roepresentative on site (the author in this case) wuwas
to ensure that Huppmann':c as wéil their custorer’'s drawings, procedures and
specifications were being adhered to, Another role was to clarify with the
customer any aspect of the instaliation not covered by these gpecifications

and drawvings issued with the tender.

Site environments - their effeat on Quality

There are =zome important differences between a site working environmsent and
the corresponding workshop envirenment, which influence the quality sysiem

and have a role to play in the final qualiiy of the product.

Firstiy, site work is far less predictable and stable than the workshop.
The entire manpower structure allocated to a specific projgct is by
necessity short term, because various disciplines are required at different
stages of the project. The decision whelther to use locally recrulted
manpovwer and sub-gcontractors on site or vhelher to use manpower from the
warkshop and Johannesburg based, known sub-cnntraciors is a difficult one

with implications on product quatity.

Locally recruited personne! are usualny cheaper, although their hourly rate
may be more, because expensive living out allowances, travelling and
accommodation costs are eliminated. Their performance on site and their
quality of warkmanshlp were unknown facturs however, and could anly be
judged once they had settled intp their new jobs, A learning curve came
into effect and time lost whilst adapting to a new job was undesirable in

such a tightly scheduled project.
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During this period, a high dz2pgree of Q.A. was of critical importance whilst
the artisans adapted to the meihr~ds and proecedures particular to Huppmann
and SAB. Poor workmanship was rometimes evident, mistakes were made, rework
had to be performed and expensive stainless steel was wasted. Once the site
crew was established and accustamed to the methods of the German foreman, a

fairly consistent level of warkmanship occurred.

The decision to use local or workshop empioyees may not merely be based on
economics., A small engineering company such as Huppmann Fabriecalions
simply does not have the manpower resources to cope with such periodig,
large projects. In this particular projecl % was nat feasible to send
workshop personnel on site far any great length of time because much needed
output from the workshop would have suffered, The German erectors used on
site are very expensive (approximately R1200 per day) and Huppmann was

naturally keen to keep Ehe lime they spent on site to a pinimum,

One of the major problems with opting for local artisans appears to be
finding people on a short term basis whe have the necessary experience,
motivation and ability te perform =adequately. There is aiso a shortage of
skilled, prufessioﬁal artisans in South Africa. Those artisans with the
necessary skills tend to have regular employment because thelr employers
kaow what an asset they are, &

This leads on to another problem, namely lack of company layalty, The
short~term nature of the work performed by contraet personnel means that
there is generally not enough time to hulld up any company loyalty. The
adoption of Quality Assurance and Quality Control by a company is a slow
process which requires a .ong term commitment fon, management as well as

shop floor personnel. Short term employment and lack of company loyalty are
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detrimental to +the quality sysiem and %thus quality of products, The
"lifetine™ employment attitudes of Germany and Japan, and the high quality

of their products seem to confirm this.

Artisans from the workshep, on the other hand, tended +to need far less
sapervision than the loeal artisans and they were already used to some of
the quality system proecedures. Their productivity was also greater
primarily because they wanted the jnb to move along rapidly so that they

could return to thelr families.

One of the other differences between site work and the workshap environment
ie that of equipmeni resources availabie. There is a limit to the number
and type of machines which can be taken onto a site., Clearly It 1is
impractical to move larger nachine tools, There are, however, a wide range
of relatively portable machines which have a great influence on the ease
with which a job is performed and thus the quality of the workmanéhip. Pipe

cutting and pipe weld-preparation machines are goad examples.

Another fundamental difference hetween site and wurkshop 1s the proximity
of the client. On site, the client is physically close at hand and this
allows for rapid feedback should quality problems oceur, [f the contractor
or ¢lient has a query, these can be solved relatively quickly. The effect
on Quality tends to he beneficial because it places more pressure on the
contractor to perform a good job, On site it is more difficult to ecover-up
mistakes durifig subsequent manufacturing steps, as could be done in a

workshop, because tha client is continuously observing the progress made.

The assumption made, is that Lhe c¢lient knows what he wants, and will

respond rapidly when queried by the ecntractor, Unfortunately, this did not
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often appear to be the case. Delays ocourred because the client was
uncertain abhout what he wanted and various personmel in the client company
had different ldeas about the same issue, This became a real problem an

site because it led to confiicting instructions, re-work and confusion.

It iz impractical! to show every aspect of an installation such ag a
brewhouse on drawings, and some issues need Lo be resolved on site. For
pxample, where to run cable racks or how to bracket pipes to a wall. At
first, these 1{1issues waere resolved verbally wilth the relevant client
Evgineer on site. The decision taken would then be translated by the §.A,
repragentative to Lhe foreman or tLhe relevant artisan., What tended to
happe wes that during the installation of, for example the ecable racks,
someane else from the c¢lient would say that the installation wac
unaceeptable for any number o: reasons, ranging from aesthetics to
interfering with some other planned installation. This would thgn lead to
re-~work in that area resulting In lost time and the problem of who would

pay for the re-work.

It became apparent that the mwly way to overcame these problematic grey
areas where no approved drawings existed wae to liaise closely with the
client, preferably showing the various engineers on site exactly what the
prob}em was and the proposed saluticﬁ. in the form of & sketch or written
geseription. .In order +to obtain rapid approval aof these sketches, the
contractor needs to estabklish who iz involved in the decizion-making unit
(DMU) of the elient, for that particular discipline. Aﬁy suﬁsequant re-work
performed in an area cavered by these sketehes or approved dravings would

be far the aceount af the client and a delay due to re-work would be nated.
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The effort required by the Q.A. represeniative to draw up these sketches
and obtain approval on various issues proved well worth It. The site team
wag instructed not to proceed with work until cl: 1fication and approval
had been obtalned., [t was the rosponsibility of the Q.A, reprezentative to
look ahead of the instaltation work, anticipate oproblem areasg and push the
client for rapid decisions on issues in order to aveoid delays. Copies of
approved sketchez could then be handed to the Foreman or relevant artisan
directly and would be referrsd to in the event of a dispute with the

client.

One particular contractor on sjte who had not taken these measures, had to
reto a major portion of their installation work free of charge. They had
not obtained approval on a particular method of installation and B5AB

informec hem that their method was unacceptable.

What wmust be emphasised at this point was the need for the Q.A.
representative to be in a position to judge what was technica!iy acceptable
to’Huppmann as wel!l as S5AB in these instances. Even though & particular
aspect of the new brewhouse may have been approved by a representative
from the client at {he time, +this is only an approva! in prineiplie. [0 it
ls proven to be technically ineorrect, at the end of the day it is a
Huppmann Installation and although ﬂit may mnot reflect well an that
particular person who approvad it, Huppmann would prohably be responsible
because they "designed" and installed it. It must he .borné in nind that in
a turn-key type project such as this, Huppmann was respansible for

virtually everything within the four walls of the brewhouse.

Yhenever the author was in doubt as to what was acceptable to Huppmann in a

technica! sense, he would contact the Project Engineer in Johannesburg or
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West Germany. Fortnightly visits on site by the Project Engineer from
Huppmann in Johannesburg and perledic visits by the German design Engineer
did much to clarify various technical proublems which had been encounteread.
Close liaison with SAB @.A. representatives on a reguiar basis on szite also
helped to ensure that their reguirements were incorporated into the

installation work.

Customer Requirements vs. What was Sold

Unfortunately, as was mentioned previously, not all issues are resolved at
the iendering stage of a complicated, multi-discipiinary installation such
as a hrewhouse. Huppmann has its standard way of instslling a brewhouze and
a client such as SAPR also has Its gtandards, specifications and ideas about
the Installation method. The Q.A. discipline aﬁpears to he caught in the

middle of this dilemma and seeks to marry the two harmoniously.

Most of the customer's technical specifications were Included in the
original contract documentation, but it became evidant during the project
that not nueh attention had been given to these by the comrercial
department of Huppmann, which handied the nrigin#l contract, Only during
the actual installation work wid the financial and time impliecatioc.as of

gome of thege specifications become, evident,

Let us take for example the cable racking installation. The Huppmann
standard methad is to utilise stainless steel trunking running horizontally
at two levels, one for lnsirument cables and the other for power cables,
with a gap of approximately 300mm between the levels to avnld inductance

interferences between control signals and power cables, The SAB standard,

however, called for stainless steel mesh wire racking running vertieally
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with 600mm gap between power and control (see Figure 5.17). SAB stated that

rodents were less likely to .attack the cables in this type af

installation.

|
300mm
INSTRUMENT]

RACK.

Fig5.17 CABLE RACK INSTALLATION,

The vertical racking meant that gach individual cable had to be neatly
strapped to the rack at regular inte;vals, which made the actual cable
installation nore time-consuming and thus more expensive. Delays caused hy
waiting for a final decision on the type and orientation of racking and the
greater period of time required for the cable installation work contributed

greatly towards delaying the mitestone First Brew date.

This example {1lustrates the importance of involvement of the G.A.

departaent as well as engineering departments at a very early stage of a
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project, preferably at the tendering stage. It 1is of great Impaortanca to
determine what the detailed requirements of the customer wre and to analyse
the specifications of the customer and how they differ from standard

practice in order to ascertain their cest and programme implications,

During the course of the brewhouse Installation there were also many
options for which the client opted, which changed the original scape of
work. Numerous revisions +to drawings were issued incorporating these
options or changes. This caused some confusion on site hecause of detays In
obtaining revised drawings from Germany and *hé prnhlem .nf communicating
the latest information to the site team without revised drawings. 1t became
very important to ensure that everyone was working te the latest revised
drawing and if this was not available, to mark up an older drawing with the

latest information.

d.A. Documentation on site .

The primary documents wutilised on site to show evidence of the (.A.
activities performed on major ltems of equipment were Quality Plans, as
utilised in the workshop. An example of a Quality Plan for the installation

of a partieular vessel iz given In Appendix B,

The primary reference document utifised to monitor the installation of
interconnecting pipework, valves and instruments was the PFD {(Process Flow
Diagram), a copy of which is shown in Appendix C. This does not show the
actual physical arrangement of the plant, hut it defines Lthe sequences of
valves and Instruments, and their relative positions, i.e. the Brewhouse
system. As the pipework proceded, it was marked off on the PFD by the Q.A.
representative -as being correctly installed. This was updated on a daily

basis and any mistakes could be rectified at zn early stage.
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Piping drawings which showed pipe and wvalve arrangements at various
sections through tne brewhouse as well as plan views, were also utilised to
monitor the installation work. This was less satisfactory because
deviations from these drawings did occur due +to unforeseen obstacles on
site. Beviations from the PFFD were unacceptable, however, because they

would jeopardise the integrity of the plant,

Supporting Q.A. documentation consisted of the various vessel drawings,
heat certificates for matefials, radlographs, welding specifications,

welding schedules, and technical sgecifications from SAB and Huppeann,

Practicality of Specificationsg

Some of +the cugstomer specifications encountered during the brewhouse
installation ;ppeared to represent an "ideal" situation, but were
impractical. For example, one specification ecalled for a certain film
thickness of powerful acid to be applied to the tanks. How does one
measure such a film thickness without the use of very sophisticated

equipment?

Some of the spegifications appeared to have Been drawn up without
congidering how they were to be executed (or thelr cost/benefit ratio, for
that matter). The contractor faced the difficult situation of having
agreed to abide by certain specifications, but then encountering their
impracticality. 1[It was then up to the .A. representative to clarify with
the elient the criticality of these specifications and how they vere to be
executed., This should have been done at a much earlier phase, in line with
the previous comment of dnvolving the Q.A. department at the tenderi. .

stage,
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Scheduling ve Quality

Tao much emphasis was placed by the elient on scheduling rather than
quality, without taking inte account the inevitable clash between programme
pressure and quality of workmanship, Siips in the installation programme
are almost inevitabi: in such a multi-diseiplinary, fast-track project. In
Huppmann's case, civil delays ;Ione accounted for wmore than five weeks’
worth of delays. True, the contractor should endeavour to make up lost
time if possible, but the conrtinual emphasis py the elient on neeting the
original milestone dates meant that the installation became hurried, long
hours were warked and quality began to suffer because short cuts were

taken.

Region vs Projects

In this particular brewhouse installation, the elient was divided into two
camps. "Region® consisted of the Regional employees, in the form of the
Brewmaster, his assistants, Regional Engineers, etc. They are the people
who .vould eventually "own™ the plant and run [t. "Projects" consisted of
the S.A.B. projects team, many from Head Office in Johannesburg, who were
the project managem?nt team, Eventually they had to hand over the plant to
Region. Hunpmann was contracted to Projects and most of the design

interface with the client occurred via, Projects.

Region was thus not really Inveived in the original project conception
phase, and anly as the installiation drew to n close did Region become more
involved. Region weve thea not satisfied with some aspects of +the
installation which Projects had previously decided upon. Huppmann became
deawn Into the inter-company politics and it hbecame very difficult to

satisfy all parties,
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The probles was that Region produced the buit lists {a list of aspects of
the Instaliation which were regarded as being unsatisfactory) at the end of
the installation, whieh were then issued to Huppmann for corrective asiion.
1t became Important at this stage for the Huppmann Q.A. representative to
defend the installmstion work, which had been agreed'upnn' origlnally with
Projects and modifications required by Region were to he regarded as extras

and not quality problems.

Hardware vs Software

As the Installation of the brewhouse proceeded from  mechanical
installation, through elecirigal and finally software commissioning, the
limitation tp the use of quality plans as a means of quality control became

apparent,

The quaiity plans were effective as a means of quality assurance during the
mechanical installation, but as the instaliation became less and less
"tangible*, they became unrealistiec. The extreme example is the saftware
asﬁeet. How does one perform quality assurance on software? This problem

still needs to be resolved.

The problem may alsc have been that thz author is a mechaniecal engineer and
has little axperience on the electri¢al and software side. In order to
perform quality checks, the "inspector” must be in a position to be able to
monitor and judge the work performed. Far this reason, Huppmann sent an
electriecal design engineer from Germany during *‘he eleatrical anc
instrument installation, to monitor and check the installation according to
his original design. This 1is an ideal situation, where the original

designer of a system is involver full-time on site during its installation,
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and resulted in an electrical and instrument installaiicn with high

integrity.
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Future Advances

A greai deal of the groundwork of the new quality system has been done by
the author, but the system is far from éerfect. A comparisan of an internal
quality audit (see Appendix D) oconducteg by the author at the end of this
investigational project to the atatus of Q.A. at Huppmann prior +to the
projact indiecates the degres of advances made. This quality sudit 1ls based
an BBS750:Part B, but is very gimilar to an audit based on the new 1S0/5ABS
series, Not al)l of the criteria of the yuality management system standard
have been met, In order to obtain the official certification from the SABS,

these areas will need to addresgsed in the future by the qu lity manager.

It should become the aim of the company to obtain this official
certification as the products supplied by the company are regarded by their
major client as being "Criticality Level i" items. This means the company
1s required to operate a quality system which complies with SABE 0157,
Although the customer appears to be satizfied with the advances made at
Huppmann with regard to Q.A. (especially after the successes of the Cape
Town and Botswana projzcts), there will come a time whern Huppmann will he

required to show evidence of official assesszment of their quality systenm.

Improvements to the quality system will be the ongoing responsibllity of
the quality managor, In order to ensure that progress rather than
deterioration of the mystem ig maintained, the case study highlighted that

regular audits of the quality system would be necessary,

The quality system will tend to grow as more procedures are developed to
cope with new problems encountered, and all operations of the company which

have any effect an the quality of products and services, should eventually
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become formalised. Procedures will also need to be developed to cope with
the less tangibie type of "products"™ suppliied by Huppmann, suech as PLC

sof tware.

One of the next steps to be undertaken at Huppmenn should be te develcp
means of measuring the on-going quality performance of the company. This
will indicate the sffectiveness of the nmew quality management system,will
enable management to assess and control operations, and take action when

necessary.

In order to measure quaility performance, Huppmann will need to establish
sertain meaningful ‘“yardsticks" which over time, wouid indicale whether
fguality performance was improving or declining as well as the quality level

in the rompany at any particular instance.

Examples of these quallty measurements could include the number of
non-conformance reports generated (in-house or by the customers’
inspectors), the number of concessions granted, completensss of
documentcations, lengths of 'snag lists' generated by customers, eaze and
speed of commissioning as well as the more obyvious workmanship

measurements,

Under workmanship measurements, one c¢ould include accuracy, cleanliness,
neatness and conformance to the engineering requirements. In stainless
steel vesse! manufacturing, the latter wouid consist, amongst others, (and
hearing In mind typlcal problems experienced hy

SASTECH t®! ) of the following;-

1. Correctness of shel] dimensions.

2, Correctnsss of nozzle sizes and ratings.
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3. Correctness of nozzle orientation,
4, Correctness of special fittings, probes ete.

8., Correctness of wel!ding.

0f particular importance is the hygienic foed and beverage environment in
which Huppmann operates is the measurement of c¢leanliness (free of
contaminants, especially carbon contamination), surface finish and ability
of equipment to be easily cleaned under the latter, one would look for
sharp edgea, crevices and any "dead ends"™ in equipment which could lead t»

hyglene problens.

Another measure of the quality performance of the organisation would be the
degree to which delivery dates are met on time, or, in the project
environmont, the degree to which milestone dates are achirved, This is
again of particular importance in process plant manufacture where, as was
indicated in Section 4.3.5, costs due to delays ean be as high as 30% of
contract value,'?? Besides undermining the company’s reputation with its
customers, consistantly late deliveries could be financially disasterous in
this industry, where gross margins are often as low as 10% of contract

value.

Anpther useful measure of perforaance may be to involve the customers' by
asking them via questionsires or other means, how they felt Huppmann was
performing from a "quallty® point of wview, If this was done on a regular
basig, aotjon could be taken to ensure that MHuppmann was always meeting the
requirements of its oustomers, It will alse remain very importani for the
quality manager to keep all feedback channels from the client open.

Problems encountered with productz supplied by Huppmann or client problems
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with the quality system itself, will 2lways occur and solutions to these

probliems will need to be incorporated in the future,

The quality manager should also seek to incorporate the zosts of quality,
inte the accounting system utilised at Huppmann. This would provide the
ultimate way of measuring the quallty performance of the company and the
actual effectiveness of the quality management system. The impiemention of
such a cost accounting system was beyond the scope of this project, but
could, for example, faorm %he basis of a future student lavestigational

project.
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8.

6.2

|

CONCLUSIONS

Conclusions Speciific to The Case Study.

It is difficult to know, to what extent the attention given to quality and
the new Q.A. avstem at Huppmann, contributed towards the success of the new
brewhouses in Cape Town and more recently in Botswana. In order to do that,
one would have tao build an identical “econtrol® brewhouse without formal

f.A., and then compare the outcone.

The spesd at which commissioning and then full automation was achieved in
Cape Town, the short snag lists issued to Huppmann and positive feedback
from the cliant (Regional as well as Head Office) are indiecatars of tne
success of the new brewhouse and the new Q.A. system at Huppmann. The
quality of recent plant supplied by Huppmann has «ertainly enhanced the
reputation of the company in this country (see for exemple Figure 6.1},
Perhaps this difficult to quantify strategic benefit has more than offset
the cost of implementing the B.A. system. By implementing & quality system
tn the satisfactinn of its customers, Huppmann has ensured that it remains
in a favourable position regarding future contracts and has avolded the

ibarressment of not being allowed to tender on contracis due to inadequate

in~house Quaifity Assurance capabifities.

General Conpglusions for the Process Plant Manufacturing industry,

What became apparent during this investigational project was that the full
implementation of a formal quality system is a lengthy process, requiring

many "“project hy-project" improvement steps. As such, any company embarking
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on such a quality system must allocate sufficient management resources to

the quality system, in order to ensure successful implementation.

Care must be taken, however, +to ensure that the newly adopted quality
system does not merely become a "window dressing" sxercise 1.e. nothing
really changes within the company excapt for the generation of copious
guantities of @.A. documentation. The quality manager needs to ensure that
top management backing for the sgystem is obtained, that the system is
adequately "sold" to employees and that effective and efficient procedures
are adopted. By utiiising regular system audits and feedback from inside
as well as outside the coppany, the quality nanager can ansure that the
quallty system adapts to changing needs and does not degensrate into mere

*yindow dressing®.

The cost of implementing and running a Q. A system will depend en the level
of Q.A, opted for. I[n the process plant panufacturing industry, the
supplier may, however, have little choice in this meiter. Contractual
requirements must be met, but some negeotistion with the client will be
required, The strategic henefits to be gained by deliveding a high quality
product with a high level of quelity assurahce and a reduction in scrap,
revwark and warranty costs, may more than offset this cost to the supplier,
Pratection against product liability  claims and rodoctions in insurance
premiums are also some of the benefits pgained by & supplier operating an
eftective @.A. system. As a good wmeasure of quality performance, the
acopunting system af the company should consider the various costs of

quality.
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The quality activities which acecount for the major portion of expenses

incurred by the manufacturer are:-

1. Quality Engineering.
2, Validation Inspection.
3, Qualification of special process procedures.

4, Repair and rectification,

Mora effort spent -on "Quality Engineering" appears to result in reduced
total costs of quality, due to less quality problems being encountered.’?!
The manufacturer has little control over Validation Inspaction costs, but
he can minimise costs of special process procedure aualifications by
keeping the number of these procedures to a minimpum. Repair and
rectification work often seems to involve welding we¢ 'k and the manufacturer
needs to ain at utilising good welding equipment, competent welders, as
wgll as eareful planning of the welding operations, in order to wminimise

potential problems.

The nature of the guality system adopted by a company will be dictated more
by the industry in which the company is operating than by the actual size
of the company. Quallty systems adopted by suppliers of process plant
equipment tend to be customer-oriented due to the high consequential oosts
of quality problems, which are usually burdened onto the purehasers of
process plants. This has resulted in the growing trend worldwide of
cugtomers insisting on  suppliers adopting suitable, formal quality
assurance systems. In order to remain competitive, all suppliers of process
plant equipment who have not taken econcrete steps to implement such

systemns, should consider doing so s a matter of urgency.
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The quality management system standards that bave been develaoped,
egpecially the recently introduced {50 9000 series, provide a useful
management framework for organisaiions wishing te implement such formal
systems. These have also provided clients with siandards against which

suppliers can bz assessed.

Judging by the problems experienced by SASTECH, with 80% of fabricated
stainless steel equipment requiring repair due to quaiity problems, there
ig a real need to implement effective quality management systems in this
country. In order to measuia the effectiveness of these quality systems,
the correct quality performance "yardsticks® will need to be measured over

time, and corrective action taken whare necessary.

In summary, the special features of the process plant manufacturing

industry influence the 0.A. approach of the manutacturer as ivllows:

a) Q.A. programmes tend to be customer-oriented because the
customer is potentially the most adversely affected by failure
cnsts, and because nf the client input in terms of technical and

quality specifications.

b} The cost of the §.A. system to the manufacturer is likely to
be high and less esasy to justify on a short-term basis. However,
in order to ne able to compete in the market place the Q.A. system
is of major stratagiec 1importance to the manufacturer. This
importance iz likely te increase further in the future because of

the trend towards insistence on supplier Q.A. progranmes.

¢} The uniqueness of most plants and the related necessary design

details and manufacturing specifications, requires ocompatibility
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betwesn the quality standards (or specifications) snd the relevant

enginesring standards (or spesoificationsl.

d) Complex contractua! relationships, the need to satisfy
statutory requirements and the traditional use of third party
inspection, takes some of the control of the quality activities

away from the manufacturer.

e} Contrel over '"special processes" is critical because of the

mejor importance which they play on the quality of the products,

f} Varied quality demands and varied contractual relationships
between different customers means that +the Q.A. system must be

rigorous yel flexible enough to meet these varying requirements.
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APPEMDIX A
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Sﬁ“dj QUALITY ASSURANCE REQUIREMENTS FOR CEP 351 -

107830

9/83

9/83
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NEVISIO
DATE

g,

v

EXGINEERING SUPPLIERS ' Page 4 of 5
MARUAL -
SCOPE ' T -
1.1 This procadurs shell apply to all suppliers who submit tsndars
to the SAE Beer Division.

APPLICABLE DOCUMENTS N

SAB Quality Policy.
DEFINITIONRS
Hateriel

A1l items that are necassary for the equipment maintenancz, execution,
and support relating to a particular activity.

Quality Plan

" -

A documant darived from a quality programme {extended if necassary)
setting out the specific quality practices, rescurcas aznd activitias
relevant to a particular contract or project.

Quality Programmeg

A documented sat of activ-ties, resources and events serving to implement
the quality system of an ‘rganisation.

REQUIREMENTS

4.1 It is a pre-requisitz of the SA8 Beer Division that before a
contract/order 1is awardsd, that the supplier has a formally
documented and implemented gquality management system to the
requirnments of SAB.

4.2 Tnnderers will supply full de*~ils of their quality managsment
system with their tender.

4.3 Also to he included in the tsnder:
A 1list of organisations, praferably South African based, who
have purchased equ1pment or seryvices similar to thut tnndared
during the previous three years including:
FULL WAME OF PURCHASER

FULL ADDRESS 0F PURCHASER

TELEPHONE AND TELEX KUMBERS

CONTACT, PREFERABLY THE NAME OF THE ENGINEERING EXECUTIVE OF THE
PURCHASER

AGREEMENT THAT AN APPROACH TO THE ABOVE CQULD BE MAGE.

Abaadix A



\ SAB

QUALITY ASSURANCE REQUIREMENTS FOR CEP 351

10783
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BATE

CIEVI
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ENGINEERING SUPPLIERS Page 5 of 5
MAKUAL
4.4 It is an express condition of tender that tenderers and their

sub-contractors shall be required to undergo a Cuality Assurancs
Audit against the reguirements of SAB by SAB or their esppointzd
agents.

4.5 The tenderer shall provide full facilities and assistance to SAB
or their appointed agents from within 24 hours of SA3's
notification of intent to Audit.

4.6 The itanderer shall submit his quality plan {or SAB review with
his tender.

4.7 Tenderers gquality plan shall contain as a minimum:

The sequence and methods of inspection and testing including
witness and hold points for egach stage of the Work.

2.g. ’
Quality Control
Detatl design
Procurement
Fabrication
Constructicn
Erection
Installation
Commissioning .
4.8 Tenderers quality plan is subject to the approval of SAR and

Work may not <ommence without the prior written approval of the
successful tendarer's quality plan by SAB.

4.3 During the Jife of the contract, the contractor shall provide
811 facilities and assistance as may be required by SAB or thair
appointad agents to monitor and/or azudit the contracior's
performance of the Work.

4.10 The contra tor shall provide, for SAB's review and zpproval, the
quality pians of his proposed sub-contractors prior to the
appointment of such sub-contractors.

4.11 Quality plans may often evolve from the tender stage through the
1iTe of the contract. Each update/issue will be subject to
sffective documentaticn change countrol, and the content will be
reviewed and approved by SAB.




CES 401
REVISION DETAIL SHEET
ENGINEERING MANUAYL

| st |

THE FOLLOWING DETAILS THE CHANGES TO THIS STANDARD TO BRING IT TO REVISION:

PAGE NO. PARA NO., DETAIL OF CHANGES
4 Appendix B Add: "Quality Plan, SAB, CEr 357, REV. 3"
8 2,7 Add: "acceptance criteria" *
11 3.2.4 Dalete: "purchasing"
“"production”

Add: "design"
Ugpecifications for sub suppliers”
"procurement”
"sub supplier release"
"materiel receipt, storage snd control"

12 3.4.3 Add: "The responsibility for monitoring
compliaznce to the overall Quality system and
specifiec Quality plans should be sepexrated
from other management responsibilities which
may have an impact on mater:iel quality."

13 4.1.4 Add: " _ " and apreed with SAB."
14 4,3.3 Aud: "_ _ _ manufacture,”
21 10.6 Add; "“Calibration of all such equipment must be

documented and referenced against other
calibrated equipment such that certification
of calibration can ultimately be traced back
to national standards.

E ..l w

ALL Revisicn Detaill Sheets mus: be retained with the Copy of the Standard,
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R4 CLASSIFICATION OF MATERIEL AND EEP 360
V. D
ENGINEERING MANUAL SERVICES INTO LEVELS OF CRITICALITY | pool 3 ¢ 19
1.0 SCOPE

2.0

3.0

This document sets out the requirement to classify all metariel and services
into their respective levels of criticality. The purpose of this
c¢lassification is to ensure that the quality effort is spent in a most cost
evfective manner,

APPLICABLE DOCUMENTS

SABS 0157 Quality Management Systems.

SABS 0158 Code of Practice for Glossary of 7erms for Quality Assurance
and Quality Controi.

BS 5179 Quality Management Systems,

Bs 6750 Quality Systems,

Bs 4778 Glassary of Terms used in Quality Assurance.
DLFINITIONS

QUALIWY

Tne totality of features and characteristics of a product or service that
bear on its ability to satisfy a given need i.e. Fitness for Purpose,

QUALITY ASSURANCE

A1l activities and functions concerned with the attainment of quality.
MATERIEL

Equipment, stores, supplies and spares that form the subject of a contract
(this generic term is often used for large scale procurement purposes).

QUALITY PROGRAMME

A documented set of activities, resources and events serving to implement
the quality system of an organisation.

QUALITY PLAN

A document derived from the quality programme (extended if necessary),
setting out the specgific quality practices, resources and activities
relevant to a particular contract or project. '
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ENGINEERILG MANUAL SERVICES INTO LEYELS OF CRITICALITY Page 4 of 19

4.0 GENERAL

4.1

4.2

When considering Parete's Principle it is vital that the main quality
assurance effaort is concentrated on the critical areas of materiel and
services that could cause expensive/catastrophic safety, production,
maintenance or product lossas 1f they failed in operation.

Therefore, Tive levels of criticality are defined in terms of the
following parameters:

- Consequence of failure,

- Safety.

-~ Product taint/losses.

- Procureinent cost.

- Availability.

Based on the above, all materiel and services shall be classified :n

terms of one of the five criticality Tevels, each with {its own minimum
guality assurance requirements.

CRITICALITY LEVELS

The characteristics of each criticality level is as follows:

4.2.7 CRITICALITY LEVEL 1

« High consequential cost of failure.

- Failure 1ikely to endanger human Tife..

- Product taint/losses.

- High procurement cost.

- High level of operation/maintenance personnel,

- High cost of operation/maintenance.

- High ergonomically or environmental affects.

- New technology input,

- Deviation from accepted SAB standards and norms.

- Long delays in Governmental/Local Authority/SAB Management
acceptance/agreement.

- Long lead items.
- Long delivery delays.
- Implication of critical stock level holdings.

&
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IEVISION
DATE

4.2.2 CRITICALITY LEVEL 2

- High consequential cost of faiTuFe.

« Failure unlikely to endanger human life.
Righ procurement cost.

- iigh cost of operation/maintenance.

-~ Long Tead items.

- Long delivery delays.

4.2.3 CRITICALITY LEVEL 3

Only certain critical compenents conrtributing to:

o

- High procurement cost.

- High operating/maintenance cost.
- Produ t taint.

- Long delivery delays.

4.2.4 CRITICALITY LEVEL 4

Low procurement cost.

Low cost of operation/maintenance.
Short delivery delays.

Easily replaced.

4.2.5 CRITICALITY LEVEL 5

¥

- Low procurement cast.
- Failure unlikely to affect operations.
- Stock items.

4.3 QUALITY ASSURANCE REQUIREMENTS
4,3.7 FEASIBILITY PHASE

During ..is phase SAB Management ({to dnclude all Central
Departments as required; Central Lab., Personnel, T&D,
Finance, Administration, Public Affairs and
others}/User/Designers shall complete Annexure 1, identifying
the Tevel of importance/criticality of the various functions.
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£.3.2

- 4.3.3

- 4.3.4

hisic

‘The object of identifying criticalities in this phase is to
- ensure that Management/User have identified their needs

sufficiently accurately to give the Designers the parameters
within which they can study and cost the various options.
Further, it is important to identify to the Central and Local
Authorities, the total infrastructure of the brewery and to get
eommittment from them that off-site facilities will be available
on time for the various phases of development. In the event
where changes to existing SAB Standards and norms relating to
process or plant are envisaged, Management/User shall Tay down
the guidelines for any departure to the existing standards and
norms that have to be evaluated in the Feasibility phase.

On the basis of the above, the Designers will engineer the
options in censultation with the User within the ranges defined
by Managemen., to comply with the programme of work so as to
cosg the various options to be presented in the Feasibility
study.

The agreed 1level of criticality will be didentified on all
references made to the function/activity on all documentation
including minutes of meetings, memos, reports, drawings etc.

SPACE REPORT PHASE

During this phase SAB Management/User/Designers shall complete
both  Annexures 1 and 2?2 which will ddentify- the
importance/criticality level of the various functions/material,

DETAIL DESIGN PHASE

During .this phase the Designers shall code all equipment .
sub-components into one of five Criticality Levels, as indicaced
in 4.2 by completing Annexure 3.

EXECUTION/COMMISSIONING PHASE

During this phase suppliers/vendors/contractiors are appointed.
Their QA requirements for the various Criticality Levels are as
follows:

4.3.4.1 CRITICALITY LEVEL 1}

- Supplier to be assessed to comply with SABS 0157,
Part 1 or Part 2, or similar, as appropriate.

- Prior to contract award, Supplier to submit to SAB
for their review and approval, a quality plan in
accordance with CEP 357, giving detials of 311
processes employed to assure conformance to SAB
requirements.

- Supplier to inform SAB of all abCEptance eriteria’,
employed and documentation to be generated,
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4.3.4.2

4.3.4.3

4.3.4.4

4.3.4.5

Supplier to prepare complete data packages for SAB
records,

CRITICALITY LEVEL 2

Supplier tp be assessed %0 the requirements of SABS
0157, Part 1 or Part 2, or similar, as appropriate,
with the view of identifying areas of
non-conformance.

Prior to contract award, Supplier tn submit to SAB,
for their approval, a quality plian, in accordance
with CEP 357, with particular emphasis given to areas
where shortcomings in the system has been identified.

Suppiier to inform SAB of all acceptance criteria
employed and documentation to be generated.

Supplier to prepare complete data packages for SAB
records,

CRITICALITY LEVEL 3

Supplier to be assessed to the requirements of SABS
0157, Part 1 or Part 2, or similar as appropriate,
with the wiew of identifying areas of non-conformanse
in relation to the critical components.

Supplier to submit to SAB for their review and
approval, a quality plan in accordance with CEP 357,
paying particular attention to the _stringent
requirements placed on the critical components.

Supplier to prepare data packages for critical
components only for SAB records.

CRITICALITY LEVEL 4

-

Supplier to be assessed on the basis of his ability
to produce the materiel.

Supplier to submit to 5AB for their review and
approval, a quality plan in accordance with CEP 357,
detailing final inspections only.

CRITICALITY LEVEL 5

Supplier to be assessed only on this ab111ty to
supply the desired materiel.
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1.0 GENERAL ASPECTS OF THE QUALITY MANAGEMENT SYSTEM

1.1 INTRODUCTION

Todays markets and customers have increasing expectations in terms of
products and services. The objective of any good business should be
to ensure that these expectations eare met within acceptable
avallability and cost constraintas. What was once acceptable 1s no

longer so.,

Any production operation needs rules and controls to meet these
requirements and be cost-effective. Work in a2 number of countries
has analysed these rules and controls and found that they have common
features which can be applied vo any tvpe or size of production unit,

The #cchniques involved 2re known as Quality Assurance,

it is

generally accepted that the implementarion of these techniques is the
rost effective form of production management. The application of

these techniques is knovm as Quality Management.

The prineiples of yuality Monagement are aimed at the identification
and elimination of production errors whieh could cause customer
dissatisfaction or buying resistance. They also offer positive cost
benefits. Every Rand saved by redueing design, purchasing or
- manufacturing errors 1s a Rand added to profits. An additiomal

benefir is improved product conslstency.

The requirements given in this document are an outline of th: tasic
elements required for an effective Quality Management System, . They
are based on S$ARS 0157 - Code of Prastice for Qualiry Manag:ment
Systems., This is the local version of a number .of national stardards

which have beeu nuhlished on Quality Management.

There are a number of reasons why companies Introduce Quality
Management Systens. Ideally the company should be convinced that the
system 1s good management practice and that it will further the
company's aims and long term prosperity through contipulty: of

performance,

A pitfall to be avoided with the introduction of any Management
System is a preoctupation with methods and procedures. These can
take control of the process, so that HOW it is dwne hecomes more
important than WHAT is accogplished., The achievement of goals and
objectives becomes difficult 1f the focus is not kipt on the right

area.
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1.2 PURPOSE OF THIS DOCUMENT

The purpose of this Iinterpretive deocun : iz to provide a morr
defined ‘basis for suppliers in the Bbrew ng indu=try to develop
quality assurance programmes, to ensure a more consistent outcome
from assessments by SAB and SABS and to avold multiple asscssmente as
well as multiple inspections. Tc this end S84~ have prepared this
interpretation of trhe criteria of SABS 01537 tuv ensure a common
understanding of the requirements for a quelity manazgement system
necessary for the design, manufacture and erection of brewing
equipment. This document should be read in eonjunction with SABS
0157,

QUALITY ASSURANCE REQUIREMENTS

SABS 0157 way be imposed as a contractuzl requirement between
purchaser and gupplier to provide the purchaser with the confidence
that an acceptable qualicy of product or service will be achieved.
Too little menitoring on the part of the purchaser incurs the risl: of
unacceptable gquality while too much wmonitoring and the submistion of
koo many records can generate excessive costs. The intentiem is to
develop an optimum contract iaterface iIin terms of cost and the
assurance of quz’ly recessary to demonstrate compliance with the
contract requirements,

An effective supplier's ir .. -e quality management system bssed on
SABS 0157 and this interp "r ion document is considered toc be a
necessary requirement for 2nsuring a s .essful contract qualicy
assurance programme. The supplier’s gquality assurance programme may
have to be extended to accommddzte the purchaser's special
contractual quality requirements,

The degree of monitoring performed by the purchaser on the supplier
will bhe determined by the operational requirements, safety, and
sub-suppliers. The extent of records required may range [rom none to
a full set of documents which demonstrate product integrivy,
depending on operational, maintenzace and statutory requirements as
well as the complexity of manufacture. The monitoring performed by
the purchaser is part of the contrast interface and is carried out to
ensure that the supplier's own quelity and mondtoring programwmes are
affactive. ’

The supplier shall determine the extent of controls he should impose
on the design, manufacturing, erection and commissioning processes of
an item to ensure that the specified levels of quality are achieved.
An item may require a guality control plan which defines a number of
in-house witness anu hold points at Important stagss of the process
and may require release by authorised persons in the supplier's
organisation before proceeding to subsequent stages in the process,
while another item way only require final Inspection. A considered
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mix of in-house surveillances and inspectinn act-wvities can provide a
cest—eifective monitoring programme, The supplier’s quality
management system should have the flexibility to deal with the full
range of dtems found in the contract works, in such a way that all
activities are contralled in a cost effective manner,

The supplier's quality assurance programme should be tailored to suit
the size of his organdsation as well as his method of carryiag out
FJ{%’ his work. For example, an elaborate programme will obwiously not
i suit a small organisation as, for instance, there would not normally.
-7 be 2 communication problem on interfaces between departments or
sections, while in a large organisation this eould be a mest
demanding requirement. Compliance with this interpretation which
would relate to either Part 1 or Part II of SABS 0157 could result in
a documented system anywhere between a programme of many pages and a
programme of half a page, depending on the complexity of the product
or product range and the size of the cempany.

The supplier must ensure that any sub-suppliers employed by him shall
reet the quality assurance requirements of the suppliler appropriate
to the items or matailel supplied,

The onus is on the purchaser to establish the criteria for quality
and technical requivements clearly and unambiguously by means of
specifications, codes, standards, ete. The supplier is totally
responsible to the purchaser for achieving the specified
requirements.

All suppliers of materiel to SAB chall comply to a level of QM8
indicated as required in the Criticality levels., Only suppliers that
have a SAB approved QM5 shall be asked to tender.

1.4 CRITICALITY LEVELS

Depending on the level of criticality that a materiel is identified
using SAB, CEP 360, REV. 0 as a guide, (see Appendix A}, the
necessary level or detail of the Quality Monagement System shall he
zpplied and become a contractual requirement between the supplier and
SAH.
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2.0 DEFINITIONS

For eclarity, various terms used in this document are defined.

2,1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

2.9

QUALITY

The totality of features and characreristics of a product that bear
on its ability to satisfy given needs or "fitness for-use".

QUALITY CONTROL

The operatlonal techniques and activities that are employed to
catisfy quality requirements, Produet quality contrel can only
identify errors once they have accurred.

QUALITY ASSURANCE

All those planned and systematic actlons necessary to provide
adequane confidence that a product, process or service will satisfy
given needs. Qualirty Assurance is aimed at che prevention of errors.

QUALITY POLICY

The owerall quality intentlons and objectives of an orpganisation as
formally expresssd by senlor managemant.

QUALITY MANAGEMENT

The aspect 2f the overall management function that detarmines and
dmplements the quality policy.

QUALTITY SYSTEM

The orpanisatlon struecture, responsibilities, procsdures, & tivicies,
capabilities and rosouxces that together alm to ensure that products,
provasses or services will satisfy stated or implied needs.

QUALITY PLAN

A document setting out the specific quality practices, acceptance&

criteria, resources and activities relevant to a particular product,
process, service, contract or project,

GUALITY PROGRAMME

The documented iwplementation rf a quality systoen,

o

QUALITY AUDIT / REVIEW

A systematic and independent ecxamination to determine whether quality
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2,10

2,11

activities and results comply with planned arrangements and whether
these arranpements are implemented effecrively and are suitable to
achleve objectives.

PROCESS CONTROL

Maintaining the perfermance o©f a process at its capability level.
Process coatroel involves a range of ictivities such as sampling the
process product, charting its performupuce, determining causes of any
problems and tzking corrective actions.

MATERIEL

Any product or service nffered by or contracted to SAR by a supplier,
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3.0 SAB's INTERPRETATION OF THE CRITERIA OF SABS 0157, PARTS I & II

3.1 QUALITY POLICY

This is the primary requirement for the implementaricn of a quality
Janagement syScem.

3.1.1 Management to develop and explicicly define a corporate
quality policy.

This document should contain clearly defined quality

targets and provide specifie guides for action for each
department.

Generalised statements such as "It is the policy of this
Company to market preducts of the highest quality" should
be avoided as they do not define "fitness for use" and
cannot be used ag an ohjecrive.

3.1,2 It is algo a winagement responsibility to ensure that the
policy 1s understood, Implemented and maintained at all
levels and in all diseiplines.

3.2 CQUALITY SYSTEM

3.2.1 The suppliers' quality management system shall demonstrate
his ability tvo achieve specified requirements in design (if
applicable), manufasture, erecticn and  associated
activities related to his supply (and associated items)
through planning and controlling all operations and

ingpection of components and completed works where
NaCeESBary., ’

3.2.2 The quality management system ghall be formally documented
and deseribe the quality manapement abjectives, policies,
procedures and work iastructions, etc., necessary for the
succassful implementation of the quality related activitiles
stated in this docvment which have been derived from SABS
0157, Part T or Part II as aprlicable.

3.2.3 The documented quality management system shall relate to
the particular wethod and characteristics of operation of
the supplier concerned,

3.2.4 This is the detail ot how the quality poliey objective will
be achieved.

Divisioral/departmental heads to develop, establish and.

Implement management syscems to meet .the gquality policy
chjectrive.
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The system should apply to a8ll activities £rom the
identification of customer mneeds through to thelr
satisfaction.

These include:

study of market needs
design

procurement

sub-supplier release

nateriel receipt, storage and control
production and process engineering
inspection and testing

warehousing

distrimtion

sales and sexvice

B N R E KK N

¥ B N

3.3 ORGANISATION

3.4

3.3.1

3.3.2

3.3.3

3.3.4

3.3.5

3.3.6

The supplier shall define the orpanisatin s it relates to
his quallty management  system. Quality s the
responsibility of all persomnel who ‘contrilwge to, o
control the design, procurement, manufacture ‘and erection
functions. The supplier shall therefore delegate to zll
personnel responsible for functions affecting quality, beth
the defined responsibility and the authority to identify
and evaluate problems and to dnitiate, recommend and
provide effective sclutions.

The organisation structure within which the management
syaten is to operate must be esteblished.
Activities which contribute directly to the achievement of
the quality policy should be identified.

Yor  each  activity, general and specific quality
rosponsibilities should be defined. )
Lines of suthority and ¢f functionmal communication should
be defined.

Where different activitics interface, the eco~ordination
ares should be defined in reasonable detail.

REVIEW OF THE QUALITY SYSTEM .

The supplier shall develop and implement a plan for the review of his
quality menagement system. This review shall at least comply with
the follewing requiremencs: -

speeifications for sub~suppliers ‘ Aﬁh&
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3.4.1 The supplier shall be yesponsible for periocdically

(intexrpal audits / 2 times/year) determining the
1 effectiveness ‘of the quality mnrnagement system. The
effectiveness of the quality management system shall be
e determined by one or more of the feollowing:

f * analysis of the trends of deficlencies and corrective
actiors and thedir significance,

E * review of purchaser satisfactien,
' * review of quality costs.
L___ 4 Adjustments shall be made te the quality ianagement system

vhere appropriate to maintain its effectiveness.

3.4.2 Perlodic reviews (external esudivs / 1 per year) shall be
performed to wvarify compliance with quality manuals and
documented procedures. TFindings of non-compliances with

" established procedures which aore 3identified shall be
documentad. Cerreetive action In respect of these findings
shall be performed by the responsible personnel to thea

3 satisfaction of the quality monagement representative.

I Personnel shall not review their own areas of

il

oy
[}

responsibility.
i i 3.4.3 The responsibility for monitoring compllance to the owverall
Quality system and specific Guality plans should be
: geperate from all other manzyement responsibilities whiceh
&j way have an impact on materiel quality.

Pl
a%

Tp T
o
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4,0 PLANNING

-

4.} The supplier shall establish a procedure for conducting a

4.2

sufficiently extensive and timely review of the specified
requirements for the contract worlts. Documented placning for qualitcy
should take place as early as possible, preferably before work on the
contract begins. Taking inte acecount the scope of the contract
works, the supplier shall check thae,

4.1.1 the appropriate procedures and work iInstrustions are
available for design (if applicable), procurement,
manufacture and erection,

4.1.2 manufacturing and erection processes and equipment are
available, suitable and compatible with the contraet works
as designed,

4,1.3 the appropriate inspection measuring and testing equipment
is available and sultable for the contract works, and

4.1.4 applicable acceptance cyiteria for product gquality are f

available and agreed with SAB,

A gquality plan shall be prepuared where required by the contract, or
because of the nature of the work, which shall address the quality
practices and activities applicable to the contract works which are
not eovered by the suppliers documented quality system, e.g. identifly
those requirements whiech are unusual by reason of nawness,
unfamiliarity, lack of experlence or absence of precedents, and shall

4.2.1 indicate how specific sub-suppliers will be monitored,

4,2,2 identify components or categories of componants for which
auality contrnl plans will be prepared,

4,2.3 idenvify the arcas or processes requiring special connrols,

4,2.4 identify the records pertaining to the contract works and

how they will be controlled,

4,2.5 identify the Manapoment Represenrvative and personnsl
responsible for the comtxol of quality activities,

4.2.6 establish communicaticon channels betwzen the supplier and
the purchasar, -7
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4.3

4-207

4.2.8

4.2.9

identify the specifications, drawings, and acceptance
eriteria for materilel for which quality control plams are
not required,

identify the documents which are to be submitted to the
purchasey for approval, and

indicate the purchaser's po~t-award audit programme.

Quality control plans as called in 4.2.2 or as required by contract
shall include ag applicable:

4.3.1
4.3.2

4.3.3

4,3.4

4.3.3

4.3.6

4.3.7

4.3.8

4.3.9

[

the identification of v  component or tomponent category,
the materdiel,

a list opf the seqguence of activities of wmanufaccure,
construetion or erection, ineluding inspection and tests,

the identification, as appropriate, of the applieabi-e
specification, drawing or procedure for each event,

the applicable accepta ‘riteria,

the inspections and rests the supplier has nominaced for
hold and witness poirces,

the inspections and tests the purchaser's represencative
has nominated for hold and witness podints,

the .requirements for surface treatments (e.g. painting,
etc.), and :

whiech diInspection and  test records are required to be
retained by the supplier.

Subiect to the iInclusion of the above reguirements, the format of
quality control plans shall be rhe responsibility ‘of the supplier,
For guidance see CEP357 "Quality Plan" S4B Project Procedure Maznual.
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5.0 WORK INSTRUCTIONS

leo rk"

in the sense used is not only physical labour, but also all

services or actions that are performed to meet specific requirements.

5.1 W¥ritten instructions should be developed and maintained for each work

5.2

package,

They should be sufficiently detalled to prescribe clearly

how the work has to be performed., The aim should be to make them
short and simple rather than have reams of paper written out for each

activity.

Written procedures are normally separated into two categories.

5,2.1

5.2,2

Work Instructions

An overall outline of methods of cperation within the
organisation or parts of the organisation which rewain
relatively constant.

An inscruction shows how individuals inter-reléte and what
their specifie dutiles are.

Also known as Standirg Instructions.
Job Breakdowns

Job , breakdowns are working documents. They should be
available to &ll relevant staff at all times. It breaks a
particular job iInte banic steps which are easy to follow
and eagy to understand. To ensure continued effectiveness,
they must be up to dare at all times.

The advantages to be galned from well prepared job
breakdowns are:

* Uniformity of understanding,

* Standardisation of proerdures and practicas.
* Coutinuilty of performance when changes ocecur.

* Provide a basis for contrel, evaluation and review.
Each breakdows should describe:

* Why it is done.

* What is to be done.
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How it should be done.

Woen it should be doue.

Who should do ir,

Special equipment, services reguired.

Standards to be achieved,
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6.0 RECORDS

The supplier shall ensure that:

r
6.1 his management system provides for the development, maintenance and
retention of records which demonstrate compliance with the required
quality and the effective cperation of the quality system,

6.2 rTecords are made available for evaluation by the purchaser's
representative, '

6.3 records include, as appropriate, explicit identifieation of the
materiel or component, system or sub-system, npature and number of
observations made, nuwber and type of deficiencies found, quantities
approved or rejected, concessions granted and the nature of
rectification and corrective action taken,

6.4 sub-suppliers where appropriate develop and maintain records of their
quality related activities and these recoxris sre szafely retzined and
made available for evaluation by the supplier's and purchaser's
representatives,

6.5 records are retalned foran agreed period of time.
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7.0 CORRECTIVE ACTION

Prompt and effective corrective action is esgentdzl to & qualicy
management system.

7.1 A need for corrective actiom is indicated by: .

7.1.1 Trade complaints.

- 7.1.2 Recurring instances of non conforming product.

- 7.1.3 Internal reviews or aucits which Thighlight process
- weaknesses,

. 7.1.4 Records which demonstrate that "fitness for use" eriterila

have not been met.,

7.2 4 documented procedure which ~wvers ilie following basic steps should
be introduced:

2.1 Record all relevant data relating to the apparent defect/

- deviation,
- . 7.2.2 Carry out an investipation to establish the true cause of
- the defect:
- 7.2.3 Carry out experiments or other tests as necessary to
_ establish  the, wvalidity of the findings of the
- investigation.

7.2.4 Determine what must be done to prevent re-occurrence pf the
- problem.
= 7.2.5 Ensure that the remedy is applied.

7.2.6 Follow up, after 2 time iInterval, to ensure that the

corrective action has been absorbed into the system,
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8.0 DESIGN CONIROL

8.1 The design function is the single most important factor that will

ensure fitnisg for purpese of the equipment,

The purchaser shall

ensure that bcth the purpose of the equipment arl its future

enviromment are
equipment,
responsible engineer.

8.2 The responsible engineer whether employed by

vexrformence

sully defined and all constraints, details of
criteria, etc., are communicated to the

the supplier or

otherwise 1s responsible for the design adequacy in its totality,
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9.0 DOCUMENTATION AND CHANGE CONTROL

Defective product ordsing from rthe use of outdated procedures / manuals
can and chould be prevented. A system to "“control” the updating and

changing ¢f all important documents {(that can effect product quality) is
— therefore essential,

Nominated individuals should be made responsible for:

']_ 9.1 Changes to all manuals,

l 9.2 Recording of all changes/adjustmentz made to major items of plant.
= Parameters to be "“controlled" should be documented ac part of che
I—_ ) quality system.,

- 9.3 Updating job instruetions/breakdovns as required.
- 9.4 Maintaining records of brands and cty, . of major comnsumable stores
- and manufacturing sundries used. Items to be “concrolled" should

also be documenteus os part of the guality system.
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. 10.0 CONTROL OF INSPECTION, MEASURING AND TESTING EQUIPMENT
] . .
J0.1 The supplier should be responsible for providing, controlling,
- calibirating, and wmaintaining Znspection, measuring, =nd testing

. equipment suitable to demonstrate compliance of suvpplies with

= sperified reyuirements. Equipment should be used in a manner which

| - ensures that measurewment uncertainty is consistent with the required
measurement capability.
-

I_ 10,2 Calibration accuracy of this equipment should be commensurate with
- the required accuracy of measurement and should be traceabls to
- natioral standards.

] 10.3 Whrre jigs, fixtures, templates, patterns, or other such devices are
- used as inspection media, they should be proven capable of verifying

| the aceeptabllity of materiel priocr to releagse for use during

r. manufacture, and should be reproven at established perilods.

|" 10.4 The suppller chould establish the extent and frequency of such

proving and maintain records as evidence of control.

-, 10,5 Design data pertaining to tools and gavges should Le made available,

when required by the purchaser's xepresentative, for verification
_ that the devices are functionally adequate.

= 10.6 Calibration of all swch equipment must be documented and referenced

aginst other ealibrated equipment sueh that certification of

- calibration can ultimately be traced baclk to pational standards. ££t&
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11.0 CONTROL OF PURCHASED MATERIEL

In principle, only materiel which is of an agreed standard should be used.

11.1

11.2

11.3

11.4

11.5

11.7

Purchase aof all materiel shonld only be from approved supplilers and
against a documented standard.

Receiving inepections to be carried out at a set frequency using
documented methods.

Procedure required for the contrelling of materiel which does not
comply with speecific technical requirements.

This documentad procedure should include provision for

identification, segregation and disposition of non conforming
materiel.

Any repair, re-worl or conceusions granted on non conforming materiel
should be recorded. Recoxds shruld identify the materiel and the
nature of the non-conformance,

Where non-conforizance materiel is received, corrective action should
be initiated with the supplier. Details of the action taken by the
supplier should be documented.

Records chould be kept of =all materiel used to ensure traceability
through the process.,
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12,0 INDICATION OF PRODUCT STATUS

At the end of each defined stage of production, product should be checkad
for complisnce with requirements before passing on to the next stage.
This ensures that product, which does not conform to specifieation, is
identifled and isolated a3 early as pogsible. It can then be corrected or
repaired as cheaply as possible.

12,1 A system should be in operatiom at each point :b éiﬁe a2 ponsitive
indication of whetner product has~

- Not been checked/tested.
- Been checked and approved,
- Been checked and rejected.

iz
r
AR
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13.0 MANUFACTURING CONTROL

Genercl Manufacture and Construction

The supplier shall ensure that:

13,1 eriteria for workmanship estsblished by techniecal specifications,

relevant drawings or representative samples are used durxing
manufacture,

13,2 manufacturing and construction equipment suitable for che product
being manufactured is being used and is pruperly maintained,

13.3 in-process inspec _on and testing are carried out in accordance with

the quality control plans as work proceeds to ensure compliance with
specified requirements, and

13.4 provision is made for iInsvection methods and/or work instruetions to
be examined on & periodic basls and updated when necessary.

12.5 nersonnel carrying out the production and inspection processes are

quslified to do so and that such qualifications are documented, valid
and available for inepection.
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14.0 PURCHASER SUPPLIED MATERIEL

14.1 The supplier shall be responsible for recsziving ia-ectiy of
purchaser supplied materiel which shall be performed in accw.-lance
with 2 written instruction obtained from the purchaser.

14.2 Purchaser~supplied materiel shall be handled, stored and maintained
by the supplier in accordance with the written instructions of the
purchaser.

14.3 The supplier shall record and raport to the purchaser any such
materiel lost, damaged or otherwise found to be unsuitable as a
result of the receiving inspection mentioned in clause 1l4.]1 above.

14.4 It is the purchaser's respousibilicy to ensure that
purchaser-supplied materiel has been inspected/tested and complies
with specified requirements before despatch to the supplier.
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DATE

16.0 SAMPLING PROCEDURES

16.1

16.2

16.3

16.4

16.5

16.6

Sampling must be based on sound principles (randomness, adequate
sample size, ete). Incorrect sampling techniques may indicate false
levels of product guality,

Sappling (and subsequent testing or analysis) wmust be ajwed at
confirming whether the necessary quality standards have heen
achieved. Results should be documented and evaluated periodically.
Causes of defects ovr significant variatiens in the process should be
analysed to form the basis of corrective action,

Sampling and inspection/aonalysis, because they occur after the event,
can only confirm how well existing controls are working. Sampling i=s
NOT & control mechanism in its own right.

Sampling procedures and frequencies should be documented. Where
special reguirements for sampling exist, these should be written up
as job imstructions/breakdovns.

Decision rules should be drawvn vp to formalise action when non
conforming product is detected.

Results should be documented and evaluated periodically. Causes of
dafects or significant variations in the process should be analysed
to form the basis of corrective action.
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17.0 CONTROL OF HUN CONFORMING MATERIEL

17.1

17.2

17.3

17.4

17.5

Any non conferming materiel arising from a deviation in the process
should be identified and segregated from normal production.

Defective materiel shovld be confined to a separate holding area and
should be clearly identified to prevent unauthorised use, mixing or
shipment with conforming product.

Handling of non conforming materiel should be as per a documented
procedure. Procedure should include details of sample sizes,
decigion rules, etc.

Records of non conforming materiel =should be maintained. These
records should detail - materiel identity, the nature and extent of
the nomn conformance, decisions made 178 where the materiel was
disposed of.

The occurrence of nen conforming materiel should also be the basis of
initiating correciive action,
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18.0 INDICATION OF INSPECTION STATUS

oy
L+

S

REVI

DATE

The Supplier shall

18.1 establish and maintain a system for identifying'the inspection status
of the materiel and worlkmanship during different stages of
manufacture, and

18.2 develop a system to distinguish clearly between inspected and
uninspected materiel by using a sBuitable form of records or
identification.
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19.0 PROTECTION AND PRESERVATION OF FRODUCT QUALITY

19,1 The supplier shall preserve the quality of the materiel to ensure
compliance with specified requirements until such time as his
respongibilicy ceases in terms of the contract,

19.2 All materiel shall be sultably marked or 1labelled such that
idencifization 15 possible during the appropriate stages of
processing, VWhere called for, identilfication will include reference
to the steel manufacturer's material certificate.

19.3 Personnel shall be trained to ensure that, as far as reasonably

possible, abuse, misuse, damage or deterioration of the rraduct is
prevented.
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20.0 IRAIRING

Well trained staff ave an essential ingredient in any defective product

prevention programme. Training 1s one of the Lkey elements of Quality
Manapgement,

~. Only trained, competent personuel should perform tasks which can have an
affect on quality,. :

_ 20.1 Meeting this requirement will need the following -
- - Skills profile {requirements) for each job,
LT - Suitable training procedures.
[ - Periodic retraining as highlighted by internal reviews.
- hwailability of trained back up staff, to cover leave,
E absenteelsm, ete,

- Records of traiving glven.
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Quality Plan for a Typical Brewing Vessel Installation
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APPENDIX C
Process Flow Diagram of a Typical Brewhouse Installation
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APPENDIX D
Quality System Audits



a Atpendr i D

[quaLiTy AuDIT|

FOR: HUPPMANN FABRICATIONS & BOTTQUIP FABRICATIONS

BY: R.C. Funw PASITION: -@.A. MANAGETR

et

S1GNED: P:L-)l DATE: 2 Joq 97
=

This audit {5 performed using B% 5750: Part 5: 1981,
Appendix A. These questions are .aiended only to serve as
indicators & reminders of important peinte to bear in wmind
and this does not serve as a complete audit of the system.

Answers to questions are Yes, Na, N/A (Not Applicable) or ?
{(Uncertain).
STATUS COMMENTS ’
A.1 Guality system
{a} Has the supplier documanted his system for
inspection? o
{b} Do 1the supplier's plans for inspection provide for
all specified requirements ta be met? N Cxeapt G4 prejiure wessels
(c} Are the supplier’s arrangements for inspection to
be performed cutside his premises acceptabla? Na US“‘*-”‘*:S N I A
{d} Are the supplier's inspection records capabla of . o presiue Ve JSQJS
praviding abjective evidence that the specifled ¢ N o Ereapt | >4 éﬂ At .
requirements hava been met? — Dada. Boo
A.2 Organization
(a} Has a represantative responsible for inspection been \'Ie-ﬁ R.¢. Fuonk o pre I
appainted?
{b) Has the representative the necessary autharity, f '
respansibility and ability to perform his funetions Yes Top {1 UJ\Q?ZIMFOL BUpiDr &
effactively? -

{c} Are the respoasibilities for inspection clear and ,nu %SME mpeﬁpp',ﬁ nelr F«,a&mad fnﬁ@rdy

comprehensiva?

A3 Review of the quality system .
{a) Does the supplier's management carry out perodic | WA ']]g‘ ;B Is.;en..,
reviews? J
{h} Do these reviews make usa of the findings of

internal audits? NfA Naw 8 [ i

{c) Does the suppliar have a documented procedurs

{or tha audit of the systern? To
{d} Are the procedures systematically conducted
and do they provide objective avidence of the il
effactiveness of the inspection svstem? ' D

{e} Is corrective actlon taken when the inspection

system is found to be deficient and is such action Nlﬂ (lars S&SM

effective?

{f) Ara records of audits maintaisied as part of the .

supplier’s records as required hy 4.4,2 of ‘1‘, 15 m .{.& ~Hg_ gmf recafcﬂ

BS 5750 : Part 2: 19797

AR




A4 Decumentation

A.4.1 Inspection and test procedures
{a} D ses *he supplier have appropriats documarited
inspaction procedures for, as 3 minimum, those

inspection stages where inspection is performed to
demonstrate conformance 1o specified requirements?

STATUS

COMMENTS

Mo

Proadiices -dlo e exM&ﬁﬁmﬁ-
exapt ! Prewuae Vo

(b) Ara such inspection procedures ~'ear, current and
complete?

ot - L b

{c} Dacthey include criteria for acceprancs or rejection
and identify the inspection equipment to be used?

To

AA4.2 Records

{2} Are there record; of essential inspection and test
activities?

En;r_gp—}-mm wessals

~ {b) Do the records cantain all essential data?

Yes

{c] In instances of rejection, do records show resulting
agtion?

s

Lhon d‘t.p.,nj eyt
No records et

_{d} Are thera satisfactory arrangements for storage
‘and retrieval of records? '

Jes

AA3 Technical data and changes
{a} Does tha supgiier have procedures that ensurs that
only the latest applicable technics| data are used far
ingpection purposes?

No

Rlrg caboed v D affica

-

{t} s there an acceptable system for controlling

changes ta technical data or ingtructions arising No
therefrem? ‘
A5 Inspestion squipment
fa} Does tha supplier have a docurentad measurament . 'P - ho
and calibration system and does it meet the require- N Iﬂ \ ?  faad o 33

ments of 85 5781 : Part 17

1b) Are necessary gatiges, tasting and measuring
equiprnant available and used?

NOTE. Far furthar typlenl quastions refamnce shauld be
made to sppandix A of BS 5781 : Part 2 : 1081,

niA;

A6 Inspaction of purchased materiel or servica
AB. Purchasing '

{a} Does the system assure thar materiel and sarvices
supplied by sub-contractors magt contract
requirements?

To

(b} Daes the system provida Tor the selectlan of
sutb-contractors on the basis of their quality capability?

TNo

{e) Doey the supplier review his sub-contrastors’
performance at intarvals consistont with the complexity
and quality of the preduct?

Mo

{d} Do supplier records provide evidence that the
supplier's controls, and thosa of hls sub-contractors,
are adeguate to assure the quaiity »f purchasec
mataris| and sarvices?

Only e icades (f‘:"’"
artaln mogrials.

A8.2 Purchasing data

{a) Do the supplier’s purchasing documants clearly
daseribe requiirements?

Nl fo checke.

{b} Are requirements for any necessary tests and
inspection of raw matarials specifled in purchasing
dacumeants?




o STATUS CUNMENTS

A.B.3 Receiving inspection
{a} Does the supplier ingpect incoming materiel to the -
extant necessary upon receipt? NEB
{b} Doas the suppliar adjust the ext.nt of recaiving .

inspection on the basis of objective data? MO

{¢) Ooes the supplier assure that material conforms to

the applicable physical, chemical and other technical .

requirements, using fabaratary analyses as necessary? \1'65 NJ Kovh mest cadRs

{d} Is tested, approved materiel identified and carefully
segragated from that not tested ar approved? 'ﬂo
{e} Doas tha supplier have effective rontrols for
reventing the use of non~confarming incoming e ,..d
::'Iateriel? o No wntnd ot pres
{f} Ara thera adequate procedures for providing ied o
sub-tontractars with appropriate data regarding ? Umaﬂ*?z)ﬁdﬂlij ﬁ’w!s' ""‘-u—‘j
unsatisfactory quality? b pedtorrod.

{g) Has the supplier adequate controls far assuring ? Un I a0 ﬁﬂ&&d" pro CGW

carrection of sub-contracted non-conforming materiel? .
(h) Does the supplier's system provide for the
imrmediate recall and replacement of materiet released
for produetion prior to completion of 1ecaiving N i p)
inspaction and subsequently found to be
non-conforming?

A.B.4 Verification of purchased matariet )
{a) Do sub-gontracts afford the Purchaser's '
Representative the right to verify conformance at ' ‘1&5 k% I’EM 'T’ﬁJI /de EP mge@’
source when required by the cantract?
(b} Are coples of documents necessary for such

varification mada availabls to the Purchaser’s 1\)} A
Representative in good time?

A7 lm-process inspection

{a) Is inspection performed during manufacture on 2§l .

characteristics which cannot ba [nspected at a {ater ‘1\0 ‘ﬂo‘l bbf f\'\ﬂ.u."j

stage?

() Are the inspection procedures carried out, 0 jg . . i éﬂ@f{
test devices used, records kept, ete,, suitable? ? To PW s t Ressur

(c) Do the eperations performed by the supplier meet : . .

any special pracess requiremerts specified in the s recyL rec) .

contract? ‘ 36

{d} Does the supplier periodically monitor thesa

operations to ensure their continuing compliance 'hn ) .

with requirements?
A.B8 Workmanship

(a) Has the supplier established satisfactory s;andards _ {no Sm 5-hzno, arcle {-‘/ }W‘m FZ"b

of warkmanship?

{p) Do these provida an objective basis for decision: on . 1
acceptability of matarial? . ?. leh Sardpae!y e '(clc_hu‘ﬁ
Sorct neddon are codad/

{e) Are ondy qualified personne! used for worl
requiring special skills or trairing? Yes
A9 Corragtive action
{a) Doas tha system pravide for prompt detection of ,no
inferior quality and for correction of its assignable
causes?
(b} Is adequate actian taken 10 correct the causas of
defects in materlel, facilities and functions, a.9, design, .n
purehasing, testing? 0

e )
aae



STATUS

COMMENTS -

{e) Are analyses made to identify trends towards
materig! nan-confarmance?

No

Vo sredighea) amaizd.ni 4§ dang

{d) )s corrective action taken to arrest unfavaurable
wrends befora non-conformances oceur?

No

(e} Does cotrective action extend to sub-contractor

and causes of defects?

materiel? Mo

{f} Is corrective action taken in response to user . a? Mo St re’.'izayg ey Moty occied
{g) Are data analysis and maleriel examination - d

conducted on sgrap »r re-work to determine extent N

{k) 1; the effectiveness of carrective action reviewed
and subsequentiy monitored?

Ta

A0 Purchaser supplied mataria
{a) Does the supniier examine ..polied materiel’
upon raceipt for damage, quantity, completeness
and type?

Ol

{b) Are there precautions and inspections during
storage against damage and deterloration and to
check on storage [ifa limitations?

iR

{e} is all ‘supplied materiel’ properly identified and
protected from unauthorized use or improper

disposal?

(d) Have procedures heen established for notification
to the purchaser of any loss, damage, malfunction or
deterioration of “supplied material’?

A.11 Completsd item inspection znd taxt

{2} Are complated items givan a final inspection and
test ‘o establish overall quality?

Can be Lmpronce] iekfl'c'l% Bsirondp

{b) Does the final testing meet the raquirements of
the retevant specification?

Ko -U-gd eg.rorqguﬁ» Uesyzfs,

[c} Are inspecyion and test prablems or deficiencies
promptly reported to ths appropriate authority?

(Presirere wosiels)

{d} is there re-<inspection amd re-test of ajl items that
are re-warled, repaired or modified aftar initial and
prqduc‘: testing?

(Pesowe vessels) .

A.12 Sampling procadures

{a} Are recognized standards on sampling being
utilized or are supplierdesigned sampling plans

available for review by tne Purchaser's Representative? | 1A Yflumas e, Fﬂﬂ?‘iﬂa o lers.

{b} Do supilier-developed sampiing plans provide W ) , -

valid coniidence and quality lavels? { ™ b tr

[¢} Does the supplier enforce all of the conditions

required for the application of the samipling plans N L/f} " A

used?

{d) Are proper records maintained of samplir 3 " Wy

procedures and results? M! A e
() Is there a clear identification of characteristics to . N

which sampling is applied? : Nl A " =

A.13 Control of noncanfarming materfet

{a} Daes the suppller have an effactive system for
controlling non-conforming material?

{b) Does the supplier property fo. ntify, segregate and N

dispose of nan-confarming material? ©

(e} Are the procedures for repair and re-work of l [ ﬂ

non-conforming material documented and aceeptabla? NO N ‘3"

{d) |5 relevant serap and re-work data meintained and

available for review? No No cladea m&L}\'fQJhECﬂ
-4 -




{e) Do revair and re-work acthvities comply wir
documeanted procedures?

STATUS

COMMENTS"

WA

{f} Are holding areas adequate for tha segregation
and storzge of non-conforming materie?

{n) Has the supptier nominated parsonnal with
autharity to be responsible for review and sentence

of non-canforming materi-*?

Mo

A.14 Alternative inspection procedures and aquipmant

[a} Is the supplier’s proposal ta use alternative
insnection proceduras and equipment backed by
valid evidencu?

WA

{b} Do supplier praposals provide information on how
the continuing suitability of altarnatives will be
maintained? :

N

A5 Indlcation of inspection stotus

{al Does the supplier employ an effective system for ¢

indlcating tha inspection status of materiel?

Wo

Mo spsdern exinls

{b) is tf: : inspection status of matarie! readily apparent?

Ne

b ]
1

{e} 1 ba.ch or 10t identity maintained throughout the
manufacturing process whare necessary? L

Mes

Heed No. endn preswoare weSgels

A.16 Protection and praservation of produet quality
[a) Does the system provide far the identification,
as negassary, of the materiel fram the time of reca(pt
until the suppliec's responsibility ceasas?

Tes

Fhsbeulplng

{0} Are adequate wore and Inspestion Instructions
preparad and implemanted for the handling, storage snd
delivary of materiel? ‘

Ne

Pc::s&!\fj N ]A

{c} Are handling, storage and delivary proceduras and
mathods monitored as part of the cuality system
raviewy?

No

A18.1 Material handling
{a} Has the suppiier instruetians or procedures,
where necessary, to control handling and transport
aperatlons?

NI A

ib) Ara spacial crates, boxes, containars, trucls or other
transportation vehicles provided for handling matariel?

es

{c} Are handling davices periodically inspected for
cleanliness and suitability for uge?

Ves

{d} Is materiel suitably protected when passing through
or hald in areas that may contaln harmful
contaminants?

Magl o cheel oo gttt
nof muee) et mitd steal.

A.16.2 Storage
{a) Are there procedures and regular schedules for the
inspection of praducts in storage and are thaze
procedures adeguate to prevent deterioration or
damaga?

Excopl gc,. cqu_] "'c(a_a.ﬁ»upx
Poseilsty acloguede '

)

{b] 1s there z procedyra to assure that items that can
corroda or otherwize deterisrate during manufactura
or interirn storage are properly cleaned and preserved?

Cdu\n.m.l}';ld%

le} Ara all reguired critical environmants maintained

during storaye? . F




AR ‘ STATUS COMMENTS

A.18.3 Dalivery
{a) 1s all matsrial to ba stered or shipped properly "”{63

identified and labailad?

{b} Are 2}l shipmonts prapaved and transparted in

conformance to specifled requirements and applicable . \(c N
carrior requlatians? ,

A.17 Training

{a} Are arrangaments for persannei training N
gatisfacte 2 °
{b} Are trairing records maintained?
No.
STATISVICS
i) No. of Questions angwered "Yas" = {9
2) No. of fQuestions answerad "No® = 45
3) No. of Quesilons answerad "N/a® = 23
4) No. of Questions answered " 7 ¥ = § v
L -
CUMMENTS

Tt O




QUALITY AUDIT{

HUPPMANN FABRICATIDNS & BOTTQUIP FABRICATIONS

FOR:
pY: R.C. FunK POSITION: €D.4. MANAGER .,
SI16GNED: DATE: 1/“/%7 _

This audit is performed wusing BS

Appendix A. These questions are {ntended
indicators & reminders of important points to hear In mind

and this dows not serve as

Angwers to questions are Yaes, No, N/A (Not Applieable) or

{Uncertaind.

a complete audit of the system,

5750

Park 5; 1981,

only to serve as

?

A1 Quality systam
{a} Has the supplier documented his system for
inspection?

(b} Do the supplier's plans for inspection provide far

) specified requiremonts to be met?

{c) Are the supplice's arrangements for inspeetion to
be performed outside his premises aceaptable?

{d} Are the supplier’s inspoertion records copable of
providing objective evitlence that the specified

requirements have been met?

A.2 Organization
[a) Hos a representativa responsible for inspection been

appointed?
(b) Has the eepresentative the nacessary authority,
responsibility and ability to parform his functions

effectively?
{c) Are the responsibillities far inspection clear and

STATUS COMMENTS
YesNe | Not fully completed
Yes Vie_desailed Qualthy Plans
Yes QA applied fo Sobrenimaclers §Sie Worke
rt dhe
des. ool predraTesioh PO O
CD Pom.r_har o-!—}urerw)pmanﬁ*
Yes . A . f\'\:maﬁe_;‘ufﬂnlf Hed Englnaar,
Spedene q impluvending .4, «
Yes. Top l‘ﬂana;éenm& 'E‘uppar-} Cb\v;j wd
e hees ha.ue. baen
PR L

compreiensive?
A3 Roview of the quality syztom
{a) Does the supplier’s management carry out perindie

{Yes.

a,e_m.d S MOY‘UH"IS.

reviews?

and do they provide nbjective evidence of the
affectivencss of the inspaction system?

{b} Do these reviews mala use of the findings of "
internal audits? /*55 .
ic) Does tha supplier have a documented procedure

for the audit of the systom? No.
{d) Are the procedures systematically conductad ,?

{e} Is corrective action taken whep the inspection
system s found to be deficient and is such action

Tes

For ercumple | uihan walel pmaatum
were ot beirny contu l4ed

affective?
{f} Are records of audits maintained as pa.t of the
supplier's recards og required by 4.4.2 of

s

BS 5750 : Part 2 : 10797



A.4 Documentation

A1 Inspection and test procedires
{a} Do :s the supplier have approgriate documentad
inspestian pracedures far, as a minimum, thosa

inspection stages where inspection Is performed to
demonstrate confarmance to specified requirements?

STATUS

COMNENTS

"ies/ﬂo.

Simple tnspechons eg. dumaniions)
thachs, coe. ot prowduue docamunled,
Taspechen proodure for Dy
e e~ 'Teanj (% dw.ama.»kd)

{b) Are such inspection progedures clear, current and
complate?

s

a_well a3 Tnwoming Madertel Corrtva)

{¢} Dothey include eriteria for acceptance ar tefectione
and identify the inspection equiprent to bo used?

tes

A.4.2 Recortds
{a} Are there records of pssential inspection and test

of

Ruelidy plans, g Schoolules

actiyities? s, arcl 5el pordy vnspechion repords,
~ {b) Do the records cantain all essential data? ‘7,::5 Prla $ho) l!ﬁ;g:ded Oty aokien ok

{=} In instances of rejection, do records show resulting
acrion?

'fes_/ No .

- o S
Only_tajer 4120 conjormang adkp0 s, el

{d) Are there satisfactory arrangements for stdrage .
and retrieval of recardst :

Mes

M43 T zhnical data and changes
fa) Doey the supplier have procedures that en.ire that
only the ratest applicable technical date are used for
inspection purposes?

YC,S

Nt ctcc.-_u—-an.»:.*ecﬂ hergerred,

{b) ls there an acceptable sv-'om for controlling
channes io tochnical data or instruct. ans arising
therefrom?

Yes

Rainsiesns Fo clmunnd) ete,
yssved « Olck drmuuncj-_f sdvn-d-ed,

A5 Inspection equipment
fa) Does the supplier have a documented measuremant
and ealibration system and docs it meet the require-
ments of BS 5781 ¢ Part 17

No,/‘fcs

Mot docurmanid . Gitical
Bspechien equipmant 13
calibhraded howcwes

{b) Are necessary qauqes, testing and measuring
equipment availabla and used?

MOTE, Far {further typical questions refarencn shouid ba
rado to oppend|x A of IS 5707 ¢ Perg 2 @ 1981,

fes

A.6 Inspaction of purchated materlel or sorvices
AB.1 Purchasing

[a} Daes tho system assure that materi.. and services
supplied by sub.contractars mest contract
reauicemants?

e

miraciers “ond I camming
redendd uhs pe ctlon '

{b) Does the system provide for the selection of
sth-contractors on the basis af their quality capability?

Ves

{c} Doas the supplier review his sub-contractors’
performance at intervals consistent with the eomplexity
and quality of the product?

Ves .

Riccrels o q"——'m w? N autotaldy
%‘_j_:_mz\mkz Qxe lzed:
&b ol wortrasr poundy

veldeled em Halr @, Plans

{d) Do supplier records provide avidence that the
supgHier's controls, and those of his sub-gontractors,
are adequate to assure the quality of purchased
materiel and services?

Ves,

Kot arel feolback

AB.2 Purchasing dota

{a) Do the supptier's purchasing documents clearly
describe requirementsy

“es /e,

MT'Q bk Uague,
el be ompraved |

ib) Are requirements for any necessary tests and
Inspection of raw materials specifiad in purchasing
docyments?

Zes.

Vr Cdﬁf'c!.d*\l)d CU"W‘J
rego-tiadd @uatlly Plans,




' STATUS COMMENTS
A.B,3 Receiving inspection ! T s
{2] Doas the supplier inspect incoming materlel to the L}E.I SOMmL Scfg s ho'!DS W
extent necessary Upan raceipt? . Oremy _herathrer .

{b} Dioes the supplier adjust the extent of receiving
inspection on the basis of objective data?

Nr;/l\[h

Pasupraint oeda ot presend

{c) Doeg the supplier assure that materiel conforms to
the applicable physical, chemical and ather technical
requirements, using faboratlory onalyses as necessary?

Tesh

o.q. Check hocd corhicades.

{d) 15 tested, approved materiol rdentified and carefully
sagregated from that nat tested er approved?

es.

{e} Does the supplier have effective controls for
preventing the use of non-confsiming incoming
materiel?

Yoy

Appeoss Yo i szu'-t‘sgadzmj

{fl Are thare adequate procedures for providing
sub-contractors with apuropriste data regarding
unsatistactory quality? -

Uta e

et _pessors) aFendicm ?’M"W‘

Yiar 2 rep'&f‘ﬂ

{g} Has the supplier adequate controls for assuring
correction of sub-contracted non-conforming material?

23]

Freoloals ake Unsisied upon
3 mbafwcﬂ?bkdw%eﬂw

{h} Does the supplier's system provide for the
immediate recall and replacement of materiel relaased
for production prior to completion of raceiving
inspection and subsequently found to be
non-conforming?

A.6.4 Verification of purchased materie!
{a} Do sub-contraets afford the Purchaser’s
Representative the right to verify confarmance at
souree when required by the contrant?

bree W vnspeck
frndmcdecd_wock odany Stage

Cligsind e resesde i :;&
swb—

{b} Are coples of documents necessary for such
verification made available to the Purchaser’s
Representative in good time?

@‘M;dﬂ.? plaury s‘.U.b—cc»\MC-M
gx¢_apprned by d&wiﬁ_,a'v'mw,

A7 In-procass inspection

{a} |5 inspection perfarmed during manufacture on all
characteristics which cannot be inspected at o later

"

A

Coenled Bulily Plosm achwihds,

stage? "
(b) Are the inspection procedurzs rarrlad out, 7 < —/3 P ' g o ol
test devices used, records keqt, ete., suitable? < JoNVQL 1S 508 M el .
{c} Do the operations performad by the suphiler meet : s pe ucd proca,?.) mq,u,uemazds e
any special process requirements specified in the Yeg" Pf

cantract?

[d} DYoes the supplier periadically monitor these
operations to ensure their continuing compliance
with requirements?

welied v el q'wfvﬁmﬁr

Q\JCU-L}’ Mamqg-u 18

e

A.B Warlkkmanship
{a} Has the supplier estabiishod satisfactory standards
of workmanship?

vz, WO Rinadhip s&undwd:m

{b} Do these provide an ohisetive basis for decisions an
acceptability of materiel?

. (Aifheadt 70 M{q €. ngehnel)
Yishn

{c} Are only qualified personne] used {or work
requiring special skills or training?

wakery ey ‘e winad

A9 Correctiva action
" * Does the system provide for prompt detectian of
inferior quality and for corraction of it< assignable
cauges?

Mrmaraos m.r]n?cj?t:hr PN
3,,.:1:? v communicahan obue o

{b) Is adequate actian talken to correct the causes of
defects in materiel, facillties and funetions, 2., design,
purchasing, testing?

cmffundmmj‘hh‘qopm

ﬁzz:zmuw
Qe.rrw-:(l.{ NILLSS Ay




{¢} Are analyses made to identify trends towards
matarial non-conformance?

STATUS

COMMENTS

| s uaflume = SQC, ned app hea drlo

{d) Is corrective action taken to arrest unfavourable

trends befure non-conformances ccour? l/&.f .

{2} Does corrective actian axtend to sub-contractor

materiel? %65

{#} 15 corrective action taken in resp inse to user data? '7'8.5 Fea:«h’:x}dt }({vm ey u;ed C’&‘J Y18es d@j |
{q) Are data analysis and materiei examination U Lo I
conducted on erap or re-work to determine extent o '% 63'3-"’\&-"\ o Q- A. m:mczyer.

and eauses of deiscts? e,

{h} !s the effectiventss of carractive action reviewed
and subsequently monitored?

ASsrnuod dp be ,{-unch:‘-h'u-f"zy

A10 Purchaser supplied materfal
{a} Does the supplier examine ‘supplied materiel’
upon receipt for damage, quantity, completeness
and type?

Madens) recerpt proeduse .,

{h} Are there precautions and inspections during
storage against damage and deterioration and ta
check on storage (ife [imitations?

Slewoids; Slea] dees ned coroole,

{c} 15 all ‘supplied materiel’ properly idendified and
protected from unauthorized use or impraper
disposal?

Head neondbers oe MW
m&o&.shzdﬁ.

{d) Mave procedures beon pstablished for notification
io the purchaser of any loss, damage, malfunction or
deterioration of ‘supplied materiel'?

But purchaser wende B2
ok feel

A.11 Completed item inspoction and test

{a) Are compieted items given a final inspection and
test to estahbiish overall quality?

Feed msﬁ?d"w o
?J%ILPUM test for _pc.rmxiscd ew@

(b} Does the final testing meet the requirements of
the ralevant specifleation?

{c) Are inspection and test problems or deficiencies
promptly reported to the appropriate authority?

Prerwp @edqua (ocPy

{d} Is there re-inspection and ve-test of all items that
are re-workaod, repaired or modified after initlal and
product testing?

A.12 Sampling procacures
{a} Are recagnired standards on sampling being
utillzed or are supplisr-designed sampling plans
available for review by the Purchaser's Representative?

{b} Do supplier-devetoped sampling plans provide
valid confidence and quality levels?

Volwme foa lowa

A L “w

{c) Does the supplier enforce af! of the conditions
required for the apptication of the sampling plans
usod? !

{d} Are proper records maintained of sampling W !{ A

progedures and rosults?

{e) s there a elear identification of characteristics 1o )
LA

which sampling is applied?

A.13 Control of noncantorming materiel

[a) Daes the supplier have an effective system for
controlling non-conforming materiei?

Couldd b emproved . Smpld viom-epprmanis
Qg _regoled thlormly |

(b} Does the supplier properly identify, searegate and
dispose of non-conforming materlel?

Yes/No.
fes .

{e) Are the procedures for repair and re-work of
nan-conforming materiel documentaed and acceptable?

/4]

{d} Is relevant serap and reswork data maintained and
available for review?

1o,

Approved b;l clert as requumed,
ﬁn{)mr'md jepaLis moor Thet

teterds ae ek Feq




{e} Do repalr and re-work activities comply with
documanted procedures?

STATUS

COMMENTS"

&

hen documenttd prorsclues esict,

{f) Are holding areas adequate for the segregstion
and storage of non-conforming materiel?

‘7

{5) Has the supplisr nominated personne! with
authority to be rasponsible for reviaw and sentence
of non~canforming materiel?

s.

Q‘Jm}j rorcges

A.14 Alternative inspection procedures and equipment
{a) 15 the supplier's proposal to use alternative
inspection procedures and equipment backed by
valid evidence?

ﬂé rC'qA.u:foJ j vnclias”

{b) Do suppliar proposals provide information on how
the continuing suitability of aimrnatwes will be
maintained?

A.15 Indieation of ihspection status

(a} Does tha supplier employ an affective system for
indicating the inspection status of materiel(?

Gualily plev- weliedes orsprcieom

Shus . Lows veeume pans noT.0, prbbirs

{b} Is the inspaction status of materiel readily apparent? { Yerp ., @ Plowg Tl vo 4l
i) Is batch or lo identity maintained throughout the i
manufacturing process where necessary? o y&f s H’o..:l n,umben "I'Y‘q.nj‘émt’d .

A.18 Protection and praservation of praduct quality
{a) Daes the systern provide for the Identification,
as necessary, of the matoriel fram the time of receipt
until the suapliers responsibility ceases?

Lesas vellbamag ﬂ hoat
Mumbes , AUl prernuse UCSJ"’-'B
e Shamped ot nurmbsered.

{b} Are adequate worlk and inspection instructions
prepared and implemented for the handling, storage and
dalivery of matesiel?

Some doumage da equmprund
does_pactiy duning traniport ik

{c) Are handling, starage and delivery procedures and
mathods manitored as part of the quality system
review?

fGJg 4 wq,p(a.mcmﬁ‘ bavseres.

AV16,1 Mareriaf handling
{a) Has the suppller instructiors or procedures,
where necessary, to control handling and transport
operatians?

Assuad Trod  penponad ke
hows to harolle proclucs,

{b} Are special crates, boxes, containers, trucks ot othar
transportation vehicles provided for handling matariel?

les

Crecna s, suppors, paciclisg ek,

{¢) Are handling devices periodically inspeeted for
cleaniiness and suitability for use?

les

By g rermen,

{d} s materle! suitably protected when passing through
or held in areas that may contaln harmful
contaminants?

es .

yor whshallaiom ) vessels et

pickeled and passiaid .

AJ6.2 Storage
{a) Are there procedures and reqular schedules for the
inspection of products in storage and are these
procedures adequate to prevent deterioration or
damage?

¥

{b) ls there a procedure to assure that itams that can
corrode or otharwize doterjorate during manufactura
or interlm storage are proparly sleanod and preserved?

L.:e,ld.m rmm.rm_éiﬂf are
ch‘wLb-; steved, U hoat boyery] requoed,

iy

{c} Are all required eritical environments maintalned
during storage? .

tom

Hot bmeséch’mdc!ujdédrm(ar.




STATUS COMMENTS

A.16.3 Defivery
{a) 1s all materiel to be stored or shipped properly %5 .
identified and labelled?

{b} Are a¥) shipments prepared and transported in
conformance to specifled requirements and applicable . 7 _
| carrier requlations? el ()

AJ17 Training « Ne o prd) : -
{a) Are arrangements for personnel training h o 6 ] g
satisfactory? ocCiers .

{b} Are training records maintained?
Nojuh

STATISTICS

1) No, of Questions answerad "Yesz" = 6q.
2) No. of Questions answered "No" = |2
3) No. of Questionz answered "N/A® = 4%z
4) No. of Questions answered " 7 * = Y2,
COMMENTS
ACTION REQURED
[

~ Do cumarved auclif"pﬂﬁwca.:re Wd \

-—5'/%;@70’-5' @bfdowﬁdﬁ%w

-~ Inspechcn przacadm.r nooc! Vés e jenaised _
_.ﬂ)on»rma/carmwce MCcvc/J/évc,J?a-aj neod Ag,be/wwgcd 66/‘
audtabelidy. )

= Tngarctoes equiprmard /(_Wfaﬁc}') naechs #o e fe/vwwcof
— Improve prurchesing cloceamintathcn 1o 0478 e al
do b met ? s Ob~cnve ety

_Chick woiether WEPECREN G LY g

- 7".3 ’bo‘{ww roCat MW dnd%{y Sﬁa_f)mﬁﬂﬁr‘

ared fTarelewcd. g o

- Chacle chiertsS conechit add

— Lhack :: :—é:é:qae Moﬁ- Léor stea hlogs Shea] Aueiel all emtact
i pilel sdes] O Qoel cerckeumimariies |

~ Twastisate mitheds o Fronspe” ) ytssel-!' e fo Iy

¢ cruse Frevnzpert.

T gerarnd, gty Systers pacch wirproved empredd & /0757
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