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industries. It is a sufficiently homogeneous industry
manufacturing technology, supp llerzpur'chase r r-elat icns hips and

in terms of

manufactuxing

SYNOPSIS

This investigational project is concerned with quality management 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 vessels, etc., for the power generation, chemical and
oil processing industries, food and beverage, metals producing and mining

practices for similar quality assurance (Q.A.) and quality control (O.C.)
practices to be employed.

The scope and aims of the project cover the fol lowing:
a) Studying the requirements of Quality Management system

standards, with particular reference to the new ISO 9000

series of standards.
b) An investigatlon into the pre3snt state of quality

assurance in industry, with emphasis on the process plant
manufacturing sector.

c) Studying the economic aspects of quality assurance, again
with emphasis on the process plant ~anufacturing sector.

dl To obtain experience and 'eedback from the implementation of
a formal quality management system, based on the Quality
System standards, into a manufacturer of process plant
equipment.

In order to achieve these aims, a

Quality Management standards and
general discussion on quality concepts,
Quality Assurance in process 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 refe~ 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
is very different from that applicable in process plant manufacture. In
process plant manufacture, the following are different from high volume

manufacture:

a) The degree of clie
much higher.

involvement at all stages tends to be

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

c) 'f,.,,, uniqueness of each plant.

d) The time taken to "manufacture" the product (from design
through to final commissiDning tends to be very long).

e) The consequences of lack of quality, in terms of economics,
safety and statutory requirements, tend to be much greater.

Some of the speci~l features of the proces3 plant manufacturing industry
mentioned above &ctually determine to a ve~y large extent the practical
application of the Quality Management System standards.

The products are high value and in many cases are unique 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 Q.C. Qethods are
not usually relevant.

The uniqueness of the items means that they are often manufactured to customer
specifications. These detailed instructions may refer to specific quality
control activities to be undertaken by the manufacturer. The quality approach
to be adopted by the supplier is thus often dictated by the custom0:

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 project or system. There are usually safety aspects to the
process plant products as well.

T~e economic consequences of poor quality can be enormous in the process plant
industry, due to consequential costs rather than the direct cost of repair.
This direct cosl may be relatively small, depending on the extent of repair
required and accessibility for repair. In many cases this cost would not be
borne by the pu~chaser if it can be proven that the supplier had not met
contractually &~reed upon quality standards. The consequential costs, which
are primarily du~ to lost revenue because of inoperative plant, are in general
bo~ne by the purchaser of the defective plant and tend to be very high.

The arguemenis presented for justifying Q.A. from an economic point of view
¢

are b Lased, depe ud Iug 011 whether one is thE:manufacturer ox' client. This is
because the balance between risk and expenditure is not the same for each
party. The manufacturer is in a relatively low risk/high expenditure
situation because he has to spend significant sums of money to maintain the
Q.A. system.

Page iii



The client on the other hand is i~ a high risk/low expenditure situation. His
expenditure is relatively low because he merely assesses and generally
monitors the performance of his suppliers. However, should a failure 0ccur
and the production capacity of the plant suffer or a quality problem delay the
project, then the consequential costs suffered by the client can be enormous.

The costs of a Q.A. system are therefore easily justified by the client, by
pointing out that an effective quality system should reduce the risks of plant
failure;, Furthermore, reductions in insurance premiums due to reduced risks
of failure for manufacturer and s~pplier, also provide economic justification
for a quality system.

The manufacturer is faced by a relatively high Q.A. expenditure situation and
must weigh up the cost of increasing his levels of quality control against the
incremental increase in quality assurance obtained and potential reductions in
repair and rectification costs. The client will naturally argue that the
increased costs incurred by the manufacturer are not worth considering if the
sxtrR quality control will reduce the risks of nn expensive failure.

Unnecessary quality related costs and inefficient quality programmes should be
avoided, however, because they must eventually be paid for. The manufacturer
must realise a reasonable profit to stay in business and the cost of quality
programmes must eventually be passed on to the client. It is thus in ~h2

interests of both parties to ensure that an efficient, effective quality
systc~ is operated by the manufacturer which provides the client with an
adequate assurance of product quality,

With regard to methods of manufacture, "Special Processes" are usually of
critical importance in this industry and failure to control special processes
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is often the cause of quality pr~blems. Particularly strong emphasis is thus

placed on the Q.A. of these special processes. In the context of Q.A. thes9

special processes refer mainly to welding, heat treatment and Don-destructive

testinL

~rocess plant equipment tends to be manufactured to detailed technical

specifications WhICh ruay include relevant national or International standards.

(e.g. ASME codes for pressure vessel manufactural. The specifications and

stanG~r.ds can be very sp8cific r0garding acceptable 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

project involving many organisations such as the clie ,consulting engineers,

major contractors, sub-contractors Bnd inspection authorities. These various

urganisations will have contractual relationships with one another (which will

include responsibilities and obligations in reJpect af Q.A.) and they all hBiB

some say in the quality system ot the manufacturer. This is a complicating

factor and tends to take away some control from the manufacturer, which i~

contrary to quality management principles. These principles stale that the

manufacturer is entirely responsible for the quality of the product. Although

not satisfactory, the situation is inevitable because of the wide range of

specialist skil Is requ5red in the process plant industry.

Another contractu?: matter is that any stat~tory requirements must b~~

contractually ~2t as well. This requirement adds a further dimension to the

quality policies of the manufacturer.

Page v



Finally, there is also a tradition in this industry of utilising third party
inspection authorities to provide independent checks on the qU2lity of itemF
manufactured or installed. This manufacture - then - inspect approach tends
La be less cost effective than the modern Q.A. a~~roa~h of controlling design
and manufacture to avoid quality problems.

All these factors were taken into account when developing and implementing the
new quality system at Huppmann Fabrications, a locE 1 manufacturer of procEss
plant equipment, in the case study section of the rep~rt. The company had been
awarded a major contract by their most important customer, and was placed
under great pres3ure to implement a formal Q.A. system. This system was to be
utilised during the design, manufacture and in~tallation of the contract.

tn appropriate system was developed and implemented for the company.
Experiences gained from both the workshop and site envIronments provided
indicators for future directions the quality system at the company should
take. The feedback obtained from the quality system should prove useful to
other proce_1 plant manufacturers faced with the task of implementing a formal
quality management system into their company.
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1. INTRODUCTION

1.1 The rise of Quality Assurance in South Africa.

In recent years there has been a trend worldwide towards more stringent

customer expectations with regard to the qualiti of the produ~ts and

services which they intend to pur chas e t t ! , Many companies have realised

that improvements in quality tend to result in an improved economic

performance of the organisation. Improved quality of products or services

are accompanied by increases in productivity, efficiency and market

penetration.121 The use of Quality as a major strategic weapon for a

co~pany has been highlighted" by the remarkable succes~ of the Japanese

indust~YI which has often been Httribute~ to their emphasis on Quality as a

competitive edge. en

Previously acceptable levels of defects, reliability, poor workmanship

etc" have be.como unacceptable in today's nar ke tj lace , The rise of

consumerism in America cJring the 1960's, led by Ralph Nader ond

action-line columns in newspapers, result~d in a greater public interest in

~uality and safety of products.'·' Laws such as the Consumer Product

Safety Act passed by the U.S.Congress in 1972r were aimed at preventing

hazardous or defective products fro~ reaching consumers.'41 In more

affluent nations such as America or Europe, a more demanding consune r began

to emerge who preferred to do without rather than pay for second best.'41

Disasters which h~ve incurred loss of life ard equipment (such as the

explosion of the chemical plant at Flixborough), as well as the rising cost

of r~placement plant and equipment, hnve resulted in the purchasers of
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engineering products placing greater pressure on suppliers to provide
assurance of product quality anu reliability.

In South Africa, the situation ie similar. Although the "average" consumer
remains relatively unsophisticated and undema~ding when compared with the
more affluent countries, the purchasers of ellgineering products have become
more demanding in terms of quality expectations. According to Jan de Vries
of Sastechj (5) 80% of all equipment received by SASOL during the 1987/1988

period had to be ~eturned to Lhe fabricator or had to be repaired ~~ site.
He cites the reasons for this as being

(a) incomplete or incorrect ~ntcrpretation of requirements;

(b) lack of in-house Quality Control.

Although many manufacturing industries in South Africa are making
significant efforts to implement quality lmprovement
there are still many areas tnat need improvL~ent.

programs,(6) clearly
Since 1950, the

operation of the South African Bureau of Standards (SABS) Certification
Mark Scheme has required the application of "quality control" in thuse
factories operating under this scheme. During the sixties, extensive
attention was given to prom0~ing quality control in South Africa. In 1976,

the Council of the SABS was requested to investigate the need for Quality
Assurance and ensure co-ordination (I,f it.sapplication. (6) This led to the
publishing in 1979 of the SAbS code of practice 0157 for Quality Management
SYstems.

At this point, it is perhaps appropriate to clarify the llse of these
qual ity terms. NQual1ty Assurance" is 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 thig
satisfactory quality. "Quality Control" on the other hand refers to the

physical actions (inspections, process monitoring) which are undertaken to
help obtain this assurance. (7) The term "Quality Management" has also
entered the quality terminology and can be used to describe the management
system used by an organisation LO control and "guarantee" his quality,(9'
i.e. an organisation uses a "quality managemp~t" system to manage, amongst
other things, "qu~Jity control" to provid~ "quality assurance." This is
confusing 3nd in this report, "quality assurance" and "quality management"
u i l! be taken as meaning the same thing i.e. t he management sys t em used t,

provide assurance of quality.

There has been a growing trend in South AfricR, for purcnasers to place
increased pressures on suppliers to introdu~e formal quality systems, in
or-dar to pro' ide thi s qua Iity as st.rance ,(I, , The reasons are c Iear. Poor
quality products Dr services are bad for a supplier's ruputation and thus
business in the future, as well as involvinc nim in repair or replacement
costs. The party most .Inmad late ly af f ect ed by the poor quality however, is
the purchaser. These consequences can COTl' -nt ont ly 'be broken down into
"economic", "safety" and "statutory" or "regulatory" aspects.

Under economic consequ. Ices for the ~urQhaser one could consider tho costs
incurred due to the following situations:

(a) The performance of tho product m~y de dawn graded due to poor
quality on receipt, or else may neod repair.

(b) The product may be d~livered late due to una,.•icipa+e d
r-epa I r wor k ,
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(c) The product may fail in service due to poor ~uality.

The above situations will lead to direct costs of repair as well as

consequential costs res~lting from non-operation (or reduced performance)
of the equipment or system 0; which that def~ctive product forms a part.
Direct costs of repair will usually be passed on to the supplier, if he can
be proven to have not met contractual requirementE. The consequential
costs however, will usually be barne by the customer, and these can be many
times higher than the direct costs of repair.

The second consequence of poor quality, namely "safety", will be con~idered
next. Due to sub-5tandar~ quality, a product can cause safety hazards and
endanger lives. Take for example a service failure in a plant containing
toxic substances. The operators (a~d thus purchaser) tend to bear the
consequences of these foilures. Financially, this may include damages paid
to victims of the failure as well as more stringent (and thus expensive)
su'vse querrt controls ililpos~rlupon the purchaser.

Related to the above ara the statutory requirements and product liability
consequences of poor product quality. In 1965, the American Law Institut~
for example, ~ssued its "Restatement of the Law of Torts" which made
manufacturers liable for product defects even \~ithout p.'oof of

negligence.!4' There is thus often B need to comply with statutory safety
reqUirements in terms of product safety and potential liability claims. A

formal quality system can provide the discipline to ensure that regulations
are complied with as well as providing evidence of this compliance.

Product liability can then be defended via "development risk" type
argumer.ts "reasonable" pr ecaut iens ha.ve been taken.
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Quality Assurance (Q.A.) would provide this evidence and should lessen the
risk of failure anyway. In fact, another advantage of having an effective

Q.A. System in a company (and evidence to prove this) is that it will
minimise product liability insurance
substantial (71

premiums, which can be quite

It is thus understandable that suppliers are being pressurised into
adopting Q.A. systems. There are however, also suppliers who wish to
introduce formal quality management systems into their companies without
customer pressure. They realise the strategic advantages to be gained.
Improved reputation in the marketplace and minimising risks ag~inst product
l iab I lLty claims wou ld be some of these benefits. A mer-e productive company
due to a more efficient conversion of resources into products would be
another benefit.

1.2 Scop_e & Aims of Investigational PI'oject

The aims of this investigational project r,n be summarised as follows:

oj To study the requirements of the Quality Management system
standards, with particular reference to th new Inter~ lanai
Standards Or-gan isa t Icn, ISO 9000 sur-Las of standards.

b) To investigate the present state of Quality Assurance in
industry, with particular emphasis on the process plant
manufacturing sector.

c) To study the economic aspects of Quality Assurance. again with
emphasis on the process plant manufactul'ing sector.

dl To obtain experience and feedback from the implRmentation of D
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formal quality management system, based on the Quality System
standards, 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 process p12:.C
manufacture wil I be followed by a detailed case study at a local
manufacturer nf process plant equipment. Feedback obtained from the
implementation of the quality system in this company would also apply to
other suppliers of process plan~ equipment in this country.
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2. THE QUALITY OF A PRODUCT OR SERVICE

2.1 Introduction

In ~iew of the fact that this project is concerned with Quality Assurance
and Quality Control, it is appropriate at this stage to adequately define
what is meant by the quality of a product or service. Numerous definitions
of quality exist, '.leh tend to view quality from different perspectives.
Garvin(161 h~s developed a comprehensive framework which presents each
observer's perspective.

2.2 Five Perspectives en Quality

2.2.1 The Tra,nscendental ApQ.l'oach

This is the appr-oach of phi l osophv , and refers to an "innate
excellence" which is universally recognisable through experience.
This is a vague and highly subjective approach which is not of much
use in the manufacturing context.

2.2.2 The Ploduct-BBsed Approach

In this app'oach quality differences reflect differences in the
quality of at t r ibut as of products. Performance ot the product is

"

one of the attributes. Performance can be said to be the ability
of the product to perform its technical func tion in a satisfactory
manner and at an economically acc~ptabl(;: cost.

Product durability 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.'~

2.2.5

Product features are secondary attributes when compared to

performance. They can be considered as .the ~bell-s and whistles"

and may be personal to the individual.

The User-Based Approach

In this approach the user relates quality with the extent that some
want or need is satisfied. This tends to be based on parsonel
judgement and is thu~ subjective. As Feigenbaum states'171
"quality is what the cus tone e says it is, not wha t the engineer or
marketing man says it is." Sometimes the customer does not possess
complete information as to the product's attributes and thus relies
on indirect measures as suggested by images, adVertising and brand

names. Tngether with aesthetics, this perceived quality makes up
the usel ~asod approach.

The Manufacturing-based Approach

The manufacturing based approach to quality is of particular
relevance to this project because it considers quality from the
supplier's point v iev , implies to"conformanceof It
specifications" in terms of designed specifications, the assumption

being thpt the design satisfies the requirements of the customer as
well as any applicable national construction standards.

The Value-~ased Approach

Garvin stales that "QUality is increasingly apt to be discussed and
perceived in relation to price." i.e. Provision 01 performance or
conformance to ~oquirements at an acceptable cost. This
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value-based approach is becoming more prevalent according to him
and implies that qu~llty is

"affordahle excellence."

being equated with value, or

In line with this, ChaseCiOI is of the opinion that "in today's
global market, superior value is the profecred 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 by
high quality and competitive price results in superior
custompr-perceived value."

Garvin summarises is article by developing What he calls the "Dimensions
of Gk:J.lity" as f o llows :

aJ Performance
b) Features
c) Reliability
d) Conformance
e) Durability
f) Serviceability
g) Aesthetics
h) Po r-ce i ve d Qua Iity'/ Image

According to Garvin, the manufacturer should always be striving to improve
or add further dimensions of quality to his product or service.

2.3 A Definition of Quality

John Groococktl9) has defined quality as follows:
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"The quality of a product is the deg~ee 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 definition includes a number of per3pectives mentioned above and is a
useful one for the manufacturer because it includes the manufacturing
approach of "conformance" as well as the user and value approaches of

"need" and "price". Quality is thus "what is wanted" as well as "when it
is needed" and has two aspects to it, namely accuracy or conformance, as
well as timeliness. Quality Management then becomes a man~' 'ment system
which is utilised to ensure that the customer is provided with what is
wanted/needed (there is sometimes a subtle difference between the two),
when it is needed.

:.4 Major Factors fnfluencing Quality

The five main factors which effect the quality of products can be
summarfseC as follows:

The design and thus engineering specifications,
quality specifications will afi~ct the final quality
to a breat extent. MorC! specifically; the degree

together with
of the product
to \'lni ch the

design and related specIfications, meet the needB of the customer
whilst being compatible with the capability of operators, equipment
and materials available.
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The compatibility of equlpment with the design, its range of

capabilities and its state of repair.

3. Materia!

The quality of incoming mat~rial, testing performed on material and
methods of storage and packaging.

4. Scheduling

One aspect of "quality" which is particularly relevant in process
plant manufacture, is that of timely delivery of products or timely
commissioning and completion of projects, Scheduling within the
factory as weI I as project planning thus clearly influences quality.

5. Human Performance

The influence of the human factor upon product quality will vary,
depending on the degree of mechanisation or automation )f the
manufacturing process. This performance is a sum of ability and
motivation. Ability in turn is affected by training, experience and
the "potential" of that individual.

Individual motivation is itself,an enormous topic, beyond 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 job performance and the degree to which
employee perform~nce is rewarded.
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Under the topi c of rewards ,one can add that it is the va 1t'l .:.,f the

potential rewards and the effort required to earn those rewards, ~!§..

perceive9......!2Y. the employee, which a.re of paramount importance. \~hen

rewards are given, then the perceived fairness Df reward

allocations also influence the no t Iva t l on of the individual. 1191

The above mentioned factors would need to be carefullyadressed by the

Quality Management system utilised by a company, to ensure that they ar~

not being detrimental to product quality.
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3. QUALITY MANAGEMENT STANDARDS

3.1 Histo~ical Developments

According to Rogerson(7) , the introduction of "quality" as a separate
discipline from derign and production engineering disciplines probably
arose due to advances made in the use of statistical quality control (SQC)

techniques. These techniques, based on inductive statistics and
informative sampling, were developed by the Americans and introduced to
Japan in the 1950's. (0) SQC revolutionised quality control at the time
and was applicable to manufacturers utilizing
continuous production methods.

batch production or

The limitations of the techniques were soon ~pparent to the Japanese and
SQC became merely one of the tools of a new quality control approach. It
was realised that all departments of a company (marketing, design,
purchasing, etc.) and al I the employees of the company had a contribution
to make towards final product quality. This led to the development of
company wide quality control which is the most important feature of
Japan's ToLa l Quality Control (TQG) toda)l.19)

3.2 Total Quality Control in Japan

Page 13

First coined by Feigenbaum in the 1950's, Total Quality Control was seen by
him to mean(9):

"an effective syste~ for integrating the quality development, quality
maintenance and quality improvement efforts of the various groups in an
organisation, so as to enable production and service at the most economic
levels which allow for full customer satisfaction."



Although the approaches of Japanese TQC to include all departments in a
company i~ the quality control system is applicable to all organisations,
the actual techniques utilised ~re generally more applicable to batch and
continual production methods. However, many of tIle principles and concep~s
of TQC are sound quality management principles applicable to any
organisation, and (ncludet4) :

i) Assigning primary responsibility for product quality to the
production department r~ther than the Q.C. department. This puts
responsibility back to those people closest to manufacturing the
products.

ii) Developing a habit of improvement in all aspects of the

operations of a company. A doing away' with the typical American
precondition 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 level of Quality Control which should be applied
to minimise total cost. These are the "mathematics of mediocrity"
as Price (21 puts it and is a doctrine of dafeatism. The Japanese
approach is that quality improvements are generally economically
desirable and lead to reduced costs eventually.

iii) Process control rather than merely insracting products;
process capability studies, process monito' ing a~d feedback
information, leading to a reduction in unwant d variations in the
manufacturing process.
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iv) Easy to see and understand quality standards, quality
performance etc. The Japanese tend to plJsh information on quality
data down levels in an organisation in order to educate the
WDr~.orce and provide information necessary to analyse problems Bnd
propose solutions. The typical Western approach"G' is to feed

information upwards in order to provide middle management with
useful summaries. The assumption is made that these quality problems
are the responsibility only of management, instead of supplying
information to the people most directly involved in manufacturing
the products.

v) Insistence on meeting established quality standards and giving
production workers the authority to stop production I,rocesses in
order to avoid producing defective products "puts teeth in the
priority policy of quality first and output second."lll) Western
quality denartmcnts of ton give in to pressure from manufacturing,
passinG c~mponents, sub-assemblips etc. which do not meet
standards. This serves to undermine ~hD entire Quality

quality
Control

system.

vi). Correcting one's ovn errore rather than utilizing a separate
r3-work c~ew is a TQG concept Jhich serves to complete the loop of
Bnsigning responsibility for quality to production. It provides
effective feedback to tho source of quality problems and al lows for
correctivD actions to be taken.

vii) The TQC principle of performing 100% inspection where possible
of products at various production stages as well as final
inspection, is in crntrast to the traditional ~cstern approach of
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lot-acceptance sampling using statistical methods. Al I statistical

methods of sampling imply that a certain number of defects will be

inevita~!e. The only method of ensuring that no defects have been
produced is by 100% sampling, but :~e fatigue factors, time and
expense of sampling large numbers usually makes 100~ inspection
impractical. The solution is to automate the inspection process and~

this has bee done vary successfully by many Japanese firms and is

now being incorporated in Western companies as well. Toyota Motors
has virtually eliminated the need for Statistical Quality Control<31
by the use of Source Inspection and "Poke-yoke" '8vicBS, as
developed by Shigeo Shingo.

The idea is that defects occur because errors have been made. The
ideal situation would be to catch these errors at the source before
they become defects. The "Zero Quality Control" approach of Shigeo
Shingo, is to utiliso "poke-yoke" or error-proof devices. These
perform 100% inspection and provide immediate feedback and action at

the source of error, thereby preventing defects from being made.
Utilizing this approach, by 1977 Matsushita achievEd their first
zero-monthly defects of 30.000 washing machines. (3) The ideal of
zero defectives had been achieved! The 'Zero QU2lity Control'
system is aimed at high volume production, but the principles can
really be applied in any manufacturing system.

viiI) TQC advocates continual quality improvements thus
rejecting any notions of acceptable quality levels. In making
~uality improvements, the Japanese utilize structured,
projoct-bY"project improvement programmes. Typically, some 50rt of
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committee will review proposed quality improvement projects, of
which the best Brc selected and assigned to project teams to be
worked on.'111 These proposals will tend to originate fro~ the shop
floor. All too often in Western companies, employees feel that poor
quality is "in thC' system" and that expos"re of problems could
result in someone getting into trouble.tl2) Schonbe r ge r "! I J

warns, however, that "~orkers and foremen can only solve about 15

percent of quality control problems, The rest must be handled by

management or the engineering staff. The workforce can deal with
the trivial matters, but major quality matters related to vendor
relations) management policies) process and product ~esign are
outside the control of production staff."

lx) In the Japanese approach the Q.C.Depal'tment becomes a
fanilltator because primary responsibility for quality has been
a:;sigmd to pl'oduction.'41 As facilitator the Q.C.Oepartment
concentrates on the removal of def2ct causes, keeping track of
quality accomplishments, monitoring uf operations to ensure that
standard procedures are followed and liaising with purchasing
department to monitor supplier quality standards. The Q.C.
Department also co-ordinat~ Q.C. training, monitors and analyses
internal and external failures, and ensures that special inspections
are performeri which are required by customers, standards or
legislation. The Q.C. Department may also carry out final sampling
audits that measure the quality levels of outgoing products.

x) Housekeeping is also stressed by TQC'lll because it provides

an environment wnich is conducive to impr0ved work habits, quality
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and care of facilities. Related to this is that of product handling
whereby in~~ming material, work-in-progress and finished goods, are

kept clean and protected.'1o, ResponsibJity for the above re~ts
with workers and foremen once again.

xi) Daily machine checks are performed because faul~y machines are
vftan the causa 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, TQC emphasises operator rather than Q.G. department
responsibility as a means of obtaining the desired process control of
manufactur ing . The philosophy of TQC is based on logic, is directed
towards simplicity and doing things righl. As s~ch, iL is applicable to
any organisation Geekins to attain product quelity excellence. The
approach of TQG to involve all departments of t. cnmpany i[ also reflected
in the Quality Management standards, which shall be reviewed shortly.

A furth~r aspect of TQC which needs to be disc~ssed is that of Q.G.

Circles. Tr-Ls idea was born in Japan in 1962,131 when it was pointed out
that if people on·the shop floor are :really the ones who generate quality,
then those peopla shOUld formally p3rtioipate via QC circle activities.
ThesD QC circles formally mobilise small, voluntary teams in order to
improve quality and productiVity. There appears to be conflicting
information about the SUCCess of these QC circles.

On the one hand, Shigeo Shingol3) claims that the international acclaim for
the quality of Japanese products was due more to QC circle activities than
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sQe methods themselves. Schonberger(')) on the other hand states that QC
circles should only be used to wring the last defects out of a production

system, and that disappointment will occur if they are introduced too early
into a company. Furthermore. Deming(131 states that most of the causes of
poor quality belong to the "s~stem" and are thus beyond the power of the
workforce. Shigeo Shingo alsn warns that success of the QC circles in
Japan is due to the group-orientated charBcter of the Japanese people and
that they may not be successful in the typicallyadversarial Western
atmosphere between workers and management as well as the emphasis on
individualism in the West.

In South Africa there have been attempts at introducing QC circles into
companies and there are approximately 3000 circles operative at present. (6)

The National Association of Productivity and Quality Circles of South
Africa (NAPROQCSA) was established in 1986 to promote the QC circle concept
and provide guidelines for their successful implementation.

The actual success of these Q.C. circles in South Africa remains unclear.
Toyota in Durban has had great success with their QC circle programme and
they suggest that Leamwork comes naturally to the Zulu workers because of
their ~roup-orientated culture. (2D) The success of their QC circle
progr.· me is probably also due to thei~ 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 between
workers and management in many unionised industries, as wLll as the view by
some Unions that QC circles are means of exploiting workers, are factors
which are detrimental to the successful implementation of QC circles in
this country.
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In general it does appear that QC circles can work in the West, but they
require good relationships to exist between management and workers, they
need the development of teamwork attitudes in a company and they tend to be
used in larger, mass-production type environments. Finally, they require an
"enlighteted" management approach.

3.3 ~lity Management ~yst~m Standards.

The development of quality system standards arose when it became necessary
for customers to satisfy themselves that their suppliers were utilising
satisfactory quality policies. 17) There was also a need to develop a

management criteria framework for organi5atio~s wishing to implement
formal quality systems. in order to check and approve the quality systems
utilized by a number of suppliers with varying organisational structures
and hence varying quality systems, the customer needed a standard against
which to ass~ss them. Hence the development of quality system. standards
and their bias towards the client's needs.(7)

The firsl "clients" who recognised the need for these methods of assessing
their suppliers' competence in a quality sense, were military procurement
bodies. This was due to costly delays whiJh had occurred in several
projects, when major quality problems were encountered, as exemplified in
the paper by Admiral Rickover. (14) In it he details tho type and extent
of quality problems incurred by the US Navy in obtaining their Polaris
Missile system. Tho 1960'5 thus saw the inlroduction of a series of
quality standards for military procurement purposes.

In the U.K. this led to the introduction of civilian vorsions of the
military standards, - BS 5179. This British standard was carefully
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defined as a guide to the requirements for a quality system and was
eventually superseded by OS 5750. The rise af nuclear power projects in
Europe and the USA quickly resulted in the l~troduction of similar nuclear
quality standards, ANSI N45 in America and the Briti5 .•BS 5882 in 1980.

The late 1970's saw the grawtl) of formal Q.A. by many purchasers of heavy,
exp~nsive pi tnt, which led to a proliferation of standards issued by these
purchasers. This was confusing and undesirable, and resulted in the
introduction of 8S5750, Parts 1, Z and 3 to cover the requirements of all
purposes (except nuclear systems). The South African SABS 0157 standard
is essentially identical to l:his standard. The Canadian standard eSA Z299
is a comprehensive one which covers general purposes as well as nuclear
requirements at its LOVE!1 1.

In 1987 the International Organisation for Standardisation ([SO), which is
a worldwide federation of national standards bodies, produced the ISO 9000
series on Quality Assurance. Thi~ 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.
It also provides improved guidelines for implementation. Although there
are some differences between the new standard and the previous South
African standard, they are essenti;lly the same. A company wishing to
implement a formal quality system will naturally choose the new standard
because 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 implementation of quality standards (e.g. SABS Recommended
Practice for the application of SABS 0157-1987 within the Pressure
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Equipment Manufacturing Industry). These are based on the criteria of the
general purpose standards, but offer more industry specific guidance than

is possible in the general purpose standards.

The quality management system's aim is to avoid the following situations
which would contribute towards quality problems.

a) not identifying a client's requirements or expectations.
b) lack of design proving
c) inadequate drawings and other work instructions
d) lack of control of purchase items and subcontracted work
e) insufficient time to ~:hi"ve the requir~d quality
f) inadequate maintenance of production machines
g) inadequate training of personnel
h) inadequate data collection and subsequent analysis
i) inadequate ur incorrect use of basic statistics
j) unclear organisational responsibilities
k) not knowing the costs of quality to the company concerned.

These situations would be remedied by an effective quality management
system.

The quality system standards define. various management criteria. for a
system but not technical criteria, nor how these management criteria are to
be met. This is because every organisation is different in terms of
methods of working, personnel and resources. The s tandar ds define na tters
such as which activities need to be controlled, responsibilities, Hhen
written procedures or instrucLions are required, need for calibration of
inspection equipment, need for systematic reporting, analysis of defects
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and non-conformances, and the need for regular, systematic quality

audits. tIl Th~y m~y be regarded as a Total Quality Control approach because

all aspects of a companies activities related to the final product or

service are covered i.e. from contract review through design and

manufacture, ti.l final delivery or installation.

The management control elements which are addressed by the more rigorous

standards (such as ISO 9001 of the ISO 9000 series, or SABS 0157 Part 1)
can be summarised as follows:

1. Documented Qual i ty System.

The supplier's quality system shall be documented and include the

quality management objectives, policies and procedures which

demonstrate compjlance with that particular quality standard.

2. Organisation.

This requirement states that the organisational structur~ shall be

documented and take into ~ccount the inter-disciplinary nature of

quality assurance activities. Those performing the operation are

responsible for its quality but audits of the quality system,

processes and products shall be carried out by personnel with no

direct responsibility for the work being performed. Someone with

sufficient management position and authority must be appointed,

responsibl~ for monitoring the quality activities to ensure that

the qual Ity standard is being adhered to. Often this req'Jirement

is met by appointing a Qua Ii ty Manage r \v i th on 1y thc>se

responsibilities. This is not a requirement of the standard and

would be a costly way of meeting the requirement in a sm911

company.
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3. Contract Review.
Procedures for contract review are to be established and each

contract should be reviewed to ensure that requirements are
adequately defined, requirements differing from the tender are
resolved and that the supplier has the capability to meet
contractual requirements.

4. Design Control.
Procedures to control and verify the design of the product in order
to ensure that specified requirements are met, appropriate
standards are taken into account and that correct design documents
are produced. Checks on the adequacy of the design via formal
design reviews as well as controls on design changes are also

typq of information needed for purchasing documents. ~lhere

required;

5. Documents ?nd Document Control.
Documentation is needed to define requirements, provide work
instructions, record and commun;cate inspection results and other
management or engineering decisions, in order to provide objective
evidence that quality is being controlled. Document control means
that documents are reviewed and approved by authorised personnel
prior to issue. Amended docu"ments shall be r-ev iewad as we)) and
all obsolete documents are to be removed from points of issue
promptly.

6. Purchasing.
The supplier l' c,.> to ensure that purchased products conform to

"
specified requirements. The standard defines in some detail the
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appr opr-Lat.a, the suppl ier shall establ ish procedures for
identifying the product during all stages of productionl thus

providing traceability.

7. Process Control.
Production processes are to be carried out under controlled
conditions. This requires documented work instructions defining
the manner of production where the absence of these would adversely
affect qual itYI use of suitable equipment, compliance Hith
applicable standards and quality plans. Processes and products are
to be monitored during production and installation. Criteria f~

workmanship are to be in a quantitive form (e.g. dimensional
tolerances) Dr qualitive fcrm (workmanship samples). Special
processes, such as welding, require compliance with documented
procedures. Processes are to be qualified and records of qualified
processes, equipment and personnel maintained, as appropriate.

8. Inspection and Testing ...
The standard covers requirements for receiving inspection Bnd
testing (including that of purchaser supplied products), in-process
inspections and final inspection and testing, in order to verify
that conformance to specified requirements have been met.
NOll-conforming products are to be identi fied and segregated.
Follow-up aclion to th~ ,occurence of non-conformances via repair,
re-work or scr app i'ng and the institution of ..vc t ior- to prevent
further occurrences (corr&ctive action) is to be undertaken via
defined procedures. Records are to be maintained which give
evidence that the product has passed inspections, with defined
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acceptance criteria. In the nuclear standards, the inspection is
to be cp~ried out by someone other than those performing the
activity being inspected because of the extreme assurance required
in this industry.

9. Inspection, Measuring and Test Eguipment.
This equipment is to be controlled, calibrated and maintained as
inspectl~n and test results have no validity if the integrity and
reliability of the inspectign equipment is unknown.

10. Inspection and Test Status.
The inspection and test status of products shall be ideni:ified by
using a variety of methods. Records shal I identify the inspection

authority responsible for release of comforming product.

ac t Iv i t Ies , The aim of this is to prevent damage during

11. Handling, Storage, Packaging and Deliv~.
The standard requires that there be documented procedures for these

transportation but more importantly, to ensure that critical
ma~erial is stored and used correctly to prevent deterioration.

12. Quality Records.

These shall be maintained 'to demonstrate achievement of the

required quality and effective operation of the quality system.
The period for ~hich records are to be retained needs to be
established between client and supplier or may be determined by
law.
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subequent training of personnel effecting quality is to be
Procedures for identifying training needs are to be maintained and

provided. Personnel performing tasks shall be qualified on the
basis of appropriate education, training and exp~rience, as

required.

14. Quality Audits.
Regular, documented internal audits of the quality system ar~ to
be carried out according to defined procedures and by "qualified"
auditors who have no direct responsibility for the area or function
being audited. Appropriate follow-up action is to be taken and
, cumented.

3.5 Construction Standards versus Quality Management Standards
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National construction standards are commonly referred to and this is
especially 50 in the process plant manufacturing industry. It is important
to undprstand their relationships to Quality Management standards and
their inherent limitations.

In respect of "quality", these construction standards will tend to cover
the fo 1 wing:

1) Design - methods, allowable stresses. safety features, etc.
o

2) Materials - type of material allowed and ~ermissible
operating conditions (temperature and environment).

3) Quality criteria - dimensional tolerances, defect acceptance
levels (ospecially of welded joints).

4) Inspection methods - types of i.'spections required, when they



should be applied and extent of inspection.

A typical example of a construction code is the ASME Boiler and Pressure
Vessel code. This code includes quality management system features within
the standard and Haccredited users" (ASME stamp holders) have the
authority to claim their products are manufactured to staDdard. These
Haccredited users" have thei~ systems assessed and audited, just as the
quality management standards require auditing.

The .~ME code is thus a very comprehensive standard and a little
appreciated fact is that unless the company has the required quality
system elements in placD, the construction is not to standard. To use p2rt
of the ASME code in isolat~on is a dangerous situation ego to analyse
radiograph results to AS ME without the design calculations having met PSME
requiremen

The National Standards are produced by a hody of experts expressing
consensus views bused on collective experience. 171 They tend to be
general documents covering a wide range of circumstances. They cannot take
into accou~t very new technology (materials, manufacturing methods,
dosigns etc. I because there can be no general conse •.sus on new technciogy.
The general nature of the standards means that they ~o not cove~ the
specialised nature of cerlain itQms.

It is thus not uiwaYE possible to define engineering or quality
requirements of a product in terms of national standards. The client or
supplier must then develop thei~ own specifications in addition to, or
partly modifyinc, the national standards.
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thar? are also sound engineering reasons for stating that most national
standards are too stringent. This is especially so in the ~rea of special

processes. For example, the quality of welded joints is defined in termi
of the defects which the currently used NOT techniques csn detect. Intense
studies of the correlation batwesn weld quality (as normally defined by
the standards) and the actual performance of welded fabrications have
indicated that these definitions of acceptable quality nre illogical when
considered in terms of structural performanceC221• The standards are too
conservative, implying unnocessary repairs which of COUIse add to the :05t

at welded fabrication.

There is ample evidence, going as far back as Salter and Gethin's study in
1972(231, to indicate that minor workmanShip defects such BS porosity and
solid inclusions are not the chusa of struu~ ·~I failures (ie. failures
due to overload, fatigue or fracture). Those minor defects form the
majority of defects found by the various forms of NDT. (22)

Methods for evaluating the importance of defects in a quantitative way
have developed, so that encineering standards can te defined in a more
logioal way. These methods rely on a fracture m0chanics analysis to
predict a defect's propensity to initiate fdilure.

It is beyond the scope of this investigational project to delve into
fracture mechanics theory. Construction standards ~uch as ASHE Xln based
on a fracture mechanics approach, have boen developed, Unfortunately, due
to large discrepancies in fracture toughness ~e5ting of materials and
problems with accurately determining the size of dvfects with present NDT
techniques, tllDee new standards have remained ultra-conservative. The
presence of residual stresses (dUD to welding fDr example), fUrther
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complicates the matter b8cause it becomes very difficult to know what the
applied stress at a defect is.

It seems then, that for the immediate future we must be content with the
present consarvative construction codes. The Quality Management ~ystem
adopted by a company must therefore be able to incorporate the specific
quality requirements of any construction codes or "in-house" standards
utilised by the manufacturer.
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4 ~UALITY ASSURANCE IN PROCESS PLANT MANUFACTURE

4.1 Introductio~

Process plant manufacture can be defined as the design, manufacture and
installation of pressure vessels, pipework, heat exchangers, pumps, storage
tanks and structural steelwork, for the power generation, chemical and oil
processing industries, fond and beverage, metals producing and mIning
industry.(" It is a suffici~ntly homogeneous industry in terms of
manufacturing technology, supplier/purchaser relationship and manufacturing

of these practices may vary
Q.C. practices to be employed. Tne degree

considerably, however, (consider the
practices for similar Q.A. and

differences in levels of Q.A. that would be applicable to the constr'lction
of a nuclear power plant when compared to a dairy).

according to essential ty stnndard specifications, which ~r~ usually
Most texts tend to refer to Q.C. ~nd Q.A. of hiCh volume manufn~tJI·gd items

generated by the manufacturer himself via the design department. The Q.A.
approach here is very different from that applicable in procegs plant
manufacture. In ~rocess plant manufacture, the following are different
from high volume manufacture:

a) The degree of client involvement at a) I stages tends to be
much higher.

b) The complexity of the product tends to be mu~h creater.

c) The uniqueness of each plant.

dl The time taken to "manufacture" tho produot {from design
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through to final commissioning tends to be very long),

e) The consequences of lack of quality, in terms of economics,
safety and statutory requirements, tend to be much greater.

This l~tter point was touched upon previously, and wi! I now be considered
in terms of the process plant industry.

The economic c0nsequences of poor 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 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 met contractually agreed upon quality standards. The consequential
costs, which are primarily due to lost revenue (i.e. if a browery is out of
production for one 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.

4.2 Consequences of Poor Qllality

An idea of the magnitude which these consequential costs ~an reach, was
given by Peddiet20) in 1976 and deri00d from experience in obtaining and
commissioning power stations in the early 1970's. At this point in tim&,
there was great activity in the U.K. in power station construction, but it
was before the imposition of formal Q.A. proorammes on suppliers. He gives
the following costs due to delays in commissioning:
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PROJECTED :ONSTRUCTION COST 350 MILLION POUNDS

IF A 1 YEAR DELAY ON ONE 50 MILLION POUND CONTRACT OCCURS,

THEN: EXfRA INTEREST CHAkGES - 40 to 45 MILLION POUNDS

ESCALATION TO OTHER CONTRACTS - 10 to 30 MILLION POUNDS

EXTRA SITE COSTS: 9 MILLION POUNDS

USE OF LESS EFFICIENT PLANT FOR 1 MORE 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 consequ~ntial costs can be. With
potential quality related costs of this magnitude, there is a very sound
economic argument for purchasers of process plant equipment ·to impose
formal quality management disciplines upon their suppliers. They wish to
ensure that as far as is reasonably possible, required quality is achieved

and n~cessary measures have bee~ taken to prevent failures from occurring.

The safety related consequences of poor quality can be considered in terms
of safety hazards caused by service failures due to inferior quality.
Service failures in prassurised plant, plants containing toxic or flammable
products and structural systems, are always potentially hazardous in the
sen~q of endangering lives or the environment. It is usually the operators
and thus p~rcha5er of the engineering products who bear the consequences of
failure as well as subsequently imposed more stringent (and thus expensive)
contrcls. Again it is in the interests of the purchase~ to ensure as far as
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possible that these failures ~annot occur and that they can be seen to have

taken all "reasonabl~" 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 of

process plants, it is in the interests of both supplier and purchaser to

ensure that statutory requirements are met, reasonable precautions have

been taken and documented evidence of this is available. A fermal Q.A.

system would provide thi~. Suppliers also find it necessary to provide

adequate Quality Assurance, in order to protect themselves in terms of

their reputation and their image in the market place.

costs because resources Brc required by the quality system. This section

It becomes a major problem in the application of formal Q.A. and a.C.
procedures in the process plant industry, to balance the intr?rests of

supplier and purchaser, with their differing objectives and ,exposure to

risks. Formal Q.A. system standards, such as ISO 9000, have evolved as the

~ost efficient and "visible" method of providing the assurance of quality

to the purchaser. As their vaJue (at least to the purchaser) becomes mOle

evident nnd consequences of quality failure become ever greater (due to

more expensive, more complex plants and stricter legal ~ontrols), so the

application of formal quality management systems wil I co~tinue to increase

in this sector of the engineering industry.'7)

4.3 The Eco.!)omics of Q .. \.

4.3.1 Introduction

The imposition of a formal quality system into a Company wi] I involve extra
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of the report will concentrate on these economic aspects of Q.A., how costs
can be kept to a minimum and a further discussion on the economic

justification of Q.A. systems. Emphasis will be placed on these economic
aspects when viewed in the light 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 Party
inspection in this industry, determines to a great extent the economics of
Q.A. in process plant manufacture.

4.3.2 The General Approach to Quality Costs

The general approach to defining quality related costs, as given by British
Standard 8S6143 and most Q.A. literature,(25) is to distinguIsh between
different cost categories, as illustrated in Fig 4.1. The principal areas
are the costs of control and the costs of failure of control;1151 The
costs of .control can again be differentiated into prevention costs, i.e.
the costs of any action taken to investigate, prevent or reduce defects and
failures, and appraisal cost i.e. the cost of assesslng the quality
achieved.
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QUALITY C05TS

SEGMENTS

'"___ .... 1 PReVENTION COSTS

~ 1 APPRAISAL. COSTS1- -'

COSTS OF' CONTnOl

__ If" I INTEflNAl FAILURe COSTS

--"'1 r:XTcnNJ\L rAllunr: COSTSl..- -'

COST!) or: FAILURe
OFCONTflOL.

F'IGURE 4.1

Costs of failure of control can be split into internal failure costs and
external failure costs. Internal failure costs are ·those which arise within
the company due to unsatisfactory qual~ty performance, betore product
ownership is transferred to the customer. This includes the costs of
scrap, spoilage and reworked material. External failure costs are those
whLch arise once own,ership 'of tho product has been transferred to the
cllstomer, which include warranty and repair costs,' ete. Research shows that
the costs of poor quality to a manufacturing company can be dramatic.
Typically, the cost of inforior quality can be between 15 and 20 percent
of 52.105.(27) In addition, up to 25 percent of assets, 25 percent of
people, 40 per cent of space and 50 per cent of inventory can be
attributed to handling or coping with defective products.(27)

General ly, most of these costs have remained hidden from management because
of the "iceberg" syndrome, illustrated in Figure 4.2. The clearly vIsible
costs of poor quality such as serap, rework and warranty costr, have not
been of sufficient maenitude to attract much management attention.
Hovevor , if traditional cost accauntine methods were changed to account
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for all other hidden quality costs, the magnitude of these costs would

certainlr give cause for alarm.

Fig 4.2. THE ICEBERG OF POOR QUALITY.

Many companies have realised this potential for reducing costs and thus

increasing profitability, or else reducing prices to become more

competitive. Reductions of quality costs of up to 90% have been achieved by

companies that have made quality control and perhaps more importantly,

quality improvement, a competitive strategy for success.C~6)

4.3.3 Industry Influence upon Q.A. Economics

The general approach to quality costs, i.e. costs of control and costs of

poor quality, are of mOEt value in the manufacture of mass pruduction or

batch production Items where quality costs can be averaged out over a large

number of units. In process plant manufacture, however, another

classification of quality related costs is more appropriate.c71
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If one regards quality costs as consisting of "money spent" and "money
lost", then "money spent" can further be divided into system costs aJd
projeut related costs. "Mol.ey lost" consists of repair and rectification
costs as well as the consequential costs of delay and loss of revenue from
the plant nol operating. "Money spent" is comparable to the prevention and
appraisal costs mentioned earlier, and "monEY lost" to the failure costs.

In this industry the products arc usually unique, high value items and this
'project' approach means it ~s sensible to dlfferantiatB between system
costs (those costs which can bo considered as part of the basic cost of
being in busi~ess) and proj~2t costs wtich can be ~harced directly to a
project. These costs are illustrated in T~ble 4.1.

(a) System Costs
QA department costs (staff, production of quality manuals, internal
audits, dcparuncnlul overheads).
QC department costs (stafl, departmental overheads).
Training.
Development (new designs, munufucturing processes, assessment of
new materials).
Maintenance and calibration of inspection equipment,

(b) 'Project Rotated Costs
Auditing and surveillance by cllcnts for specific projects.
Auditing and surveillance of suppliers for specific projects.
Inspection and test of bought-in items. '.
Development and qualification of.munufacturing procedures for specific
projects
Development lind qualification of inspection procedures for specific
projects.
Qualification or operators for specific projects.

Validation inspection (including documentation requirements).
Repair and rework.
Qualification of repair and rework procedures for spcclfic projects,
Inspection and nocumcntation of repaired and reworked components.
Delay costs incurred by the manufacturer (penalty clauses, loss of
revenue).

TADLf:4.1 Cost Cc:rtecjories
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System costs are almost independent o~ the output of the company but are

affected by the nature of fabdcation being undertaken. (7) The range of

materials utilised by the co~pany, the degree of sub-contracting and

whether or not pressure vessels are constructed, greatly influence the

The project related cost~ are also very ch dependent on rlierts'

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

of outside inspection authorities. Although thev are "variable" costs

speciflcBt!01S, as weI I as contractual and stat~tory re~uirements in terms

because they are directly related to the product, they are to a significant

degree outside the control of the manufacturer.

There is however, another important reason why this apr-toach is

For this reason, the traditional approach of trying to minimise quality

related costs by balancing prevention and appralsal costs against failure

costs, as illustrated in Figure 4.3, does not apply in this industry.

unacceptable. The philosophy of 856143 illustrated in Figure 4.3 implies

that there Is an acceptable level of defects beyond which it is uneconomic

to reduce defect levels. The r ·'C. lion and appraisal costs r-e qu Li-e d would

exceed the sJbsequ~nt reductions in failure CG. M~'

In the process plant manufacturing industry this philosophy is unacceptable
'.

because B contractual relationship exists between supplier and client. The

supplier has been contracted to supply "defect free" equipment whIch meets

the specifications of the client and only such equipment is acceptable to

the client. Furthermore, the consequences of inferior quality mentioned in

Section 4.2, also mean that the B56143 approach is unacceptable in this

industry.
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FIGURE 4.3 Quali,ty Costs ver.sus Quality Levels.

Japanese. They
This approach of acceptab.~ quality levels has been rejected by the

do not seek economic justifications for qua~ity
improvements. Instead, 'they regard a ll qual i Ly improvements as eventually
being beneficia], due to a more efficierit production system and improved

It is true, however, that they tend toimage in this market place. (9.

place emphasis on "prevention" rathe~ than "appraisal" because prevention
of defects at their source is .lways more cost efficient than merely

inspection to IH)ed out lefcctives.

This Japanese approach of rejecting the notion of "Acceptable Quality
Levele" has been increasingly adopted in a variety of Wester,l industries,
as part of the implementation of JIT.'TQC manufacturing philosophies.cll, 171



4.3.4 Reduc_ing Qmd ity Costs: The Manufacturer' s Vie~1

In order to ~ttempt to reduce quality rolated costs in this industry, it is
important to establish which quality activities account for the major
portion of expenses incurred, from the manufa~turer's point of view.

A detailed study of twelve process plant fabricators has revealed that
these major qUAlity activities·are always tho 52me and consiGt of:'9'

1) Quality Ol1Blneering
2) Validation inspection
3) 0ualification of spgcial process procedures.
4) RCldir and re~tification.

The: first ac t Iv i ty , Q,uaIity Eng Lne e r Lng , is taken to be all
prB-manufa~turing engineering and contractual matters where "quality" o.

"quality personnel" are involvod. This would [nelude producing quality
plans, negotiating specifications, production procgss capability studies,
etc.

A trend established in the study was that an inverse relationship exists
between Quality EnginEorin~ and tho total costs of quality i.a. when more
effort is spent on planning and solving potential quality problems, the

Another major quality CJst activity is validation inspection. Fo rma l

total quality related costs tend, to be less. Aeair., the wisdom of

"prevention is better than cure" applies.

This is especially so in the prp;sure v3ssel industry. Even the I
inspoctions by client or third party Inspection Authorities are an integral
part of this industry, if only for regulatory an~ st~tutory requirements.

introduction of formal QU311ty MnnaRement systems has don8 little to reduce



the validation inspection activity. There is thus little that can be done
about reducing these costs, with the exception that proper sC~lduling of

inspection activities can do much to avoid unnecessary deiays in
production. The cost to the manufac~urer of delays will be considered
shortly.

operator qualifications. These specia I pvoc esres are of cr tc lca l
The third major quality activity is that of special procc£5 procedure and

importance in this industry, which aCC0unts for the emphasis placed on

Brc time-consuming and thus expensive. In order to avoid excessive
procedure and operator qualification. Unfortunately, these qualifioations

qualification requirements, it would be in the interest tf t~e mnnufacturer
to keep the numbpr of procedures to a minimum. This could be achieved in

value of it ems mnans thnt repair work l',~., usual I~ expensive. This is

I~eldlnr, f cr oxanp le , by s tauda rd lsLng on plate thicknesses and design of
welded joints, reducing the number of different filler materials used and
avoiding a high staff turnover. Also, the manufacturer should negotiate any
"special» requirements for a specific project with the client, pointing out
tho additional co~ts that would~be involved.

The final major quality activity reported by the study of process plant
manufacturers is that of repair and rectIfication costs. The costs are
high, not because of the low quality ~tandards in this industry, but rather
becuune of the nature of the product. Poor accessibility and the high

especially so beet.use most repair 110rk s eems to involve we lding , (71 This
if> because it is a lmo st impossible to produce entirely duf oc t free we lds ,
and the acceptance criteria for defect levels tend to be arbitrary and
highly conservative.



The decision may depend on the inspector's interpretation of a particular

spccification. Subscqucht repair work is highly disruptive to production
as lliustratcd inplans and poor access often leads 1',0 rc-.repnir(32) I

AfterFigure 4.4 which shows the Qutcome of inspecting over GOO wolds.

only tho 6th inspection did all the welds manuge to pass inspection., The
costs incurred in such situat20ns arc naturally substantial.
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In order to reduco those costs, tho ~anufacturcr should aim at preventative
methods such as proper Quality Enaine~ring, making usc at skilled,
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':';":g.1, ~II; Rejection rate. of repair welds

competent a' .isuns and good planning. For example when constructing pipe
linos, ~ith proper plnnnine the difficult welds can usually be performed on

othe floor or workbench an~ the final butts perform'd in situ can be chosan
to allow good accessibility.



There is also evidencel2b) :hat the introduction of new manufacturing
technology (especially weldin~ technology) tends to reduce quality costs.
In particular, repair and rectification costs and associated delay costs
are reduced because of marl consistent manufacturing process quality.
Dramatic quality cost reductions in the nuclear power industry have been
achieved by using new manufacturing technology. 126)

A survey of process plant manufacturers(9) has shown that the costs of

"high" for this industry, as indicated in Table 4.2. The aim of the
these four major quality ~ctivities can be classified as "low", "medium" or

delays resulting from quality activities and quality problems. These

manufacturer should be to have his quality costs in the "low" regions, with
the reasonable assJmption that he is still able to produce safe products
w it h an acceptable level of quality. According to this survey,
manuf i.ctur ers operating in ':he "high" regions should be able to reduce
their quality related costs hy up to 50% .

TADLE 4:1,.
Costs as a percentage of value added to item

Valklation
inspection

Spccla!
process
approoals

Repair (lilt!
rectification

Low
Medium
I-ligh

0-6%
6-14%
>14%

0-1%
1--2·5%
>2·5%

0--2%
2-6%
>6%

0-12%
12-30%
>30%

4.3.5 Costs d~~to Dela~s

A re!ated cost to direct quality costs is the cost to the manufacturer of

delays are causod for example by repair and rectification, waiting for
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inspection, waiting for decisions on inspections or interpretations of
specifications, etc.

The costs due to delays have the following components:'7'
1) Imposition of penalty c laus es,
2) Loss of [nte1'0st on delayed completion payments
3) Costs and potential lost revenue of resources

tied up in the delayed aspect of a project.

manufacturer should aim to reduco delays by reducing repair and

Calculation of actual delay costs must thus include information about
interest rates, size of penalty payments, schedule of pa>ments and capacity
utilisation. Costs can be as high as 30% of contract value for, say, a 20%
extension to delivery time.'?' Delay costs can thus be significant and

quality related costs. Theshould always be included when calculating

rectifications, scheduling inspections carefully and pushing for rapid
outcomes of inspections or interpretations of specifications.

4.3.6 Economic .TuJ1lificnt.ion of Q..Jl:..

The arguements presented for justifying Q.A. from an economic point of view
are biased, depending on vhe t hcr one is the manuf vc t urer or cl ient. This
is because tho balance between risk and expenditure is not the same for
na ch party. 111 Tho manufacturer is in a rolatively low risk/high
expenditure situation bOGDUSe he has to spand significant sums of money to
maintain the Q.A. system.

The client on the other hand is in a high risk/low expenditure situation
because he bears the ri5k of the consequences of failure. His expenditure
is relatively low because he merely assesses and generally monitors the
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perform~nce 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 consequential costs suffered by the client can be

enormDUS. One day of downtime in a large brewery producing say, 1200 HI

overy brew and assuming a R1 income per bottle would result in near

R4 million of lost income.

The costs of a Q.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 Chapter 1, reductions in

ipsurance premiums due to reduced risks of failure for manufacturer and

supplier,'71 also provide economic justification for a quality system.

against the incrementa I increase i11 quality assurance

quality control

obtained and

The manufacturer is faced by a relatively high 'g.A. expenditure situation

and must weigh up the cost of increasing his levels of

potential reductions in co s t s due to repair and rectification. The client

will naturally argue that the increased costs incurred by the manufacturer

Dre not worth considering if the extra quality control will roduce the

risks of an expensive failure.

Unne cos sar y quality r e la t ed costs a~d inefficient quality

be avoided, however, because thoy must eventually be

programmes must
paid for. The

manufacturer must realise a reasonable profit to stay in business and the

cost of quality programmes must Dventually be paSsed on to the client. It

is thus in the interests of both parties to ensure that an efficient,

effective quality system is orer~ted by the manufacturer which provides the

client with an adequate assurance of product quality. In this way both

par t ies bene f it.
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The client should thus avoid setting an excessively high level of Q.A.,
unless there are specific, sound reasons for doing this. More use should

be made of standard items and modular design approaches in this industry.
Rogerson<91 reports that process plant manufacturers with "standard"
product lines have the lowest overall quality related costs because the
manufacturing and quality activities become more efficient and proven
designs mean thnt the risk to clients of failure Bre also reduced.

'L4 Trade-off's involved in Q.A ..

If Quality Assurance is regar~ed as a management system designed
maximum confidence that a given, accep~ ~ level of quality is

to give
being

achieved, with a minimum of total expenditure,
need to be considered.

then a number of aspects

Firstly, the management system~Dr "rules" encompass all of the company's

Thirdly, tho cast cor-aiderat Lons imply a number of t rade -of f s,
as f o I l ows , (71

These are

activities. Secondly, it assumes that thr

product have been adequately defined so t

"ineering requirements of the
.,1.. A. can provide the assurance

that these haije been met. Whnt is "ac0cptable quality" is an engineering
decision that must be made 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.
system than, say a nuclear reactor oomponent.

1. The high cost of a lory rigorous system and accompanying
low r'sk of failure vorsus the lower cost of a less



rig~rous system and thus higher risk of failure.

2. The cost of u8veloping and introducing more advanced
manufacturing processes requiring less rigorous Q.A.
versus utilizing the existing, less exact manufacturing
processes \1lth a subsequently more rigorous and thus
costly'Q.A. sy~tcm.

3. Use of a conservative design with lots of redundancy and
thus a low risk of failure, which implies less rigorous
Q.A., versus a more advanced, more efficient and thus
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economic dosigri with little margin for error and thus
requiring a more comprehensive and expensive quality system.

4.5 Special features of the Industry and their ~Ffect on Q.A.

Some of the special features of th8 process plant manufacturing industry
actually determine to a very large extent the practical application of the
quality 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
c) Consequences of failure extremely high.

In ordpr to identify the type of quality system applicable to this
industry, it is ulsa appropriate to consider the type of product, methods
of manufacturing and contractual patterns of purchase and suppl,.



4.5.1

4.5.2

Type of Product.

The products are high value and in many cases are unique in the
sense that each plant is different. They are thus "one-uff"

items tailor-made for that pa~ticular client or project and
thereforo mass production Q.C. methods are not usually relevant.

The uniqueness of the items means that they are often manufactured
to customer specifications. These detailed instructions may refer
to specific quality control activities to be undertaken by the
manufacturer. The quality approach to be adopted by the supplier is
thus often dictated'by the cts t ome r,

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 Bctual failure) may affect the entire project or system.
There ar ~sual ly safety aspects to the process plant products as
well, which hnvu been mentioned previously.

Methods of Manufactur0~

"Special Processes" are usually of critical importance in this
industry and failure in special process control are often the
cause of quality problems"). Particularly strong emphasis is thus
placed on the control 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 specifications which may include relevant national or
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4.5.3

international standards. (e.g. ASHE codes for pressure vessel
manufacturel. The specifications and standards can be very

specific r8garding acceptable inspectionquality standards,
requirements and documents to be generated.

Contractual Matters.

Manufactured items in this industry tend to be part of a larger
project involving many organisations such as the ...:ient,
consulting enginuurs, major contractors, sub-contractors and
inspection authorities. These various organisations will have
contractual relationships with on8 another which will include
responsibilities and obligations in respect of Q.A. Thes~ various
organisations thus al I have some say in the quality system of the
manufacturer, which is a complioating factor and tends to take
away sarno control from the manufacturer. This is contrary to
quality management principles which state ~hat the manufacturer is
entirely responsible for the quality of the product. Although not
~atisfactory, the situati6n is inevitable because of the wide
range of specialist skil Is required in the process plant industry.

Another contractual matter ~s that any statutory requirements ~ust
be contractually met as well. This requirement adds a fUrther
dimension to the quality policies of the manufacturer.

Finally, there is also a tradition in this industry of utilising
third party inspection authorities to provide independent checks
on the quality of itams manufactured or installed. This
manufacture - then - inspect 8pproach tends to be less cost
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effeclive than the modern Q.A. approach of controlling design and

manufacture to avoid quality problems. Third party inspections

are bound to continuo, however, especially in the manufacture of

pressurised p lan c , (71
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5. CASE STUDY - HUPPMANN FABRICATIONS

5.1 Introduction

This section of the investigational project I'UI take the form of a case
study in which a formal Quality Management program will be developed for
Huppmann Fabrications (Pty) Ltd., a small company (less than 30 employees),
situated in vlilbart, Germiston. It is the manufacturing arm of
Hl'ch. Huppmann S. A., which is in turn a sister ccmpary of
Hl'ch. Huppmann GmbH of Kit~incen, West Germany. This company specialises
in the supply of brewhouse equipment and refrigeration plants to the
brewing industry worldwide. Huppmann Fabrications concentrates on
manufacturing brewhouse equipment for Souther· Africa. Present turnover for
Huppmann Fabrications is around the 3 million 1\. "~ l av...l.

Due to the hygiene requirements of the food and beverage industry, Huppmann
concentrates on the use of various grades of stainless steel in the
manufacture of their products. The company can supply entire breweries on
a turn-key basis or individual tanks and related .process equipment, as
requl' d by the customer.

The strategy of the company is to sP9ciaiise in brewhouses, which requires
a high degree of specialist knowledge, rather than trying to compete in a

p

more general tank-construction type market. The advantage of thi~ is that
the company is "focused" and can build up expertise in its field,' .ch
means B higher premium on products and less compeLition. In fact in South
Africa, Huppmann is in a unique position in that it is th~ only local
company in a position to manufacture a brewhouse in-nouse. Their major
competitor, Steinecker of Freising. West Germany, only hcs an agency in
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tends to be small, In Su~thern Africa, Huppmann has only two clients,

this Col'~'"'. and must sub-contract their work to local rr.anufacturers j f

loca: content is required.

The disadvantage of this extreme specialisation is that the customer base

namely South ~lest Brewer; .s Ltd. (SWB) and South African Breweries LV.

(SAB) • Of thes8, SAn is by far the larger and thus more important

customer. Huppmann has received numerous enquiries from prtential clients
I

J
I

interested in miclo-breweries, as per the growing trend in Europe and

North AmericB, but a~ yet no orders have beEn placed for these small

r-e ly ing on a sole supplier of IT -whous e equ Lpme n t , They have financial as

plants.

In I ight of the above, it has been very irapcr tarrt for Huppmann to remain

sensitive to the needs of thei" major custome~, and to adapt to these

continually changing needs.

It has also become clear over the years that SAH has DO intention of

well as strategic reasons for this. SAD is n~turally concerned that a sole

supplier wcu ld not.have to be co.vpe t i t Ive with pricing or could lower the

standard of design and workmanshi~, without the customer being in a strnng

bargaining position. FUrtiermore, ~AB is also concerned about rlncing a~ ,
1

excessive workload on anyone company. By enSUring that competition remains

terms of price, quality, Lnnov at.Lon and service.

in the marketplace, SAD havq forced suppliers to "remain on their toes" in

5.2 The Ri 5e of Qua) i t.y Assuran.9_~_jJLBbB

It is not entirely clear how the need for formal Q.A. ~.n tit... SJpplyof
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eqUipment to SAD a~' 5~, but it was probably linked to the following:



(a) The completinn of Koeb rg Nuclear P~wer Station, where
Q.A. reached its zenith in South Africa, with inevitable
rub-offs on other process plant industries.

(b) The current t rer.d wo r ldv ido towards formal Q.A. and the
development of international Quality Management system
standard".

!c) The consistently poor quality of Roods supplied to the
prOCDSs plant industry (bearing in mind that 80% of goods
supplied to SASOL during 1987/86 wore unsatisfactory, as
mentioned previously).

(d) The high cost of replacement plant, which has boen made
worse by tho weakening of the Rand against major foreign
cur r-enc io s.

(e) Numerous expensive failures of 5t~inle5D steel process

equipment, for example, due to stress corrosion crackine.

It has now become a p~erequi5itc of SAD that before ~ contract is awarded,
the supplier must have a formally documented and implemented Quality

"Mant\gemer' system, sntisfying the requirements of SAO. In practice,
however, this clause does not yet appear to b~ insisted upon, probably
because thero are not that many suppliers in the country who have
implemented such a fully documented q~'lity system.

In June 1987, with tho awarding of the contrnct f~T the new brewhouse at
the Ohlsson'S Cape Brewery hnncin~ in tho ba13ncu, SA0 conducted n visit to
the Huppmann Fabrications works. They v ishud to see whe t her Huppmarm had



systems in place which would assure SAB of the quality of the products
Huppmann would be supplying to SAB, in the event of obtaining the contract.

Unfortunately, Huppmann had very little to show their customer with respect
to Quality Assurance because no formal guality system was in place.
Huppmann maintained that even though they had no formal Q.A. and Q.C, in
practice, the quality of the goods they delivered 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 sys tem to the
requireillents of SAB.

Eventually, Huppmanh was awarded tho contract Bnd the pressure was then on
to implement a formal quality system. An investigation into a suitable
system and the implementation of such a system became the basis of this
investigational proj~ct. Although it became clear that full implementation
of a documented system iJould take a number of years of proiect-by-project
improvement Gteps, the initial results of this project would provide

valuable feedback to lhe company regarding future activities in this regard
Bnd indicate to SAD that Huppmann was serious about its Q.A. commitment.

The approach taken in this case study was to break it into distinct phases
as r o l l cvs i

a) Investic on phase
b) Implementation phase

c) Review and Feedback phase

The first phase was a general "data collection" phase. This involved an
investigation into customer requirements regarding Quality Assurance (with
emphasis on Brewhouso equipment) as we J 1 as specific process and
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engineering requirements regarding Brewing equipment. The Investigation
phase also included a study of past quality problems which the customers
had encountered with Brewing equipment, in or~er that these could be
avoided in future equipment supplied by Huppmann.

The lmplementaion phase of the case stud_ involved actually implementing a
formal, documented quality system into the company. The lesults of the
Investigational phase were incorporated in thir phase as well as informal
quality management procedures which the comp3ny was utilising at the time.
The aim of the latter was to build on what was in existence already rather
than introduce 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 quality system implemented, problem~ encountered and future advances
I~hich could be taken by the company to improve its quality ,mana~ement
system. This Review pha~e was undertaken after the completion of the
Ohlssons's Cape Brewery project and includes a section dealing with the
Site environment and its influence upon the quality system.

5.3 Investigation Phase

5.3.1 ~ustomer Be9.!LLrements

SAB have developed a standard, CEP 351 "Quality Assurance Requirements for
Suppliers" as part of their Engineering Manual (see APPENDIX Al. This
specifies the G.A. requirements of SAB, depending on the level of
criticality of the equipment to be 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 the requirements of SAD. CEP 351
also emphasises the need for supplier "Quality plans", wh{ch contain as a

1ll11limumthe sequence and methods of inspection and testing, including

witness and hold points, for each stage of the work on that specific

.project. These quality plans will be discussed in greater detail, in the

implementaion phase of this report.

To complement CEP 351, SAD have issued CES 401 "Quality Management Systems

for supplier's of Material for Equipment used in Deer Production" and CEP

360 "Classification of Material and Services into levels of Criticality"

(see also Appendix A). The former is merely the SAB interpretation of SABS
0157 and the latter requires that al! material and services be classified

according to their respecti,~ levels of criticality utilising the following

parameters,

- Conse~u~nce of failure

- Safety

- Product taint/losses (product taste influences)

- Procurement cost

Availability

Each level of criticality is then. assigned minimum quality assurance

requirements. The supply of Brewhouses lies in Criticality Level 1 because

they Invo lve :

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

- Product tasLe/losses due to failures to meet Process requirements.

- High procuremcllt costs

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

- New technology input (although Brewhouse technology is relatively
well proven, the new Drewhouse for the Ohlssons Ca~e Brewery was to
utilise fully stainless steel vessels for the first time i.e., no mild
stbAI/stainless steel claddc plate to aid heat transfer, comprehensive
inSUlation specifications and a state-of-the-art, Progra~mable Logic
:ontroller (PLC) plus VDU's rather than a mimic control syste

- Generally long delays in SAB Management acceptance/agreement with
various aspects of the project.

- Long lead times (ior initial equipment as well as for replacement
equipment if reauired), resulting in long delivery delays. Much of the
equipment in a Huppmalln supplied brewhouse is imported, which implies
procurement ~elays unless high stock levels of spares are maintained.
This ir expensi\f~ however, and it may be more realistic to import major
items as required. Even utilising air freight however, and assuming the
foreign supplier hns the rdquired itp~ in stock, the quickest an item
could be imported into the country and passed through ~ustoms would be
around four to five days. Five days of lost production in a large
brr-whouse operatincr at peak carncity can be measured in millions of Rand.

A Brewhouse is typical of process plants in that a failure in one item
(late delivery as wei I as actual failure) may affect tho entire project or
system. For example, in constructina a brewhouse, a delay in delivering a
tank to site due to quality problems, would delay the pipework, delaying
the placinG of valves and thus the instrument wiring, which would
eventually delay commissioning of the plant. In the design of brewhousas,
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it is not usually economically practical to have redundant parallel systems
incorporated which could be activated in the event of failure of a
particular piece of equipment.

Fortunately, most of the maintenance In a brewhouse can be performed
relatively quickly i.e., repairs to pumps and valves, exchanging of
computer hardware cards in the rLC and instruments in the field, assuming
that spares are kept in stock. The exception to this would be major
structural failures in vessels and to a Jesser extent, pipework.

With regard to the safety aspects of a Brewhouse, the pressules reached in
the pressurised sleam equipmerit are relatively low, around 4 bar working
pressul~, 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
brewhousB. The t~mpcrature of the product in a brewhouse

o
does not exceed

an atmospheric boiling temperature (around 103 degrees C at sea level) and
thus there is liltIe danger of burns. Steam equipment, which reaches
around 180 degrees C, is insulated except for steam valves. Risks of bUrns
are thus restricted to lhese areas. During Cleaning-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, manholes in vessels need
to incorporate proximity switches which signal the PLC or hardware
interlocks, resulting in crp valves closing automatioally should a maniiole
be opened during clr.

Criticality Levell requires that:

- The supplier be Bssessed to comply with SABS 0157, Part 1 or 2, or
similar, as appropriate.
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- P~ior to contract award, suppliers submit to SAB for their review

and approval, quality plans giving details of all processes

employeJ to assure conformance to SAB requirements.

- Supplier to inform SAB of ali acceptance criteria employed and

documentation tD be generated.

- Supplier to prepare complete data packages for SAB records.

(Drawings, quality records etc.)

There are also numerous Process requirements regarding Brewhouse equipment

which need to be met. These are listed in Table 5.1 and are highly specific

to the brewing of beer, and some ot them to SAB itself. These requirements

need to incorpo:ated at the design stage of the equipment. The major design

work of a Drewhou~e supplied by Huppmann tends to be done at the parent

company in West Germany. For this reason it was ~eyond the quality system

to be utilised at Huppmann Fabrications, to ensure thJt these Process

requirem8nts had been met. This would form part of a quality system

utilised at the parent company.

The supply of brewhouses is usually done OT. a tur r--key basis. Huppmann is

thus respunsible fat everything in t~e brewhouse, excluding the civil work.

The scope of supply thus includes design of mechanic~l, electrical,

instrument and software systems, 'as we l ) as manufacture, supply,

installation and commissioning of all this equipment. Input from the

client or their consultinn engineers occurs via specifications or detailed

design requira~dnts. Huppmann in turn issues the client with their needs

in terms Jf civil requirements as wei 1 as utility (steam, hot and ceid

water, electrical energy, etc.l roquire~ents.
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I nREWING REQUIREMENTS-----'---1""-' - _ _..... ---------
I I. Completo dlsinteqr-atton of endosperm to
I make all constituents accessible to
I enzymatic action.
I
I 2. Husk integrity to be maintained.
I
I 3. Quantity of flour to be kept to a minimum.
I
I---------------------.----~-------------

VESSEL/STAGE
t~ILLING

MASHING 1. Oxygen pickup in mashtu~ to be prevented.
2. Accurate time/temperature stands required.
3. No undesirable flavours in beer due to

burning of mash at heating area.
4. Stirrers should not break up malt husks.

LAUTERING I 1. Sufficient clarity of wort.
I
I 2. Even sparging at correct temperature.
I
I 3. Sufficient yield of extract.
I
I 4. Adequate cleaning of false bottom.
I
I

I~ORT KETTLE I 1. Stop all enzymic reaction.
I
I 2. Efficient and effective transfer of heat
I into the uor t .
I
I 3. S~fficient extract of bittering and
I flavour compounds from hops.
I
I 4. Removal of undesirable nitrogenous and
I tannin material, and other volati12
I compounds.
I

~TABLE 5.1 Some Brewing requirements of Brewhouse equipment.



The large variety of disciplines involved in constructing such a brewhouse

means that Huppmann must sLb-contract some aspects of the installation

work. Huppmann Fabrications on s the in-house capability of installing

the mechanical aspects of the brewhouse. Huppmann Germany can supply

in-house, along with al I mechanical aspects, electrical panels and PLC

software. Work such as electrical and instrument installations, cable

racking, grain elevators and insulation, is sJb-contracted. Some aspects

I"Jf the mechanical ins t a llr ion , such as the n t aam piping installation in

Cape Town, were dlso sub-contracted due to insufficient manpower.

Huppmann, beinr the main contractor, is contractually respnnsible for the

quality Df these sub-contractors. This meant that the Q.A. system

developed for Huppmann would have to extend to include any sub-contractors

utilised in a project.

5.3.2 Feedback from Existing Plants

This section of the Investigation phase involved visits to existing

Huppmann plants and discussions with various 51\B maintenance personnel,

Process engineers and the newly formed SAB Q.A. Department. The aim of

these visits was to obtain feedback about prcblems en00untered with

Huppmann process plants and what was required in future p)a~ts to avoid

these problems.

It emerged that SAB were experiencing major problems at thlt point in time

with the vessels in some of the brewhousos manufactured by Huppmann. This

was due to stress corrosion cracking of the tanks which had made them

structurally unsound. The author investigated this problem, with emphasis

placed on determining whether the cracking was linked to quality problems
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originating from Huppmann, or whether it was due to environmental factors

beyond the control of Huppmann.

The inve3tigation took place in two breweries where the problem had been

encountered, Rosslyn near Pretoria and United Breweries in Bophuthatswana.

Some sUh-stnndard welding workmanship was evident, especially at United

Breweries where the tanks had been manufactured in Zimbabwe at the time and

imported to South Africa. The cause of cracking, however, was primarily due

to insulation design details an& the type of chemicals added to the vessels

as part of the brewing process and the method of adding these chemicals to

the vessels.

At United Breweries, water had entered Lhe insulation of the vessels when

they were being cleaned with hoses, (see Fig. 5.11 and the water had

leached chloride ions out of the insulation wool. Unfortunately, the

insulation was fully w~lded and did not have any drainage holes at the

bottom. Each successive cleaning of the vessel would leach more chloride

from the wool and the concentration of chloride ions became stronger and

stronger. Austenitic stainless steels are very susceptible to cracking in

the presence of stresses (always present in a welded, non-stress relieved

storage vessel) as well as chloride ions. It was felt that the vessels in
this brewhouse were beyond repair. ~~Binag2 holes had been drilled into

the insulation cladding and the method of cleaning the tanks revised, but

unfortunately the damage had already been ione.

In Rosslyn, which is a very much larger brewhouse and thus downtime would

be far more costly, the damage to the vessels ~as limited to a triangular

region below the manholes. It was felt that this was caused by the method

used by SAB to add Calcium Chloride and Sulphuric Acid to the vessels.
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This was merely poured through the manhole using a bucket, and spillage of

the chemicals occurred onto the internal surfac8 of the vessel around the

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

stress corrosion cracking.

HOSES USED FOR
~NING.

WALKWAY

HIGH PRESSURE
H20

Fig 5.1 . INSULATION SYSTEM-UNITED BREWERIES.

Repair procedures were suggested by Huppmann and these have subsequently

It was also recommL d thatbeen carried out by Huppmann Fabrications.

the method of addition of the chemicals at Rosslyn be modified by utilizing

a portable chute which would add the chemicals more centrally into the

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

directly into the tanks.
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For the brewhouse in Ca@e Town, the method of insulating the vessels and

the insuiation specification issued by SAB was complet81y revised. After

picvling and passivating the vessels, they were painted with a anti-stress

corrosion lacquer, a layer of aluminium foil attached utilising a watershed

effect and then chloride-free inSUlation wool. The cladding was to be

fully sealed utilising silicone and stainless steel screws. Ample backing

support to the cladding was to be provided and shrouds around all

penetrations into the vessels were to be utili~ed, aJ illustrated in Fig.

5.2, In the event of leakagd from the penetration, product fluid would not

enter the insulation.

,..--.--1 FULLY WELDED.

~ICONE SEAL

INSULATION RING
FULLY WELDED. ANTI STRESS CORROSION

~I---l LACQUER, ALUMINIUM
FOIL LAYER, LOW
CHLORIDE WOOL.ALL PWt:TRATIONS

TO VESSEL TO HAVE
CONICAL SHROUDS.
CLADDING THEN
SCREWED ONTO
SHROU 0 FLANGE.

SCREWED CLADDlNG-'l
SEALED WI TH I
SILICONE.

NOTE:
--LACQUER AND FOIL TO FORM VAPOUR BARf-fER.

Fig 5.2. 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 thq

chemical solutions directly into the vessels. The opening of the entry

tubes into the vessels wuuld be sufficiently far ~way from the sides of the

vessels to prevent contamination, as illustrated in Figure 5.3.

,
SALT tF
ACID.' iSALT~ACID

DOSING

Fig 5.3. SALT AND ACID,DOSING fvlETHOD

SAB also revealed other problems which they had encountered in stainless

steel prOC0SS plant, not necessarily manufactured by Huppmann. These
included:

il Collap~e of vessels due to insufficient support.

ii) Corrosion of stainless steel pipework due to lack of root

purging during welding.
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iii) Failure of a 316 gra~8 vessel initiated al a specific
length of wOld. rhi~ was due to In inferior gradA of
filler wire use( during welding of the tank.

Iv) rroblpm~ with accessibility of items ~equiring
maintenance.

v ) Pr ob loms llith rodents Rnawin! e lcc t rLoa l and Ins t r umerrt cables.

vi) Gorro5~on of stainless steel due to ca~bon contamination.
Thi~ can occur when stainless cteel i~ in direct contact
wlth mild steel, or is in the vicinity when work is being
perforffied on mild steel. For examplc, when cutting with
an angle crinder or when tools are used on mild steel as
well as stainless steel without chanOing items in contact.

Expe~lences gained by SASDL in their process plants also gave guidance to
problems experienced with fabricated stninlD5s steel process equipment.
Accor d ing to de Vries,(~1 80% of all equipment received during 1987/88 was
returned to the Fabricator or repaired on site. This naturallY cause,

delays and undesirable costs. Typical problems arc:

Incorrect she! I dimensions
Incorrect nozzle £128 rating
Incorrect nozzle orientation/alignment
Incorrect w0ldinc
Incorrect heat treatment
Incorrect machining
Carbon contamination
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De VrIes maintains that these problems are primarily due to incomplete or
incorrect interpretation of requirements and a lack of in-house Quality
Control. SASOL is looking into shortlisting fabricators in the future to
anA or maybe two fabricators per category of equipment and they are
evaluating the use of standard procedures. A fabricator would submit a
complete set of fabrication and testing procedures to SA STECH for approval.

This feedback of experiences gained at SAD and other process plant users
provided guidelines to design improv8mcnt as well as indicating where
emphasis needed to be placed by the new quality system at Huppmanll.

Page 68



5.4 Implementation Phase

5.4.1. Initial Steps

The first step taken in implementing the new Q.A. system at Huppmann was to

obtain top management approval and support fer such u venture, in order to

gain the required Jegj~imdcy. A "production" meeting was called, which was

attended by the Managing Director (also the Project Engineer in the case of

Huppmann) , t he chief dr aug ht.aman , the sales representative, shop foreman,

the buyer/stcreman and the authnr.

The Manauing Director explained the strategic need for introducing Quality

Assurance and Quality Control into Huppmann. He emphasised that this did

not mean that Huppmann had been producing inferior quality products but

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 re&ponsible for

.he implementation of a quality system suitable to Huppmann and acceptable

to the client. It was requested by the ~lanaging Director that a: I pe rsonne I

to be l nvn lvad in the nov quality system ue r-e to give the aut her full

co-operation.

It was also emphasised that this did not mean that management was going to

introduce a team of "Police" inspect~rs to patrol the Harks. Rather, the

idea WaS to define quality responsibilities unambiguously and to ensure

that personnel had the correct tools, information and management support

needed to ensure that high quality work could be achieved by each
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individual. The advantages for personnel were thus emphasised as well as
the advantages for the organisation as a whole.

The Deming cycle (Figure 5.4) was used to illustrate this point. The cycle
begins by improving quality in the company, wh:ch requires employee
participation. This improved quality results in decreases of costs due to
less scrap, delays e t c., which in turn resu lt s in an increase in the

prod -c t ivLty of the o!'l!anisation. This would enable the company to remain
compoti'ive in the marketplace and retain or even improve its market share
due to better quality products and competitive pricing due to improved
productivity. The company wo~ld be able to stay in business and thus
cont Inue to prov Ir o jobs or even provide more jobs. The entire cycle is
then repeated.

The OIl-going role of the Quality ~lanager's .1b at Huppmann would involve
working continually on the manuiacturing system on a project-by-project
improvement basis. 118 118.5 to focu!J on design (or design compatibility with
local equipment and locally availabl8 materials), maintenanoe, improvement
of equipment, trainin~ and supervision, and generally act as a quality
facilitator rather than inspector. lie would promote the removal of defect
causes, monitor operations to see that standard procedures were being

followed and moniLor suppliers' / sub~ontractors' quality performances.

The results of the Investigational phase of the case study were th~n
incorporated into the lmpiomentaion phase. This investigational phase had
revealed that due to the criticality of a brewhousn in a brewery, SAD
r~quired of Huppmann Q.A. system based on the ISO 0000 series wit~
special emphasis placed on the use of quality plans. The level of Q.A.
required in Huppmann was thus dictated by the customer.
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THE DEMING QUALITY CHAIN

IMPROVE QUALlTY .. --
EMPLOYEE PARTICIPATION
IMPROVED INDUS TRIAL

COST DECREAS E
OUt TO LESS SCRA~ LESS,.

DELAYS etc.

PROVIDE
JOBS

STAY IN BUSINESS ---ICAPTURE MARKET
WITH BETTERQUAU TY AND

PRICE.

Fig 5.4. THE DEMING CYCLE.
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To begin with, a process flowchart was constructed of the steps taken in

manufacturing an item at Huppmann, from the initial customer enquiry

through to delivery of the product and installation on site (see

Figure 5.5). This was a useful too! bec3use it provides an uverview of the

steps taken and the informal inspections utilised at the time. The aim of

the quality s/stem would b~ to assure the quality achieved at these various

steps and to minimise delays between the steps.

5.L~.2 Q.1!ality System Documentation

To formalise any existing U.C.activities, it became necessary to add a

number of inspection ?oints into the process flowchart, at the "natural

control stations." For example, in the construct jan of a storage tank, the

following couid be regarded as the main natural control stations.

a) Design

b) Material Selection

0) Material Procurement

d) Material Receipt and Ins pe c t ion

e) Marking and Cutting of Plate

f) Forming of Plate

g) Fitting and Acsembly

h) ('IeIdel' and Procedure Qunlification
i) Issue of Welding Consumablcs

j ) \,Ielding

].) N. D. T.

I) Dimensional Checks
"m) Final Test
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Once these control stations have been identified, the following questions

need to be posed (7) about the activity performed at the control station:

1. What physical action takes place to specify, measure, record

or v8rify the engineering quality level?

2. Who is responsible for the actions defined in Question 1

above (this includes responsibility for specifying, carrying

out, recording or ta~ing 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

people who need to know the results?

4. How are activities dJcumented and recoided? Do these records

give a complete, objective account of what tool< place?

The answers to the above questions formed a complete account of the quality

system at that particular control 5tD~ion. When these answers for the

various control stations were combined, they formed the quality system of

Lha organisation. [n order to answer these questions, however, a thorough

understanding of the workings of the organisation was required.

The results af this analysis could th~n be arranged into an orderly matrix

and the system could be checked off against the quality system standard

requirements ([SO 9000 in this case). An extract from this matrix is given

in Figure 5.B. Any deficiencies in the established quality system became

apparent and these could be addressed.

The quality management procedur~s thus developed were utilised to form the

Quality Manual of the organisation. This Quality Manual is essentially a
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FIGURE 5.6

fub.rnl Ccntro.L Statim QA. Pn::cs::lur'Es I 4~1 'I .2 1.3 I .4
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formal description of how the various technical operations of the company,
such as design, manufacture, purchasing etc. are controlled. It also
includes management or gan isa t ion chart indicating the quality
organisation, with job descriptions of the various key personnel. These are
not, however, ful I job descriptions but only those parts which are relevant
to the quality system. As more quality management procedures were
developed, they were I.'\ddcdto the manual.

The Quality Manual did not, however, contain detailed technical procedures,
5uch as welding procedures or heat treatment procedures. These technical
procedures are not actual Jy a direct part of a quality management system
but would be referenced where appropriate by quality plans, ~S will be
described shortly.

For a smal I organisation such as Huppmann, the quality manual could contain
all the details of how a particular operation was to be control led. A large
organisation would probably restrict tho qunlity manual to defining various
responsibilities for tho quality control activiti's, 3nd refer to separate
detailed "control" procedures. This would avoid the quality manual becoming
too large and complicated.

The quality manual is thus the primary quality documentaion to be prouuced
by the company's quality system. It is to be used as a "handbook" by the
Gompany staff as well as a powerful demonstration document to outside
organisations that t ho company is operating a formal quality system. As a
formal syc tom docume nt , it must bo con t ro llod itself in a suitable manner.
This means that it has a revision number, date of issue, record of
amendments, and someone rosilonsible for maintaining and issuing ammended

PngG 77



versions. At Huppmann, the Qua lity Manager was assigned this

responsibility.

The other central documents ut5lised in the now quality system at Huppmann
were quality plans. Each quality plan is a specific document Lhat is

devised for a particular item or project. A quality plan, as defined by
SAil, is a docvnent derived from the quality pr ogramne setting out the
specific quality practices, acceptance criteria, resources and activities
relevant to a particular item or project. The quality plan lists the
va~ious steps (preferably in a chronoloGical sequence) involved in the
production of that item and the various quality activities which take place
at each step to verify the level of quality obtained at that step.

Quality plans differ from Huppmann's quality manual in that they are more
project specific. Also, whereas the quality manual is more concerned with
the management aspects of the quality ays t om (quality management
procedures), tho quality plans will refer to actual technical procedures
and ensure that they are relevant to the manufacturing specification.

An example of a quality plan adopted by Huppmann for. a specific vessel is
illustrated in Figure 5.7. and contains the fol lowing information:

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

b) Project No. • A unique number assigned to each projEct.
This number is then utilised on all purchasing, Q.A., and
accounting data linked to that project.



c) Supplier's n~mD. This is included to allow for

sub-contracted work as well.

d) Quality Plan No. - A unique number assigned to each quality
p lan , A separate quality p lan w i ll beuti.lised for all major

.items of equipment e. g. vessels, steam piping, hoppers, screw
conveyors etc.

e) A sequential Iist of operations or steps in the manufacture,
installation and commis3ioning of that piace of equipment.

f) Each step of,manufacture is accompanied by the quality

step.
control activity to be performed, La assure the quality of that

g) E~ch quality control step is also accompanied by the
acceptance criteria (e I ther qua lLt a t Ive or quantitative) to be
utilised when judging the ncce~tability of quality. This section
may refer to a specific inspection procedure or specification if
the acceptance criteria are complex.

h) The following column of the quality plan specifics the
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documentation which accompanies that Q.C. activity and which is to
be consultpd or generated.

I) Space is provided for tho pernon conducting the quality check
to sign and dale the document. Responsibilities for pcrform~ng
t hese checks are formally an igned via tIlt) quality manual, usually
to the people most closely linked to that manufacturing step. For
exampl0/ when iSGuing a drawing to the workshop, the design



drBughts~an at Huppmann will sign lhe quality plan tc indicale
that the correct revision has been issued to the shop floor. This
person is thon legally responsible for ensuring that the quality
check has actually been performed and that the "guality" is
acceptable when compared to the acceptance criteria.

j) The customer has the option of specifying the inspections and
tests which are to be "hold" and "witness" points. A hold point
indicates that the client wishes to inspect the prod~ct before
manufacturing can proceed. A witness point indicates an
inspection which th~ client wishes to witness. There is also the
option of the customer specifying the points at :~hich documents
are to be inspected.

k) Space is also pruvided for a third party inspection
authority in the event thnt this is contrcctually esuired (For
examp le, in the manur act.ure of pressure vessel sl, The inspection
authority is able to indicate their hold, witness and inspection
points and sign off the stop once it ·has been inspected and
approved e.g. a step Involving radiography would only be signed
off as acceptable when results of the radiographs had been
approved.

1) The quality plan is to be approved by the supplier's quality
management representdtive. He is also to indicate his hold or
witness points on the quality plan, where he will sign off the
quality plan activity.

Pa:~c 80



m) The quality plan is also to be approved by the customer.
This may involve some negotiation between the supplier and client
in terms of Q.C. activity requirements, acceptance criteria,
procedures, witness points, etc. Should the customer require
special tests to be performed which do not form part of the
"standard" Q.A. activities performed by Huppmann. then the cost of

these Lests can be negotiated with the client. Once the quality
plan has been approved, this forms a legal, contractual ~ocument
which indicates the level 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
this quality planning stage was well worth it because of the inve~se
relationship between quality planning and final total "cost of quality" to
the company, i.e. more effort spent on quality planning tends to reduce the
overall cost of quality to an organisation.

The ne'otiating phase of a large, multi-disciplinary project sucb as a
br evhouse act.ua lly continues t hroug hou t the manufacturing and installation
phaS0 of the brewhouse. \~hat is ev l'dant however, is that the engineering
ana quality specifications (Dr stand~rds) need to be negotiated and
approved by the client prior to ordering of materials, manufacture or
installation. This can take the form of technical specifications issued
with the tender, engineering drawings (mechanical as well as electrical),
Bpprovnd wor~ and installation instructions, quality plans, site sketches
etc.
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The reason for this is twofold. Firstly, ha~1 else does the manufacturer

know what he is ::i1:pposcd to make and what is acceptable, and the purchaser

know what he is b\ying? H()~I else is the manufacturer able to plan his

purchasing of material, sub-contracting and resources required for the

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

Secondly, the difficulty and thus cost of introducing conceptual or design

changes, incr-e as es drama t ica IIy as the p ro j ect 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 possible. Once

agreed upon, .j.!1esespecifications aN? leeally binding and cannot be changed

without approval of the other party.

5.4.3. Inspevtion documentation and eguipmAnt

The quality system developed for Huppmann uses the quality plans as

comprehensive inspection and tost plans. The inspection and test plan is

negotiated and approved by the customer. The quality plans reference

inspection procedures where applicable, hold point, witness points and take

account of Bub-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 plans, in

order to give the correct level of Q.A.

There is a reasonable degree in common between the quality system standards

and their insrection/testinc requirements. There are six aspects which

need to be under some form of control (and thus defined in the quality

system utilised at Huppmannl.
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Fig 5.8. COST OF DESIGN CHANGES.

The inspector his position, responsibilities
qualification.

and

The responsibilities of the various Hinspectors" involved in the
new quality system at Huppman were defined in the quality manual.
These people were generally closely involved with the work being
performed. This is in line with the Japanese approach of workers
performing their own quality checks. For more critical equipment
such as pressure vessels, independant third party InFractors
supplemented internal inspectors, due to the higher lev~ls of
Q.A. required 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

consiQering the critical nature of the equipment supplied in this

industry. ISO DOOO on the other hand does not insist upon the

independence of the inspector, except when performing design

reviews and audits of the quality system, products or processes

(Section L~.1.2.2., ISO 9001, 1987).

b) Inspection procedures - their correctness~ completeness

and relevance.

ISO 9001 states in hection 4.10.2 that the product be inspected

and tested as required by quality plans ~ documented procedures.

In other words, a quality plan can suffice and written procedures

are r.ot necessarily required.

Rogerson (7, states that ill inspection and test activities should

be defined by procedures (drawn up by suitably qualified

personnel) and that it is advisable to provide written procedures

for even the simplest inspection tasks. Although the need for

assigning responsibilities for various inspections is apparent, it

did not seem reasonahle to develop written procedures for every

simple inspection task performed at Huppmann.

For example, consider performing a dimensional check on a vessel.

It is quite obvious hOH to perform such a check and the tolerance

band on such products is such that any reasonable tape measure

wou ld suffice for the: job. 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

floor by highlighting th'se dimensions with a flourescent yellow

marker. As these dimensional checks were performed by the

responsible person, they would be initialled nex t to lohe

highlighted dimension to indicate that the check had b8~n

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 be performed in-house by the

workshop foreman. In order to avoid total reliance on his

interpretation of the test results, this was to be a witness point

for the client as wal I, and indicated as such on the quality

plans.

c. Inspection Equipment.

The calibration of in3pection equipment i~ basic to the

credibility of any inspection result. The proL:em is in

to what degree inspection and test equipment needs

defining

to be

calibrated and how the calibration should be traceable to a

national standard.
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(e g s t ae l tapes).

One"approach is that used by the Canadian standard CSA Z299 which

divides inspection equipment into four groups:-

- Instruments for direct measurement (eg.micrometer).

- Accur a t e fixed devices (e g , gauge blocks).

Group 3 - Less accurate adjustable and fixed instruments

Group 4 - Adjustable gauges used for the transfer of iniormation

rather than inspection (eg callipers).

Group 1 and 2 instruments should be calibrated to a recognised,

authenticated standard whereas Groups 3 and 4 merely require to be

periodically checked for "good working order,,"

In considering an inspection or testing activity it was thus

necessary to consider what type of instrument was required, (if

required at al I as visual inspection may sometimes be appropriate)
"

w~at accu~acy of measurement wus required (for example, the

pressure gauge uscd for hydrostatic testing of a vessel is more

Page 88

critical than a hu~idity recorder in an electrode store) and if

posGible, how consistently the instrument had to perform.

Ro ge rson (171 ",a.ns that there are always quality system auditors

who will demand that everything be calibrated, and "'ho must be

convinced ",ith soupd arguments. At Huppmann, the boiler making

inspection equipment utilised (c.g. tape measures, calirers) fell

into Groups 3 and 4, and thus a regular chec~ to ensure Lhe

working conditions of this measuring equipment sufficed. On the



other hand, tho pressure gauges utilised for pressure testing of

vessels and pipework 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) Inspection Records -completeness, correctness and

availability.

ISO 9001 requires that the supplier establishes and maintains

records which give evidence that the product has passed

inspections and/or tests with defined acceptance criteria. No

i~spection is worth anything unless the records are complete and

correct.

Inspection records must include the item inspected,. inspection

procedure utilised (if applicable), inspection equipment utilised

(usually inoluded in the inspection procedure), inspector, date

arid inspection result. They should also ~rcvide evidence of ~0l low

up actiori, if required. Reference should also be give~ to linking

dncumentation used to define acceptance criteria, such as

manufacturing specifications, material standards, customer

specifications etc.

An example of the type of report used by S.A.B. for

non-conformance is shown in Figure 5.9. It includes a description

of the non-conformance, corrective, action propcs8d by the

contractor responsible and approval and comments by the client.
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It also includes a section which indicates that the corrective
action has laken place and is approved by the cUbtomer.

It was ~elt that the use of su~h defect action reports within
Huppmann would causo some problems. The commmunicalion channels
within Huppmann are simple and it seemed unnecessary that complex
inspection reportL be compiled every time a non-conformance was

Furthermore they would have met with great
resistance from the shop foreman who was not inclinej to generate
many reports and who was in any event too busy supervising
mar.uf£,cture.

The ~erple involved in the quality system were instructed in the
use of the quality plans, which would form the central inspection
records. Sicninc off the Quality plan activi~y by the correct,
responsible per-son inliootcd that the qual ity acceptance criteria
had been met. If minor qU<1J i ty pr ob 1ems He','eencountered, these
WdrB to be corrccted by the person rCGPonsi~le for generating the
quality problem nnd sinned off once <1cccptable.

Any major quality problems were Lo be reported to the Quality
Manager. The Quality
would thon decide

Manag~r together with
what corrective action

U18 Project Engineer
was to be taken,

sometimes in connultation with tho client or inspection authority.
If prob lens Hore encountered and .hey had been signed off at a.

preview manufacturing stRP, Lhen this was Lo be reported to the
Quality Manacer because it inaicat[d a lack of system intagrity.
Any non-conformance corrective action reports generated by the
customer were to be completod by tho Quality Manager.
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The recording of excessive inspection detail including very
elaborate traceability requirements (og recording which batch of
electrodes was used for a particular weld) is often asked for.
The assumption is that this gives a more detailed assurance of

quality. This is f' r-oqucnt ly not SO.171 Merely recording data does
not give assurance. Unlous this detailed information is analysed
and processed, for exampl~, to give guidance in selecting welding
consumab les, then this expons Ive collection of data is wasted
effort.

e) .Lryspection Statu::;- 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 using markings, authorised stamps, tags,
labels, routing-cards, inspection records, physicai loca t Inn or

other suitable means. Sometimes tagging is appropriate, at other
times signing of a route card is more appropriate.

Idontification of inspection status must b~ thought of in a
logical sense. At Huppmnnn, there was a n~ed to identify the
inspection status of the, material used in the tanks (by
transfering the heat numbers onto the plates from the heat
certificates using a roller) and the weld seams. The weld seams
were identified on ,n drawing and the corresponding welding
schedule (see section on "Special process control") indicaterl the
status of inspection. The inspection status of the brewhouse
vessels and equipment could be identified at any time by referring
to the accompanying quality plan.
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f) The feedback - actions initiated as a result of the
lnapec t icn.

No inspection is of any use unless it provides a guide to further
action. The Inspection nreports~ form part of a communication
chain so that the responsible person (welder, design engineer,
Q.A. Manager etc) can take appropriate aotion.

engjneering specifications or qua Iity standards that \1E':l'e
At Huppmann, quality problems caused by incorrect design and

impraotical to attain, were to be directed to th0 Qua!ity Manager,
who would then take these up with the Project Engineer. Smaller
quality problems which occurred on the shop floOl couJ1 be dealt
with by the shop foreman. I f he uas undec ided about the
corrective ac t i cr to be taken, he could contact the Q..A. Manager
or Project Engineer.

Manager '. Results of inspections and N.D.T. performed by the
back to the C.A. manager for

In the case of Pr essur-o Vessels, third party ins;;·:;..:tors11ere
utilised at Huppmann and they would liaise closely with the Q..A.

inspection authority would be fed
record pur~ose or for Bclipn as appropriate.

5. ,~.4. Special Process Control

It was mentioned previously that »speclal processes" are the key processes
in this manufacturing industry and as such, ttey require special attention.
Included under ~sp~cial processes~ would be welding, heat treatmont and

Page 93



NOT. At Huppmann, heat treatment processes arc not utilispd, therefore the
special processes are really limited to welding and NOT.

The only NOT performed in-house by Huppmann themselves is dye penetrant
testing and a procedure was developed to formalise this. All other NDT
requirements such as radiography or pressure testing of pressure vessels,
was performed by third party inspection authorities. As such, it was
assumed that their procedures were correct and the interpretation of the
results by their personnel was also correct.

Surprisingly enough, SAB does not mention HSpecial Process ControlH in
their CEP 351 standard, HQuality Management System for Suppliers of
Equipment in Beer Production". ISO 9001 on the other
H continuous monitoring and/or comp Iiance

hand requires that
with documented

procedures is required to ensure that the specified requirements are met.
These processes shall be qualified ". BS5750 Part, 1 is less
definitive and states: "The supplier shal I establish and maintain control
of all special processes that fo~m part of production or inspection.
Equipment, essential processing environment and any necessary personnel
qualifications shil I be prescrlbed to the satisfaction of the Purchaser's
RepresentativeH. The nuclear standards have stringent requirements for
special process control, similar to )50 9001. In general, however, all the
quality system standards require measures over and above those required for
"normal manufacturingH.

The ffiajorattributes of all special pronesses ara as follows:

a) A high degree of operator control and involvement
b) The complexity of the technology
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0) The difficulty of doing effective process monitoring
>

a) Operator Control and Involvement

Operator's actions when welding are of crucial importance. The degree of
automation tends to be low (unless robotic welding is performed and this is
not yet feasible in this industry). Automatic welding machines are used by
HuppmBnn in Gdrmany La weld the tubes to tube plates In the internal boiler
heat elCchangers. This was not economically feasible at Huppmann South
Africa because of the lower volume of heat elCchangers manufactured. The
skil I and integrity of the welders thus needed to be qualified because
operator per rormanca is key to tiie success of special processes.

b) ComplelCity of the technology.

All special processes tend to be comrlelC processes with many variables
which control the quality of the process. Consider the variables which
control the quality of a welding operation:

i. Current
2. Arc voltage
3. Tr2vel speed
4. ElcJtrode composition
5. Flux type or shielding gas type and flow ratE
6, Electrode size

7. Welding position
8. Joint design
9. Welding sequence

10. Base metal type and thickness
11. Preheat and post-heat treatments
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12. Electrode manipulation (weavers or stringer beads)
13. Electrode angle
14. Electrode-to-workplucu gap
15. Environmental cond lt lons (dirt, grIme , wind etc.)

Although a welding specification can give some rules concerning the major
variables (hear. input, ve ldIrrg position, amount of material deposited
etc.), it is in practice impossible to define exactly the permitted
to 1 erances on a II the var iab 1as and dove 1 op means to contro I them. It is

thus necessary to show 1n an empirical way that the welding procedure is
satisfa0tory, but even the~, the quality of the procedure will be
influenced by the welder. By qualifying the procedure however, it is
assumed that other welders with similar eqllipment and machine settings,
will also achieve the quality of the tested weld.

operation is known. Furthermore, those variables need to be monitored

c) The difficulty of process monitorin[.

Process monitoring can only be achieved if a few critical variables can be
identified and the influence of those variables on the quality of the

continuously (or very frequently) and recorded whilst the operation is
being performed. Near instantaneows alteration to the process variables
must also be possible as a result of monitoring these critical variables.

Most special processes will fail on at least one of these points and
consequently reliance must be placed on preventative measures (ens~:ing
only qualified people conduct special processes for example) and
post-operation inspections (to ensure that the special ~~ocess has ~een
carried out adequately).
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The quality management steps taken by Huppmann to control special processes

were:

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

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

c) Supervision to ensure that procedures were correctly followed and
only used by suitably qualified operators.

of normal vessels was less critical. The designers of the welding

I

I
I

I
I

d) Post operation inspections to ensure that the special process had
been adequately performed~

At Huppmann, it was agreed with the client that suitable weld procedure
qualifications were to be obtained only for pressure vessels. Weld
procedures for non-pressure vessels were however, to be submitted to SAB
for approval. The reason for this was that there were statutory
requirements conc'> nino pressure vessels, whereas the structural integrity

specifications (together with SAD due to their approval) were thus
responsible for ensuring the suitability of the weld procedure in that
context. It was important that the person drawing up the weld procedure
specification be suitably qualified and experienced. An example of a
welding specification d2veloped for Huppmar;l is shown in Figure 5.10.

All welders were 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 DIN8S€0. This WBJ the code used to qualify welders and an
example of such a qualification is given in Figure 5.11. DIN8560 actually
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calls for a written Dxamination to be performod as well as a practical
test. The test authority purformine this welder qualification only gave

the welder a brief verbal »exuminalion" prior to the practical test which
they felt was sufficient. This seems to undermine the DIN 8560 standard
however. How can a welder be qualified to such a stanjard when certain
requirements are omitted? It should be stated on the certificate that the
practical aspect of DIN8560 had been achieved but the written test had not

applicable to that piec~ of equipment. An example of such a welding

been performed.

In order to provide assurance that the welding specification had in fact
been utilised, the welders were instructed to complete the welding schedule

schedule is given in Figure 5.12. It also indicates to the welder which
welding procedure is to be used for each welding seam indicated on the
manufacturing drawing.

The foreman Was instructed to playa supervisory role on the shop floor, to
ensure that the welders were actually using the correct specifications. He
was to sign the quality plan once al I welding was complete, tc indicate
th&t he had super~ised the welding adeqUately.

Post welding inspections were to be performed visually by the foreman and.
welders after welding. The welding specification indicated defect
acceptance criteria and so by signing the welding schedule and quality
plans, the workshop personnel indicated that these inspections had been
performed. The Quality Manager was free to indicate witness or hold points
on any of this documentation or to randomly monitor the nutkShop to ensure
that t~ese procedures were being adhered to. As was mentioned previously,
dye penetrant testing when cal led for was to be performed by the foreman
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insulation was adequately adhered to by Huppmann was handled by

and witnessed by a customer representative. Radiography of pressure

vessels was to be performed according to applicable code requirement&, by

an external inspection aut ho r ity.

b.4.5 Jncorporation of Customer Experiences

Feedback obtained i:.the Investi~ational phase of the case study, regarding
previous experiences with Huppmann brewing equipment, was inc~rporatpd intG
the new quality system at Huppmann.

For example, the problem of ensuring that t~e new specification regarding

incorporating the various insulation steps within the overall quality plan
for that specific vessel. An extract from one of these quality plans is
given in Figure 5.13. This se~lion of the quality plan was drawn up in
close liaison with the Q.A. department of SAD to ensure that ~t included
all the inspection steps which they required.

Lack of root purging in stainless steel pipe-work was combated by including
the root purging requirement into a w,dding 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 rchedule (described later in this r9port)
indicating that this Durging had been done. The site foreman, who was also
in a ?osition to monitor the welding being performed, was then required to
sicn off the quality plan to indicate that to the best of his knowledge,
the welds had been adequately purged. The CUJt~mer representative or
site-engineer was free to inspect completed (and accessible) welds whenever
desirecl
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Failure of stainless steel equipment at welds due to inferior grade of
filler wire being utilised was avoided altogether by utilising only the

highest grade (31GL) of stainless steel filler wire. Remaining stocks of
rinferior grade (e.g. 30BL) wire was carefully utilised only on inferior

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

Corrosion of stainless steel due to carbon contamination was avoided by
developing manufacturing procedures which specified that all rolls utilised
in forming processes would be adequately hardened and cleaned thoroughly
before use. All cutting, ~rindino etc. was to be done with abrasive
materials dedicated to stainless steel. Cutting of mild steel was to be
performed well away from any stainless steel and preferably outside the
workshop altogether. These procedures were ~outine)y monitored by the
Quality Manaeer.

Other problems encountered, such as incorrect shell dimension or incorrect
nozzle orientations wore overcome by including suitable inspection stepR
into the quality plan. ror uxampl0, an inspection of tacking a tank
together, to check on the correct size prior to welding. A final inspection
by the customer was also included, which consisted of dimensional and
nozzle orientaian checks amongst other ehecks, prior to the release of
\()ssels to site.

The quality system devised for Huppmann is thus adequately flexible to
accomodate any special requirements of the customer. All that was neoded

incorporate these into the re lova . qua Ilty plans 01'

t.echn icu L'nanuf ac tur-Lng pr-occdurou . It was tho resposibility of the Quality
~anagDr to ensure that feedback from customers regarding quality problems
encountered, wore adoqu~tDly recorded and action takan to ensure that they
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would not be repeated. As such, a file was set up to store this quality
feedback data &nd a corrective action procedure developed.

5.4.6 The Incorporation of Japanese TQG ideas

The Japanese TQG approach to quality management was discussed earlier In
this investjgational project. The author attempted to incorporate where
possible the wisdom of the Japanese approach into the new quality system
at Huppmann. The fol lowing is a discussion of the TQC concepts illvolved in
the qua Iity Bye tern at Huppmann ,

Production r~esponsi.bjI it..l.
Primary responsibility for product quality (in terms of
workmanship) wIthin Huppmann was assigned to the production
personnel, with tho shop foroman carrying primary responsibility
for the manufacturinc slugos of tho brawhouse equipme~t until it
was sent to sileo On site, the site foreman then resumed
responsibility for the quality of the installation. Production
personnel were given the authority to inspect their own work, to
be sJpplemented by external inspectors in the case of pressure
vessels.

Habit of Improvement

The Quality Manager was to act as a facilitator by initiating
quality improvemellt projects and ~nsuring that those
imple~~nted within reasonable tima spans. The review and auditing
requirements of the quality management standa.~s imply that the
quality system will be periodically reviewed and improved. The
customer feedback mechanisms introduced into Huppmann wo~ld also

,
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ensure that a habit Df improvemont was maintained within the
company.

Process Cgntrol
The Quality system at Huppmann utilises formalised control over
the manufacturing process at all the "natural" control ~tations,
rather than relying on merely a final inspection o~ the product.
This meant thut 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 correqtive action at an early stage is far easier and
less costly than at a later stage.

g_a.§.Y:to-see-quaIitY..

The nature of the work performed by Hup}mann placed limitations on
the degree to which this TQC concept could be adopted. Tho
physic~l distancn separating site-work and the shop floor made it
difficult to ensure that the quality problems encountered on site
were communicated to the shop.

Furthermore, the generally crowded, less clean and st~uctured site
environment which involve$ a number of disciplines (mechanical,
civil, electrical etc.) makes it difficult to "see" the actual
quality be lng achi eved, In tho wor-k-shop on the other hand, the

large size Df the tanks manufactured, the small number in progress
at anyone time and the relative simplicity of them (no
c9mplicated, hidden mechanisms or electronics) made the qunlity
"easy-to-see".



The welding aspect of the mnnufacturing process also placed some

limitations on the "easy-to-see-quality" concept. Although if a

weld has a very poor appearance, it generally is not up to
standard, the converse is not necessarily true. A weld which
visually appears sound may be structurally unsound due to
porosity, inclusions etc., which may only be revealed by
sophisticated NDT techniques.

Insistence o~ Complianc~
In this industry, the traditional approach of Acceptable Quality
Levels is not appliqabJc bec~use of the high costs associated with
defects. Contractual relationships between Huppmann and their

clients meant that compliance with specifications and quality
standards was insisted upon. Tho assumption made was that these
reflected tho noeds of the client and were actually attainable.

previou~ process or hud queries about the engineering

h.i..n.e StJlE..

All personnel invulved in production (not only the foreman) were
givDn tho authority to stop production· if they encountered a

quality problem, werD unhappy with the quali~y obtained from a

spsoificBtions Dr quality stnndards.

For example, it happened ut Huppmnnn that during the construction
of the malt hoppers for tho new brewhause, a welder complained to
the foreman about a specific welding specification drawn up by the
design affice. It called for flush grinding of the welds. He
felt that the plate used for the hoppers was very thin, and
grinding tho welds flush w~uld mako the hopper structually
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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 strong 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 according to
specification, the vessel would be sufficiently strong.
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Corr~cting one's own errors
This was common pr ac t Lce 'at Huppmann because the size of the
operation did not allow for a separate re-work crew. Once again a

problem was encountered with this TQCc principle when a separate
site crew w~s utilised. This occurred in the Ohlsson's Cape
Bre~:ery project where a combinecl German/locally r-e cru i t I artisan
learn was utilised. Should a quality problem only be detected on
site, then it w~s not feasible to send those responsible in the
work-s~op to repair it.

However, the entire aim of the quality syztem is to eliminate
quality problems or certainly detect them before they are sBnt to

site. The appearance of quality problems on site which originated
in the workshop would suggest deficiencies in the quality system.
It WBS tnu5 of extreme importance to record any problems detected
on sill! and incorporate those into future qua lity plans, in order
to "tighten" the inspection net and avoid the problems being
r(~peated.



This was the method utilisod at Huppmann and was in fact an
essential part of the quality system. To provide the required
level of Q.A., all vessels and all welds on vessels were subject
to some form of control and inspection. This meant that not only
pressure vessels but all the products supplied by Huppmann were to
be subjected to quality control checks.

Pr'"uect-by-pro jeeL improvements
This was the method adopted by Huppmann to obtain quality
performance improvements. Exposure of problems was encouraged and

ironing out quality problems encount.
other "departments"ar problems cncoe

·,hich had been caused by
,'d with the implementation

regular "production meetings" were ~p on a fortnightly basis.
The aims of these meetings was to bring together those key people
who contributed towards product qualitYI discuss quality p~oblems
encountered and generally to seek ways of improving the quality
performance of the company. These meetings were also aimed at

of the new quality sysLom. Tho me~tings were to serva as a forum
for quality improvement projects.

One such project which developed from a production meeting
concerned the Helding toge'ther of the thin stainless steel plates

used to manufacture a vessel. This was done by laying the plates
on the floOf, TIG welding t~em together, turning the plates over
and backgrinding if necessary. The entire weld was then fused
from the other side and finally ground flush.

An improvement W~1 sugeested by the shop foreman at one of these
production meetings. A long, flat bar of copper was to be placed



under the weld seam prior to welding. The bar was to have a
groove machined in it, which would be opposite the welding seam.

Once the plates were tacked together and placed over this copper
bar, the groove was plugged at one end, argon gas fed in at the
other end and weights placed on the plate to forllia seal. As the
welding proceded, the ~renn 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 a weld
seam. The copper would aid in absorbing the heat generated during
welding and minimis8 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 malerials are sensitive to contamination
and a clean environmen't is beneficial in avoiding this
contamination. The workshop was swept entirely clean once a week
and clutter in the sh~p was minimised by keeping most fittings in
the store, where they could be drawn via a stores requisition.
StRinless steel sheet 6ffcuts were carefully stacked on one side
of the shop wher-e they could be accessed if required.
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5.5.1 JmplementBtion Problems Encountered

This section of the report will deal with problems encountered by the
author whilst implementing the quality sytem at Huppmann. These problems
are analysed ~nd solutions recommended.

than anticipated. Only a few of the production meetings were fully

Production Meetings
The first problem to be encountered during the implementation phase of the
case study was that the production meetings proved to be less successful

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 company). It soon
became apparent that it would be very difficult to schedule these meetings
such thal all the key people would be together at one time. Eventua IIy
these meetings petered out a lto ge ther when the author moved onto site
during the site-work stage of the new brewhouse.

If people cannot be brought together ~egularly then someone must act as a
central point to which quality-r~lated information is fed and who will act
promptly on such information. This should be the QUBlity Manager, who
also needs to act as a catalyst to ensure that the drive towards quality
improvement is maintained.



Management Resources
Many companies will probably find it difficult to allocate valuable
management resources to this function and Huppmann was no exception. There

b) Emp I oy ing extra managoment resources. This may be

delays
too

~iOU I d

is a danger that the company will
required by the quality system

appoint a management
standards, who

representative as
will have many

responsibilities bes'das co-ordinating the quality system effort. The
implementation of the quality system can become severely delayed and in
practice, it may never become implemented effectively.

For tuna t e ly , due to a narrower product range and less communication
problems, small companies will
Nevertheless, faced by limited

tend to have less complex quality systems.
management resources to imp Iement t11e

system, a company faces the fol lowing options:

a) Allocating specific managemont time to the new quality system
and possibly neglec t ing other areas temporarily uhi ls c the major
thrust towards implementation is required. One must then bear in
mind that even once the system is established, management time
must be allocated tow~rd5 maintaining or improving the system and
performing the various functions required by the system.

e xpens Ive for a small company and implementation
occur whilst that person becomes familiar with the new company.

c) Enlisting external expertise in the form of a guality
consultant or other expert, who will implement and document a
system, then hand i lover to the company to maintain. The
advantage is that the expertise and exporience of the consultant
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would be valuable in implementing the system and the time taken
would be minimised because of the intensity of implementation. It
would be the sole function of that consultant whereas an in-house
person would have other responsibilities and encounter a learning
curve with respect to quality management system requirements.
Also, sometimes an outsider sees the company more objectively and
is able to s~lve problems because of this fresh perspective.

consultant would have been. A quality s~dtem has people at its core and

One disadvantage is naturally the cost of such expertise (an
estimate of RiO uOO was obtained from one company for documenting
a quality system suitable for .Iuppmann). Another disadvantage is
that an outsider may not be sensitive to the way in which the
company operates. Resistance could also be encountered due to an
outsider "prying" into the methods of operation of various
personnel. The l~ck of legitimacy f an outsider may thus hamper
the implementation of the qual ity sy, .em.

At Huppmann, the author was al'ocated responsibility for implementing the
quality system and could thus be considered as a wQuality consultant".
However, one important difference ~as that the author has had links with
the company for a number of years and thus was not an "outsider" as another

thus understanding the people involved in such a system is naturally an
advantage. Be lng a student project, the cost of this "expert lse" to the

company was a lot less than it would have been had a quality consultant
been utilised.
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Resistance of Personnel

Initial resistance was met from personnel who were involved in the new
sYGtem. They regarded the formalised procedures as merely an extra work
load and a waste of time. Once it became apparent that these procedures
~mproved information flows and were in fact being done informally anyway,
resistance usually began to diminish.

It must again be stated however, the need to keep documentation to a
minimum in order to reduce the work load of those people involv~d anc
minimise their resistance to the ~uality system. There are some horror
5tori~sl71 about the mass of the paperwork generated by a Q.A. system
exceeding the mass of the equipment manufactured. Careful assessment of

adequately?

all documentation requir~ments and document desip. f r that mattar, was
essential. The quality management standards are a guiJ in this matter and
tAnd to specify document requirements (albeit in a rather general manner)
depending on the level of Q.A. required.

The customer likes to see paperwork because he mistakenly assumes this
means good Q.A. The questions to ask (and to negotiate with the customer)
are:

1) What information is really required to assure th2 quality of products,

2) How can this information be obtained afficiently without delaying busy
personnel unnecessarily?
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At Huppmann, complete Q.A. plans were produced by the author (and
eventually by the chief draughtsmnn) and a complete information package
including drawings, weldinu specifications, welding schedules and quality



to be done and what Q.C. activities woul It was thus

plans ware sent to the workshop when ready. All the foreman had to ~o was

sign and dlt~ the activities as required.
plans were i~sued and old ones destroyed.

Any revisions to the quality
This did mean however that the

new revision had to be re-signed for the vario~s activities which had taken

place. Fortunately, revisions to quality plans seldom occurred once they
had been approved by the client.

j_ncomplste Q,uBlit_l_E_lans.
On site, numerous revi~lons to quality plan3 occurred, due to additional
installation 3teps he(ng aejed as it became clear how the installation was

impossible to draw up entire quality plans for the site-work prior to
starting the installation because formal Q.A. had never been utilised by
Huppmarm. As the installation of the brewhouse proceded however, the
author was able to consult the various Garman erectnrs about the steps
taken to install the plant and what iorm of quality checks they had
"informally" utilised in the past.

The client was understandlng in this matter and merely checke~ the quality
plans on a regular basis as they grew, to ensure that they were
satisf&ctory. For the next brewhouse project in Botswana, Huppann has been
able to submit entire installation'quulity plans for approval prior to
commencement of site-work, due to t~e experience gained in thiq prlje~t.
This has impressed the client greatly because no other Gontractor working
on the new brewhouse site in Dotswana has been able to give SAD this degree
of site Q.A.
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Qualitv System procedures

Some problems ~lso occurred initially with workshop personnel not adhering
to manufacturing procedures. This is understandable because of the need for
personnel to adapt to any new system. For example, initially welders were
not given the welding specifications by the foreman and were not aware of
which specification was to be utilised. On one occasion the incorrect
welding method was utilised to weld a manhole into one of the malt hoppers.
Too much hQat inp1lt occurred a~~ the conical top buckled severely. A large
section 0f the top had to be cut out and carefully replaced. Upon
invas ei ga t Lon , it Wi1S revealed that the weld specification Ls sue d to the
fo:eman by the aJthor had not been consulted Rt all and the welder had
performed his work unsupervised, as he thought best. It was an expensive
lesson, but after this episode the welding specifications were consulted by

the foreman as well as the welder concerned. Any quories from the shop
floor personnel regardinc weldinR speCifications Were then directed to the
drawing office.

Systems tend to disorder

It is one of the natural laws of the universe that with time all systems
tend to disorder. Quality systems are no exception to this as was revealed
when the author returned to tho head qffice after performing the site work
aspect of this inveatigational ~rojoct. Although ~hn chief designer was
made responsible for Lhe quolity manager's 1unctions eluring the author's
ahs enoe , there was a dls t lnc L "s lacknnl ng " ov Iclont in the vcr kshop, in
ferms of the quality systom procodures. Quality plans were nut always
issued to the shop prior Lo commencement of manufactur~, welding
spe~ifications were not supplied in some instances and some inspection
points were only signod after the picco of c1uipment had left to site.
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It was probably unwise to leave such a new system jn the hands of someone
else, but at the time there was no choice because the s~te aspect needed
the attention of the author. It did PJ~nt out the need however, for a
routine surveillance of operations and regular auditlnq of the quality
system to ensure that the correct procedures were being fol lowed and that
the quality system was functioning effectively.

Perhaps more emphasis should have been placed on "sel ling" the new quality
system to th~ employe8s of the company. Clearly it is not an ideal system

if the only means to insure its implementation is to "police" the works
continually. If the employees involved in the system were sold on the idea
and truly involved, then the quality system would avoid becoming merely a
tedious "window dressing" eKe~cise at~ "policing" the system could be

avoided.

One improved method of "selling" the system could be to ensure that
feedback regarding quality achievements of the company is given to
employees, and illustrating how the quality system had contributed to this
success. Another method cuuld be to emnhasiqe "quality" from the customer's
point of view, by physically showing employees quality problems at
customers' plants, the consequences of these problems and how the quality

system was aiming at reducing the cha~ces of these problems arising in the
future. It also appeared to b~ important to re-establish the fortnightly
production meetingR, Lo assist in soIling the quality system to employees
by obtaining feedback regarding problems with the system, acting on this
information and communicating quali~ achievements of the company, etc.
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Fluctuating Q.A. levels

Another problem which occurred during the absence ot the author from the

head office, was that post-weld inspection methods on non-pressure vessels
weI' altered to suit the demands of the customer without considering the
cost and time implications. SAB had increased the size of their G.A.

department and the inspector appointed for the ne~ brewhnuse in Botswana
had increased the level of G.A. required for welding. After the vessels
had been welded he had requested that they be 10% radiographed and Huppmann
had oblIged him. Not only was it causing unnecessary expenses, but the
radiographs lvere then judged according to AS ME VIII, the American pressure
vessel code of practice. Some'of the welds faiied this stringent test, as

indicated in Figure 5.14, and had to be repaired at a further cost. When
the "unsatisfactory" welds ~lI:?re repai red and r-e+r-ad Logr-aphed, the
acceptance criteria was suddenly changed to AD Merkblatt HP 5/3, (also for
pressure vessels but different acceptance criteria to ASME) as indicat~~ in
Figure 5.15.

This situation is clearly unacceptable. The customer cannot be allowed to
suddenly change the level :.of'l.A. at will and th~ inspection authority
change acceptance specification at will either. The quality standards
contractually agl'uud upon in t.he appr,Qved quality plan (see Figure 5.16)

cannot be changed without negotiation between both parties.

Inspection Authoritie~
This example also highlights some of the
inspection authorities. The growing commitment

problems encountered with
worldwide to formal quality

systems based on quality man~oemenL standards has meant the development of
increased in-house expertise regarding these standards as well as the
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national construction standards. This was certainly the case with Huppmann
where prior to this project, no in-house expertise regarding qilality
manageffi~ntstandards and only ~ vague understanding of the national
construction standards existed. Companies such as Huppmann tended to rely

on the advice of inspection authorities regarding inspection requirements,
procedure qualifications etc.

This put the inspection authority in a rather powerful position. These
organisations are naturally in business to make a profit and one can assume
that the more wolder and procedure qualifications, radiographs, etc.
undertaken, the more profit the inspection authority will make. As such
their advice in s"me matters may not be a~ unbiased as one might hope. For
example, the geometry of a test piece is 9ften recommended by the
inspection authority. fll careful selection of the geome~ry of a weld
procedure test, a veri wide combination of actual welding geometries
encountered can be covared. The converse is also true. Certa~n geometries
are more limiting and further r lcedure tests would be required for
geometries not covHred by that procedure qualification. These procedures
are expensive (around
time+consum ing.

Rl000 for an A-D Merkblatt procedure) and

A fabricator uou l d naturally want to tlvoid unnecessary Q.A. costs and a

high degree of unde r s t and ing , of quality management and construction
standards is thus de s Lr ab l e , This knO\11 edge for e xamp Ie, may have avoided
the repair costs encountered by Huppmann regarding the welds mentioned
above, which failed to pass the A5ME criteria.
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nor the inspection authorities were able to attend immediately to

Delayc;

A major problem encountered at Huppmann, and one which the author was not

able to solve, were the delays caused whilst awaiting inspection or results

of inspections from outside the company. Neither the customer's inspectors

a delay was encountered on one job, the workshop personna.

have other jobs awaiting which they could attend to.

ere to

inspection hold and witness points when called for by the quality plans.

Although Huppmann would try and provide sufficient warning of approaching

inspection points, delays still OCCUllOd. Not only were these highly

disruptive to work flows, but they also 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 not" appear to be an easy solution to this problem and the best

approach to adopt appeared to be as fol lows:

al Giving customer and inspection authority ample warning of

impending witness points by estimating the progress of a particular

item.

bl Requesting the inspection BuLhority to expedite results of NDT

examinations.

c) Remaining flexible in terms of workshop scheduling i.e. as soon as

d) Careful assessment of delays to other aspects of a project if the

item delayed is part of a larger ~~stem ana subsequent replanning of

the project to try and minimise the effects of the delay.
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This is clearly not an ideal situation and if these delays cannot bp

substantially reduced in the future then the costs encountered by Huppmann

dUE to a less efficient production system will probably have to be passed

on to the customer. This could be done for example by putting a cost to

these delays, which would depend on the level of Q.A. required by the

customer, and buildIng this into the quotation for that item/project as a

Q.A. system cost. It could be po.inted out to the client the differing Q..A.

costs, depending on the level of Q.A. required.
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5.5.2 Feedback on S ito Jl:-h

This topic requires a separate discussion because there are QBny aspects of

the quality management sy s tern ~]hich were influenced by ~.he si te

environment. It. is at the site stage of any construction project, that all

the pieces of equipment ar e bro'ugh L together to form an integrated system.

The purpose of site Q.A. is to provide a level of Quality control on site

so that the designers' intentions as well as the requirements of the

customer are mot. The objective is to ensure that the specifications of the

contractor as well as the client are adhered to and to ensure that the

quality of workmanship is sa~i3factory to t.d customer.

The Jr.t egr Lt.y of a plant SU~,1 as a br ewhous e is rapidly revealed during

commissioning stages and a consequence of an effective site Q.A. p~ogramme

would be to contribute towards a commissioning programme which runs

quickly and smoothly. Tho fj~st brow done by a brewhouse is a cortrac~ual

milestone date, usually with penalty clauses attached to it. Problems due

to faulty workmanship and install~lion, besides being expensive to rectify,

can cause major delays in tho commissioning of a plant. The effect on the

reputation of the company as well as the profitability of the project would

be disastrous. Evo n t ua lly the plant mus t rnrform as specified, but at wha t
"

cost to the supplier, especially with contractual penalty clauses in force?

In the past, "control" had tended to be lost by Huppmnnn once the equipment

had been manufactured and sent to site. For this reason, the site aspect of

the new Q.A. system required special attention and this section of the

report deals with Lhe experiences gained by the author on site.
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The Ohlsson's Cape BrewJry project was the first brewhouse built by
Huppmann with formal Q.A. as part of the site work activity. It is not
usual fQr the German parent company to utilise Q.A. on site. They seem to
implicitly trust their artisans to perform their work according to drawing
or specification and they utilise highly experienced site foremen. They
also tend to use the same subcontractors wherever they happen to build a
brewl'uuse in the world; the subcontactars know by now what Huppmann wants
from them and Huppmann knows what to e,pecl from them.

Huppmann generally builds brewhouses on a turn-key basis. The customer
(especially in less sophisticated Third World countries) wil I say "We need
a brewhou5_ which produces x amo~nt of beer" and he will supply information
to Huppmann regarding their method of brewing boer. On the technical side
there will be little inrut because it is as~urond that Huppmann knows best
how ~o build a brewhouse which will meet the requirements Jf the customer.

A customer such as SAD, however, wishos to have a far greater technical
input and control over th~ finnl llroduct. They utilise a combination of
internal expertise in the form of brewers, engineers, technicians and
draughtsmen as well as external consultants to generate ~ number of
technical specifications.

Huppmann provides a detailed technical specification as part of the
contract between themselves and their clients. This is basically a

brGakdown of all the various components of the brewhousB, performance
figures, material specification,s etc. The technical sp~cification, ill

conjunction with approved Process Flow Diagram (PFD' and various
engineering drawings, form important Q.A. documents because they state wh~t
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the customer has purchased from

installed.

Huppmann and how the plant is to be

The role of the Q.A. representative on site (the author in this ~ase) was

to ensure that Huppmann'E as well their custo~er's drawings, procedures and

specifications were being adhered to. Another role was to clarify with the

customer any aspect of the inslal:ation not cover8d by these specifications

and drawings issued with the tender.

[i. to environments - th,?i r effect on Qual ill

There are some important differences between a site working environ~Gnt and

the correspond~nG workshop envircnment, which influence the quality system

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

Firstly, site work is far less predictable and stable than the workshop.

The entire manpower structure allocnted to a specific project is by

necessity short t~rm, because various di~ciplines are required at different

stages of t~e projoct. The decision whether tu use locally recruited

manp~~er and sub-contractors on site or wheLhcr to use manpower from the

wor-kshop and Jchanno sbur g basad, known sub-contractors is a difficult one

with implications on product quality.

Locally recruited pnrsonne! are usually cheaper, although their hourly rate

may be more, bocause expansive living out allowances, travelling and

acconmoda t Icn costs nrc e lIm ina tud , Tho Ir performance 011 s lt e and their

quality of workmanship were unknown factors howevor, and could only be

judged once they had settled into their new jabs. A learning curve cnme

into effect and time lost whilst adnpting to a new jab was undesirable in

such a tightly 3cheduled project.
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During this period, a high de gree of Q.A. was of critical importance whilst

the artisans adapted to the mei~nds and procedures particular to HuppmBnn

and SAB. Poor workmanship was Fometimes evident, mistakes were made, rework

had to be performed and expensive stainless steel was wasted. Once the site

crew was established and accust~med to the methods of the German foreman, a

fairly consistent level of w0rkmanship occurred.

The decision to use local or workshop employees may not merely be base~ on

economics. A smal I engineering company such as Huppmann Fabrication&

simply does not have the manpower resources to cope with such periodic,

large projects. In this particular project it was not feasible to send

workshop personnel on site for any great length of time because much needed

output from the workshop would hove sufferod. The German erectors used on

site are very expensive (approximately RIJOO per day) and Huppmann was

naturally keen to keep t~e time Lney spenL on site to a minimum.

One of the major problems with opling for local artisans appears to be

finding people on a short torm basis who have the necessary experience,

motivation and ability to perform ~dequntely. Ther~ is also a shortage of

s~illed, professional artisans in South Africa. Those artisans with the

necessary sl:ills tend to have regular employment because their employers

k.iow what an as se t they are.

This leads on to another problew, namely lack of company loyalty. The

short-term nature of the work performed by contract personnel means that

there is generally not enough time to build up any company loyalty. The

adoption of Quality Assuranc0 and Quality ControJ by a company is a slow

pr ocess which requi r es a long term commi tmon t L'(y, management as \~eII as

shop floor personnel. Short term employment and lack of company loyalty are
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detrimental to the quality system and thus quality of products. The
"lifetime" employment attitudes of Germany and Japan, and the high quality
of their products seem to confirm this.

Artisans from the workshop, on the other hand, tended to need far less
sJpervision than the local artisans and they were already used to some of
the quality system procedures. Their productivity was also greater
primarily because they wanted the job to move along rapidly so that they
could return to their families.

One of the other differences between site work and the workshop environment
is that of equipment resources available. There is a limit to the number
and type of machilles which can be taken onto a site. Clearly it is
impractical to move larger lliBch!n8 tools. There are, however, a wide range
of relatively portable machines wllich have a great influance on the ease
with which a job is performed and thus the quality of the workman~hip. Pipe
cutting and pipe weld-preparation machines are good examples.

Another fundamental difference between site and workshop is the proximity
of the client. On site, the client is physically close at hand and this
allows for rapid feedback should quality problems occur. If the contractor
or client has a query, these can be solved relatively quickly. The effect
on Quality tendS to be beneflcinl because it places more pressure on the
contractor to perform a good job. On site it is more difficult to cover-up
mistakes duri~g subspquent manufacturing steps, as could be done in a

workshop, because the client is continuously observing the progreso made.
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often appear to be the case. Delays occurred because the client was
uncertain about what he wanted and various personnel in the client company

had different ideas about the same issue. This became a real problem on
site because it led to conflicting instructions, re-work and confusion.

It is impractical to show every aspect of an installation sU0h as a
brewhouse on drawing~, and some issues need to be resolved on site. For
example, where to run cable racks or how to bracket pipes to a wall. At
first, th~se issues were resolved verbally with the relevant client
Engineer on site. The decision taku~ would then be translated by the Q.A.
representative to Lhe foreman or Lhe relevant artisan. What tended to
happt was that during the installation of, for example the cable racks,
someone else from the client would say that the installation wa~
unacceptable for any number 0. reasons, ranging from aesthetics to
interfering with some other planned installation. This would then lead to
re-work in that area resulting in lost time and tIle problem of who would
pay for the re-work.

It became apparent that the n~jy way to overcome these problematic grey
areas wllcre no approved drawings existed was to liaise closely with the
client, preferably showing the various engineers on site exactly what the.problem was and the proposed solution, in the farm of e sketch or written
ciescription. .In order to obtain rapid approval of these sketches, the
~ontractor needs to establish who is involved in t~e decision-making unit
(DMU) of the client, for that particular discipline. Any subsequant re-work
performed in an area covered by these sketches or approved drallings would
be for the account of the client and a delay due to re-work would be noted.
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The effort required by the Q.A. representative to draw up tht~e sketches
and obtain approval on various issues proved well worth it. The site team
was instructed not to proceed with work until cl~ ification and approval
had been obta:ned. It was the responsibility of the Q.A. representative to
look ahead of the installation work, anticipate problem areas and push the
client for rapid decisions on issues in order to avoid delays. Copies of
approved sketches could then be handed to the Foreman or relevant artisan
directly and would be referred to in the event of a dispute with the

client.

One particular contractor on sJte who had not taken these measures, had to
re~o a major portion of their installation work free of charge. They had
not obtat~ed approval on a particular method of installation and SAB
informoa ~hem that their method was unacceptable.

What must be emphasised at this point was the need for the Q.A.
representative to be in a position to judge what was technically acceptable
to Hupp~ann as wei I as SAD in these instances. Even though a particular
aspect of the new brewhouse may have been approved by a representative
from the client at the time, this is only an approva! in principle. r; it
is proven to be technically incorrect, at the end of the day it is a
Huppmann !cstallation and although it may not reflect well on that
particular person who approved It, Huppmann would probably be responsible
because they "designed" and installed it. It must be borne in mind that in
a turn-k~y type project such as this, Huppmann was responsible for
virtually everything within the four walls of the brewhouse.

Whenever the author was in doubt as to what Was acceptable to Huppmann in a
technic~l 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 periodic visits by the German design Engineer

did much to clarify various technical prublems which had been encountered.
Close liaison with SAB Q.A. representatives on a regular basis on site also
helped to ensure that their requirements were incorporated into the
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installation work.

Customer Requirements vs. What was Sold
Unfortunately, as was mentioned previously, not al I issues are resolved at
the tendering stage of a complicated, multi-disciplinary installation such
as a brewhouse. Huppmann has its standard way of installing a brewhouse and
a client such as SAP ~Iso has its standards, specifications and ideas about
the installation method. The Q.A. discipline appears to be caught in the
middle of this dilemma and seeks to marry the two harmoniously.

Most of the customer'~ technical specifications were included in the
original contract documentation, but it became evident during the project
that not much attention had been given to these by the commercial
department of Huppmann, which handled the original contract. Only during
the actual installation work aid the financial and time implicatio.ls of
some of these specifications become. evident.

Let us take for example the cable racking installation. The Huppmann

standard method is to utilise staInless steel trunking running horizontally
at two levels, one for instrument cables and the other for power cables,
with a gap of approximately 300mm between the levels to a~oid inductance
interferences between control signals and power cables. The SAB standard,
however, called for stainless steel mesh wire racking running vertically



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 of

I ns ta Ll a t ion.

300mm
INSTRUMEN
RACK.

600mm
GAP.

300mmPOWER
RACK.

Fig 5.17. CABLE RACK INSTALLATION.

The vertical racking meant that each individual cable had to be neatly
strapped to the rack at regular intervals, which made the actual cable
installation more time-consuming and thus more expensive. Delays caused by

waiting for a final decision on the type and orientation of racking and the
greater period ot time required tor the cable installation work contributed
greatly towards delaying the milestone First Brew date.

This example illustrates the importance of involvement of the Q.A.
department as well as engineering departments at a very early stage of a
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project, preferably at the tendering stage. It is of great importan~e to
determine what the detailed requirements of the customer ~~e a~d to analyse
the specifications of the customer and how they differ from standard
practice in order to ascertain their cost and jJrogramme implications.

During the course of the brewhouse installation there were also many
options for which the client opted, which changed the original scope of
work. Numerous revisions to drawings were issued incorporating these
options or changes. This caused some confusion on site because of delays in
obtaining revised drawings from Germany and ~he problem of communicating
the latest information to the pite team without revised drawings. It became
very important to ensure that everyone was working to the latest revised
drawing and if this was not available, to mark up an older drawing with the
latest information.

~. Documentation on site
The primary documents utilised on site to show evidence of the Q.A.
activities performed on major items of equipment were Quality Plans, as
utilised in the workshop. An example of a Quality P!sn for the installation
of a particular vessel is given in Appendix B.
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The primary reference document utifised to monitor the installation of
interconnecting pipework, valves and instruments was the PFD (Process Flow
Diagram), a copy of whi~h is shown in Appendix C. This does not show the
actual physical arrangement of the plant, but it defines the 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 an early stage.



Piping drawings which showed pipe and valve arrangements at various
sections through lhA 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. Deviations from the PFD 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 Materials, radiographs, welding specifications,
welding schedules, and technical specifications from SAB and Huppmann.

Practicality of Specifications
Some of the customer specifications encountered during the brewhouse
installation appeared to represent an "ide~l" situation, but were
impractical. For example, one specification called for a certain film
thickness of powerful acid to be applied to the tanks. Ho~ does one
measure such a film thickness without the use of very sophisticated
equipment?
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Some of the specifications appeared to have been drawn up without
considering how they were to be executed (or thei~ 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. It was then up to the U,A. representative to clarify with

the client the criticality of these specifications and how they were to be
executed. This should have been done at a much earlier phase, in line wi+h
the previous comment of involving the Q.A. department at the tenderi,
stage.



Scheduling ~s Quality
Too much emphasis was placed by the client on scheduling rather than
quality, without taking into acco~nt the inevitable clash between programme
pressure and quality of workmanship. Slips in the installation programme
are almost inevitabi J in such a fuulti-disciplinary, fast-track project. In

<Huppmanll's case, civil delays alone accounted fur more than five weeks'

worth of delays. True, the contractor shou!~ endeavour to make up lost
time if possible, but the coptioual emphasis by th9 ~Iient on meeting the
original milestone dates meant that the installation became hurried, long
hours were worked and quality began to suffer because short cuts were

taken.

Region vs Projects
In this particutar brewhouse installatlon, the client was divided into two
camps. "Region" consisted of the Regional employees, in the form of the
Brewmaster, his assistants, Regional Engineers, etc. They are thA people
who would eventually "owntl the plant and run it. "Projects" consisted of
the S.A.B. projects team, many froffiHead Office in Johannesburg, who were
the project managem?nt team. Eventually they had to hand over the plant to
Region. HUf'pmann was contracted Lo Projects and most of the design
interface with the client occurred via, Projects.

Region was thus not really involved in the original project conception
phase, and only as the installation drew to a close did Region become more
involved. Region wc.e the~ not satisfied with some aspects of the
installation which Projects had previously decided upon. Huppmann became
drawn ir,to the inter-company politi~s and it became very difficult to
satisfy all parties.
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The problem was that Region produced the bult lists (a list of aspects of

the installation which were regarded as being unsatisfactory) at the end of

the installation, which were then issued to Huppmann for corrective a~~ion.

It became important at this stage for the Huppmann Q.A. representative to

defend the installation work, which had been agreed upon originally with

Projects and modifications required by Reg~on were to be regarded as extras

and not quality problems.

Hardware vs Software

As the installation of the brewhouse pr'Jceeded from mechanical

installation, through electrical and finally software commissioning, the
• c

limitation to the use of quality plnns as a means of quality control became

apparent.

The quality plans were effective as a means of quality assurance during the

mechanical installation, but as the installation became less' and less

"tangible", they became unrealistic. The extreme example is the software

aspect. How does one perform quality assurance on software? This problem

stil I needs to be resolved.

The problem may also have been that th: author is a ~echanical engineer and

has little 9xperience on the electrical and software side. In order to

perform quality checks, tha "inspector" must be in a position to be able to

monitor and judge tha work performed. Far this reason, Huppmann sent an

electrical design engineer from Germany during ~he electrical ant,

instrument installation, to monitor and check the installation according to

his original design. This is an ideal situation, where the original

designer of a system Is involvp~ full-time on site during its installation,
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~nJ resulted in an electrical and instrument installatiGll with high
integrity.
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5.6 Future Advance...?_

A grea~ deal of the groundwork of the new quality system has been done by
the BuLhor, but the system is far from perfect. A c~mparisan of an internal
quality audit (see Appendix D) conductea by the author at the end Of this
investigational project to the :3tatus of Q..A. at Huppmann prior to the
project indicates the degree of advances made. This quality audit is based
on B55750:Part 5, but is very similar to an audit based on the new ISO/SABS
series. Not all of the criteria of the quality management system standard
have been met. In ardor to obtain the official certification from the SABS,
these areas will need to addressed in the future by the q~ 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 1" items. This means the company
is required to operate a quality system which complies with SABS 0157.
Although the customer appears to be satisfied with the advances made at
Huppmann with regar~ to Q.,A. (espeoially after the successes of the Cape
Town and Botswana proj3cts), there will come a time when Huppmann will be
required to show evidence of official asseSEment of their quality system.

Improvements to the quality system will be the ongoing responsibility of
the quality managor. In order to ensure that progress rather than
deterioration of tho system is maintained, the case study highlighted that
regular audits of the quality system would be necesaary.

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 Bny effect an the quality of products and aervices, should eventually
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become formalised. Procedures will also need to be developed to cope with
the less tdngible type of "products" supplied by Huppmann, such as PLC
sof twar e .

One of the next steps to be undertaken at Huppmann should be to develcp
means of measuring the on-going quality performance of the company. This
will indicate the effectiveness of the ~ew quality management system,wlll
enable management to assess and control operations, and take action when
necessary.

In order to measure quality performance, Huppmann will need to ertablish
certain meaningful "yardsticks" which over time, would indicaLe whether
quality performance was improving or declining as well as the quality level
in the Qompan) at any particular instance.

Examples of these quality measurements could include the number of

non-conformance reports generated (in-house or by
inspectors), the number of concessions granted,

the customers'
completeness of

documentations, lengths of 'snag lists' generated by customers, ease and
speed of commissioning as \1e II as the more obvious workmanship
measurements.

Under workmanship measurements, one could include accuracy, cleanliness,
neatness Bnd conformance to the engineering requirements. In stainless
steal vessel manufacturing, the latter would consist, amongst others, (and
bearing in mind typical problems experienced by
SASTECH (5) of the f o lLowI ng t>

1. Correctness of shell dimensions.
2. Correctness of nozzle sizes and ratings.
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3. Correctness of nozzle orientation.
4. Correctness of special fittings, probes etc.
5. Correctness of wel~ing.

Of particular importance is the hygienic food and beverage environment in
which Huppmann operates is the measurement of cleanliness (free of
contaminants, especially carbon contamination), surface finish and ability
of equipment to be easily cleaned under the latter, one would look fo:
sharp edges, crevices and any "dead ends" in equipment which could lead tD
hygiene problems.

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 can be as high as 30% of
contract value. '91 Besides undermining the company's reputation with i~s
customers, consistantly late deliveries could be financially disasterous in
this industry, where gross margins are often as low as 10% of contract
value.
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Another useful measure of performance may be to involve the customers' by
asking them via questionaires or other means, how they felt Huppmann was
performing from a "quality« point of view. If this was done on a regular
basis, action could be taken to ensure that Huppmann was always meeting the
requirements of its customers. It will a180 remain very important for the
quality manager to keep all feedback channels from the client open.
Problems encountered with products supplied by Huppmann or client problems



with the quality system itself, will always occur and solutions to these
problems will need to be incorporated in the future.

The quality manager should also seek to incorporate the Josts of quality,
into the accounting system utilised at Huppmann. This would provide the
ultimate way of measuring the quality performance of the company and the
actual effectiveness of the quality management system. The implemention of
such a cost accounting system was beyond the scope of this project, but
could, for example, form the basis of a future student i1vestigational
proj9ct.
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6. CONCLUSIONS

6.1 Conclusions Speciiic to The Case Study.

It is difficult to know, to what extent the attention given to quality and
the new Q.A. svstem 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 to build an identical "control" brewhouse without formal

Q.A., and then compare the outcome.

The speed 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 indicators 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 ex~~ple Figure 6.1),

Perhaps this difficult to quantify strategic benefit has more than offset
the cost of implementing the Q.A. system. By implementing a quality system
t, the satisfacti~n of its customers, Huppmann has ensured that it remains
in a favourable position regarding future contracts and has avoided the
Jbar~essment of not being allowed to tender on contracts due to inadequate

in-house Quality Assurance capabilities.

What became apparent during this investigational project was that the full
implementation of a formal quality system is a lengthy process, requiring
ruany "project hy-project" improvement steps. As such, any company embarking

6.2 General f_onclusions for the Procf)ss Plant Manufacturing Industry.
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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" exercise i.e. nothing
really changes within the company except for the generatiun of copious
quantities of Q.A. documentation. The quality manager needs to ensure that
top management backing for the system is obtained, that the system is
adequately "sold" to employees and that effective and efficient procedures
are adopted. By utilising regular system audits and feedback from inside
as well as outside the company, the quality manager can ensure that the
quality system adapts to changing needs and does not degenerate into mere
"window dressing".

The cost of implementing and running a Q.A. system will depend on the level
of Q.A. opted for. In the process plant manufacturing industry, the
supplier maYt however, have little choice in this m~~ter. Contractual
requirements must be met, but some negotiation with the client will be
required. Th~ strategic Qenefits to be gained by delive~ing a high quality
product with a high level of qurlity assurance and a reduction in scrap,
rework and warranty costs, may more than offset this cost to the supplier.
Protection against product liability claims and fllduotions in insurance
premiums Bre also some of the benefits gained by a ~llpplier operating an
effective Q.A. system. As a good measure of quality fsrformance, the
accounting system of the company should consider the various costs of
quality.

Page 143



The quality activities which account 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.

More effort spe~t on "Quality Engineering" appears to result in reduced
total costs of quality, due to less quality problems being encountered.(91
The manufacturer has little control over Validation Inspection costs, but
he can minimise costs of special process procedure qualifications by
keeping the number of these procedures to a minimum. Repair and
rectification work often seems to involve welding wt 'k and the manufacturer
needs to aim at utilising good welding equipment, competent welders, as
well as carefuJ pJanning of the welding operations, in order to minimise
potential problems.

The nature of the quality 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. Quality systems adopted by suppliers of process plant
equipment tend to be customer-oriented due to the high consequential costs
of quality problems, which are usually burdened onto the purchasers of
process plants. This has resulted in the growing trend worldwide of
customers insisting on suppliers adopting suitable, formal quality
assurance systems. In order to remain competitive, all suppliers of process
plant equipment who have not taken concrete steps to implement such
systems, should consider doing so as a matter of urgency.
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The quality management
especially the recently

system standards that have
introduced ISO 9000 series,

been developed,
provide a useful

management framework for organisdlions wishing to implement such formal
systems. These have also provided clients with standards against which
suppliers can be assessed,

Judging by the problems experienced by SASTECH, with 80% of fabricated
stainless steel equipment requiring repair due to quality problems, there
is a real need to implement effective quality management systems in this
country. In order to meaSUka the effectiveness of these quality systems,
the correct quality performance ~yardsticks~ will need to be measured over
time, and corrective action taken where necessary.

in summary, the specihl features of the process plant manufacturing
industry influence the Q.A. approach of the manutacturer as r~llows:

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

b) The cost of the Q.A. system to the manufacturer is likely to
be high and less easy to justify on a short-term basis. However,
in order to De able to compete in the market place the A.A. system
is of major stratagic importance to the manufacturer. This
importance is likely to increase further in the futLre because of

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

c) The uniqueness of most plants and the related necessary design
details and manufacturing specifications, requires compatibility
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between the quality standards (or specifications) and the relevant

engineering standards (or specifications).

d) Complex contractual 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) Control over "special processes" is critical because of the
major importance which they play on the quality of the products.

f) Varied quality demands and varied contractual relationships
between different customers means that the A.A. system must be
rigorous yet flslCible enough to meet these varying requirements.
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SAB's Quality Assurance Requirements for Suppliers



· I QUALITY ASSURANCE REQUIREMENTS FOR
SUPPLIERS

CEP 351

ENGINEERING
MANUAL
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I L.1. tM
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1.0 SCOPE -_

1.1 Th is procedure shall app ly to all supp 1ier s who
to the SAS 8:=f Division.

2.0 APPLICABLE DOCUMENTS
SABQuality Policy.

3.0 DEFINITIONS
Plated e 1

All items that are necess ary for the equipment matnt enanca, execution.
and support relating to a particular act t vi ty ,

Quality Plan

A document cleri ved from aqua 1ity programme (extended if necessa-y)
setting out the specific quel t ty practices, resources and act t vit ie s
relevant to a particular contract or project.

Quality Programme

A document~d set of activ,ties, resources and events serving to implement
the qual ity sys tem of an Tganisation.

4.0 REQUIREMENTS
4.1 It is a pre-requisite of the SAB Beer Division that before a

ccntr-actvor-der is awarded, that the supplier has a formally
documented and implemented quality manaqement system to t.he
requirements of SAB.
Tenderers will supply ftil l cte"~i1s of their quality management
system with their tender •

4.2

4.3 Also to ~e included in the tender:
A list of organisations, preferably South African based, who
have purchased E'quipment or services s imi l ar to that tendered
during the previous three years including:

FULL i~AME OF PURCHASER
FULL ADDRESS OF PURCHASER
TELEPHONE AND TELEX NUMBERS
CONTAC T, PREFERABLY THE NAME OF THE ENGI NEER 1NG EXECUTI VE OF THEPURCHASER
AGREEMENT THAT AN APPROACH TO THE ABOVe: COULD 8E MADE.

-··~-·----------A-fPe-f\,)-D-lx-A~

- I



The t snder er shall submit his quality plan for SAg review ,,-d:h
his tsnder ,

CEP 351QUALITY ASSURANCE REQUIREMENTS FOR
SUPPLIERS Page 5 of 5ENGINEERING

MANUAL
-_

11.4 !tis an eXpI"eSS ccnd it ion of tender that tenderers and the ir
sub-contractors shall be required to undergo a Quality Assurar.c=
Alldit agains~ the requirements of SAB by SAB or their appo int sd
agents.

-I-- 4.5
-,- 4.6

-.~ 4.7
- ...

··tl..

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

Tender er-s quality plan shall contain as a mi n imum:

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

,
e.g .

Qual ity Control
Detail design
Procurement
Fabrication
Construction
Erection
Installation
Commissioning

.. -, Tenderers qual ity plan is subject to the approval of SAB and
Work may not commence without the prior written approval of the
succes sf'u 1 tand=rer ' s qua 1i ty plan by SAB.

4.9 During the life of the contr-act , the contractor sha l l prov ice
all facilit1es and assistance as may be required by SAB or their
appointed agents to monitor and/or audit the c~ntractor's
perfcrmence of the \4ork.

4.8

4.10 The contra-tor shall provide, for SAB's review and approval, the
qua 1ity p',ans of his proposed sub-contractors pri or to the,
appointment of such sub-contractors.

4.11 Quai-ity plans may often evolve from the t snder- stage throuqh the
1 ife of the contract. Each update/issue \'Ji 11 be subject to
effective documentaticn change control, and the content will be
reviewed and approved by SASe

...
i 11J
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ENGINEERING MANUAL
CBS 401

REVISION DETAIL SHEET

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

PAGE NO.
4

B

11

12

13

14

21

'" .l' , ~

PARA NO. DETAIL OF CHANGES
Appendix B Add: "Quality Plan. SAB, CEP 357. REV. 3"

2.7 Add: "acceptance criteria"

3.2.4 Delete: "purchasing"
"production"

Add: "designll
"specificati..ms for sub suppliers"
"procurement"
"sub supplier relcnse"
"materiel receipt, storage and control"

3.4.3 Add: "The responsibility for mon.i.toring
complicnce to the overall Quality system and
specific Quality plans should be separated
from other management respctlsibilities which
may have an impact on mater:~el quality. 11

4.1. 4 Add: II and agreed t.JithSAB."

4.3.3 Add: " manufacture,"

10.6 Add: "Calibration of all such equipment must be
documented and referenced against other
calibrated equipment such that certification
of caLfbr atfon can ultimately be traced back
to national standards.

~ Revision Detail Sheets mus:: be retained with the Copy of the Standard.
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1.0 SCOPE

This document sets out t.he requirement to classify all met"riel and services
into their respect tve levels of criticality. The purpose of this
c:assification is to ensure that the quality effort is spent in a most cost
effective manner.

2.0 APPLICABLE DOCUMENTS

S,\BS 0157
S,\BS 0158

Quality Management Systems.
Code of Pract ice for Glossary of Terms for Quality Assurance
and Quality Control .
Quality Management Systems.
Quality Systems.
Glossary of Terms used in Quality Assurance.

B~ 5179

BS 5750

BS 4778

QI~AL:i'y

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~
gUALITY ASSURANCE

All activities and functions concerne~ with the attainment of quality .
Mft.TERIEL

Equipment~ stores, supplies and spares that form the subject of a contract
(t~is generic term is often used for large scale procurement purposes).
QUALITY PROGRAMr~E
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 proqr erme (extended if necessary);
setting out the specific quality practices, resouY'ces and activities
relevant to a part;cula~ contract or project.
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CLASSIFICATION OF MATERIEL AND
SERVICES INTO LEVELS OF CRITICALITY

,.

4.0 GENERAL

4.1 When considering Pareto's Principle it is vitcl that the mein quality
assurance effort is concentrated on the critical areas of materiel and
servi ces that coul d cause expens ive!catastrophi c safety, production,
maintenance or product losses ,f they failed in operation.
Therefore, five levels of criticality are defined in terms of the
following parameters:
- Consequence of failure.
- Safety.
- Product taint/losses.
- Procurement cost.
- Availability.
Based on the above, all materiel and services shall be classified ;0
terms of one of the five criticality levels, each with its own minimum
quality assurance requirements.

4.2 CRITICALITY LEVELS
The characteristics of each criticality level is as fo11ows:
4.2.1 CRITICALITY LEVEL 1- -

- High consequential cost of failure.'
- Failure likely to endanger human life ..
- Product taint/losses.
- High procurement cost.
- High level of operation/maintenance personnel.
- High cost of operation/maintenance.
- High ergonomically or environmental a~fects.

New technology input.
- Deviation from accepted SAG standards and norms.
- Long delays in Governmental/local Authority/SAB Manageme:nt

acceptance/agreement.
- Long lead items.
- Long delivery delays.
- Implication of critical stock level holdings.
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4.2.2 CRITICALITY LEVEL 2
- High consequential cost of failure.
- Failure unlikely to endanger human life.
.. High procurement cost.
- High cost of operation/maintenance.
- Long lead items.
- Long delivery delays.

4.2.3 CRITICALITY LEVEL 3

err 360REV. 0
Page 5 of 19

Only certain critical component~ conrtributing to:
- High procurement cost.
- High operating/maintenance cost.
- Prodt: ":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 cost.
- Failure unlikely to affect operations.
- Stock items.

4.3 gUALITY ASSURANCE REQUIREMENTS
4.3.1 FEASIBILITY PHASE

During .•is phase SAB Management (to include all Central
Departments as required; Central Lab., Personnel, T & D,
Finance, Administration, Public Affairs and
others)/User/Oesigners shall compl ate Annexure 1~ identifying
the level of importance/criticality of the various functions.
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·The~ object of identifYlng cr it tcal it ies in this phase ts to
ensure that Management/User have identifi~d their needs
suff ici ent ly accurately to gi ve the Desi gners the parameters
wi thi n whi ch they' can study and cost the var; ous opt; ons.
Further , it is tmport ant to identify to the Central and Local
Authorities, the total infrastructure of the brewery and to get
co~mittment 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 envi saged, MRnagement/User sha 11 1ay down
the guidelines for any departure to the existing standards and
norms that have to be evaluated in the Feasibility phase.

On the basi s of the above, the Des; gners will engineer the
options in cr~sultation with the User within the ranges defined
by Managemen, to comply with the programme of work so as to
cost the various options to be presented in the Feasibi 1 ity
study .

The agreed level of criticality will be identified on all
references made to the funct iani act i vi ty on all documentati on
including minutes of meetings, memos, reports, drawings etc .

4.3.2 SPACE REPORT PHASE

During this phase SAB Management/User/Designers shall complete
both Annexures 1 and 2 which will identify' the
importance/criticality level of the various fUnctions/material.

4.3.3 DETAIL DESIGN PHASE
During this phase the Designers shall code all equipment '.!
sub-components into one of five Criticality Levels, as indica~ed
in 4.2 by completing Annexure 3.

4.3.4 EXECUTION/COMMISSIONING PHASE. -
Our; ng th; s phase supp 1i ers/vendors/contractors are appoi nted.
Their QA requiremen~s for the 'various Criticality Levels are as
follows:

4.3.4.1 CRITICALITY LEVEL 1

- Supp 1i er to be assessed to comoly with SABS 0157,
Part 1 or Part 2, or similar, as appropriate.

- Pr; or to contract award. Supp 1ier to submi t to SAB
for the; r rev; ew and approval, a qua 1i ty plan in
accordance with eEP 357, giving detials of al l
processes employed to assure conformance to SAB
requirements .

- Supp 1; er to ; nform SAB of a 11 acceptance cr+ter t a' .
employed and documentation to be generated.

------------------------_._------------
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- Supp 1ier to prepare comp 1ete rtata packages for SAB
records.

4.3.4.2 CRITICALITY LEVEL 2
- Suppl ier to be assessed

0157, Part 1 or Part 2,
with the view of
non-conformance,

to the requirements of SABS
or similar, as appropriate,

identifying areas of

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

- SUPPlier to inform SAS of all acceptance criteria
employed and documentation to be generated.

- Supp 1ier to prepare comp 1ete data packages for SAB
records.

4.3.4.3 CRITICALITY LEVEL 3
Supplier to be assessed to the requirements of SASS
0157, Part lot' Part 2, or similar as appropriate,
with the yi ew of identi fying areas of non-conformance
;n relation to the critical components.

- Supplier to submit to SAB for th~ir review and
approval, a quality plan in accordance with eEP 357.
paying particular attention to the, stringent
requirements placed on the critical components.

- Supplier to ~repare data packages for critical
components only for SAB records.

4.3.4.4 CRITICALITY LEVEL 4
- Supplier to be assessed on the basis of his ability

to produce the materiel.
Supplier to submit to SAB for their review and
approval, a quality plan in accordance with CEP 357,
detailing final inspections only.

4.3.4.5 CRITICAUTY LEVEL 5
- Supplier to be assessed only on this ability 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 are met l-lithin acceptable
availability and cost constraints. 'W'hat \-JaS once acceptable is no
longer so,

Any production ope rn t Lon needs ru Les and controls to meet these
requirements and be. cost-effective.. Work in a number of countries
has analysed these rules and controls and found that they have common
features which can be applied to,oany type or size of production unit.

The !~,~chniques involved are known as Quality Assurance. It is
generally accepted that the implementation of these techniques is the
most effective form of production management. The application of
these techniques is known as Quality Management.

The principles of Quality Management are aimed at the identification
and elimination of production errors which could cause customer
dissatisfaction or buying resistance. They .1so offer positive cost
benefits. Every Rand saved by reducing design, purchasing or
manufacturing errors is a Rand added to profits. An addd taona I
benefit is improved product consistency,

The requirements given in this document are an outline of the t as Lc
elements required for an effective Quality Management System •. They
are based on SAnS 0157 - Code of Practice for Quality Mar.ag:ment
Systems. This is the local version. of a number .of national s tar.dards
which have beet, pub Lf.she d on Quality Management.

There are u' ncmbar oi reasons why companies introduce Quality
Management Sys t en-s , Idealiy the company should be convinced that the
system is good n.snagcment practice and that it will further the
company's aims and long t erm prosperity through continuity of
performance.

A pitfall to be avoided with the introduction of any Hanagement
System is a pr eoccupa tion tvi th methods and procedures, ihese can
take control of the process, so that HOWit is d~n~ becomes more
important than WHATis accomplished. The achievement of goals and
objectives becomes difficult if the focus is not kLpt on the right
area •
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1.2 PURPOSEOf THIS DOCUHENT

The purpos e of this interprEtive docuu ~ is t() provide a morr
defined .basis for suppliers in the ore", .ng Lndue t ry to develop
qual; ty assurance programmes. to ensure a more cons Lstent outcome
from assessments by SAB and SABS and to avoid multiple ass~ssments as
tolell as muLtiple inspections. Te this end S.'," have prepared this
interpretation of the criteria of SABS 0157 tu ensure a common
unde rs rauddng of the requirements for a quality management; system
necessary for the design. manufacture and erection of brewing
equipment. This document should be rend in conjunct Len with SABS
0157.

) .3 QUALITYASSURANCEREQUIREMENTS

SABS 0157 '!lay be imposed as a contractual requirement between
purchaser and supplier to provide the purchaser with the confidence
that an acceptable quality of product or service will be achieved.
Too little monitoring on the part of the purchaser incurs the :ris1: of
unacceptable quality ~.;rhile too much monitoring and the subnu se Lon of
too many records can generate excessive costs. The intention is to
develop an optimum contract iL1terface Ln terms of cost and the
assurance of quz " :'_y recessary to demonstrate compliance with the
contract requirements.

An effective supp Lf.e'r ' s ir '. ~e quality management sys t em ba.iad on
SABS 0157 and this Lnt er p: ion document; is considered to be a
ne ce ss ary requirement for .msuring as, essful contract quality
assurance programme. The supplier's quality assurance programme may
have to be extend ed to acccmmo+a t e the purchaser's special
contractual quality requirements.

The degree of monitoring performed by the purchaser on the supplier
1l1ill be determined by the operational requirements, safety, and
sub-suppliers. The extent of records required may range from none to
a full set of documents which demonstrate produe t Lnt egr a.t.y ,
depending on operational. maintenance and statutory requirements as
well as the complexity of manu fuc tur e , The monf tor Lng pe rforraed by
the pur chas er is part of the ccnrr act interface and is carried out, to
ensure that the supplier t S' own quality and monf tor mg progrmr.mes are
effective. .

The sClpplier shall determine the extent of controls he should impose
on the design, manufacturing, er ec tLon and conur.issioning processes of
an itam to ensure that the spe~ified levels of quality are achieved.
An item may require a quality control plan which defines a number of
in-house witness ana hold points at important stages 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 may only require final inspec.tion. A considered
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mix of Ln+hou se surveillances and inspectinn act'.vities can provide a
ccst-effectivc monitoring programme. The supplier's quality
management system should have the flexib,ility to deal with the full
range of items found in the contract works. in such a 'way that all
activities are controlled in a cost effective manner.

The supplier's quali~y assurance programme should be tailored to suit
the size of his organisation as 1Ilellas his method of carrying out
his wOt'it. For example, an. elaborate,.pro grammc__'-1il 1 .obviou&ly not
suit a small organisation as, for instance, there t.,vouldnotntlrmally,
b~__~~ommuDication problem on 'interfaces be tween dcpar-tments or
sections. while in a large organfaat Lon this could be a' most
demanding requirement. Compliance with this interpretation which
would relate to either Part I 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, d..pending on the complexity of the product
or product ran!;e and the sizp of the company.

The supplier must ensure that any sub-suppliers employed by him shall
meet the quality assurance requdremen ts of the supplier appropriate
to the items or mat~llel supplied.

The onus is on the purchasar to establish the criteria for quality
and technical requirements clearly and unambiguously by means of
specifi~ation5, codes, s~andards, etc. The supplier is totally
responsible to toe purchaser for achieving the specified
rt!quirements.

{

All suppliers of raaterial to SAB shall comply
indicated as required in the Criticality Levels.
have a SAB approved QHS shall be asked to tender.

1.4 CRITICALITY LEVELS

to a level of QMS
Only suppliers that

Depending on the level of criticality that a materiel is identified
using SAD, CEP 360, REV. 0 as a guide, (see Appendix A), the
necessary level or detail of the Quality Hn.llugementSystem shall be
applied and become a contractual requi!'ement between the supplier and
SAB.
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2.0 DEFINITIONS

For clarity, vari ous t ezras used in this document t12:e defined.

2.1 gUALl'f1.
The totality of features and char acuer Lst.Lcs of a product chat bear
on its ability to satisfy given needs or "fitt\css :for· usa".

2.2 gUA~ITY CONTROL

The operational techniques and a.::tivit:1.es that are employed to
satisfy quality requirements. Produc.t quality control can only
identify errors once they have occurred.

2.3 Q!JALITYASSURANCE

All those planned and systematic ac t Lons necessary to provide
adequate confidence that a product, process or service will satisfy
given needs. Quality Assurance is aimed at, the pr eventdon of errors.

2.4 gUALITY FOLIC~
The overall quality intentions and objectives of an organisation as
iormally expr ess ed by senior managemerrt •

2.5

The aspect of the overall management function that determines and
:implements the quality policy.

2.6 QUALITY SYSTEH

The organisation structure, responnibilities, proc'(ldures, u. tivities,
c:1pnbilides and rosourccs that together aim to ensure that: products,
p+o•.cs se s or services Hill satisfy stated or implied needs.

2.7 QUAI.ITY PLAN

A C:ocument setting out the specific quality prnc td ces , acceptance
criteria, resources and activities relevant to a particular product,
pr-oceas ~ service. contract or proj ect ,

2.8 QUAl.ITY PROGRAMME
The documented ilhp'!.l!mentat:Lond a quality system.

-
A sys rumarIc and independent: uxanu na tLon to determine whe char qu?11ty
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activities and results comply with planned arr~ngements and whether
these arrangements are implemented effectively and are suitable to
achieve objectives.

2.10 PROCESS CONTROL
Maintaining the per-formance of a process at its capability level.
Process cout.roI involves a range of ,ctivities such as sampling the
process product, charting its per'formaoce , determining causes of any
problems and taking corrective actions.

2•11 t_lATERIEL
Any product or serv~ce of f ere d by or cont.racted to SABby a supplier.

i

I
I
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FOR SUPPLIERS OF MATERIELFOR

EQUIPHENTUSED IN BEER PRODUCTIUN

3.0 SAB r s INTERPRETATION OF THE CRITERIA OF SAnS 0157, PARTS I & II

3.1 QUALITYPOLICY

This is the primary requirement for the implementation of a quality
,management system.

3.1.1

3.1.2

Management to develop and explicit:ly define a corporate
quality policy.

This document should contain clearly defined quality
targets and provide specific guides for action for each
depar tmen t ,

Genur aLf.s ed statements such as "I t is the polic.y of this
Company to market products of the highest quality" should
be avoided as they do not duf a.ne "fitness for use" and
cannot b~ used as an objective.

It is also a ~unagement responsibility to ensure that the
policy is understood, :r.mplt!mented and maintained at all
levels and in all disciplines.

3.2.1

~ 3.2 Q'JALI.TYSYSTEH

3.2.2

3.2.3

3.2.4

The supplieTs' quality management system shnll demonstrate
his ability to achdeve specified requirements in design (if
applicable), manufacture, erecticn and aascc Lat ed
activities related to his supply (and as scc La t ed items)
through pLannfng and controlling all operations and
inspection of componenus and completed works ~-7here
necessary.

The quality management system shall be formally documented
and describe the quality management objectives, policies ~
procedures and work i~structions, etc •• necessary for the
successful implementation of the quality related activities
stated in this document which have been derived fl.·om SABS
0157, Part 1 or Part II as apTlicablt:!.

The documented quality management system shaf.L relate to
the pcrticular merhod and characteristics of 0pci..nation of
the supplier concerned.

This is the detail 01 how the quality policy objective will
be achieved.

Divisional/departmental heads to develop,
implement management syscems to meet _the
object:ive.

establish and
quality policy
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QUALITY MANAGEMENT SYSTEMS (QHS)
FOR SUPPLIERS OF MATERIEL FOR

EQUIP~ffiNTUSED IN BEER PRODUCTION

The system should
identification of
satisfaction.

apply to all activities
customer needs through

from the
to their

These include:

*

study of market needs
design
specification~ for sub-suppliers
procurement
sub-supplier release
materiel receipt, storage and control
production and process engineering
inspection and testing
warehousj,ng
distriJution
sales and service

*1:
**

3.3.1
3.3 ORGANISATION

3.3.2

3.3.3

3.3.4

3.3.5

3.3.6

The supplier shall define the organisati)n as it relatLs to
his quality management system. Quality is the
responsib:Uity of all personnel who . wcontr;ib~e to. or
control the design, procurement, manufactuie and erection
functions. The aupp l.Ler shall therefore delegate to all
personnel renponsible lor functions affecting quality, both
the defined responsihility and the authority to identify
und evaluate prohlems and to initiate, recommend and
provide effective solutions.

'111C organisation structure w:i,thin Hhich the management
system is to operate must be established.

Activities ~Jhich contribute directly to the achievement of
the quality policy should be identified.

For each activity, general and
responsibilities should be defined.

specific quality

Lines of authority and of functional communication should
be defined.

t,1hc-rediffel'cnt activities interrace, the co-ordination
area shcu Ld be defined in reasonable detail.

3.f+ REVIEt.J OF THE OU,Al.ITY SYSTE.'1

The supplier shall develop and drnpLement a pLan for the revilH'l0,£ his
quality management: system. This revie!. shall !it leLlst comply Hith
the follf'o;.jin~ r equd r emencs :
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3.4.1

3.4.2

3.4.3

The supplier shall be responsible for periodically
(internal audits / 2 times/year) 0etermining the
effectiveness "of the qua.l.Lty mr-nagemen t system. The
effectiveness of the quality management system shall be
determined by one or more of the follo'V1ing:

"" analysis of the trends of deficiencies and corrective
ac tLor-s and their signific.ance p

* review of purchas&r satisfaction,

* rpview of quality costs.

Adjustl'Hmts 811011 be made to the quality ranagemerrt system
where appropriate to maintai~ its effectiveness.

Periodic reviews (external audits / 1 per year) shall be
perf on 'led to ,r::::r:tfy compliance \~ith quality manuc Ls and
documented procedures. Findings of non-compliances with
es cab l Lshed pr oc edur es which are identified shall be
document~d. Ccrrective action in respect of these findings
shall be p er fo rtned by the responsible personnel to the
satisfaction of the quality management representative.
Personnel shall not review their own areas of
responsibility.

The responsibility for monitoring complian~e to the overall
Quality system and specific Quality plans should be
sepcrate from all other mana-cement responsibilities '''hich
may have an impact on materiel quality.

------------_._---_._-
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4.1 The supplier shall establish a procedure for conducting a
sufficiently extensive and timely review of the specified
requirements for the contract Horks. Documented planning for quality
should take place as early as possible, preferably before work on the
contract begins. Taking into account thE! scope of the contract
works, the supplier shall check that.

4.1.1

4.1. 2

4.1.3

4.1.4

the appropriate procedures
available for design (if
manufacture and erection,

and work instructions are
applicable), procurement,

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

the appz opzLa t e inspection measuring and t:esting equipment
is available and suitable for the contract works, and

applicable acceptance criteria for product quality are
available and agreed with SAB.

4.2 A quality plan shall be pzepar ed where required by the contract, or
be cauae of the nature of the work, which shall address thel quality
practices and activitif!s applicable to the con t racc works which are
not covared by the suppliers documented quality system, e.g. identify
those requirements which are unusual by r eaacn of newness,
unfamiliarity, lack. of experience or. absence of precedents. and shall

4.2.1

4.2.3
4.2.4

4.2.5

inditDte how specific bub-suppliers will be monitored,

identify components or categories of components for t.rhich
qunlicy control plans will be prepared,

identify the areas or processes re~uiring special controls,

idf'ntify the records pertaining to the contract works and
hO'\o1they l1ill be con trolled,

identify the !1nnagement Reprcsent:ative and personnel
responsible for the control of quality Clcl::l.vities~

establish communication caanne La be twaen the supplicr and
the purchas"'rJ

('
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identify the specifications, drawingG J and accep tancr.
criteria for materiel for which quality control plans ar e
not required,

identi.fy the documents which axe to be submitted to the
purchaser for approval~ and

indicate the purchase r I s po"t-award audit programme.

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

4.3.1
4.3.2

4.3.3

LT.3.5

4.3.6

4.3.7

4.3.8

4.3.9

the identification of ~ component or component category,

the materiel,

n list of the sequence of activ:l.tilSs of manuf ac cur e ,
construction or erection, including inspection and tests,

the identification, as appropriate, of the applicab~~
specification, drawing or procedure for each event,

the applicable acceptu riteria.

the 1m~pections and "usts the supplier has nominated for
hold and witness pair,s,

the inspections and tests the purchaser IS represent:ative
has nominated for hold Bnd witness points,

the requirements [or surface t r ea trnerrt s (e v g , painting,
etc.), and

',hich inspection and. test records are required to be
retained by the supplier.

Subject to the inclusion of the above requirements, the format of
quality control pLans shall be the responsibility' of the supplier.
For guidance see CEP357 "Qual:f.ty Plan" SAn Proj ect: Procedure Nanual.
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5.0 WORK INSTRUCTIONS

"Work" in the sense used is not only physical labour, but also all
services or actions that are performed to meet specific requirements.

5.1 Written instructions should be developed and maintained for each work
package. They should be s.ufficie!!tly detailed 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.

5.2 Written proc~dures are normally separated into two categories.

5.2.1 Work Instructions

An overall outline of methods of operation within the
organisation or parts of the organisation which remain
relatively constant.

An instruction shows how Lnd i.vd.duaLs inter-relate and wha t
their specific duties are.

Also known as Standing Instructions.

5.2.2 Job Br eakdcwns

Job. breakdowns ar e workd ng documentis , 'l'hey should be
available to <.tllr eLevan t staff at aLl, times. It breaks a
particular job into baud.c steps which are easy to follow
and easy to understand. To ensure continued effect2veness.
they must be up to date at all times.

The advantages to be guined from well pr.epared job
breakdowns are:

* Uniformity of understanding.

* Standardisation of procpdures and practices.

* Con~:~nuity of performance 't<1her.changes occur.

* Provide a basis for control, evaluation and review.

Each br eakdown should describe:

~~ \~'hy it is done.

* lJhat is to be done.
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* How it should be done.

* ~,'henit should be done.

* Who should do it.

* Special equipment, services required.

Standards to be achieved.

l:
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6.0 RECORDS

The supplier shall ensure that:
"

his management system provides for the development. maintenance and
retention of records Hhich demonstrate compliance. tvith the required
quality and the effective operation of the quality system,

records are made available fat' evaluation by the purchaser's
representative,

records include. as appropriate, explicit identification of the
materiel or component, system or sub-system, nature and number of
observations made, number and type of defi.ciencies found, quantities
approved or rejected, con~ess1ons gra,ted and the nature of
rectification and corrC!ctt"veaction taken,

6.4 sub-suppliers where appropriate d~velop and maintain recor.ds of their
quality related activities and these recorjs are safely retained and
made available for evaluation by the supplier's and purchaser's
representatives,

6.5 records are retained for "an agree~ period of time .
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7.0 CORRECTIVE ACTION

Prompt and ~ffective corrective action is c$cential to a quality
management syst.em.

7.1.1

7.1 A need for corrective action 1s indicated by:

Trade complaints.

7.1.2

7.1.3

j' .1.4

Recurring instances of non conforming product •

Inte'rnal r evf.ews or auc.f ts which highlight process
weaknesses.

Records which demons trace that "fitness for use" criteria
have not: been met..

7.2 A documented procedure which ""vers ':'11efollowing basic steps should
be introduced:

a
._

7.2.1
:.._
. 7.2.2~
---. 7.2.3

"L

-

Record all relevant dcta relating to the apparent defect/
deviation.

Carry out an investigation to establish the true cause of
the defect~

Carry out experiments or
establish th~< validity
investigation.

other test~ as necessary to
of the findings of the

Determine what must b~ done to prevent re-occurrence of the
problem.

Ensure that the rQrnedy is applied.

Follow up. after a time interval, to ensure that the
corrective a.ction has been abaor bed into the system.
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8.0 DESIGN CONTROL

8.1 The design function is the single most important factor that \vill
ensure fitn·!ss for purpose of tht equipment. The purchaser shall
ensure that b~th the purpose of the equipment arJ its future
environment are ul1y defined and all constraints, details of
equapment, oerf'ormance cz-LtezLa, etc., are communicated to the
respo~sible e~gineer.

8.2 The responsible engineer whether employed by the supplier or
otherwise is responsibl~ for the design adequacy in its totality.
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9.0 DOCUMENTATIONANDCHANGECONTROL

Defective product or Ls Lug from the use of ~utdated procedures / manuals
can and should be prevented. A sys t em to "control" the upde tLng and
changing cf all important docum~nts (that can effect product quality) is
therefore essential.

!~ominated individuals should be made responsible for:

9,1 Changes to all manuals,

I

9.2 Reco:rding of all chang es Zudjus tmen t s made to major items of plant.
Parameters to be "ccnt r oLl ed" should be documented as part of che
quality system.

9.3 Updating job i.nstl:uc tLous /breakdowns as required.

9.4 Mai!'taining records of brands and ty; .~ of major consumable stores
and manuf ac t.ur-Lng sund r Les used. Items to be "conur cLfed" should
also be documenteu Z:s part of the quality syetem.
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10.0 CONTROL OF INSPECTIONp MEASURING AND TESTING EQUIPMENT

JO.l The supplier should be responsible for providing, contro l.Ldng ,
cal.Lirrat Lng , and maintaiving inspection, measuring, and testing
equipment suitable to denonstrate compliance of supplies w~th
specified requirements. Equipment should be used in a manner which
ensures that meaeureuenn uncertainty is consistent with the required
Eeasur.ement capability.

10.2 Calibration accuracy of el'is equipment should be comaensurat e t,rith
the required accuracy of measurement and should be traceable to
natioral standards.

10.3 "lh~re jigs, fixtures, t('mplates, patterns, or other such devices are
us~d as inspection media, they should be proven capable of verifying
the acceptability of materiel prior to release for use during
manufacture, and should be reproven at established periods.

10.4 The supplier should establish the ext eut and frequency of such
proving and maintain records as evidence of control.

10.5 Design data pertaining to tools and gauges should 1e made available,
when required by the purchaser's representative. for verification
that the devices are functionally adequat~ •

10.6 Calibration of nll svch equ~pment must be ~ocumented and referenced
aginst other calibrated equipment such that certification of
calibration enn ultimately be traced bac1~ to natiotlal standards •
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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 Purchase of all materiel should ord.y be from approved suppliers and
against a documented standard.

11.2 Receiving Lnspec tdons to be carried out at a set frequency using
doctunented methods.

11.3 Procedure required for the corrt ro LkIng of mn tariel which does not
comply t-1ith specific technical requirements.

11.4 This documented
identification.
material.

should include
disposition of

procedure
segregation and

pzovf.saon for
non conforming

11.5 Any repair, re-work or conce s saons granted on non conforming materiel
should be recorded. Records sl;l'luld identify the materiel and the
nature of the non-conformance.

11.6 t-.'here non+conf'ormance mater:(el is received. corrective action should
be initiated with the supplier. Details of the action taken by the
supplier should be documented.

11.7 Records should be kept of all materiel us ed to ensure traceabiJ.ity
through the process •
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12.0 INDICATION OF PRODUCT STATUS

At the end of each defined stage of productiou, product should be checked
for compl.Lance l'1ith requirements before passing on to the next stage.
This ensures that pzoducz , which does not conform to specification, is
identified and isolated as early as possible. It can then be corrected or
repaired as cheaply ~s possible.

12.1 A system should be in operation at each point to give a positive
indication of ~hetner product ha~-

Not been checked/tested.

Been checked and approved.

Been checked and rejected.
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13.0 MANUFACTURING CONTROL

General Manufacture and Construction

The supplier shall ensure that:

13.1 criteria for wo.rkmanshap established by r.echnical specifications,
relevant drawings or representative samples are used during
manufacture.

13,2 manufacturing and construction equipment suitable for the product
being manufacturtd is being used and is properly maintained

13.3 in-process inspeL .~n and testing are carried out in accordance with
the quality control plans as work proceeds to ensure compliance 'tv-ith
specified requirem~nts. and

13.4 prQv~s~on is made for inspection methods and/or work. instructions to
be examined on a periodic basis and updated when necessary.

13.5 nersonnel carrying out the production and inspection processes are
qualified to do so and that nuch qualifications are documented, valid
and available for Lnspec t Lon ,
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14 .0 PURCHASER SUPPLIED HATERIEL

14.1 The supplier shall be responsible for rec':!l.vJ.ng
purchaser supplied materiel 't-lhich shall be performed
to7ith a trritten instruction obtained from the purchaser •

ill' ' ec t:l.,., of
:tn ace». -rance

14.2 Purchaser-supplied materiel shall be handled. stored and maintained
by the supplier in accordance 'tolith the ~vrittell instructions of the
purchaser.

14.3 The supplier shall record and r epor t to the purchaser any such
materiel lost. damaged or otherTwise found to be un::.uitable as a
result vi th~ receiving inspection mentioned in clause 14.1 above.

14.4 It is the purchaser' 5 r espcns fbd.Ld ty to ensure that
purchaser-supplied materiel has be en int.pected/tested and complies
with specified requirements before despatch to the supplier .
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16.0 SAMPLING PROCEDURES

16.1 Sampling must be based on s ound prLricd pLe s (randomness. adequate
sample size. etc). Incorrect sampling techniques may indicate false
levels of product quality.

16.2 Sampling (and subsequent. testing or analysis) must be ad.iaed at
confirming whether the necessary quality standards have been
achieved. Results should be documented and evaluated periodically.
Causes of defects or Significant variations in the process should be
analysed to form the b~£is of corrective nction.

16.3 SampLf.ng and inspe.::tion/.:malysis, because they occur ufter the event.
can only confirm how well existing controls are '.Jorking. Sampling is
NOT a cont ro.lmechanism in Lts own right .

16.4 Sampling procedures and frequencies should be documented. Where
special requirements for sampling exist, the se should be written up
as job instructions/breakdowns •

16.5 Decision rules should be drawn up to formalise action when non
conforming product is detected.

16.6 Results should be documented and evaluated periodically. Causes of
defects or significant variations in the process should be analysed
to fOl~ the basis of corrective action.
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17.0 CONTROL OF NON CONFORMING liATERIEL

17.1 Any non conf ormang materiel arising fr~m a deviation in the process
should be identified and segregated from normal production.

17.2 Defective materiel shovLd be c:onfined to a separate holding area and
should be clearly identified to prevent unauthorised use. mbting or
shf.pmerrt toJith conforming product.

17.3 Handling of non conforn:ing materiel should be as per a documented
procedure. Procedure should include details of sample sizes,
decision rules, etc.

17.4 R~cords of non conforming materiel £hould be maintained. These
records should detail - materiel identity, the nature and extent of
the non conformance, decisions made: 1d where the materiel was
disposed of.

17.5 The occurrence of non conforming materiel should also be the basis of
initiating correccive action.
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18.0 INDICATION OF INSPECTION STATUS

The Supplier shall

18.1 establish and lliaintaina system for identifying the inspection status
of the materiel and vorkmsnshIp during different stages of
manufacture. and

18.2 develop a system to
uninspected materiel
identification.

distinguish
by using a

clearly between inspected
suitable form of records

and
or
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19.0 PROTECTION AND PRESERVATION OF PRODUCT QUALITY

19.1 The supplier shall preserve the quality of the materiel to ensure
compliance with specified requirements until such time as his
responsibility ceases in terms of the contract.

19.2 All materiel shall be suitably marked or labelled such that
identifi.:ation is possible during the appropriate stages of
proc~ssing. Where called for, identification 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 r rcduc t is
prevented.
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Hell trained staff: are an essential ingredient in any defective product
prevention prog r amme. Training is one of the key elements of Quality
Nanagement.

Only trained. competent per sonne l, should perform tasks l.,hich can have an
effect on quality.

20.1 Meeting this requirement will need the following -

Skills profile (requirements) for each job.

Suitable training procedures.

Periodic retraining as highlighted by internal reviews.

Availability of trained back up staff, to cover leave,
abs~nteeism, etc.

Records of traiIling given.



APPENDIXB

Quali ty 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
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FOR: HUPP~fANN FABRICATIONS & BDTTQUIP FABRICATIONS

BY: R.c.. F\..)NIi( POSITION: ·Q.A. mA~Ac;.E:R

OIGNED,m·_

This audit is performed using as 5150: Part 5: 1981,
Appendix A. These questions are _",ended only to serve as
indicators & reminders of important points to bear in mind
and this does not se~ve as a complete audit of the system.
Answers to questions are Yes, No, N/A (Not Applicable) or ?
(Uncertain) .

DATE: 2/0Q }'i?'1

COMMENTS ~
STATUS

-

A.1 Quality system
(a) Has the supplier documented his system for

\-~Oinspection?
(b) Do the supplier's plans for inspection provide for

No 0.:c..a.Pt ~CJ( ~Sall specified requirements to be met? ~Su..t€.
(c) Are the supplier's arrangements for inspection to

No tjbo...l~ r.,J fAbe performed outside his premises acceptable?
(d) Are the supplier's inspection records capable of

EJ.;~ fO&!'~~ t .p1eJ1rWe \JeJ0Sprovidinq objective evidence that the specified ( NOrequirements have been met? -?>' iA;a_ ISo"
A.2 Organization

(a) Has a representative responsible for inspection bean '1e~ R, c. FI.:lI\I<. oj- f!-e Sc::.Y\. \-appointed?
(b) Has the representative the necessary authority, I

responsibility and ability to perform his functions '7€;S. Toprf~ ~~rt
effectively 7

(c) Are the re~ponsibilities for inspection clear and
!)Iv ~5yuni:ltc TnS"{:~dr~ I')d)- 'P~ ~comprehensive?

A.3 Review of the quality system
(a) Does the supplier's management carry out periodic NJA- ~ 5t1S~reviews?
(b) Do these reviews make use of the findings of NiA ~ S<;jS~internal audits? -.-
(c) Does the supplier have a documented procedure

1}0for the audit of the system?
f--.

[d) Are the procedures systematically conducted "
and do they provide objective evidence of the 'TIoeffectiveness of the Inspection svstern? -~___.
(e) Is corrective action taken when the inspection
system is found to be deficient and is such action N/,q fktu S~~
effective?

(f) Are records of audits malntained as part of tho

7Tv.S Is"i1-..!L 6~t reco~supplier's records as required by 4.4.2 of 1(71..'>
8S 5750 : Part 2 : 19797

- 1 -
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STATUS COI1HENTS,

AJl Documentation
A.4.1 Inspection and test procedures

(a) Does -!-te supplier have appropriate documented
inspection procedures for, as a minimum, those

Pcw.clwes -el,o r0r ctt1+ ~~inspection stages where inspection is performed to 1\0demonstrate conformance to specified requirements? ~<./J.J{) -l:.: f'r-e~ Ves.
(b] Are such inspection procedures "'ear, current and

'no ... ·Ucomplete? ... ..
(c) Do...they include criteria for acceptance or rejection

1)0and identify the inspection equipment to be used?

A.4.2 Records
(al Are there record; of essential inspection and test 1)0 '&..upf prc:~~uJC v>.As=a{sactivities?
(bl Do the records contain all essential data? o.k.£' Wh.ll.;, ~ €.J«;yt:
(c) In instances of rejection, do records show resulting

!'I fA "
'7101-action? 'liD I-eCQ('ds

(d) ~re there satisfactorv arrangements for storaqe h1v:9 ca..}JV2;d
.
D~ Q66 tUJ'Md retrieval of records? '1es I.Y'l

A.4.3 Tecbnicel data and changes ".
(a) Does the supplier have procedures that ensure that

110only the latest applicable technical data are used for
inspection purposes?
(b] Is there an acceptable system for controlling
changes to technical data or instructions arising nOtherefvorn?

A.S lnspection equipment
(a) Does the SUpplier have a documented measurement

N/A i o ?fuld io cJ\Oc.1:2and calibration system and does it meet tho require- I

ments of as 5781 : Part 17
,."..,.

;bl Are necessary gauges, testing and measuring

N {A; 7equipment available and used?
1\ '1

NOTE. For further typical qUltstion! r!Jfll",nctl ,hou:cJ btl
made to appendlx A of 8S 5781 : Pan: ~~: 1981.

A.6 Inspection of purchased materiel or se....ieas
A.S.1 Purchasing

Ia) Does the system assure that materiel and services
110supplied by sub-contractors meet ccntrac+ ,

__!!g.~irE!ments7
(bl Does the system provide for the selection of nOsub-contractors on the basis of their quality capebllitv?
(c) Does the supplier review his sub-contractors'
performance at intervals consistent with the complexity 1)0and quality of the product?
(dl Do supplier records provide evidence that the <

tf)~ h!i.td 4ica::Je~tor Isupplier's controls, and those of his sub-contractors,

1\0are adequate to assure the quality "f purchased COf+cu.n ~r~5.materls! and services?
A.S.2 Purch,1sinl} data

(a) Do the supplier's purchasing documents clearly ? T\acc{ 10 chQd<.
describe reculrerner-ts? .
{bl Are requirements for any necessary tests and
inspection of raw materials specified in purchasing

NIA~ '?documents?

- 2 -
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STATUS COMMENts

A.6.3 Receiving inspection
{a} Does the supplier inspect incoming materiel to the
extent necessary upon receipt]
(b) Does the supplier adjust the extent of receiving
inspection on the basis of objective data?
(c) Does the supplier assure that materiel conforms to
the applicable physical, chemical and other technical
requirements, using laboratory analyses as necessary?
(dl Is tested, approved materiel identified and carefully
segregated from that not tested or approved?
(e) Does the supplier have effective controls for
preventing the use of non-conforming incoming
materiel?
(f) Are there adequate procedures for providing
sub-contractors with appropriate data regarciil1(J
unsatisfactory quality?

(g) Has the SUpplier adequate controls for ~ssuring
correction of sub-contracted non-conforming materiel? l)nJJM- ado (-reso;J- ~~(QC

(h) Does the supplier's system provide for the ,
immediate recall and replacement of materiel released .
for production prior to completion of Ieceiving Nil)inspection and subsequently found to be
non-conforming? --

A.SA Verification of purchased muterie!

(a) Do sub-contracts afford the Purchaser's
~j ~ teCU,.ueC{ ~'s (a0d. 1:e am=4~~Representative the right to verify conformance at

source when required by the contract?
(b) Are copies of documents necessary for such
verification made available to the Purchaser's W)ARepresentative in good tlme? ~

A.7 In-precess inspection
(a) Is inspection performed during manufacture on all

1\0 mo-! ~~
characteristics which cannot be inspected at a later
stage?

(b) Are the inspection procedures carried out, ? Ilo l'Q~ -'Pert~dl.fO t fies~ LbJle!J'test devices used, records kept, etc .. suitable? .
(c) Do the operations performed by the supplier meet

5b t*-'~
any special process requirerner+s specified in the '1e.S .r contract?
(d) Does the supplier periodically monitor these

110operations to ensure their continuing cornptianoe ,
with requirements?

A.S Workmanship

t\V"PP()Unn- f4b(a) Has the supplier established satisfactory standards 110 StJYYVL 15'}uf\d <vcU rof workmanship?

(b) Do these provide an objectlva basis for declslons on ~:L~111 ~ltwc~f! =re .{ct~acceptability of materiel?
Icl Are only qualified personnel used for work

'I.e.S f::avyo.n v•.e..kla.i3 ~,o~drequiring special skills or triiir.i;"lg?
A.S Corrective action

(al Does th" system provide for prompt detection of
'1)0inferior quality and for correction of its assignable

causes?
(b) Is adequate action taken to correct the causes of
defects in materiel, faci,lities and functions, e.g. design, 110purchasing, testing?

..,~"
- 3 -



"..- t STATUS COMMENTS.• _ ..
(e) Are analyses made to identify trends towards 1)0 tf\0 l:;lct!-ls-h'c.cJ ~J'S ~ cbrv<material non-conformance?
(d) Is corrective action taken to arrest unfavourable rnatrends before non-conformances occur?
(e) Does corrective action extend to sub-contractor

'110
'I

materiel?
(f) Is correctlve action taken i" response to user • ~:a7 1)<9 ~ ~),....~ :.". ~ t!:)cc:.t..<..f
(g) Are data analysis and materiel examinaticn "
conducted on scrap "lr re-work to determine extent 'no
and causes of defects 7

'."

(h) i; the effectiveness of corrective action reviewed TIDand subsequenttv monitored?
A.10 Purchaser supplied mater+«

(a) Ones the supplier examine ~p,llied materiel' (

upon receipt fC'rdamage, quantity, completeness 10\(\
and type? -
(b) Are there precautions and inspections during
storage against damage and deterioration and to viAcheck on storage life limitations?

(c) Is all 'supplied materiel' properly identified and
protected from unauthortzed use or improper

°[11disposal?
(dl Have procedures been established for notification
to the purchaser of any loss, damage, malfunction or N{A
deterioration of 'supplied materiel'?

A.11 Cornpletnd item inspection and test
(a) Are completed items given a final inspection and ~) (Qn be lftlP~cll e&~C 1;;J.Jy 9c~):p
test to establish overall quality? --(b) Does the final testing meet the requirements of YeS /r(l-Qyr ~c\ ~ . .pK.~.cf2-~ lJessz.P~the relevant specification?
(c) Are inspection and test problems or deficiencies '112> (Pre'SIlLlK" U?J~)promptly reported to the appropriate authority?
(d) Is there re-inspectlon and re-test ot <111items that
are re-worked, repaired or modified after initial and y~s ( Pre.5SU.R ue.r~_s)~oduct t~sting?

A.12 Samplinq procedures
{al Are recoqnized standards on sampling being
utilized or are supplier-desiqned sampling plans 'UtA \ld\..u ..YIIO.) cqc_ f~ to tCJl.J.available for review by tnc Purchaser's Representative?
(b) Do supcller-developed sampiing plans provido ,.J /0..valid con.idence and quality levels? ',,- Vi

(c) Doe. the supplier enforce al! of the conditions
._

required for the application of the sampling plans N{,?] 1",
"used?

(dl Are proper records maintained of samplir il
-

tv/(.\ Il_ "'J

procedures and r.estJlts(
.. n..............

(el Is there a clear identification of characteristics to NlA III \t
which sampling is applied? -

A.13 Control of non-conforming materiel
(a) Oo.?s the supplier have an effective system for 1)0controlling non-conforming materiel?
(b) Does the supplier properly io, 'ltify. segregate and Nv~ose of non-conforming materiel? -(cl Are the procedures for repair and re-work of

I\~o noi~non-conforrnlnq materiel documented and acceptable?
(dl Is relevant scrap and re-work data maintained and

No fYl~fcuhedavai'able for review? nO dPSCL
I

J

..
- 4 -
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(e) Do repair and re-work activities comply wit'
lJ(A-documented procedures?

(f) Are holding areas adequate for the segregation
and storace of non-conforming mate!'iell t~
(9) Has the 5upp!ier nominated personnel with
authority to be responsible for review and sentence 100M'non-conforrntnq mater! '7
4 Alternative inspection procedures and equipment - ..=

0) Is the supplier's proposal to use alternative
lnsnection procedures and equipment backed by W[t\valid evidence?
(bl Do supplier proposal; provide information on how

_. .-
the continuing suitability of alternatives will be to{A'maintained?

A.15 Indication of inspection status .-
(a) Docs the supplier employ an effective system fer \0!t) M:n G tj~e.(Y'\ f..)(i "5'} :3- indicating the inspection status of materiel?
(bl ls tl inspection status of materiel readily apparent? No

..-
(c) Is t)lL;;h or lot identity maintained throuqhout the

,,-

manufacturing process where necessary? '-{€.~ I-le.cd no. ~ .p)"e~'~ ,....;e:sr;e..is. ,.-.
A.16 Protection and preservation of product quality

(a) Does the system provide for the identification,
1t?sas necessary. of the materiel from the time of receipt . ft'60W6(_j

until the supplier's rssponsibllitv ceases?
(b) Arc adequate wore and inspection instructions

.-
prepared and implemented for th9 handling, storage and No Pa;.r;r.:.'o<:J NIA
delivery of materiel; "

(c) Are handling, storage and dellverv procedures 311r1

,._
methods monitored as part of the quality system No
review?

A.16.1 Materiel handling
(a) Has the supplier instructions or procedures,
where necessary. to control handling and transport Nlfl
operations?
(b) Are special crates, boxes, containers, trucks or other Yestransportation vehicles provided for handling materiel?
(c) Are handling devices periodically inspected tor Yes

I- cleanliness and suitabilit~ for use?
(d) Is materiel suitably protected when "."ssing through

I s/s.r/e2J ..d;flJlQ.d. 10 c.hQ_c!e *'03or held in areas that may contain harmful ~(A f)C)'f y.,,~
,

rvtJjd ~-ieaJ .contaminants? ~------
A.16.2 Storage

(a) Are there procedures and regular schedules for the
&.c.Q.(Y1 6CJ o.I)l\A)cJ I{ C{o_Q...Yl ~U P

\)
inspection of products in storage and are these No .
procedures adequate to prevent deterioration or
damaoe? I Po.~~~~ e<.cla.qu&:k2I-- -
(bl Is there :1 procedure to assure that hums that can i

corrode or otherwise deteriorate during manufacture \J/fl Cf~ lJ(Aor interim storage are properly cleaned and preserved?
(c) Are all required critical environments maintained , wcl.v-,· rocAS ~ oV2.nduring storage? "~ ::_j an.

..-=,

- 5 -
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. "' .. .:.~ I STATUS COMMEm's-,

A.16.3 DelivorY
:alls all material to ba stored or shipped properly ·'-ies
identified and labelled?
(b) Are all shlprnents prepared and transported in
conformance to speclfled requirements and applicable . Yes
carrier regulatk!ns?

A.17 Training
(a) Are arranrJements for personnel training nosatisfactt °'7,~-
(h) Are training records maintained? nO

!;....__._ ._ -

_STATIS:'~CS~

answered If ?

UNo.
;!) No.
3) No.
4) No.

Quest!.ons
Questions
Questions
QuestIons

of
of
of
of

answered "Yes"
angHel'~d IINo"
angw~red "NIAll

1.. _

[=COI~0~~_T_S__ -,

_. P('iGff' '10 ~~J (\Q_W ~~ ~~.

r-e9JL<-V--e a:;k1-e.Y-J-r ~ .
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[QUAL lTY "un 1T I
FOR: HUPPMANN FABRICATIONS & BOTTQUIP FABRICATIONS

POSITION: Q.,c\. rt"ANA.<'if:-f2.

This audit is performed using OS S750: Part 5: 1981,
Appendix A. Those questions are intended only to serve as
indicators & rem~nders of important points to bear in mind
and this d08S not serve as a complete audit of the system.
Answers to questions are Yes, No, NtA (Not Applicable) or ?
(Uncerluip).

STATUS COMMENTS
r---

A.1 Ounlity system
(3) Has the supplier documented his system for Ye.S(~C not ~~

cOMple+edinspection?
(b) Do the supplier's plans for inspection rrovide for Yes VI 0.. d€':~C\t lee! ~1~ f'lo.n s<111speclfiod requirements to be met? --
{e} Are the supplier's arrangements for inspection to

'1es. . Q.A. app\l€c\ fa $l)r.t'Df7IYo~rs ~.si1elAhrebe performed outside his premises ac~entable7
(ell Arc the supplier's inspection records capnble of 6\""cJ. FtV'r~ II'lSp='c;l-iOI'\ r<1-lOr+S t.io ~
providinq objective evidence that the snccified 'tes, ca~.?~ r« UN<? oe SscU~ •
requirements havo been met? ~ • p o...ns tel"" a+Nl.r et'VV' p~.

A.2 Organization
Ia) Has a representative responsible for inspection been "'fe-So • Q.A . f'{\cv")o. TJeJ" - ~ IiJI'a\ £n8inaa.r.

~~inted?
(b) H~s the representative the necessary authority, I 6_penef\t'2. ~ ir"tlpl~()j tV.;t1.:t1e.rvJJ'
responsibility and ability to perform his functions Yes.. Top (IlCVla.~ QIJpp.::x"'1. ~y~effectively?

(c) Are the responsibilities for inspection clear and 1e.L Glrpo.·)s't IOt.IJ.Jkf 60; q.xcl~ have. .b2..tn
comprehensive? c~_mnnDJ."', .. ------

A.3 Review of the quality .ystem

(a) Does the supplier's munaqerneut carry out [ll!riodic Yes. 6.J~J '5.W V'Yl oVl))1, S .
~:.ws? .

(b) Do these reviews make lise of the findings of Ye~.internal audits? -Ie) Does the supplier have a documented procedure
No,I for the audit of the system?

(d) Are the procedures systematically conducted
'?and do they provide objective evidence of the

effectiven()s:~he insfJeg_tion sy_s!:!:m? -
(e I Is corrective action taken when the inspection

" 1~s ~i~,ptQ IW~ !4Uet pro((LClU~
system is found to be deficient and is such action tve..re. 'f"le:ri JJcJ..n~ "0I'),l1.J I+eo! .effl·ctive?

(f) Arc records of audits maintained as P.,. t of the

Yes Isupplier's records as required by 4.4.2 of
OS 5750 : Part 2 : 19797-

- ]. -
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A.4 Documentation 51'01(.''-4 ~(ls'fE'clt~ e!-'iJ' ~SI(n:J
A.4.1 Inspection and (est procedures c.lAec)rzS I C\i-e. ODt prT)(.Q~ ~!!d.

(aI Do .s the suppller have approprlatn documented If1s(=Rch .i; p rc)CoruuJ<.. ~c/¥ dinspecticn procedures for, as a minimum, those
inspection staqes where inspection is performed to '-Ie':>L ()O.

~+ -r.e.shnj o,!! oI~ J
demonstrate conformance to specified rcquiraments? OJ weLl C1.l .T,()(OMi 1'>'1 {Yh,~( eJ (C1fl+ro1
Ib) Are such inspection procedures clear, current and '-Ie;

~
complete?

I-- - --Ie) Da.thcy include criteria for acceptance or rejection'
'fe5and identify the inspection equipment to be used?

A.4.2 Records ~ pbnr I 1A.el~ ~l.fll{
la) Arc there records of essential inspection and test '1es. a.rd Sf"cI pvJ:1 JtJspedt'CJf') uepor4S.activities?
Ib) Do the records contain all essential data? ~<S l.kJ~ ~ho iY1Sw.d«l f>U±cJYv1t7., (JtJ/icn ~
(c) In instances of rejection, do records show resulting YeS/flo. ~nlAl lYla.)o- .l)cI")-CCh'lkf'rtXl.l?lQ a'~'~~A.1ttlaction?

- i
U ,v.(d) Are there satisfactory arrangements for storage r '1es era ~ 6~ coJg~and retrieval of records? -A.4.3 T '::hnica/ data and changes .

'a) Does the supplier have procedures that en.ure that

Yes f)e,l-qO~ h~,
only the ratest applicable technical data are used for
inspection purposes? ....

C20..t.A~\~S +0 ~U'1f' c:cl<:: •(b) Is there an acceptable SV "(!m for controlling
1escbal1'Jes to technical data or instruct. ens arising ',51vedl • O(d dJrCU,i.)lVl~J a.os~,

therefrom? --
Nerf d6~ . Cri+kq_,!A.S Inspection equipment

NO/YeSIa) Docs the supplier have a documented measurement u1s pec.:h';'" .ecvu1' f'I~ IS
and calibration system and docs it meet thl' require-

caLl:b n:UecJ h~merits of [lS 5781 : Part 1?
(b) Are necessary gauges. testing and measuring

/e-Sequipment available and used?
NOTE, For further tvplcul rtuestlcns reference should be
made to append;" A of os 5781 : Part 2 : 1001. -

A.6 Inspection of purchased materiel or services ViQ ~J p1' .nJ 5<n r ~"b-
A.6.1 Purchasing

YI35
(.cy\~(.}c:.Yj CV'ld lll')(~j

(a) Does the system assure that rnaterl,; and services ('rCd~ u>,s pi? cA-TOt) (XlOc.&J..u..re,
supplied by sub-contractors meet contract .
requirements? '.

(h] Docs the svstern provide for the selection of '-Ie.s _ ~t,t; :A CpttWJi ~~~~
sub-contractors on the basis of their quality capu~ility? a) .rub-c: \~! ~ 1e!U>t.

O~\c.l(c] Docs the supplier review his sub-contractors' o--"\d ~ I~SJ pot..rt!-'J
performance at intervals consistent with the cornplexltv Yes . tnclJtc.Jed ern -tfu1ir Q. P 1a.I1Sand quality of the product?
(d) Do supplier records provide evidence that tho

~~ ~J aY\c.l 6~cksupplier's controls. and those of his sub-contractors, \~are adequate to assure the quality of purchased I , 6WV""1 CJ..)~~~ pmvld1JJ e,v{ci.a.nuz.materiel and services?
A.G.2 Purchasing data

~ i C\ bGJ.. VC'tfjU.e.,.
la) Do the supplier's purchasing documents dearly '1esJnO. 0vJc1 bz ~Med . __describe requirements?
(b) Arc requirements for any necessary tests and

V,'Q ~~c.N:lcl andinspection of raw materials specified in purchasing Yes. NffJ -h'a±c~a~ P}O-.Vl..f •documents?

l
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I STATUS COMMENTS

A.G.3 Receiving inspection
,

0DMQ SLf~'W- rw.r ho.ps s/-JA(nJ Does the supplier inspect incoming materiel to the ~es.extent necessary upon receipt? _{)c._O--LY h~·
(b) Docs the supplier adjust the extent of receiving

NO/Nih ~r;;J!,A;~ clcJa. cJ p-re.J.eJAdinspection on the basis of objective data?
(c) Does the supplier assure that materiel conforms to I
the applicable physical, chemical and other technical vte:/N)f). -e-~. [-heoz ~cd aw+rJICc.1:r .requirements, using laboratory analyses as necessary?
(d) Is tested, approved materiel rdentlfled and carefully I
scgregated from that not tested or approved? 'ir.s.
(e) Docs the supplier have effective controls for
preve~tin!l the use of non-confcrrninq incomina '1eJ /}ppftLA1 tiV br ~'sZaw"j
material? _I -
(f) Are there adequate procedures for providing \;~o. 'il dY1.~~<£)fYVla..nc.Q t~.J
sub-contractors with approprlnte data regarding 1t ~unsatisfactory quality? . ej. ~otYJ ~J., ~~fYktm~
(n) Has the supplier adequate controls for assuring

'feb' ~ rIrev-oIcvcl.r ase t.h t:1~1 UjX:J?
correction of sub-contracted non-conforming materiel? ~ J ~ bet ~1cJ::d tJj1, ('A~
(h) Does the supplier's system provide for the , <..J

immediate recall and replacement of materiel released .
for production prior to completion of receiving

~Sinspection and subsequently found to be
non-conforming? , -A.6A Verification of purchased materiel ~ ~r-c:~).s,
(a) Do sub-contracts afford the Purchaser's 1es. ~t-e.P. 10 (.h~ c).- OYJ ~ub -Representative the right to verify conformance at
source when required by the contract? C('fVl)yc~cAfe) /.j!;J r IZ. a.:J- ~ ~ f-a~
(b) Are copies of documents necessary for such

<4?~ p}~ r <;;(jh-c~~verification mnde available to the Purchaser's Yes.Representative in good time? ~ ~erVvtd bj ~1f?('~0" "0 15Jt- ~.
A.7 In-process inspection

(a) Is inspection performed during manufacture on all ,
L/e,~. ~d ~ Plcu-, a.~J..b,characteristics which cannot be inspected at a later

stage? ----
(b) Are the inspection procedures carried out, ';I.e.s (lujc:lfYQf 1~\~\fJ.d ~ )r."tordJ.test devices used, records kept, etc .. suitable?
(e) Do the operations performed by the supplier meet \ Spe: c..\c:J (3"'OcQ,.I'J rt''V\-~J CUR
any special process requirements specified in the 'ies. ~ J" ~ Plo..nJl _.contract? .
(d) Does the supplier periodically monitor these

1es, ~ (''''a.Mq~ 1:S ~operations to ensure their continuing compliance cx'wcJU.LJ if, e'.9' We}du--;_9_ ~ .with requirements?
"A.a WorJcmanship ~_ W0" fu.",().J.,f)~ s'~ckvds aft<

[a) Has the supplier established satisfactory standards _~.esl.()o. ~ fD ~~'j e." N10"hJ2!J,of workmanship?

(b] Do these provld» an objective basis for decisions on
Y(.,f, . . ~J -€.k'lST.

acceptability of materiel?
(c) Are only qualified personnel used for work iGJ, wel~ cu< ~~1.QtJ blj ((JaI.~i.'
requiring special skills or training? 13oiJ.v~ S a ~ e» ,~..,r"""d.

A.9 Correctivo action - ~ ,v.
• Docs the system provide for prompt detection of

l.'!.j •
~J lif'I.l'fl?c..:hCh!'. cid+<....q

inferior quality nnd for correction of it~ nssignable ~ 0 CC\n-lYl~("aJ,~ cLue-to
causes? ~%C~.
(b) Is adequate action taken to correct the causes of
defects in materiel, facilities and functions, e.a, design, 'ies . M (~t')cJch w::th Hup~V)
purchasing, testing?

I ~cv:-l 'ij VLIUSS CU'-j .
v "
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I STATUS CD~1MENTS

(c) Are analyses made to identify trends towards '1--~Iii . L~ uc.fl_u_w....Q -;.5Qc. nc!t OfP }',~material non-conforrmnce?
(d) Is corrective action taken to arrest unfavourable ie.s.trends before non-conformances occur? -
(e) Docs corrective action extend to sub-contractor '1esmateriel?
If) Is corrective action taken in resp rnse to user data? Yes fw J~ol<. ~ Ctl1!.~()_f ill.ed ~ Yl.1LtA d0 9'11
(g) Are data analysis and materiel .)xamination
conducted on zcrap or re-work to determine extent 'k. i6'J ~re.t'-'\c./\ or <9, A. (Vi:;flq~.

and causes of def=cts? ..
(h) Is the effectiveness of corrective action reviewed

.
and subsequently monitored? ~O. As;~ riD b< }unc.frt~'1

A_10 Purchaser supplied materiel
v "

(a) Does the supplier exnrnlne 'supplied materiel'
\.) fY)tUle~ tecuP 1- f!rCJ CI2c).,p_;,-e •upon receipt for damage, quantity, completeness tel.

and type?
(bl Are there precautions and inspections during 51~SJ S\Je.a.J cIdeJ nell ~rn:::J(y. ..t<...
storaqe against damage and deterioration and to Do to)A \check on storage life limitations?

(c) Is all 'supplied materiel' properly lderulfled and
Ie]. Jka...f ~s O~~~

protected from unauthorized' use or improper CYd-D sh.tu..k .disposal?
(d) Have procedures been established for notification Bd ?-if~otf<J w~c) ~to the purchaser of any loss, damage, malfunction or hJa .
deterioration of 'supplied materiel'? (l::Yh'r;~

A.l1 Completed item inspection and test ~l u:,~p'!chCA.. caJlod oCY OV')
(al Arn completed items given a final inspection and 1es. .t!ij (~ e=:» . ~
test to establish overall quality? ssur«: -If'S ~cv. :r~$,<d eOAMIJI'Y'tMi.
{bl Does the final testing meet the requirements of Yes

v

the relevant speciflcatlon?
(cll\re inspection and test problems or deficiencies '1e) Pro-MPt I~d~ck. (cn<:!lPfpromptly reported to the appropriate authority?-(d) Is there re-lnspection and re-test of all items that

'ie-\, .are re-worked, repaired or mcdifled after initial and
product testing?

A.12 Sampling procedures
(a) Are recognized standards on sampling being '\0/Autilized or are supplier-designed sampling plans Vc5~ -h!:><!l (OVo.)available for review hy the Purchaser's Representative?
(b) Do supplier-developed sampling plans provide tv/Avalid confidence and quality levels? \A '" '"
(c) Does the supplier enforce all of the conditions
required for the application of the sampling plans tJ/A

t---Y.Jl!d?
(d) Are proper records maintained of sampling rv(A
procedur£s and results? -~---
[e) Is there a clear identification of characteristics to I\)IAwhich sam()~n9 is applied?

A.13 Control of non-ccnforrnlnq materiel CcM.Id be' CJ¥>f'lNed • S~~ 'flOVl~~I1'W'AI6tal Does the supplier have an effective system for "I.e J I- (\0 .controlllnq non-conforminq materiel? o..~ tefP~ U1~b"'~.
(b) Does the supplier properly identify. segregate and ies .dispose of non-conformin[J_~aterieii' -
(e) Are the procedures for repair and re-work of

~e.S ApPwueci b0 cWW as teQ~.non-conformlnq materiel documented and acceptable?
(d) Is relevant scrap and re-work data maintained and -if

available for review? flo. jn.fJ:.!'fYlC'J ~j ~CifI 'f-I1'1)-
-- . tE'cOi'ciS aJ-(" nA· rroiLJ r:JUtOfl('lfifbl

j V

- tI -
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STATUS COMMENTS'

(e) Do repair and re-work activities comply with
documented procedures? ~ L~ do~d t>tC:J2c.lu..xr Gist: .
(f) Are holding areas adequate for the segregation < ?
and storage of non-conformlnq materiel? •
(g) lias the supplier nominated~p:c:rs:o:n~ne~'~w~i~th~~~~~~~~~~~~~'~~~~~~~~~~~~~~~~~
authority to be responsible for rev:n.w and sentence I../t:)( Q.j~L,: ~ ~!VI" .r
of non-conforming materiel? I~· ---~ J <J-

A.14 Alternative inspection procedures and equipment
(a) Is the supplier's proposal to use alternative
inspection procedures and equipment backed by
valid evidence?
(b) Do supplier proposals provide information on how
the continuing suitability of alternatives will be
maintained?

A.15 Indication of inspection status •
(a) Does the supplier employ an effective system for ~~ pla,y, ,~~.s l.YI'sfYchCt-.
indicating the inspection status of materiel? 'ies. ~S. }..aw vcfU-dll.l (Y1f;!o..YJSflo1.0.ptzb~lr
(b) Is the inspection status of materiel readily apparent? y~. 4), Pla.YI.f /10 l..:> ~ •

Ic) Is batch or 10' identity maintained throughout the vi
manufacturing process where necessary? .. __ r/.:::Ie.!:!..J.:.___-l-:....I-e::.:oJ::.::::::~~.;;::.:::.:.:...:.:k.Y.:..=..:.l_.:+v:_<=u'l_J~s~-=- __ (c1__.:... ----I

A.16 Protection and preservation of product quality L~ vc..l1..t....l..k"\..O.. d h.oa..J
Ia) Does the system provide for the identification. ~L0.:.. It<) r:n-eS/rl..l.)A? v<' S.reJS
as necessary, of the materiel from the time of receipt Yes. /.).....<"J-,., ....... .rI#d _ _.1 , _. ~'.
until the supplier's responsibility ceases? t.-\.TI.. .>, __,..... a.KJi> ~

(b) Are adequate work and inspection instructions ' ~
prepared and implemented for the handling, storage and lUes I no .so (Y\J2. d~ Cl..1f --b e~
del!very of materiel? (. ,~J tX!c..u..Y di..utt.Y?, rIYlvl:.por..f <b.!ik.
(c) Arc handling, storage and dellverv procedures and
methods monitored as part of the quality system f\ "'~ r"......j W ..I.A I V)., I,)~' h"" ..... &> .r.
revieW? ~ __ ~~ __ ~ ~-'--Vu~'--._4:-L-(U--~J~-·~---~~.~~ u_~__~ ~

A.1G.1 Materiel handling
(a) Has the supplier instructior.s or procedures, ASk'l...V"\f!cJ ~o....:f ~~lDf)1"\J1l I"z.vIau
where necessary, to control handling and transport No /r.;/A _, I /I
operations? /' ~ 10 h~ prof/:_}.)_ch__ . I

(b) Are special crates, boxes, containers, trucks or other vi
transportation vehicles provided for handling materiel? . re.s Ut:vtI2.S) 'EV"Ppo r +5; pc.dc1O?y .elc .
(c) Are handling devices periodically inspected for '1"'0 n~.. J0 ..... .........r. "",
cleanliness and suitability for use? {(..".,J U -:1 1)' ,'-" .........,
(dlls materiel suitably protected when passinq through AIW c..nS~4..;l-;~) lXS0J ~
or held in areas that may contain harmful vle,(" p' 1)1'." A. I . I (l~Jr(' .~_ J..wI •
contaminants? II .) • t..Ie.l'(.V aYlCI r";;>(,(DJCU

A.16.2 Storage
(a) Am there procedures and rcgular schedules for the
inspection of products in storage and are these
procedures adequate to prevent deterioration or
darnaqe? Ir-~~~~--'--~-'~------~~--~-----~------~----~----------------------~
(b) Is there a procedure to assure that items that can l..r 1cJ.U.., (1:J ~J are
corrode or otherwise deteriorate during manufacture ~J. 'e-I 'J en ~~ ~

I--_..:o:.:_r...:;in;.:,:t:.::e:..:.ri:.;,;m:_;s:.::to::.;r.::ag:!:e;_;a:.:.r;:_e!:p;_;ro:.:_p;..:.e_;rl,!_y:..:.c_;1e:..:.a:..:.ne....d....a::.;.n.:..:d:...:p~r..:.cs....e:-rv_e-:-d.:...?_+__·__ -l..:c::.cu:::::..d:J.Ft4i-':':-J.__::s...:.::1~r)) J, kJcr:f botR.f!6 t<'~ •
(c) Are all required critical environments maintained ~ j wcl~ ~ ~
during storage? c , 'i.eS. Hot ~J 0(:)1' j f.

t\JJA
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A.16.3 Delivery
(al Is all materiel to be stored or shipped properly 'YeJ.
identified and labelled?
Ib) Are all shipments prepared and transported in
conformance to specified requirements and applicable. 1~s

I-
carrier requlatlons? <

A.17 Training " Mo 6OfY>-'1aJ
(a) Are arrangements for personnel training ~O

pv-5cQ n I\Q). lf~

satisfactory? dXCt.<Y.) •

(b) Are training records maintained?

nO)~JI}

STATISTICS
1) No.
2) No.
3) No.
4) No.

of QuestIons answered "Yes" =
of QUestions answered "No" =
of Questions answered "N/A" =
of Questions answered « ? » -. -

6Ci.
/2
q'l-z
1'/2..

ICOr-H.JENTS
AG-r IO~ (2 cCi) u (2c....f)

-Do~d aucid' pn2Cf:JcLure re~d.
- SJ.h~ =r=:' k;> se dOcu.rnJ2..,Jed -?' ~"-& ~.
_ Jhspcchen pl'Vc.e..d.u..H"J ,Y7J2IJd Clb .b2 ;eu~d .
_ /Jon"("'c:'tfrl'l"la.Yldl. reccvdJ'Jc;h~J ~ Io.be ,/1!:..U~ F
aMieJ>dUy. -

_JnJp'w":" -«J'f/IP~ jecJ.J;,-aPcJ-, ,YI.{MC}! Pic>.1.oe ,teA/~.

_ JI11P~' ~aJ~ do~fa..:hch LJ.l'.i.~ ,.e~.s
C/o IX' frW ':J Suh -c(.. 'V) rIY'ct c.A-r::Y:J • . I

_ Chlc-k t...) ),,';_-~ tJjlSped?~ ~ v ~~ M~ l'r W-(j}c:uu-J-
- {,1j h c1LOe/op rrrco-« e/1~ c»-,01 ~ .5'~i.t{coA"';'f'

~ tJ-o,y)cicvcis.
_ WcJe- 6"1 etlrcJWO'oJ1SJ cf ~~ etoh~
_ t::Mc.k "'" s""'r",~e ~ccV.( I:M Aro.chlors Jk:<L(. iW",1d a.l1. ~d

I ~ fYlAJJ sJ~ t]1P Cl.J-JD'Id (t:hJ~cdtcfri

- .Trvte:/-{Ja.!e rnPYhat.s 7' ~r r1v'X:; vessels ?(f;. • ro 'Inj
a.,.,01 f:i.t~oJe d~ cau"",,01 ~ frr=,.n,pcrl.

"-_ )fI ~~ ~S/JJIer,,-;wcJ, uhf;~ ccry>~e:/I (6<Jor;/e?~
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