National Library
of Canada

Acguisitions and

8iblioth&que nationale
du Canada

Direction des acquisitions et

Bibliographic Services Branch  des services bibliographiques

395 Wellington Strest
Otlawa, Ontario
K1A QN4 K1A ON4

NOTICE

The quality of this microform is
heavily dependent upon the
quality of the original thesis
submitted for  microfilming.
Every effort has been made to
ensure the highest quality of
reproduction possible.

If pages are missing, contact the
university which granted the
degree.

Some pages may have indistinct
print especially if tne original
pages were typed with a poor
typewriter ribbon or if the
university sent us an inferior
photocopy.

Reproduction in full or in part of
this microform is governed by
the Canadian Copyright Act,
R.S.C. 1970, c¢. C-30, and
subsequent amendments.

Bk

Canada

395, rue Wellington
Onawa (Onlario)

Yowr i VO ieterence

(e e Nofe reterenee

AVIS

La qualité de cette microforme
dépend grandement de la quaiité
de la ihése soumise au
microfilmage. Nous avons tout
fait pour assurer une qualité
supérieure de reproduction.

S$’il manque des pages, veuillez
communiquer avec [|'université
qui a conféré le grade.

La qualité d’impression de
certaines pages peut laisser a
désirer, surtout si les pages
originales ont été
dactylographiées a l'aide d'un
ruban usé ou si l'université nous
a fait parvenir une photocopie de
qualité inférieure.

La reproduction, méme partielle,
de cette microforme est soumise
a la Loi canadienne sur le droit
d’auteur, SRC 1970, c. C-30, et
ses amendements subséquents.



Model for the Design and Implementation
of Reliable and Cost Effective

ISO 9000 Quality Control Systems

Elvira S. Perez

A Thesis
in
the Department
of

Mechanical Engineering

Presented in Partial Fulfillment of the Requirements
for the degree of Master of Applied Science at
Concordia University
Montreal, Province of Quebec, Canada

November 1993

© Elvira Perez, 1993



; o g National Library

of Canada

Acquisitions and

Bibliotheque naticnale
du Canada

Direction des acquisitions gt

Bibliographic Services Branch  des services bibliographiques

395 Wellington Street
Ottawa, Ontario
K1A ON4 K1A ON4

The author has granted an
irrevocable non-exclusive licence
allowing the National Library of
Canada to reproduce, loan,
distribute or sell copies of
his/her thesis by any mezans and
in any form or format, making
this thesis available to interested
persons.

The author retains ownership of
the copyright in his/her thesis.
Neither the thesis nor substantial
extracts from it may be printed or
otherwise reproduced without
his/her permission.

395, rue Wellington
Ottawa (Ontario)

Yourr hig Votre rforeice

Our e Notre reference

L’auteur a accordé une licence
irrévocable et non exclusive
permettant a la Bibliotheque
nationale du Canada de
reproduire, préter, distribuer ou
vendre des copies de sa thése
de quelque maniere et sous
quelque forme que ce soit pour
mettre des exemplaires de cette
thése a la disposition des
personnes intéressées.

L’auteur conserve la propriété du
droit d’auteur qui protege sa
thése. Ni la these ni des extraits
substantiels de celleci ne
doivent é&tre imprimés ou
autrement reproduits sans son
autorisation.

ISBN 0-315-90867-X

i+1

Canada



L N B
Ngme ‘,_‘i" 37 D A : f | N A

Dissertation Abstracts International is arranged by broad, generc| subject categories. Please select the one subject which most
nearly describes the content of your dissertation. Enter the corresponding four-digit code in the spoces provided.

LRI DI Tl W L S B T o R =0 (R BT gt . - e
SUBJECT TERM SUBJECT CODE
Subiject Categories
THE HUMANITIES AND SOCIAL SCIENCES
COMMUNICATIONS AND THE ARTS Psychology ...oovvviiecie, 0525 PHILOSOPHY, RELIGION AND ANCIEN e 057%
Archilecture ..o, 0729 Reading ... ..0535 THEOLOGY Medieval . ...0581
An History .. ..0377 Religious . 0527 Philosonh 0422 Modern ... ..0582
Cinema ... ..Q900 Sciences ... 0714 Gk A s Blac!, .... ..GJ28
Dance ..... ..0378 Secondary ... Q533 eneral 0318 African ........ SUTSRURROTION ¢ x lc 1
Fine Arts ... ...0357 Secial Sciences Q534 Biblical Studies .. 0321 Asia, Australia and Oceania 0332
Information Science .. ..0723 Sociclagy of 0340 Cler 03le Conadian ... 0
Journalism ............ .039] Specicl ... 0529 Hia of 0320 European .,... ..0335
Library Scionce . ... 0399 Teacher Training . 0530 Philosohy of 0373 Latin American ..0336
Mass Communications .. ...0708 Technolo b( ................. . 0710 Theol phty ot - 0467 Middle Eastern ..0333
MUSIE L ..0413 Tests cndg eqsurements ..0z88 OGY -ooe e United States ... 0337
Spoech Communicaticn ... 0459 Vocational ... oo 0747 SOCIAL SCIENCES History of Science . .. 0585
Theater ..o 0455 LANGUAGE. LITERATURE AND American Studies ... 0323 LCI\INI ..... P 0398
. .y Anthropolog Palitical Secience
EDUCATION LINGUISTICS Archceo?ggy B General ..o 0615
General ..o, Q515 Lonquage Cultural Internakional Law and
Administration ... ..0514 gerul Physical Releions ..o, 0616
Adyl gnd Continuing ..D51é Ancent Busine)sls Administration Publie Administration ........... 0617
Agricultural ... ... ..0517 Linauistics Genara Recreation ......... ..0814
AR s ..0273 M Actounting T Sociol Work ..........ccccoorerucreerr. D452
Bilinguef and Multicultural ......... 0282 Lleratare T Bankin 9 Sociclogy
Business .....c.c....... .08 Genora Monoement” General .................. e 0826
Eommulniry Cc;iltlagc ‘‘‘‘‘‘ i Classical e Markeglling : (D:rianDI y and Penclogy ... gg%g
urriculum and Instruction . .. e : T EMOGIABAY o ieen e
Early Childhood ............... Eﬂoer:;‘peg;(i:llve ‘ v g:;n?%?gssmd!es Elhnicgond ocial Studies ..... 0431
Elemantary ... . Modern . 0798 General oo Individual and Family
Flng‘;ce ....... e . Abrcan T ohe Agricultaral 0503 Studdies .. 04628
S”'Iﬁ"m and Counseling ... AMBIICON s, 0591 Commerce-Business .. 0505 Ing"?"".al d o
O e Asian e e 0305 Finance .............. ...0508 glofons vt 062
Higher ... Canadian {English " 0352 History ... 0509 Public and Social Wellare ...0630
Istory o Canadian {French) ... ......... 0355 lobor’.. ...0510 Social Structure on
Hame Econo o 0593 Theory . DB Development ...................
Indusirial .... Germanic ... T0a Folore . '03sa Theory and Methods .........
Longuage an Latn American .. L0312 Geogrophy ... ....0386 Transpartation . PRI
Mathemalies ..., Middle Eastarn 015 Gerontclogy 0357 Urban and Regional Planning .. 0999
MUSIC ..o, Romance .. UTANE Hisey Women's Stuehies -........c...co. 0453
Philosophy of .. : Slavie and Ecst Evropeon ... 0314 Gereral ... 0578
Physical ..o
THE SCIENCES AND ENGINEERING
BIOLOGICAL SCIENCES Geodesy oo e 0370 Speech Pathology .. ....0460 Engineerin
Agriculture Geology ..o 0372 Toxicology ... . .0383 General ... 0537
General ... 8;;% Segpl‘:ysn:s . . gggg Home Economics . ...0386 Aerosploce i ..0538
Agronomy ... -~ roogy .. . Agricultural ... ..053%
A Chltore: ond Mineroiy 0111 . PHYSICAL SCIENCES Adomoive 0340
Mutrition ....... Palechbotany ... 0345 Pure Sciences Biomedical .. .. 0541
Animal Pathology ... Polececology ... . ..0426 Chernist Chemical 0542
Science ond Palecntology ... ...0418 eg"”)’ | Civil cevenineecn e 0543
Technalogy ... ... Poleoroology . ... .. ..0985 Aen_ercl:' S Electronics and Electrical ...... 0544
Forestry and Wildlife ..........0478 Pcb‘ﬂdo%z e Q427 Agrllﬂ'{ urla : Heat and Thermodynamics ... 0348
Plont Culture ... ..0479 Physicc| Geography ... . 0368 B.”Ug’ 'cc." """" Hydreulic .
Plant Pathology ... ..0480 Physical Cceanography ... 0415 | rochemistry Industrial | . 0544
Plant Physiology ...... .0817 rr\]w anic.... Maring ..o . 0547
Range Management Q777 HEALTH AND ENVIRONMENTAL O™ Matericls Science 0794
_ Wood Technalogy .............0746 SCLENCES P i tMechanical ........ 0548
B'ola’ Environmental Sciences ... .. ... 0768 Physical .. Metallurgy . 0743
veral o 0306 : r Mining .. . 0551
Health Sciences Polymer ..
Anatomy ..0287 Generdt . o 0566 Radiation Nuclear ., ,.0552
Audiclogy ......... ....0300 Mathematics ..., Pcckclxgmg - 0349
Chemetheropy ... 0992 Physics Petraleum ... I 0765
Dentistry ... . 0567 General o Sanitary and Municipal 0554
Ecolegy «oovriiici, 0329 Education ... Acoustics e System Scienca ..........
Er;ramgs.logy.. ... 0353 Hospitol Mana ) Astronomy and T Geotechnology .......
senehcs .. ... - 0369 Human Development .. Astrophysics Operations Resecrch
leno{?gr e . 82‘]?8 Imunology ... Almosp Jic Sianea T Plastics Technalogy ..
m:;re?:ullgrogy ......... 9410 Medicilne and Surgery DM R 0 Textite Technology ..o,
Neuroscience . ............ 0317 Norio\y tealh Electeonics and flectricily ...0507  pSYCHOLOGY
Cg‘cec_r:'iogrophy. . 84]33 Nutriticn 0 Hich El?érgy ..................... 0798 General ... 0621
2 )és‘ro‘ogy IR 032] Obsletrics and Gynerology .. 0380 Fivid and Plasma ..0759 thc_lvui)rai. 0364
adigtion ... Occupational Health an Molecular 0600 Clinical .. 0622
Veterinery Science ... ......... Theropy .. ... 0354 Moclear . 0810 Developm 0620
. Z:o[ogy .......... [T Ophthalmalogy ... TR Optics .. o075 Ex en;n:-l:ntal ‘ 0623
iophysics | Fothalogy ... 0571 Radiation 0756 In Us’lrl?_ ..0624
neral ..o R Pharmacology T 0219 Solid Stote 0671 Personality ., . Q625
Medical ..., Bh 0572 20 ' Physiclogical . .. 0989
Phﬂf]'ﬂol o " 0385 Statistics ..o 04463 Psychoblology .. 0349
g_ARTH i(lfﬂfis 0425 Public HeohtPY - T 9E73 Applied Scierces Psyghlc:melrics ...0632
|oge'?:mc‘_z;n": ry 0ad2 Radiology . 0574 Applied Mechanies ... 0346 Social L 0451

Recreahion ... .. 0575 Computer Science ..........oooeen.. 0984 @



CONCORDIA UNIVERSITY
DIVISION OF GRADUATE STUDIES
This is to certify that the thesis prepared

By: Elvira Perez

Entitled: Model for the Design and Implementation of Reliable and
Cost Effective ISO 9000 Quality Control Systems

and submitted in partial fulfillment of the requirements for the degree of

Master of Applied Science

complies with the regulations of this University and meets the accepted standards
with respect to originality and quality.

Signed by the Final Examining Committee:

/1 7/\ Chair

\'

/#Z/JE /Q @// c// f% Examiner

Dr A. Bulgak

/Zﬁﬁ ff////)/ M

~_br.G. Abﬂou

lj Z/LV/.L c'”? External to the

Dr. K. Thulasiraman (Electrical and Computer Engineering) Program

Approved by W

Dr. R.B. Bhat, Gradua®® Program Director
Department of Mechanical Engineering

g«a.«__ K /\gmw
Dr. D. Taddeo, Dean  ~
Faculty of Engineering & Computer Science

Dr. G.J. Gouw

Supervisor

o3\l 19




ABSTRACT

A Model for the Design and Implementation of Reliable and Cost Effective
ISO 9000 Quality Control Systems
Elvira Perez

A specific tool that depicts the roadmap to an effective quality control
system as per ISO 9000 is required, one that is effective in terms of cost, time
and results. The present approach has given a complete and safe answer to this
issue. It is complete because it relies on both experience and on data and safe
because the results are consistent, cost effective and known in advance. And, as
with all global market driven ISO 9000 systems, it is tailored and specifically
designed for the particular setting that a manufacturer has: i.e. technology, per-
sonnel experience, available raw material.

A systematic approach for the design and implementation of quality con-
trol systems has been develeped: a model in which a large number of variables
that interact stochastically in a quality control system are studied using the prin-
ciples behind the technique known as Design of Experiments. The model con-
sists of four phases. In the first phase, an ISO 9000 quality control system is
designed using current practices: experience and common sense. The second
phase is a screening phase, where each inspection point is reclassified as rele-

vant or non-relevant by measuring its influence on the final quality of the prod-
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uct. Those points classified as relevant are analyzed in detail in a third phase,
the scrutinizing phase, in which combinations of tactors and levels are deter-
mined by using principles from Design of Experiments (DOE) such as
orthogonal arrays and from Taguchi signal-to-noise ratio. Factors, such as fre-
quency of calibration, training of personnel and instruments and levels such as
every month/every two months, in-house training/formal training and verni-
er/micrometer are determined based on experience and research of the manufac-
turing process and available inspection techniques. A series of experiments are
carried out to obtain the best combination of facters and levels that confirm
that the product is exceeding customers' expectaticns at a minimal cost. The dif-
ferent effects of each of these combinations on the final quality 1s measured.
With the final phase, data analysis and a confirmatory run, inspection and quali-
ty control efforts are then directed to those areas where they are truly required.
Added value to final quality is verified in-house as opposed to reactively from
customer rejections or from market reactions.

The use of Design of Experiment ensures that the selected combination
of factors and levels reduces the variability of the results of the implemented
ISO 9000 quality control system, hence there is confidence that defective pieces
are detected prior to shipment to the customer. A case study of the model has
been successfully carried out in a friction welding company, reducing quality

times by 59 %, quality costs by 41% and improving final quality by 16%.
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1. INTRODUCTION

With the realization of the European Community, a set of quality stan-
dards to promote global quality standardization were developed and issued by
the International Standards Organization under the name ISO S000.

While ISO 9000 is well known and has been widely used throughout
Europe since 1986, it has been only at the turn of the decade of the 90's that 1t
has become an issue for the Americas. Adopted by more than 90 countries as a
quality management (QM) system, the ISO 9000 series are guidelines and defi-
nitions for implementing a QM system tailored to a particular organization. It is
considered a management as well as a trade tool. Its intention is to provide con-
ststency hence rehability. It is important to stress that ISO 9000 DOES NOT re-
fer to a specific product or service but to the SYSTEM that produces it. These
standards have been designed to provide a uniform framework to manufacturers
which, 1n turn, gives buyers confidence.

Some of the common questions in implementing an ISO 9000 systemn
and, in general, any quality control system, are: How much inspection? What to
inspect? What not to inspect? What to calibrate? How often? What level of
training is needed? Is the procedure that is being used the optimal?, etc. Anoth-
er ruain issue 1s whether it is adding true value to the product. Most important-

ly, 1s it improving the quality of the product so that market share is increased?



Or is 1t raising costs and, therefore, the selling price?

All the above is occurring when important shifts in the field of quality
are happening. No longer 1s the ob;ective of the quality team to "eliminate the
lots that are unsatisfactory in quality”. It is to ratify the quality built in through
design and manufacture. This is due to the fact that quality has become preven-
tive rather than corrective, proactive rather than reactive, Even the term inspec-
tion is now being changed to terms that depart from the idea that Quality Con-
trol is in conflict with Production, i.e. verification, auditing. Verification is to be
used as "the testing for suitability of an object for its intended purpose”.

Other aspect 1s the definition of quality. It is no longer defined as "within
specifications" or fitness-for-use. It i1s customer driven. It is the consumer who
establishes the quality of the delivered product. Thz producer must arrange his
manufacturing procedures and provide a verification routine that ensures the
quality demanded. Variability, then, becomes an issue; "a specified proportion
of the delivered lots are of unsatisfactory quality” is no longer acceptable. Con-
fidence on expected results has to be designed into the guality control system.

The need for a scientific and systematic approach exists. It is the objec-
tive of the thesis to provide a model for planning and designing quality control
systems as per ISO 9000. This quality management tool, based on the princi-
ples of Design of Experiments (DOE) , has given an educated answer to "How

to Design Reliable and Cost Effective ISO 9000 Systems?"



The International Standards Organization welcomes studies that represent
a contribution to the quality of the stand:rd and its implementation. A copy of

the thesis may be sent to this institution.

1.1. Problem Definition

When confronted with the need of complying with ISO 9000, manufac-
turers find that the issued guidelines are extremely generic. For example, the
Inspection clause reads (See Appendix 1):

"The supplier shall

a) inspect, test and identify product as required by the quality plan or
documented procedu'res;

b) establish product conformance lo specified requirements by use of pro-
cess monitoring and control methods;

¢) identify nonconforming product.”

The common and, of course, challenging question is, How much of
each? For example, regarding inspection: How much incoming inspection? How
much 1n-process inspection? At what points? Regarding calibration: How often
do I calibrate? What instruments to use? What instruments have to be calibrat-
ed? Regarding personnel: What training is necessary? What is sufficient?

Regarding procedures: Is the method adequate?



All this happens in the middle of a market driven environment that is
compelling manufacturers to comply with ISO 9000. Even with an already exist-
ing ISO 9000 quality control system, the quality of the final product is not nec-
essarily improved or assured. Quality systems that are certified as 1ISO 9000 can
be so "fragile" that any minor perturbation prevents them from detecting non-
compliances. As a result, defective pieces are shipped to the consumer. An ef-
fort that has represented time and money is not rewarded by an increased mar-
ket share. In fact, in some c;ases, the existing system has made manufacturing
more costly which is unacceptable in a global market environment.

Therefore, a major improvement related to the design, implementation
and results of an ISO 2000 system is to be considered. Using quality terminolo-
gy, "we are dealing with the quality of the quality system". The cost effective-
ness and improved market share has to be the aim.

The goal has been to provide manufacturers with a cost effective, scien-
tific and systematic tool to design and implement new quality control systems
as per ISO 9000 or improve existing ones.

This extremely important issue, which has not yet been tackled and dealt
with in a systematic and scientific manner, constitutes the theme of this thesis.
That 1s, the soundness of a ISO 9000 quality control system. The above men-
tioned tool has given a safe answer to questions such as "What quality aspects

to control cost effectively ? At what level? When? Is the system reliable 7" .



1.2.Literature Review

Many articles and papers have been written 1n the last six years regard-
ing ISO 9000. Well over 100 documents are available in technical journals.
Most of them are purely informative, given the confusion that the standards
have generated when they were first edited in 1936. Numerous are the success
stories and case studies. For the purpose of this thesis, an extensive review of
these articles was carried out, The documents were classified as Development,
Implementation and Information. See Tables 1.1 through 1.3.

As far as going beyond ISO 9000 many efforts have been made. In gen-
eral, quality professionals agree that ISO 9000 is to be implemented within the
context of a Total Quality Management (TQM) environment. In fact, the next

revision -1997- represents a major change in the standard to include TQM.

1.2.1 Documented Developments

The ISO 9000 family of standards is vast in its applicability. Existing
developments have been triggered with its issue and adoption by the European
Community. To date, most of the efforts have gone into understanding and im-
plementing as quickly as possible the standards, given the international market
requirements, leaving unattended the improvaments based on scientific tech-
niques. Those suppliers and institutions that have a serious commitment to qual-

ity improvement are using the ISO 9000 quality wave to optimize systems and



Classification Content “ Bibliography
No.
Forum on ISO 9000 46
IEE Colloquium on ISO 900 114
DEVELOP- ISO 9000 + JIT + TQM 66
MENT ISO 9000 + SPC + TQM 132
ISO 9000 + Q/Plans + Reliability 102
ISO 9000 + Dependability 117
ISO 9000 + Reliability 119
ISO 9000 + JIT 62
ISO 9000 in TQM 39
ISO 9000 vs. TQM in Engi.neer- 112
ing Education
Information systems 110
Software for QC documentation 5
Software for QC documentation 21
Management of measuring equip- 127
ment |
ISO 9000 in Design Engineering 105
Design of semiconductors 1

Table 1.1, Articles and Papers related to ISO 9000: Development




Classification Contents Bibliography

No.

Defense and Food Drug USA 49

Electronics 23
Electronics 106
Communications Technology 122

Transportation 22

Plastics 2
Optical Fibre Cables 109

IMPLEMEN- Computer Manufacturing 58
TATION Computer Manufacturing 52
Petrochemical Industry 80

Chemical + Environment 36

Chemical + Environment 37

Chemical + Environment 34

Chemical + Environment 35

Chemical Industry 27

Coemical Industry 30

Chemical Industry 47

Chemical Industry 48

Chemical Industry 59
Chemical Industry 100

Chemical Industry 68

Table 1.2. Articles on ISO 9000 : Implementation




Classification Contents Bibliography

No.

Software industry 123

Software industry 124

Software industry 118

Software industry 96

Software industry 120

Software industry 131

Software-Total Optimization 63

Software engineering 116

Software engineering 113

IMPLEMEN- Construction industry 93
TATION PLC's 85
Instrumentation 1

Instrumentation 11

Instrumentation 50

Numerical Control 2

Aircraft Industry 18

Service Industry 45

Pulp & Paper 55

Cont. Table 1.2, Articles on ISO 9000 : Implementation




Classification Contents Bibliography
No.
History 107
Limitations 75
Limitations 78
Limitations 31
Limitations 4
Limitations 6
Limitations 42
Limitations 104
Limitations 81
Limitations 57
Implementation in Russia 94
INFORMA- Implementation-General 12
TION Implementation-General 7
Implementation-General 67
Procedures 32
Marketing 103
Marketing 65
Marketing 101
Marketing 25
Marketing 74
Engineering professionals 16
Nondestructive Testing 125
EOQ's 36th Annual Conference 77
Electrical Industry 126
Chemical Industry 76
Registration 33
Registrar Audits 71
Registration 26
Registrars 54
Registrars 61
Internal Auditing 9
Health and Safety 60
Environmental and Health 14

Table 1.3. Articles on ISO 9000 : Information




procedures. Some have been rewarded by time and cost reduction within their
processes,

As far as developments are concerned, documented efforts use [SO
9000 either as an operational aspect of a quality philosophy such as Total Quali-
ty Management or as an addition tc a new aspect of quality such as reliability
or dependability. Of course, many quality professionals have made comments
criticizing the content of the standards. |

A. Wilson (8) views ISO 9000 as a marketing tool to combine with Just-
In-Time and Zero-Defect Capability. The drive to attain ISO 9000 compliance
comes from a JIT purchasing strategy in which only a few reliable suppliers are
chosen . In this context, an ISO $000 quality system breeds the "reliability"
required in a JIT environment. ISO 9000 is used as part of a JIT production and
marketing strategy. It does not add to the standard.

B. Hallingen (3) combines ISO 9000 with Total Quality Management
(TQM) to achieve better employee relations, higher productivity, greater cus-
tomer satisfaction, increased market share and improved profitability. ISO 9000
is considered to be "a good beginning" because it provides employee involve-
ment, establishes the necessary employee understanding of the quality system
and maintains quality improvement gains. On the other hand, TQM reduces

costs and increases efficiency.

J. Oakland (5) goes a step further and includes Statistical Process Control

10



(SPC) to the ISO 9000 + TQM formula, reducing process variability to increase
process capability and market share, ISO 9000 is here considered as a necessary
value-added service for global competition. These last two cases view ISO 9000
as necessary part of a TQM program due to the fact that these standards are
accepted worldwide as a market requirement.

W. Gerling (2) from Siemens-Gerniany departs from the idea of only as-
suring quality and moves towards assuring reliability. For integrated circuits, he
considers design tools, basic product elements, materials and manufacturing pro-
cesses as the "system" and qualifies it with respect to the consistency and effi-
ciency of all implemented reliability assurance measures. This approach 1s based
on the manufacturer's "system" knowledge and responsibility. Its main concept
is not the qualification of the Quality Assurance system -as in ISO 9000-but the
qualification of the manufacturing technology. This approach is compatible with
ISO 9000 because it places emphasis on the system qualification rather than the
product qualification. In this sense, design rules, materials selection and pro-
cessing conditions are "system parameters”, which have to be established, evalu-
ated and optimized, including their interdependencies during the development
phase. This qualification checks the system for consistency and conformity to
the quality and reliability requirements. Once the system is established and qual-
ified, its reproducibility is verified by statistical process control (SPC). The

qualification ts carried out in "blocks" such as technology, pilot product, failure
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rate, product relabtlity, package reliability.

This interesting approach moves the qualification of a system further up-
stream to the development phase and without the necessity for a first product. It
has been developed for integrated circuits but certainly can be applied in other
areas by changing the reliability test factors for technology qualification. An
tllustration of the various activi.ies of quality and reliability assurance proposed
by W. Gerling (2) may be seen in Fig. 1.1.The system is considered to be 1SO
9000 compatible, due to the fact that it considers the consistency of the mea-
sures and provisions of design, test and manufacturing. Many of the new con-
cepts presented in this paper can be of value to improve the next ISO 9000 revi-
sion, even though it was not the intention of the writer to improve this standard.

J. Klock (4) from AT&T uses ISO 9000 + Reliability + Quality Improve-
ment to obtain conforming material, continuously improved quality and reduced
variability. This supplier management program was designed to closely monitor
quality and reliability of over 3500 suppliers. This is a very interesting and
complete application of ISO 9000.

The supplier management program begins by identifying potential suppli-
ers and products that meet customers' needs. In a first phase, acceptance inspec-
tion 1s used for new suppliers, especially those that have an inspection-based
quality system or those for which there exists historical data . During the accep-

tance inspection phase, a quality representative visits the supplier's facility to
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inspect the product at the source, lot by lot. Frequent interaction enables the
company to establish a rapport with suppliers, clarify customers' requirements
and learn how well the suppliers can meet those requirements. The results are
stored in a lap-top computer, uploaded to a main frame and then analyzed by
quality engineers. In AT&T they realize that it is one tiing to measure the qual-
ity to see whether or not it meets certain standards, and quite another thing to
make use of those measurements to predict and control the quality in the future.
The collected data 1s used for prediction and control.

Although lot-by-lot acceptance inspection gives customers a sense of se-
curity, it proves to be expensive and redundant. It does not add value to the val-

ue of the product and its effectiveness varies with the sampling scheme used.

Profile of pilot product —>concept — reliability target —reliability risks—
reliability qualification —process & product development— materials —
reliability development —qualification plan —process documentation —

release of materials— routine start — quality assurance— reliability monitor—
qualification tests —»process control —qualification of product —

—reliability met.

Fig. 1.1 Reliability Assurance Systems
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Since 1t is reactive rather than proactive, it has done little to encourage suppliers
to improve their designs and processes, reduce variability and prevent non-
conformances, which is the trend of quality nowadays. Therefore, suppliers are
moved towards the next phase.

Phase II starts after the supplier has had ten consecutive conforming lots
under MIL-STD-105D. This is called the periodic inspection phase. The deci-
sion to reduce inspection 1s based on the analysis of the inspection data and an
audit of the supplier's product control. To qualify for this phase, the supplier's
quality system is audited using the guidelines of the ISO 9003 "Quality Sys-
tems-Model for Quality Assurance in Final Inspection and Testing". The ISO
9003 criteria are supplemented with additional requirements such as control of
changes, data management, quality improvement, specification agreements and
others. Initially, the visits are done monthly, until the inspector verifies that pro-
cedures are done as specified. If nonconformances are found, corrective actions
are required. A full ISO 9003 audit is repeated annually. The suppliers are dis-
qualified if they fail an ISO 9003 re-audit, if they receive significant customer
complaints or if the products fail to meet customer requirements. Additional to
the ISO 9003 audit, a risk analysis is done on the product. Low technology
items remain in this phase indefinitely and lot-to-lot inspections might be
changed to quarterly visits. For high-risk products the next objective is to prog-

ress to the third phase.
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The third phase is considered a long term partnership between the cus-
tomer and the supplier. This program emphasizes prevention, improvement and
process controls with the goal of approving the quality system for the supplier's
entire facility. To qualify, candidates are audited using the ISO 9004 guideline
(Quality Management and Quality Systems Elements). Additional requireménts
cover quality improvement, component reliability, quality plans, process controls
and monitoring. SPC is required for all suppliers and is evaluated based on the
IPC-PC-90 SPC audit requirements. Once on this status, visits are carried out
annually to review their improvements.

This is an excellent setup that uses ISO 9000 as the core for an external
quality system assessment. Additional requirements are based on improvements
recommended by quality engineers to the standards. It does not provide a design
tool but it certainly prt‘)vides an analytical tool to manage the external assess-
ment of quality from the purchaser's point of view. |

K. Strandberg (6), from Ericsson Telecom AB Sweden, has complement-
ed the ISO 9000 with dependability related standards through the international
standard IEC 300 on Dependability Management, developed by the International
Electrotechnical Commuission (IEC). This development is to provide a modern,
strategic contributio:: for a unified approach. Dependability is a new concept
that 1s not the sole responsibility of either the supplier or the customer. It is the

responsibility of both. The main focus is to allow the ISO 9000 "quality wave"

15



to include reliability and maintainability as essentials for the prevention of un-
wanted costs and damages.

Although interesting, this is yet another international organization issuing
technical documents to develop and maintain a coherent set of standards in the

field of dependability. It does not improve the ISO 9000 set of standards.

1.2.2, Limitations on the Literature Review

As seer in the previous chapter, up to the moment all the documented
information on ISO 9000 is related to implementation. In some cases it has
been complemented with quality philosophies such as TQM or JIT or by adding
concepts such as reliability which is related to the design of the product and
the manufacturing process, or dependability which relates to the use and main-
tainability of the product.

The reliability of the implemented system, the "quality of the quality sys-
tem", has not yet been addressed and dealt with. Only general considerations are
given regarding the setting up of a system to verify quality.

In an ISO 9000 context, the broad purpose of inspection, called verifica-
tion, is to assure quality by critical examination at critical points of the whole
process: raw materials, rough and finished parts. In a real life application the
distribution of these inspection activities throughout any process is to be ordered

such that the net cost of production is consistent with the cost of verifying qual-
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ity. How much inspection, when and where to inspect, etc. remains to be an-

swered.

In recent years a simple new scientific technique, based on statistical
analysis, has been developed for the design of robust manufacturing processes,
hence reducing variability and improving quality. This technique, known as
Design of Experiments (DOE), has been used for research and development of
products and manufacturing processes. The principles behind this technique
were used as the foundation on which the present thesis is developed. This sys-
tematic approach has been used to design a model to provide the best combina-
tion of parameters of the quality control system. The resulting QA system com-
plies with ISO 9000, is reliable as well as cost effective and adds value to the
manufactured piece by improving the final quality obtained. This comes close to
J. Klock's approach to ISO 9000 except that, in AT&T it is used for second par-
ty appraisals. The tool developed is to be used as an in-house aid for imple-
menting cost effective ISO 9000 systems. It is targeted to quality engineers

and consultants.

The principles of the DOE techniques were applied to the quality control
system as far as auality plan points are concerned. This does not imply that the
required production controls are to be superseded. Quality control is here seen

as the function that checks quality, not the function that produces it. It verifies

that quality has been designed and built in. Given that DOE has provided fast
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and efficient knowledge of the complex relationships between factors and qual-
ity as well as quick identification of the key control factors in a process, an in-
teresting breakthrough for quality control plans has been designed.

Two important aspects must be kept in mind. First, we are dealing with
quality systems, NOT manufacturing processes NOR products. Second, this tool
1s to be used as part of a Total Quality Management (TQM) scheme, where im-
provements are being made to the manufacturing process as well as to the de-
sign of the pieces.

Many efforts have been made to improve designs and processes. The
present effort is targeted to improve the design and implementction of the quali-

ty control system as per ISO 9000.

1.3. Objectives and Procedure

1.3.1. Objectives

A quality control system can comply with ISO 9000 but is neither cost
nor time effective. Inspection points might be adding no true value to the quali-
ty of the piece, only making it more expensive. On the other hand, vital inspec-
tions might be overlooked hence producing a percentage defectives that are
shipped to the client. Therefore, the main goal is to provide manufacturers with

a systematic and scientific tool for the design, implementation and optimization
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of reliable and cost effective ISO 9000 quality systems. The objectives are

1) To design and implement sound ISO 9000 systems using a systematic ap-
proach.

2) To obtain optimal level of inspection parameters and levels of an ISO
9000 quality system.

3) To reduce the cost of designing and implementing an 1SO 9000 quai.iv con-
trol system, hence, reducing the cost of the product.

4) To reduce the cost of operating and optimizing an I50 9000 quality control
system, hence, reducing the cost of the product.

5) To implement the proposed approach, as a case study, in a friction welding

company located in Pto. Ordaz, Venezuela.

1.3.2. Procedure

Phase 1 : Theoretical Phase
1.1} Conduct in-depth analysis of the ISO 9000 family of standards ap-
plicable to external auditing (Chapter 2).
1.2) Conduct in-depth analysis of DOE techniques, principles and appli-
cability to an ISO 9000 QC scheme (Chapter 2).
1.3) Design a systematic approach for the design and implementation of a

cost effective ISO 9000 QC system (Chapter 3).
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Phase 2 : Practical Phase (Chapter 4)

2.1) Implement the above procedure in a manufacturing company with an
ISO 9000 QC system.

2.2) Obtain and analyze results.
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2. BACKGROUND

ISO 9000 is a short term used to identify a family of documents that pro-
vide definitions and requirements for the implementation and documentation of
a quality management system capable of being tailored to any particular organi-
zation. The series is intended to be relevant to all types of businesses for the
demonstration of the existence of a quality assurance system. It does nos stan-
dardize quality systems, only quality system requirements.

It provides a uniform approach to quality systems that today is accepted
worldwide. Initially designed as a set of general quality systems requirements,

it has disciplined quality practice.

2.1.1 Origins

With the increased focus on quality issues, various national and interna-
tional standards organizations had prepared standards and guidelines in the qual-
ity field to be used between purchasers and suppliers. Although there were simi-
larities among the many standards, they were not sufficiently consistent for
widespread use in international trade. Terms such as quality management, quali-
ty control, quality system, quality assurance and quality policy acquired differ-

ent meanings from country to country and even within an industry.

22



To bring standardization to an international level in 1987 the International
Standards Organization (ISO) published standards recognized throughout the
world as the ISO 9000 series. It had been by resolution of May 1985 that the
European Commission Council endorsed this project to this specialized institu-
tion, consisting of 91 member nations and headquartered in Geneva-Switzerland.

This publication of the ISO 9000 series has brought harmonization on an
international scale and has supported the growing impact of quality as a factor
in business in the '90s. Globalization has come a reality in the few years since
these standards were published. The rapid implementation of the European
Community (EC) single-market arrangement has become a major driving force.
ISO 9000, in effect, is becoming a market requirement.

Currently, over 90 countries have adopted the ISO 9000 standards as na-
tional technical documents. The registration and certification process differs
from: one country to another. In the Europe, each country has its certification
body. In North America, certified registrars carry cut the ISO 9600 audit. In
other countries, second party certification appraisals are used. This constitutes
an international barrier given the fact that a certification valid in one country
may not be valid in another. At the moment there is the intention amongst rep-
resentatives from several countries of the European block and the American So-
ciety for Quality Control to recognize each other and initiate the process of har-

monizing the certification process on a global scale.
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2.1.2. The ISO 9000 Approach to Quality

The ISO 9000 quality approach is founded on two main concepts. First. a
quality system based on the idea that if the production and management systems
are right, the result is also right; and second, for third party assessments: I1SO
9000 promotes assessment through certified third party audits rather than second
party, that is, those carried out by individual purchasers.

The ISO 9000 standards call for a proactive management of the quality
system. This places emphasis on the system itself, moving the focus away trom
the reactive product-driven approach to quality systems which has been often
used. Thus, the ISO 9000 auditors do not audit the final product; they audit the
quality system. This quality management as opposed to product quality is the
key strategic element in ISO 9000. In the context of ISO 9000 and Total Quali-
ty Management, quality means to exceed the expectations of the client at a min-
imal colst.

The series, intended to be advisory in nature, embodies comprehensive
quality management concepts and guidance, together with several models for
external quality assurance requirements. Using an integrated systems architec-

ture, the standards are packaged under an easy memorized numbering system.
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2.1.3. Structure of the ISO 9000 Standards

These quality related standards are presented in a family of documents
outlined in Fig. 2.1. Numerous comments have been made by quality engineers
regarding the ISO 9000 series of 1986 (1). Some consider them too generic;
others affirm that important definitions are riot included, such as "Quality plan"
and "Quality Manual" and many recognize that it has no provisions for quality
improverent. All these comments are to be included in the 1992-93 revision,

which is expected to be published in late 1993 (7).

2.1.3.1. External Assessment ISO 9000 Standards (See Appendix 1)

ISO 9001, 9002 and 9003 are specifically related to models for external
quality assurance requirements. Fig 2.2 aud 2.3 depict uieir hierarchy. ISO 9000
standards have rapidly become not only a growing interest but a strategy for
business and industry. It is important to stress that the series does not provide a
sertification for quality of the preduct; it provides a certification of a quality

system at the moment of the appraisal.
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ISO 8402

Quality vocabulary

ISO 9000 Quality management and quality assurance
standards-guidelines for selection and use.

ISO 9000-2 Generic guidelines for the application of ISO
9001, 9002 & 9003.

ISO 9000-3 Guidelines for the application of 1SO 9001 to
the development, supply and maintenance of
software.

ISO 9001 Quality systems-Model for quality assurance
in design, development, production, installa-
tion and services.

ISO 9002 Quality systems-Model for quality assurance
in final production and installation.

1ISO 9003 Quality systems for quality assurance in final
inspection.

ISO 9004 Quality management and quality systems ele-
ments-guidelines.

ISO 9004-2 Guidelines for services.

ISO 9004-3 Guidelines for processed matenials.

ISO 9004-4 Gu:delines for quality improvement.

ISO 9004-5 Guidelines for quality plans.

ISO 9004-6 Guidelines for project management.

ISO 9004-7 Guidelines for configuration management.

ISO 10911-1

Guidelines for auditing quality systems: Au-
diting

ISO 10011-2 | Guidelines for auditing quality systems; Audi-
tors

ISO 10011-3 Guidelines for auditing quality systems: Audit
Programmes

ISO 10012-1 Quality assurance requirements for measuring

equipment

Fig. 2.1 ISO 9000 family of standards
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Fig 2.2 Generic comparison of ISO 9001 through 9003
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1S0O 9001

1SO 9003

Fig 2.3 Hierarchy of ISO 9001, 9002 and 9603

2.2. Introduction to Design of Experiments

This technique is a systematic a~d efficient way of meeting the challeng-
es of designing high quality products at low cost. It uses a mathematical tool
called orthogonal arrays to study a large number of decision variables with a
small number of experiments. Thus, the most economical product and manufac-
turing process design can be accomplished from both the manufacturing and
customer's point of view at the smallest affordable development cost.

The fundamental principle behind DOE is to define process parameters

that can be changed easily and inexpensively. In other words, the aim is to 1m-
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prove quality by minimizing the effect of the causes of variation in a process.
Step one in optimization is no longer investing in new technology. Rather it is
learning how to manage an existing production system properly, which then cre-
ates a foundation for the application of advanced technology.

The method, extensively used in product design, achieves product perfor-
mance that is insensitive to raw material variations allowing the use of low
grade material and components in most cases. It also makes designs robust
against manufacturing variations, reducing labor and material costs due to re-
work and scrap. It achieves minimal sensitivity to the variations in the operat-
ing environment of the piece.

The technique has been applied to a variety of problems and industries. It
has drawn many ideas from statistical experimental design for obtaining depend-
able information about variables involved in making engineering decisions. It
explicitly addresses how to reduce variability of a product as a function of the
changes in the working environment as well as how to ensure that decisions
found to be optimum during the experimental phase are optimum also in the

manufacturing stage.

2.2.1. Brief overview of Taguchi's Methods
Dr. Taguchi (1) has added significant concepts to enhance DOE. Quality

has been established dependant on the quality characteristic involved. A quality
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characteristic is whatever we measure to judge performance (quality). There are
five types of qualiity characteristics: smaller-the-better (minimizing a respense-
e.g. shrinkage and wear), nominal-the-best (achieving target values), larger-the-
better (maximizing a response- e.g. tensile strength), attribute (classifying or
counting data-e.g. appearance), and dynamic (response varying depending on
temperature).

To achieve quality with the task of producing a product at optimum lev-
els and with minimal variations on its quality characteristic, Taguchi classifies
two types of factors: control factors (controllable) and noise factors (uncontrol-
lable) . Control factors are factors that can easily be controlled such as choice of
material, cycle time or heat temperature. Noise factors, on the other haad, are
those nuisance variables that are difficult, impossible or expensive to contrel,
e.g. the ambient temperature and humidity. Noise factors are usually responsible
for causing a product's quality characteristic to deviate from its target value. Our
goal, nevertheless is NOT to control noise factors just to identify them. Instead,
it 1s preferred to select values for the control factors so that the product or pro-
cess is least sensitive to changes due to the noise factors, hence, eliminating or
reducing the impact of the causes.

When tentative nominal values of an existing system are tested over spec-
ified ranges during what is called parameter design, the best combination of lev-

els 1s determined. Parameter design is the key stage of Dr. Taguchi's methodolo-
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gy. This is where improving quality the most without increasing costs is possi-
ble: to find the nominal values for the controllable factors so that maximum
product performance 1s achieved with minimal sensitivity to noise,

Taguchi's quality engineering method reduées vanation, which always
results in improved quality. The processes are optimized in a way that makes
them insensitive to factors beyond the manufacturer's control. This technique
has been used extensively for product designs and their manufacturing sys-
tems. Now it shall be applied to a quality control system, that is, to the opera-
tional techniques and activities carried out to prevent defective pieces from be-

ing shipped to the customer.

2.3. Framework

The present model is aimed at the following:
Application domain

The model 15 applicable to ISO 9001 and 9002 external assessment stan-

dards,
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Quality Function and Organization within the Company

The model is applicable to companies that have or intend to have a quah-
ty controi system where the quality function is independent of production and
includes:

- Incoming inspection

- In-process inspection

- Final inspection

- Calibration

- Training

- Procedures

Chronic vs. Sporadic Quality Problems

It is intended for regular inspection activities that deal with chronic prob-
lems, not sporadic ones. This is, situations that are often not classified as prob-
lems; they are apparently inherent to the process or the.working environment.
Generally, they are difficult to solve without better understanding of the process
and represent a tremendous opportunity for reducing costs. Sporadic problems

are to be dealt with by Control Ci.arts.
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Company genre
it is applicable to manufacturing companies, that is, those where raw ma-
terials are transformed through a manufacturing process in order to obtain a fin-

ished product.

Product Range

It is focused on stable processes, cellular manufacturing systems (CMS)
and group technology. It is not intended for flexible manufacturing. If this pro-
cedure was to be applied to a flexible manufacturing process, a designed experi-
ment would be required for each product. Nevertheless, it is not discarded as a

tool for nonconveyorized manufacturing.

Optimal Design of Quality Control Systems
This approach is intended to be used in the design of new quality control

systems or in the optimization of already existing cnes.

Operational Aspects of the QC system

The model is aimed at the operational aspects of a Quality Control Sys-
tem, those that are performed on a day-to-day basis such as process control, in-
spection and testing, inspection, measuring and test equipment, training and sta-

tistical techniques.
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Areas such as Quality Policy, Organization, Management Review and
others that are related to the suprastructure of the QC system or are 1ecognized
as healthy for the continuous improvement of the system are considered to be

compulsory. See Fig, 2.4 and Appendix 1.

2.4. Sampling

Sampling is to be widely used as one of the QC techniques in this model.

Definitions and brief of its applications follows.

2.4.1. Sampling Techniques for the Model

Sampling plans are chosen to benefit the factory and the customer. Any
technique used has to be well understood by all personnel. Also, the cost of the
operation has to be considerably less than the overall benefit. Therefore, a sam-
pling olan has to be easy to use and cost effective. The purpose of any sampling
method is to provide information on the severity of a defective lot. Evidence of
poor quality is aided by the use of a sampling plan. The result is the elimination

of individual lots of unsatisfactory quality in a scientific and cost effective man-

ner.
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ISO 9001 Clause No. and Title

Control

Noise

4.1 Management Responsibility

4.2 Qua'ity System

4.3 Contract Review

4.4 Design Control

4.5 Document Control

4.6 Purchasing

4.7 Purchaser Supplied Product

4.8 Product Identification & Traceability

o I B ] B B e

4.9 Process Control

4.10 Inspection and Testing

4.1) Inspection, Measuring and Test Equipment

4.12 Inspection and Test Status

4.13 Control of Nonconforming Product

4.14 Nonconformity Review and Disposition

4.14 Corrective Action

4.15 Handling, Storage, Packaging and Delivery

4.16 Quality Records

4.17 Internal Quality Audits

4.18 Training

4.19 Servicing

4.20 Statistical Techniques

Fig. 2.4. Classification of ISO 9001 clauses
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Single, Double and Multiple Sampling

There are several features of 100% inspection that are undesirable. It 1s
costly; it may lead to false assurance about the completeness of the inspection
job, it involves sorting; it does not assure that the nonconforming material or
defective material is detected or that some satisfactory material is rejected. In
many cases, it may be impractical. The type of product and the way the product
is presented for sampling, whether on a conveyor, in boxes piled on top of each
other, etc.are important factors to bear in mind when choosing the sampling
plan The advantages of sampling over 100 percent inspection have been long
recognized. There may be:
- Single sampling, that is, basing acceptance or rejection of a lot upon the units
in one sample drawn from that lot.
- Double sampling, that is, selecting one sample of units from a bad lot and, un-
der certain conditions, selecting a second sample before accepting or rejecting
the lot
- Multiple sampling, that is, basing the acceptance or rejection of a lot upon the
results of several samples of units drawn from that lot.
Comparison of Sampling Methods

Single sampling may be the only practical type of sampling plan under
conveyorized production conditions when it is physically impossible to select

only one sample. With lots of material whose percentage of nonconformance is
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close to the AQL, single sampling may offer more economical inspection than
double sampling. It is easy to use and understand.

Double sampling permits a smaller first sample than is called for by the
sample size of the corresponding single-sampling plan. When the percentage of
nonconformance is either low or high in material submitted for inspection, it is
trequently possible to accept or reject lots based upon the results of the first
samplie. In these instances, double sampling permits lower costs.The idea of giv-
ing the material a "second chance" before rejecting it has a popular appeal to
manufacturers and, in particular, to production personnel. On the other hand,
customers are wary about this method and generally specify 1 their technical
data the use of single sampling.

Double sampling is often easier to administer than multiple sampling
plans. The need for selecting successive samples in the proper fashion may re-
quire greater administrative control and more highly skilled inspection operators.
In theory, multiple sampling may permit lower total inspection than double sam-
pling for a given degree of protection because of the smaller sample sizes re-
quired. In practice, however, the greater complexity of multiple sampling may,
in some cases, return the overall cost advantage to double sampling . This is
particularly true when the percentage of nonconformance in submitted lots is
low in these cases. By definition, it should be discarded in a quality control

environment where variability is controlled.
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When administrative costs are to be kept low, multiple sampling may
permit lower inspection costs for a given degree of protection than either single
or double sampling. Aided by computer based sampling, it may result in im-

proved efficiency in administering these sampling plans.

2.4.2. Proposed Sampling Plans for the Model

Attributes vs. Variables
The main goal of the model 1s the final quality of the product. Therefore,

the qualification will be by attributes: the piece is either OK or NOT OK.,

Standard MIL-STD-105D
This standard is an effort to provide a set of standardized plans. It is sim-
ple and easy to use. It offers many standardized plans applicable to a variety of

situations. To use this standard, three aspects are to be defined: AQL, Type of

sampling, Lot Size.

Type of Sampiing Plan

Simple Samplinig, given the fact that variability is being controlled.
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Lot Size

A lot is defined as: "A definite quantity of a product or material accumu-
lated under conditions that are considered uniform for sampling purposes”. For
the purpose of this model, a lot is formed by an homogeneous group of prod-
ucts, made of homogeneous raw material and in homogeneous manufacturing

process conditions.

Acceptance Quality Level (AQL)

AQL is defined as : "The maximum percentage of units that do not meet
requirements in a lot, which for the purpose of acceptance sampling can be con-
sidered as a process average". An AQL of 0.65% is recommended for sampling
plans that are to be used as part of the present model. Exceptions to this are
those instances in which the possibility of property damage or personal injury
where 100% inspection is mandatory or when the customer requires a more

stringent AQL.

2.5. Blocking

Blocking is a concept related to DOE and consists of choosing experi-
mental units in groups. This technique allows experiments to be carried out in
the presence of instability of the process without affecting the final results.

With blocking, fewer runs are needed and time and money 1s saved.
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For the present model, a block has no more than three inspection points .
Blocks generally consist of four or eight runs. The criteria to choose the blocks
are as follows:

1) A group of no more than three raw materials that constitutes a semi-

finished part of the process, for raw material classified as "Requires

Incoming Inspection".

2) A group of no more than three inspection points of semifinished prod-

ucts that constiiuteS a finished product.

3) A group of no more than three consecutive inspection points of the In

Process Inspection,

In practice, blocking with two or three inspection points is to be used
when the effect of the interactions between those inspection points s to be stud-
ied. And randomization of the order of the runs eliminates bias duc to any

trends or patterns within blocks.
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3. PROPOSED MODEL

A general overview of the proposed model is depicted in Figure 3.1. A

detailed description of the phases follows:

PHASE I: ANALYSIS OF THE PROCESS PLAN

The process plan must be known and understood by the group of special-
ists who designs and develops or improves a quality control system. The proce-
dure for Phase I is presented graphically in Fig. 3.2
Step 1: Analyze the production process, from beginning to end. Create the flow
diagram, if it does not already exist, or update the existing one. The flow dia-
gram must include all steps of the manufacturing process. Material purchasing,
storage and handling are to be included as operational aspects of manufacturing,.
No longer are they to be considered a non-technical feature of the process plan.
Include designing if it is done in-house (applicable to ISO 9001).
Step 2: Once the flow chart is complete, add QC and inspection points as per
ISO 9000. There should be QC checkpotnts at:
1) each stage where the material is transformed. Examples of transformations
are forming, machining, joining ; welding, heat treating; mixing and adding or

any activity that changes the form or the content of the matenal.
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ADD TO PROCESS
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FIG. 3.2 PROPOSED APPROACH: PHASE I
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2) whenever the material has been received from the client (second party), from
a supplier or a contractor (third party) or from another department within the
works.

Step 3: Quantify the percentage defectives obtained with current rianufacturing

process and quality controls.

PHASE II: SCREENING

All inspection points determined in Phase I are screened in order to ob-
tain the significant few. See Fig. 3.3 . The objective is to determine whether
each individual point is adding value to the final quality of the product. If not, it
is reclassified as a periodical audit point. The performance measure is the per-
centage defective produced by the process and detected by the quality control
system. In this context, materials that are repaired or reworked are quantified as
defectives. This measure is done by a QC engineer or other that has such suf-
ficient QA/QC background as to determine the quality of the lot with veracity.
It excludes all inspectors that take part in Phases I or II. This ensures a transpar-
ent and trustworthy measure.

Two measures are obtained for each inspection point: one when the in-
spection was actually carried out and one when it was not. The final quality ob-

tained indicates which inspection points are adding to the value of the product
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FIG. 3.3 PROPOSED APPROACH: PHASE I
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and which are not. Those "insignificant” points are then included as part of the
periodical QA (Quality Assurance) audits to maintain healthy controls active,
instead of checking them on a day-to-day basis which would be an unnecessary
time and money burden.
When interactions between inspection points are expected, a block of ex-
periments of 2% or 2° is carried out. The word interact is used to indicate situa-
tions where the presence or absence of one inspection point directly affects the
results of another. Any two or three points that are expected to interact are to be
set up in this matrix. More than three is troublesome and unnecessary.
By the end of Phase II the decision Inspect or Do not inspect-Audit is
obtained (See Fig. 3.4).
The seqrence for Phase II is as follows:
1) List inspection points for raw material. Number them from 1 to r.
2) List in-process inspection points. Number them from 1 to p.
3) Total number of inspection points: [ =r + p.
4) Block the I inspection points in M groups of one, N groups of two and
P groups of three, according to expected interactions. The total
number of blocks is Z=M + N + P.

5) Create tables to collect data.

6) Schedule experiments and measurements.

7) Carry out experiments and measure final quality of each run.
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Note: In this approach defectives include all pieces reworked, repaired or
scrapped during manufacturing process .

FIG. 3.4 EXPECTED RESULTS/ PHASE I
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PHASE HI: SCRUTINIZING

Inspection points determined as relevant in Phase Il are further analyzed
in Phase III. (See Fig. 3.5) These are the points that are adding value to the fi-
nal quality of the product in this particular manufacturing setup and working
environment.

Each relevant inspection point 1s analyzed to determine factors and levels.
A guide of factors and levels for different inspection points 1s given in Table
3.1. Contractual matters, legal and other issues the. affect the product are to be
included as factors and levels, 1.e. health and safety regulations. For each in-
spection point, groups of up to three influential factors are chosen. Blocking in
this fashion avoids extensive working matrixes that complicate and needlessly
extend the implementation of the model.

When the set of factors and levels are determined, outlines of the inspec-
tion .procedures are written for each run. The results of the model in this phase
provide combinations of factors and levels that have the greatest effect the final
quality of the product (See Figs. 3.6 and 3.7). The sequence for Phase III is as
follows:

1) For each one of I inspection points that are classified as relevant, as

per results of Phase II, designated I', analyze the different factors and lev-

els.

2) For each point I', choose up to three factors f,, n<3. Define two lev-
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els of inspection. As a guide use Tables 3.1.for each factor.

3) Create a table for each inspection point with f_ rows (number of fac-
tors) and 2 columns.

4) Schedule runs,

5) Carry out experiments. Bear in mind that final quality is to be deter-
mined by a senior member of the quality team. Induce defectives in the
lot, if the process allows it, to be used as a comparative measure.

6) Obtain results and graph.

Table 3.1. Guide to Factors and Levels
General
» Inspection upon receipt, Suppliers and Contractors;
No inspection
Quality Certtficate Required
Quality certificate required, must be approved by QC personnel
Inspection upon receipt, all lots
Inspection upon receipt, every predetermined number of lots
Pre-despatch inspection of all lots

In-process verification
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Design verification

Design approval

Second party audit of technology, reliability

Third party audit of technology, reliability
» Instruments:

Certificates required upon receipt

Check calibration upon receipt

Check calibration periodically

Check calibration through qualified metrology laboratories

Specific
» Cast Moulds
Permeability
Mould Hardness
Percentage Humidity
Percentage Resins
Resistance to Compression
» Chemical Composition
Wet Method
Leco

Quantometer
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For steels: Carbon Equivalent: C + Mn/6 + ..
» Concrete

Resistance to Shear

Percentage Mesh Size
» Dimensional: Length, width

Vernier

Micrometer

Go-No Go

Computer aided (cameras)

» Dimensional; Thickness
Vernier
Micrometer
Ultrasonics
Go-No Go
Vision System

» Dimensional: Threads
Go-No Go
Shadowgraph

» Heat Treatment

Register: Temperature vs. I'ime
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Surface hardness
Metallography
» Mechanical Properties
Tension Tests
Hardness:
Brinell, portable
Brineli, fixed
Rockwell, portable
Rockwell, fixed
Vickers
Charpy 1impact
Hydraulic test
Pneumatic test
» Paint Adherence
By ASTM recommended practices
By procedures developed in-house
» Paint Thickness
Magnetic Instruments
Mechanical Instruments
» Surface Finish

Visual
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Visual aided with mechanical instruments
Visual aided with cameras
» Welding: Internal defects, Destructive testing
Tension tests
Bend Tests
Microhardness: Vickers
Metallography
» Welding: Internal defects, Non Destructive Testing
Penetrant Liquids
Magnetic Particles
Radiography
Ultrasonics
Acoustic Emission
» Welding Procedures
Qualified as per ASME
Qualified as per ASTM
Qualified as per other International or National Standard
» Welders
Qualified as per ASME
Qualifiex as per ASTM

Qualified as per other International or National Standard
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Not Qualified
» Training, welding
Basic inspection techniques
Advanced inspection techniques
» Training, Non Destructive Testing
In-house training
Level I ASNT-TC-11
Level Il ASNT-TC-1I

Level III ASNT-TC-II

» Visual
Eye vision
Eye aided with augmenting lenses
Eye aided with chemicals: i.e. macroetching
Eye aided with color charts

Computer aided
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Calibration adds to final quality =>
A Tighten calibration controls

% dd/ % de

Calibration is not adding to final

-
Tool with Tool with
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= inspector at this point.

Inspector A Inspector B

Fig, 3.6. Expected results in Phase III: Optimal factors and levels for
a quality control system
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A Tool is adding to final quality:

=> Use tool 2
% dd/ % de
Tool does not affect result =>
Use least costly
e —
-
Tool type 1 Tool type 2

% dd/ % de: % defectives detected vs. % defectives expected

Sampling method is affecting
final quality =>
A Use 100 % inspection
% dd/ % de

Sampling method does not affect
—e———final quality
=> Use Sampling

Ko

Single Sampling 100 % inspection

Fipg. 3.7. Expected results in Phase ITI: Optimal factors and levels for
a quality control system
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The following example clarifies the above procedures:

Inspection point "Y " has been classified as relevant from Phase 11 The quality
team that is carrving out the model implementation analyzes the inspection point and
determines that the possible factors and levels are (Sce Table 3.2.):
Factor Level
Instrument  Use instument type Go-No Go
Use instrument XY Z

Sampling Use a single sampling, AQL 1%
Use 100% inspection

Inspector Inspector A with more expertise on dimensional
Inspector B, basic training.

For this inspection point "Y ", eight runs are planned (2°=8), as follows:

Run No. Description
Instrument 1,Single Sampling Inspector A
2 Instrument 1,Single Sampling Inspector B
3 Instrument 1,100% inspection,Inspector A
4 Instrument 1,100% inspection,Inspector B
5 Instrument 2,Single Sampling, Inspector A
6 Instrument 2,Single Sampling,Inspector B
7 Instrument 2,100% inspection, Inspector A
8 Instrument 2,100% inspection, Inspector B

Table 3.2 Runs for the example

Final quality of the eight lots is measured and the combination/s that result in

the least percentage defectives are highlighted for the data analy-<is.
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PHASE [V: DATA ANALYSIS AND CONFIRMATORY RUN

Data Analysis

Variation in the response is one of the principles on which this model is
based. Since the experimental phase design is orthogonal, the effect of each
factor is seen separately. Once the effects are graphed, the identification of the
best combination of factors is straightforward. A confirmartory run of the opti-
mal setup is recommended. See Figs. 3.8 and 3.9.

Final quality is the measured through percentage defective. The higher-
the-better gives the best combination of factors and levels for a quality control
system that, at a minimal cost, most effectively verifies quality designed and

built in and detects defectives prior to shipment.

Guideline to Data Analysis

Determining the best setup can become complicated when different levels
or combinations produce the same results. The following expert system rules as-
sist themodel user in the final decision. These guidelines provide information by
combining lowest cost, simplicity of operations, reproducibility of results, indus-
trial safety and least reliance on expertise and motivation. They are specific to

this model and are applicable when no other compulsory requirement exists.
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Expert System Sample Rules

Set 1: General

Rule 1:

IF

Results when using Insirument A = Results when using instrument B
THEN

use less expensive.

Rule 2:

IF

results when using different nondestructive techniques are the same
THEN

choose the least costly.

Rule 3:

iF

results when using nondestructive and destructive techniques are the same
THEN

choose the least costly.

Rule 4:

IF

calibration does not add to the performance of the instrument

THEN
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Check calibration upon receipt.

Rule 5:

IF

Two or more combinations give the same results

THEN

choose least costly.

Rule 6:

IF

Two or more combinations give the same results and are equal in cost

THEN

choose the simplest in operation, i.e. the one least reliant on personne! training,
experience and motivation.

Set 2: Measuring device

Rule 7:

IF

Results when measuring with the Go-No Go = when measuring with the Vernier
or Micrometer

THEN

use Go-No Go.

Set 3: Welded pieces

Rule 8:
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IF

Results when welding with procedure qualified by standard A = when qualified
by standard B

THEN

choose least costly.

Rule 9:

IF

Results when controlling mechanical properties by bend tests= when verifying
with tension tests= when verifying with Vickers=when verifying Metallography
THEN

use bend test to verify mechanical properties.

Rule 10:

IF

Results when verifying mechanical properties with tension test= when verifying
with Vickers=when verifying with metallography

THEN

use tension tests to verify mechanical properties.

Rule 11:

IF

Results when using Penetrant Liquid= when using Ultrasonic= when using Mag-

netic Particles= when using Radiography
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THEN

discard radiography (industrial safety) and choose the least expensive.
Rule 12:

IF

In-house training produces the same results as other qualifications
TAEN

use in-house training.

Rule 13:

IF

qualified Level II produces same results as Level 11X

THEN

choose Level I

Set 4: Inspection Points

Rule 14:

IF

Wet method OR Leco produce same results AND quantometer is available
THEN

choose quantometer.

Rule 15:

IF

Mechanical tests provide the same results
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THEN

choose a method in the following order of preference:
Portable

Fixed

Rockwell

Brinell

Vickers

Tension Test

Charpy Impact

Hydraulic

Pneumatic.

Rule 16:

IF

Tests for cast molds produce the same results
THEN

Choose one in the following order of preference:
Hardness

Percentage Humuidity

Resistance to compression

Rule 17:

IF
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Heat treatment cuntrol produces the same results
THEN

choose one in the following order of preference:
Surface hardness

Register

Metallography.

3.2. Time

Model implementations are estimated to range from two weeks to three
months, depending on the size of the company, the existing quality control sys-
tem and the process plan.

A small company with up to 50 workers would have the following sched-
ule:

Phase I: 1 week

Phase II & III: 2 weeks

Phase IV 1 week

Total: 4 weeks
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A medium size company of up to 100 workers:
Phase I. 2 week
Phase II & III: 3 weeks
Phase IV: 3 weeks

Total: 8 weeks

The above estimates apply when there is medium level management in-

volvement and commitment. A full time coordinator is advisable as 1s the par-

ticipation, as required, from production and quality control personnel.
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CHAPTER 4. MODEL IMPLEMENTATION

4.1. Introduction

A pract‘zal implementat-on of this QC tool for reliable and cost effective
quality control systems that comply with 1SO 9000 was carried out. The compa-
ny that permitted this exercise is a friction welding company, medium size
capital, located in Puerto Ordaz, Venezuela. As a result, the best combination
of levels of inspection and quality control that comply with the international
standard and provide a product that exceeds the customer's expectations at a low

cost were obtained.

4.1.1. Presentation of the Company

This case study was carried out in the actual manufacturing works of a
company that provides the service of repairing pieces by frictior. welding. The
company is located in the vicinities of the steel and aluminum ores in Venezue-
la, South America. Their main client is the aluminum industry in which alumina
is transformed into aluminum semi-manufactured goods. They provide friction
welding of dissimilar metals such as steel to aluminum and aluminum to copper,
offering this alternative technique opposed to manval welding.

The friction welding machine, manufactured and imported from Norway,
has been modified to carry out this new application. It was originally designed

to service the oil industry: joining oil well piping. This tecknology, although ex-
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istent in other industries and countries, is new for this geographical zone. There-

fore, high quality weids are a priority as a marketn g tool.

4.1.2. Organization

The company is a privately owned company with a hierarchical func-
tional scheme. The organization chart 1s shown in Fig. 4.1. Thetr main product
is friction welding repair of the tips to the yoke that forms the anodic part of
the electrical cell in which the aluminum is obtained with a current of 7000-
9000 Amp. This has traditionally been done by SMAW (Submerged Metal Arc
Welding) using manual processes and electrodes. The company operates with a
tscunical staff that carries out the aciual work and a support staff, at the corpo-
rative offices, that assists production activities. The manufacturing process is

shown in Fig. 4.2. Process Diagram.

4.2. Implementation of the Proposed Model

The model was implemented in the company on the production that was
available at the moment of the study, that is, joining new stub ends to a yoke.
This piece is used as an anode bar in the high amperage furnaces that transform
the alumina into aluminum. No structured quality control system existed, other
than activities carried out by the machine operators. Following the steps of the

model, previously detatled in Chapter 3, inspection and quality control points
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were added to this flow chart that complies with an 1ISO 9000 quality
controlsystem. Four measuring tools were designed to be used as Go-No Go's.
An inspection point was added with every transformation of the material, wheth-

er mechanical, chemical or dimensional.

4.2.1. Inference for Worst Possible Case

Each inspection point was analyzed for the implications of the "worst
possible case". This exercise proved to be a valuable source of information for
the further design of the experiment, therefore, it is to be included as an analy-
sis tool of this model. The inferences are as foliows:

Inference for Worst Possible Casr

Required Manufacturing Defective Occurrence
Inspection Process results piece is Probabiity
Training are

(*y N M H RM CN RP RJ] R M H

1.1 X X X X

1.2 X X X X

2.1 X X X X

2.2 X X X X

23 x X X X

3.1 X X X x

4.1 X X X X

5.1 X X X X

6.1 X X X X

7.1 x X X X
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(*) Inspection Points

1.1 Inspection point 1, Cut
1.2 Inspection point I, Facing
2.1 Inspection point 2, Cut
2.2 Inspection point 2, Facing

2.3 Inspection point 2, Weld

3.1 Inspection point 3, Straighten

4.1 Inspection point 4, Grind

5.1 Inspection point 5, Grind

6.1 Inspection point 6, Friction weld

7.1 Inspection point 7, Pile and despatch

4.2.2 Procedure

Phase I

RETEEQEFRE g

Normal
Medium
High
Random
Consistent
Repairable
Rejected
Random
Medium
High

The company had no formal quality control system or manuals. There-

fore, the first step was to elaborate the process diagram, Fig. 4.2. A quality con-

trol system as per ISO 9000 was proposed and identified on this same process

diagram. See Fig. 4.3: Process Diagram /Tnspection as per ISO 9000. As it is

shown, the inspection points are located after each material transformation. As

previously stated, the model is intended for periodical or routine QC practic-

es:day-to-day quality control points. Kick-off tests such as chemical composition

of the yoke and tips and on-the-job performance are not included in the process

diagram, even though they are considered to be quality control points. They are



carried out at the prior to production, as a client requirement, not on a day-to-

day basis. Inspection procedures to be used in Phase II have been also defined:

» GENERAL PROCEDURE
A) Prior to Production:
1) On site trial: Voltage measures.
2) Chemical composition of parts to be welded: Yoke, forged tip and
metal deposit of previous weld.
B) During production: (Refer to Fig. 4.3)
I1: Dimensional inspection of yoke: Distance of end more than 117mm
from yoke; face perpendicular to axis.
12: Dimensional inspection of end: Surface finish of face to weld;Length:
190mm. Quality of welded veins.
I3: Dimensional: Verify straightness of bar.
I4: Visual: Verify fimish.
I5: Visual: Verify surface finish in a length of 20 ¢m, at 5 cm from yoke
end.
16: Visual: Weld finish. Dimensional; total length of finished piece and
separation between yokes points.

I7: Pre-dispatch inspection: Verify handling, storage and documentation.
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SPECIFIC PROCEDURES

Inspection Procedure for Point 1: Dimensional inspection of yoke

Object:
To ensure that:
1} Final dimensions of welded piece is as per client's specifications.
2) Faces are perpendicular s as to permit the contact and weld by friction.
Description:
Check that the distance from yoke end to the U is 117mm or more.
Check that the yoke face is perpendicular to axis.
Inspector's Training: Basic .
Inspection Tools: A Go-No Go designed for the job and regular dimensional
tools.
Calibration of inspection tools: In-house

Sampling: 100 % inspection

Inspection Procedure for point 2: Inspection of tip

Object:

To ensure that:

1) Length of tip is as specified by client.

2) Finish of face is as required for welding by friction.

3) Veins have been welded to permit the use of the welding machine chuck.
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Description:

Length of tip: 190mm or less

Quality of finish: Machine grind

Veins: Three longitudinal veins placed at 120 grades/transversal cut: A length of
5mm, Smm from the finished end.

Inspector's Training: Basic.

Inspection Tools: Visual inspection and regular dirnensional tools.

Calibration of inspection tools: Dimensional tools calibrated by certified labo-

ratories.

Sampling: 100% inspection

Inspection Procedure for Point 3: Inspection of bar

Object:

To ensure that the bar is straight to be able to place and grasp with welding ma-
chine clamps.

Description:

Verify the straightness of the overall length of the bar.

Inspector's Training: Basic -

Inspection Tool: A Go-No Go designed for the job

Calibration of Inspection Tool: In-house calibration

Sampling:100% inspection
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Inspection Procedures for Points 4 and 5: Pre-weld inspection

(Given the nature and resemblance of these two points, they are treated jointly)
Object:

To ensure that surface finish allows the use of the welding machine clamps.
Description:

Verify that there are no protuberances neither on the tip nor 3n the yoke in a
length between 5 and 25 cm from end of machined faces.

Inspector's Training: Basic

Inspection Tool: Go-No Go Tool

Calibration of inspection tool:In-house

Sampling: 100% inspection

Inspection Procedure for Point 6: Inspection of welds

Objent:

To ensure that a sound and cosmetic weld has been obtained

Description:

Verify that burrs have been removed.

Verify that dimensions of finished piece are as per client's specifications.
Inspector's Training: Basic

Inspection Tools: A Go-No Go and regular dimensional tools.
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Calibration of inspection tools:In-nouse calibration for Go-No Go and calibra-
tion by certified laboratories for dimensional tocls

Sampling: 100% inspection

NDT: Ultrasonics using a Krautkramer equipment, 60 grades piezoelectric sen-

sor, type A Scan, Level II qualified as per ASNT-TC-II.

Inspection Procedure for Point 7: Pre-despatch inspection

Object;

To ensure that material moving, and handling has been as per client's require-
ments. Check that required documentation is sent to client as per specified.
Description:

Carry out visual inspection of material storage and handling onto transport
truck. Venfy that shipping documents are sent.

Inspector's Training: Basic.
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Phase 11

The second phase carried out was the screening phase. The runs for the expert-

ments are detailed in Table 4.1. The object of this phase was to determin

points that are of importance t0 the final quality of the product and thos

e that

are not. Each one of the fourteen runs was carried out using a lot of five fin-

ished pieces. For run 11, Ultrasonics was used opposed to visual inspection,

Run No. Description Levels
1 Inspection Point 1: Yoke Inspection
2 Inspection Point 1: Yoke No inspection
3 Inspection Point 2: Tip Inspection
4 Inspection Point 2: Tip No inspection
5 Inspection Point 3: Bar Inspection
6 Inspection Point 3: Bar No inspection
7 Inspection Point 4: Pre-weld, Yoke Inspection
8 Inspection Point 4: Pre-weld, Yoke No inspection
9 Inspection Point 5: Pre-weld, tip Inspection
10 Inspection Point 5: Pre-weld, tip No inspection
11 Inspection Point 6: Weld Inspection
12 Inspection Point 6: Weld No inspection
13 Inspection Point 7: Pre-despatch Inspection
14 Inspection Point 7: Pre-despatch No inspection

Table 4.1 Screening Stage
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Phase 111

The third phase consisted of defining factors and levels for each inspec-
tion point classified as relevant as a result of Phase II. Levels and factors were
determined by using Ishikawa diagrams. For each relevant inspection point, a
table was elaborated indicating the number of required runs with the different
combinations of levels and factors. As in Phase II, measurements were done
based on lots of five. Ishikawa diagrams and tables of runs for inspection points

3, 4, 5 and 6 follow.

Inspection Point 3:

Tool

Ishikawa diagram: \

Sampling

The table of runs required for inspection point 3 is a 2% matrix as follows:

Run No. | Description
21 Single sampling, Tool: Custom made bar
32 Single sampling, Tool: Custom made bar with
visual aids
33 100% inspection, Tool: Custom made bar
34 100% inspection, Tool: Custom made barwith
visual aids
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Inspection Points 4 and 5:

Tool

Ishikawa diagram: \

e

Sampling

The table of runs required for inspection points 4 and 5 is a 2° matrix as fol-
lows:

Run No. |{ Description

4.1, 5.1 | Single sampling,Visual inspection

42,52 | Single sampling, Custom made Go-No Go Tool

43,53 100% inspection,Visual inspection

4.-4, 54 | 100% inspection, Custom made Go-No Go Tool

Inspection Point 6&:

Tool Calibration

Ishikawa diagram: \/ \ /

Training Sampling
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The table of runs required for inspection point 6 is a 2° matrix as follows:

Run Description

No.

6.1 100% inspection, Go-No Go, Calibrated

6.2 100% inspection, Go-No Go, Not calibrated

6.3 100% inspection,Vernier and rulers, Calibrated

6.4 160% inspection, Vernier and rulers, Not calibrated

6.5 Single sampling, Go-No Go, Calibrated

6.6 Single sampling, Go-No Go, Not calibrated

6.7 Single sampling, Vernier and rulers, Calibrated

6.8 Single sampling, Vernier and rulers, Not calibrated

4.3 Results
4.3.1. Results from the Screening Phase
From Table 4.2 the following 1s obtained:

1) Carrying out inspection at point 1 gives 0% defectives.Wheteher in-
spection is carried out, there is no difference in the measurements therefore, it is
concluded that inspection point 1 does not add to final quality of product. The

use of inspection personnel and equipment here is an unnecessary waste.
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At this manufacturing stage, the machine-tool used is a oxyfuel torch
cutter used with a copier; facing is done on a lathe. The manufacturing process
is automatic and technology is widely known. It is carried out by a contractor,
From the expert system rules it is concluded=>

Carry out inspection upon receipt of manufactured lots using sim-
ple sampiing techniques with an AQL of 1%, using rulers and vemiers. Write
report and file.

A ppraise the manufacturer's quality control system, applicable to this
product: training of personnel, calibration and maintenance of machines and in-
strumentation. Follow up recommendations.

2) Carrying out inspection at point 2 gives 0% defectives. Not carrying
out gives 0% as well, therefore it is concluded that inspection point 2 does not
add to the final quality of product. The use of inspection personnel and equip-
ment here is an unnecessary waste, as well as for inspection point 1.

The process which is used is manual welding with E-6010 electrodes.
‘Welding technology is widely known. It is carried out by a contractor.From the
knowledge base::

Carry out inspection upon receipt, with simple sampling, AQL 1%, visual
inspection. Write report and file. |

A ppraise the manufacturer’s quality control system, applicable to this

product: training of personnel, calibration and maintenance of machines and in-
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[ v
e
strumentation. Check welding macRines, procedures and personnel qualification.

W rite report and file. Follow up recommendations.

3) Inspection points 3, 4, 5 and 6 are evidently of great importance. Not
carrying them out produce rejects of up to 90%. A detailed analysis of these
points were carried out in Phase IIL

4) Carrying out inspection at point 7 gives 0% defectives. Not carrying
out gives 0% as well , therefore it is concluded that inspection point 7 does not
add to final quality of product. The use of inspection personnel and equipment
here is an unnecessary waste as in points 1 and 2.

For this repetitive and simple activity and from the expert system:

Supervise training. Audit activities of operators once a month.

4.3.2. Results from the Scrutinizing Phase

From Table 4.3 and Fig. 4.4 the following is concluded:

1) Inspection points 3, 4 and 5: the manufacturing process is manual,
without any automatic aids. The required operative tolerances on this point are
so stringent that they cannot be determined by simple visual inspection. Any
rejected piece can be reworked, but this affects considerably productivity, creat-
ing a "bottle neck". From the results of the experiment and the expert system,
this is the required action:

Carry out 100 % inspection, using specially desigred go-no go cla§sij"ier
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At Inspec-

Percentage

Percentage

tion Station Defectives when Defectives when

No. Inspection was Inspection was not
carried out on point carried out
1 0 0
2 0 0
3 43 90
4 33 58
5 12 57
6 23 0
7 0 0
Note: Percentage defectives =

(S rw+ T rp +X df) / P x 100

where:

rw; number of reworked pieces

rp: number of repaired pieces

df: number of defective pieces at final stage

P: Total number of manufactured pieces.

Table 4.2. Results from Screening Phase
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Inspection Point Level | Level 2
No. 3
Method ' ~ +
Sampling Plan _ +
inspection Point Level 1 Level 2
No. 4
Method _ +
Sampling Plan _ +
Inspection Point Level 1 Level 2
No. 5
Method + _
Sampling Plan _ +

Table 4.3, Results from the Scrutinizing Phase

Levels Method Sampling Plan
1 Visual inspection Single Sampling
2 Go-No Go Tool 100% inspection
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INPECTION
POINT 3 /

VISUAL GO-NO GO SINGLE 100%
INPECTION
VISUAL GO-NO GO SINGLE 100%
INPECTION
POINT 3 /
YISUAL GO-NO GO SINGLE 100%
INPEC TION
POINT 6
—

SINGLE 100%

FIG. 4.4 RESULTS FOR INSPECTION POINTS 3,4,5 AND 6
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tool.

2) Inspection point 6: Process is automatic, but technology is new and
personnel is still on learning curve. Results of the model show that 100 % in-
spection and sampling give same results. The defectives occur when process is
not controlled and stable. Therefore, from the expert system rules:

Carry out inspection of fust five pieces starting each working shift or
when operators are changed. Continue inspection, if necessary, until process is
stable and producing acceptable results. Check aligning of pieces and quality of

welding deburring.

4.3.3 Time, Costs and Final Quality
Time
Based on a lot of 100 finished pieces, the difference in times required to

carry out inspections as per ISO 9000 prior to the model and after the model are

involved:
Inspection Point Before Model After Model
No. min min
1 29 14
2 29 14
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Inspection Point Before Model After Model

3 112 47
4 38 23
5 33 18
6 212 37
7 105 77
Total 558 230

The time required to operate an ISO 9000 compliant quality control sys-

tem has been reduced by 59%.

Costs

The estimated costs of operating the ISO 9000 compliant QC system be-

fore and after the model are as follows:

Before the Model:

Wage of the QC engineer x time $ 0.038/min x 205 min  $ 0.779
Wage of inspectors x time $0019min x 123 min  § 0.233

Total wages $ 1.012
Calibration costs $ 0.225
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Audit costs $ 0.100

Total cost $ 1337
After the model was implemented
Wage of the QC engineer x time $ 0.038/min x 160 $ 0.608
Wage of inspectors x time $ 1,90/min x 70 $ 0.133
Total wages § 0.741
Calibration costs $ 0.023
Audit costs $ 0025
Total Cost $ 0.789

The cost of operating an ISO 9000 compliant quality control system has

been reduced by 41%.

Final Quality
Before the model, the mean of rejected pieces that would have been shipped to
the client were 1 out of a lot of 6. After the model, number of pieces shipped to

were 0. Quality has been improved by 16 %.
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CHAPTER 5. ANALYSIS OF RESULTS

From the extensive literature review carried out for the present research,
implementation of ISO 9000 has not been quantified by measuring quality im-
provement of final quality or quality cost reductions, due to the fact that it has
been a market driven requirement: a compulsory requirement to obtain market
share, Focus has been on how to implement it as far as obtaining a certification
is concerned. It has openevd a new door for consultants around the world, bur-
dening the manufa;turer with sometimes unnecessary efforts and costs. Al-
though successful in obtaining the qualification, ISO 9000 systems have not as-
sured final quality at least cost. The proposed model has considered these two
main factors and the QC systems are reliable and consistent in terms of final re-
sults. As the case study confirmed, the proposed model has fulfilled the objec-
tive of providing manufacturers with a systematic approach for sound and cost
effective ISO 9000 quality systems.

From the Screening Phase (Refer to Table 4.2) it is seen that when carry-
ing out inspection on inspection point 1, final quality of the product is the same
as when it is not carried out: No defectives were found for either case. The
same occurs for inspection points 2 and 7. There has been no value added to the

product when executing these inspection points. In other words, designed and

built-in quality has been obtained without the need of close inspection. As
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pointed out in Sec. 4.3, manufacturing processes and technology have produced
reliable results. Only general quality auditing is required, as a recommended
healthy QC practice.

Regarding ISO 9000, the system is compliant because the product 1s "in-
spected, tested and identified as required by the quality plan” and " product con-
Jormance is established to specified requirements by the use of process monitor-
ing and control methods” ( Refer to Appendix. 1, Clause 4.9.2. In-process in-
spection). Reclassifying inspection points 1, 2 and 7 as non-relevant and rede-
fining them as audit points has contributed with the 41% reduction in quality
costs and 59% reduction in QC times.

Also from the Screening Phase, it is made clear that inspection points 3,
4, 5 and 6 are critical, some more than others, in order to obtain a quality prod-
uct. From Table 4.2 it can be seen that when carrying out inspection at point 3,
43 % of defectives (that include rework and repair) are detected, whereas when
no inspection has been carried out a 90% defectives have been obtained. Evi-
dently, point 3 is critical and not only quality controls but quality engineering
efforts are to be allocated here. As exposed in 4.3, the type of raw material re-
cetved, a used yoke that the client has sent to have repaired, is a non-controlla-
ble factor. The controllable factor becomes the inspection that has to be done
and how. The same applies to inspection points 4 and 5. These three points are

candidates for the following phase, the scrutinizing phase.
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An interesting result is available with inspection point 6. When nspection
is carried out a 23% of defectives is obtained. When not carried out, 0%
defectives are reported, the reason being that at point 6, a more accurate meth-
od, a nondestructive technique -ultrasonics-, was used, instead of visual inspec-
tion that is regularly carried out at the final inspection point and by the client.
An interesting aspect of the model is highlighted: when comparing results be-
tween two sets of experiments the analysis of results cannot be solely based on
the numbers, but aided with the general set of rules exposed in section 4.3.2.

Following on to the results of the scrutinizing phase (Refer to Table 4.3)
the feasible and available opportunities of inspection have been put together 1n a
series of experiments. For inspection point 3, the best results are obtained when
using 100% inspection and the Go-Ne¢ Go tool specially designed for this pur-
pose. For inspection point 4, best results have been obtained when using 100%
inspection/Go-No Go combination, aided with the general set of rules. A similar
discussion applies to inspection poinis 5. The best combination proved to be
100% inspection/Go-N¢ Go. On the other hand, inspection point 6 has showed
that a Go-No Go is not necessary and that visual inspection is more important
and effective than other methods. Inspection point 6 is also interesting in the
sense that it exposes the situation of having several combinations of methods
that are very similar in results: they only vary in 1%. Again, the general set of

rules aid in the required action which, in this particular case is inspection of

99



first five pieces or until process is stable. Even though it was not part of the ob-
jectives of the research, the model also provides information regarding the in-
spection point in which quality engineering efforts should be allocated. For the
case study, inspection point 3 is the one to look at for improvements in not only
quality but productivity.

All results from the Case Study Phase III have contributed to the reduc-
tion of quality costs by 41% and quality inspection times by 59% and the im-
provement in final quality of 16%. The results of the scrutinizing phase also
comply with ISO 9000. All required and documented inspections are carried out
and reported. Aspects such as measurements, calibration, documentation, test
methods handling and storage have been considered in the design of the system,
and the final combination of factors and levels are as per the standard (Refer to
Appendix 1, Clause 4.10).

The quality system .Jesigned and implemented for a friction welding com-
pany using the developed model coﬁlplies with ISO 9000, is cost effective and
adds value to the final quality of the product. The implementation of the model
in a real case study has shown the applicability of the model. It has shown to be
simple to use, provided that the user has a basic knowledge of the manufactur-
ing process and carries out a reasonable research in oraer to find inspection
methods, instruraents and other available in his working environment and mar-

ket. Times involved in the implementation of the model were less than those
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required for current practices for an ISO 9000 implementation on a company
similar top of a similar size, the main reason being that final implementation of
the system is based on a combination of best factors and levels that produces
consistent and reliable detection of defective pieces prior to shipment. It is im-
portant to stress: results are obtained AND verified before the final implementa-
tion of the ISO 9000 QC system, instead of negative results seen in time such
as rejected products or, repetitive and useless inspection procedures that require
time and money and that do not add value, in terms of quality, to the product.
The case study has shown that by using DOE's principles and techniques, the
process of obtaining the best combination of factors and levels is catalyzed.
And, most important of all, the objective of the research has been fulfilled:
sound quality control systems designed by using the developed model comply

fully with ISO 9000 and are ISO 9000 certifiable.
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CHAPTER 6. CONCLUSIONS AND RECOMMENDATIONS

The research focus has been on the development of a model which pro-
vides the best combination of levels and factors of inspection points for ISO
9000 compliant quality control systems. The resulting QC system verifies that
pieces produced by the manufacturing setup and inspected by the QC system
exceed the customer's quality expectations at a minimal cost. The variability of
the results of the system has been reduced by using a systematic, scientifically
based model. Added value is assured for the final quality of the product. These
quality systems are sound and reliable. The best possible final quality is consis-
tently obtained and confirmed and, most importantly, cost effective. The "sig-
nificant few" quality controls have been made relevant with a small number of
experiments by using Design of Experiments principles and techniques. A case
study was carried out in a friction welding company. As a result, qualitv costs
were reduced by 41 %, inspection times by 59% and final quality improved by
16%.

As far as the developed model is concerned, future studies are advisable
in order to expand the framework to

- Companies that provide services,

- Companies that comply with ISO 9003: distribution.

- Nonconveyorized manufacturing,
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Also, the present approach implies that not only ISO 9000 but any set of
general requirements can be systemized using the model. Future research
should aim at expanding the application of the model to other international, na-
tional and association standards related to not only to quality control systems
but others such as environmental regulations.

The International Standards Organization in Geneva, Switzerland, wei-
comes contributions to the reliable and cost effective implementation of ISO

9000 worldwide. A copy of the thesis may be sent to this institution.
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4 Quality system requirements
4.1 Managemaent responsibility

4,1.1 Quaiity policy

The sucpiier's management shall define and document its
peiicy and objectives for, and commitment o, guality, The sup-
olier shall ensure that this policy is undarstocd. implemented
and maintained at all leveis in the arganization,

4,1.2 Qrganization

4.1.2.1 Responsibility and authority

The responsibility, autharity and the interreiation of ail person-
nel wha manage, perforn and verify work affacting quality
shall ba defined: particularly for personnel who need the
arganizational freedom and authority to

al initats action to prevent the occurrence of product
nanconfarmity;

b) idantify and recorg any product quality problams;

¢l initiate, recommend ¢r provide solutions through
designated channeis;

d} verify the implementation of solutions;

e} contol further processing, delivery or installation of
nenconforming product until the deficiency or unsatisfac-
tory condition has been corracted.

4,1.2.2 Varification resources and personnei

The supplier shail identify in-house verificai=n requiraments,
provide 3dequate resources and assign trained personnel’ for
verification activities isea 4.18).

Verification actvities shail include inspectian, test and monitor-
ing of the design. praduction, insiatlation and servicing pro-
cassas and/ or product; dasign reviews and audits of the quality
system, processas and/or groduct shail be carried aut oy per-
sonnel indegendent of those having direct responsibility for the
work being performed.

4.1.2.2 Managament representative

The supgiier shall appsint a managemant representative who,
irrespectiva of ather raspansibilities, shall have dafined author-
ity and respansibility for ensuring that the requiramants of this
Imieenational Stanaard are implemented and maintained.,

4.1.3 Managament raview

The quality system adopted ¢ sausfy the requirements of this
|nternational Standard shail be reviewed at apgropriate inter-
vals by tha sygpiier's management to ansure its continuing
stitamplity and affeiiveness, Recoras of such raviews shail oe
maintained {sse 4.161.

NOTE = Muolagemaent raviews ngrmaily nciude 33 .3ament of *~a
results of internal Quanty audits, Dut are carmed out Dv, oran penad
of. :ha supglier's Managament, w2 MINAGEMENT JErSONNe. Navirg
dirrct respansibiity far the system, [Sew 4.17.)

4.2 Quality system

The suoplier shall astabifsh and maintain 3 documeniec
quality systam as a meand of ensuring that product ¢an-
forms to specified requirements. This shail include

a) the preparation of documentad quality system ore-
cadures and instructions in 3ccordance with the re-
quirements of this Intarnadonal Standard:

%)  the effectiva implementation of the documanted quaiity
system procedures and instructions,

NOTE — in meeting specifisd reguirermants. timely consdaration
needs to be given to the following activiting :

al the preparation of quality plans and 3 quality manual in ac-
cordance with the specified reguirernants;

Bl the identification and acguisition of 3ny cONIrois, procasses.
ingoaction squioment, fxtures, total praduction resources anc
skiils that mav e nesdad ta achieve the requirsd auality;

¢t the updating, as necsssary, of quality conrol, intoection anc
teating techniques, inciuding the deveiooment of new insTumant3-
tion;

dl the idendfication of any measirement reguirarment invaiving
capsbiliry that axcseds the knawn atate of the artin sufficiant ime
for the needed capability (0 b deveiopad:

21 the clarification of standards of acceptabillty for ull leatures
and requirements, including those which contain a subisctive sis-
mant;

1 the comoatibilicy of the design. the producdon gigcess, 'n-
staliation. inscection and test procedures and the apolicacts
documerniation;

gl the idemtificarion and preparatian of quality recards (ses 4,18}

4.3 Caontract review
The suoplier shall astatlish and maintain procedures for ¢cr-
tract raview and for the coordination of these activities.

Each contract shalt be reviewed by tha supplier 10 ansure na”

al the reguiraments are adsquately defired and coc.:
menteqg;

§)  ary requirements differing from those in the tanaer 37
resolved;

¢} the supplier has the capabiiity ‘0 meet contraciual o2-
guiraments,

Racords of sueh contract reviews shall De maintaineg ‘se-
4,16},

NOTE — The conuract raviews actvities. nteriaces and commumedns
anttun 1he sugnlier’'s grgamization snouid e caorrdinAted -mith (he .
grasar's organization, as Jopropnate.
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prevented from inadvertent use gr instailation. Control shatl
orowida for idantification, docurnentation, evaluation, segraga-
tion {when practicall, disposition of nanconfarming product
and for notification 10 the functions concerned.

4.13.1 Noanconformity raviavs and disposition
The respensibility for ravievs and authority for the disposition of
noncanforming product shall be defined.

Nonconforming product shall be reviewed in accerdanca with
decumented procedures. it may Qe

al rewarked o meet the specified requirements, of
bl accepted with or without repair by concession, or
¢} re-graded for ailternative appiications, or

d] rejected or scrapped,

‘Where raquired By the conwacr, the proposed usa or repair of
araduct {see 4.13.1b}1 which does not confarm 0 specified re-
Auiraments shall be reported for concession to the purcitaser or
his regresentative. The description of nonconformity that has
wampy accepted, and of rapairs, shall be recorded to denote the
actual 2onditign (see 4,16},

Repairad and rewarked product shall be re-inspected in ac.
cordance with documented procadures.

4,14 Corrective action

The suppiier shall establish, document and maintsé pro-
cadures far

al investigating the cause of nonconforming product and
the corractive action needed to prevent recurrance;

b} anafysing all procasses, work aperations, concessions,
quaiity records, service regorts and customer COmplaineg Q@
detect 2na stiminata poantial causes of nonconferming
product: ‘

¢} initiating preventative actions to deal with prablems to a
lavel corresponding 1o the risks encountered:

@) aopplying sontrols to ansurg that corrective gctians are
taken and that they are sffective:

2} implementing and recording changes in procadures
resulting from correctiva action.

4,15 Mandling, storage, packaging and delivery

4,15.1 General
The sucplier shall stablisn, document and maintan pro-

cadures lar handling, storaqe, packaging and <elivery of
groduct.

4,15.2 Handling

The supglier shali provide methods and means of handling that
sravent damage or detarigration.

4,15.3 Storage

The sypolier shail provide secure storage areas or stack rooms
10 pravent damage or deterioration of product, pending use or
delivery. Apgpropriate mathods for authorizing receipt and the
despateh to and from such areas shail be stipulated. In order 1o
datact daterioration, the condition of product in stock shall e
assessed at appropriate intervals,

4,15.4 Packaging

The suppiier shall contral packing, preservation and marxing
processes lincluding materials used) (@ the extent necessary o
ansure conformanca ta specified requiremants and shail iden-
tify, presarve and segregate all product from the tme of regziot
until the supplier's responsibility ceases.

4.15.5 Qalivery

The supplier shall arrange for the protaction of the quaiity of
oroduct after final inspection and test, Whera cantractuaily
specified. this protection shail be extendad to include delivery
to destination.

4.18 Quality records

The suppliar shal} astablish and maintain progedurss for iden-
tification, collection, indaxing, filing, storaga, maintenanca anc
disposition of quality records.,

Quaiity records shail be maintained to demonstrate achisve-
ment of the required quality and the affactive cperation of the
quaiity svsrem. Pertinant sub-contracter quaiity records shail
be an element of these data.

All guaiity racords shail ba legible and idantifiatie te the orc-
duct involvad. Quality records shall ba stored and mainrined in

“sueh a way that thay are readily retriavabla in facilitias that prc-

vide a suitable =nvironmaent to minimize detericration =
damage and o pravent loss, Retantion times of quality recorcz
shall be established and racorded. Whers agreed contractuallv
quality records shall be made available for avaluation by the
purchasaer or his regragentativa far an agreed pariod.

4,17 Internal quality audits

Tha supptier shall carry out 3 comprahensive systam of piannec
and documentad internal quaiity audits to verify whether qua:-
ity activities comoly with planned arrangements and o deter
mine the effectivaness of the quality syatam.,

Aydits shall e scheduled on the basis of the status and imgc:
ianca of he activity. :

The auagits and fallow-40 actions shail be carriad cut in agsers
anca with documentad procsdures,




requirements. The supolier shall estaklish and maintan recerns
of scceptable sub-contraclors (see 4,181,

The saiaction of sub-nontractors, and the rype and extent of
sontraf axercised Dy the supplier. shail te dependaent upon the
voe of product and. 'where approgriate, on racords af sub-

agntractors’ previously demonstrated capaoility and perfor-
manca.

i

_ Tha suppiier shall ensure that quaiity system controls are atfec-

tiva,

4.5.3 Purchasing data

Purchasing documaents shail contain data clearly describing (he
oroduct ordered, including, where apolicabie,

a} the type, class. style. grade ar Qther precisa identifica-
tion:

B! the ttle or other positive identification. and applicabie
issues of spacifications. drawings, procasy requirgments,
inspection instructions and other reievant technical data.
including requirements for approvai or qualification of
product, Jrocedures, Process eguigment and personnei

¢l the title, number and issue of the guality svstem Inter-
nationai Standard 19 be applied 0 the product.

The supplier snall review and apnrova purchasing documents
for adequacy of specified requirements prior 10 fejease.

4.8.4 Varification of purchasad product

Whars specified in the contract, the purchaser or his reprozen-
sative shall be afforced the right to verify at source ar uoon
receipt that purchased product conforms to soecified re-
nuiremants. Verification by the purchaser shail not absoive the
supglier of the responsibiiity to provide accaptable product nor
shall it preciude subsequent rejection.

‘Whan the purchaser or his reprasentative elects to larry qut
+arifieation at the sub-contractor’s plant. such varification shail
nat be used by the suoplisr as avidsnca of affective control of
quality by the sub-contractor,

4.7 Purchaser supplied product

The supplier shall establish and maintain procedures {or
verification, storage and maintenance of purchaser supoiied
praduct provided for incomperation into the supplies. Any such
aroduct that is lost, damaged or is otherwise unsuitabie for use
shall be racorded and regorted 10 the purchaser (see 4.161

MOTE - Varfication bv tha supofier doss not acsalve the purchaser of
e eqpansitility 10 omvide Jotgoiatle product.

4.8 Preduct identification and traceability

Whers zporopriate, the supplier shail sstablish and maintain
arocadures for identtying the product fram aoplicable draw-
‘nqa, spacifications ar other documants, during ail stages of
graduction, delivary and insallation.

\Where, and 0 tne extent that. raceadility is 3 specified require-
ment, individual nroduct or batches ghall have a unigua den-
nfication. This icentification snail Je racordeq {sae 4,16},

4.9 Procass contral
4.9.1 Ganaral

The supplier shail identify and pian the production and, whera
apolicatle, instailation processes which directly affact quaiity
and shall ensure that these procasses are carried out undar con-
walled conditions. Cantroiled conditions shall include the
following : .

3l documented work instruations defining the manner of
production and instailation, where tha absenca af such in-
structions wouid adversely affect quality, use of suitable
areduction and instailation equioment, suitable working en-
virgnment, compiianca with refarenca standards/ codes anc
gquality plans;

n}  manitaring and contrai of suitable process and produce
sharacteristics during preduction and instailation;

ci the appraval of processes and squipment, 33 ap-
propriate;

d) critaria for warkmanship which shall be stioutated. t¢

the greatest practicable axtant, in written standards or by
means of represantative samples.

4,9.2 Speacial procassas

.These are processes, tha resuits of which cannot ba fully

verified by subsequent inspection and testing of the produc:
and vhare, for example, processing deficiancies may become
apparent oniy after tha groduct is in usa. Acgordingly, can-
tinuous monitoring and/or campiiance with dacumanted are-
cedures is required to ensure that the specifiad requirerments
are mat. Thesa processes shall be gualified and shai alsc
comply with the requirements of 4.9,1.

Racords shail be maintained for qualified processes, squiomer”
and personnei, as acoropriate.

4.10 Inspection and testing

4.10,1 Racaeiving inspaction and tasting

4.10.1.1 The supolier shail ansure that ingaming precuct

not used or processed (except in the circumstancas descntes
in 4.10.1.2) until it has been inspectrd or otherwise venilea 3:
confarming to specified reguirarnents, Verification shatl e -
accardance with the guality plan or documented procaqures.

4.40.1.2 ‘Where incaming product is releasad for urgent Zre
duciion purposes, it snall be positively idenufied and recorce .
|sag 3. 16} in order o permit immediate racall and raplacemer
i tha avant of nonconformance to soecified requiremants.

NOTE = (n detsrmining the amount and nature of recawing 'n3ge-
nan, snnsidacinon snauld De given o the conirat axercised at sour’
ann dgcumentad awidanca ol quality confarmance provided.
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4.1.2 Qrganization
4,1.2.17 Responsibility and authonoy

The responsibility, authornity and the interrelation of all person-
nel who manage, parform ang verify work atfecting quality
shall be defined! parcularly for persannel wha neeqg the
orgamzaucnal Ireegom and autnonty 10

al ininate acuon (o prevent the occgurrence of proguct
ngnconfarmicy;

bl identify and record any product quality problems:

¢! initiate, recommend or provide solutions through
designated channeis:

a4l verify the implementation of solutions:

rl control further processing, delivery or installation of
nancenfarming grodust until the deficiengy ar unsausiac-
tary condition has been corrected,

4.1.2.2 Veritication resources and personnal

The supplier snall identify in-house verification reguirements,
provige adequate resources and assign trained personnel for
venficanon activities {see 4,17).

YYerification activities shall include inspection, test and monitor-
‘w3 of the pJroguction and installation processes and/or
sroduct; audits of the quality system, process and/or product
shall e carried out by personnel independent of those having
direct resoonsibility for the work being periormed.

4.1.2.3 Management representative

The suoplier snalf appoint a3 management representative wha,
irrespective of other responsibilities, shall have defined author-
ity and responsibility for ensuring that the requirements of this
International Standard are implemented and mantained.

4.1.3 Managemant review

The quality systerm adopted to satisfy the requiraments of this
International Standara shail be reviewed at aporopricte inters
vals Bv the svopiier's management [0 2nsure its continuing
suntaciiity ang eHecuvaness. Records of such reviews shail be
maintained [see 4,15},

NOTE — Managemant raviaws normaily ingluge assgssmen: of the
resuits ol intarnal quality audits, but are carrisa out by, or on banail of,
the suoclier's managrment. viz managemant parsonnel having direct
responsibility for the system. {Seas 4,161

4.2 Quality system

The suaplier snail rsianlish and maintain a aocumented aualiry

system as a meszns of ensuring that product conforms fo
specified requirements, This shall include

al the preparanon of documented quality system pro-
sndgurns and inStrctions in acgordance with the require-
mants nf thes Internanicnal Standard:

Bl the affeclive implementation of the documented quaiit.
svsiem procedures and instructiona.

NQTE — tn meeung specified requirements, tmaly connderatior
naeds 10 Be given (g the [Cllowing achivitias !

3 the prepasranan of quality plans and 3 duality manual 'n ac
corgance with the specified requirements:

bl the iosntification and acawisition of any conirgly, procasses
nspecuon equipment, fixiures, t(otal proguciion resourcss anc
sxilis that may be needad 10 achiove the required quality;

¢! the updgaung, as necsssary, of quality control, inspaction anc
tesung echniques, ingluding the devalopmant of new instrumenta.
ton:

a) the :danufication of any messurement requiramant invotvin
capability that axcaeds the knowa 31218 oF 2. antin suificient uma
iar the neeged capability 1o be deveicped;

el tha crarification of standards of acceptabiiiy for all fwarurey
s3nd requiremants, including those which contain a subjsctive ale-
man

1t tne compatibiity of the production pracess, inatallaton, 0.
sogcnion and el procaduras and Ihe aoolicatie documantation;
gl the igentification and greparation gf quality recards (sea 4.15)

4,3 Cantract review

The supplier =-.all sstablish and maintain procedures for ¢czn-
tract raview and for i coqrdination nf these activities,

Each contract shall be raviewsd by the supplier to ensure tha:

al the reguiraments are adequately defined and cocu-
mentad:

k! any requirements differing from those in the tendar ar-
resoived: '

. -y
¢) the supplier has the capability 10 meet contraciual re
quirements;

Records of such contract reviews snall be maintaine~
(sag 4.15l.

NQTE — The contract roview activities, intariaces and commumeatic
within the supplier's arganization should be coordinated with Ine oo
chasge’s arganizotion, as aporopnats.

4.4 Document contrel

44,1 Document approval and issue

The supplier shall establish and maintain grocadures to cont! =
all documents and cata that reiate to the requiraments of 0.
Internationai Stancard. These documents shall ba reviews
and approved lor adequacy by authorized personnsi gnor -
issue. This cantral snall ansurs that

al the perunent issues of appropraie documents 3
availabie at all locations where operations assential 1o ine :
fecuve functioning of the quality system are performed:

Bl obDsolete documents are Dromotly mmoved from
Doirds of issue or use.
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4 8.2 Special processes

These are srocesses, the resulls of which cannot Se fuily
vanlied oy subseguent nsprcion and [esing of thz proguet
and wnere, lor example. orncessing geficiencies may become
apparent only attes Ihe proguct 15 10 use. Accoraingly, con-
nnugus maoniarnng ang/or compliance 'ath aocumented oro-
cagures is reguired (g ensure that the specifiag recurements
ara mat. Thase processes shall De qualifiea and shail alse
comply with the requiraments of 4.8.1.

Aecorgs shall be maintained for gualilied processes, eguibment
and personnel, as appropriate.

4.9 Inspection and testing
4.9.1 Raeceiving inspecdtion and testing

4.3.1.1 Tha supplier shall ensura that incoming product is not
used or processed ig@xcept in the circumstances described in
4.9.1.2) until it has been insoected ar otherwise verified as con-
forminy to specified requirements, Verification shall be in ac-
cordancs with the quality plan or documentad procedures,

4.9,1.2 Where incoming product is reieased for urgent pro-
duction purposas, it shall ba positively identifiec and recorded
igee 4.15i in order 10 permit immediate recall and replacement
in tha event of nonconformance o specified reguirements.

NOTE - In detormining the amount and nature of racaiving insoec.
uon, consideration should be given to the control axercised at souica
and documaniec svidance of qualiry conformance provided.

4.9.2 In-process inspeaction and testing
The supplier shalil

al inspect. test and identify product as required by the
guality plan or documented procedures;

bl establish progusi conformance to specified require-
ments by use of process monitoring and control methods;

¢} hold produc: until the required inspections and tests
have been completed or necessary feports have been
received and verified except when procuct is releaseg unger
positive recall arocedures (see 4,.9.11. Release under
positive recall procedures shall not precluge the aclivities
outlined in 4.9,2al.

d} identify nonconforming product.

4.9.3 Final inspection and tasting

The quality plan or documented procedures for final inspacuon
gnd testing snail require that all soecified inspecton anag tests,
nclyding thase soee:fieqd mther on recetpt of product or in-

progess, have been carried aut and that the gata rmeets
specilied requirements.

The supplier snall carry out all final inspegnion and tesnng in ac:
corgancs with ma quality plan gr gocumented proceguras (o
comglate 'ha avicenen of contarmance of ta finisnea oranuct
10 the specified remuremeants.

No gprocuc: snall e despatcned until 3l the acuvities specifiec
in the gualty plan or gocumented grocedures have 2een
sausiacronty compigted and Lhe associated caia and dogumen.
tanon is availabie and aushorized.

4.9.4 Inspecticn and tast records

The supplier snall estaclisn 3nd maintain renoras wnich gwa
evidence tnat the groduct has passed inspeclion and/or fest
with defined acceptancs critena (see 4.15L

4.10 Inspection, measuring and test equipmeant

The supplier shall contral. caiib-ate and maintain inspecrion,
measurnng ang iest equipment. winether ownead Dy the sucolier,
on loan. or providad by the purchaser, 1o demonsirate the con-
formance of product to the soecified requirements, Equoment
snall be used in a manner which ensures that measuremant
unceraingy is known and is consistent with the requirec
measurement capability.

The supgplier shall

a) idenrify the measurements to be made. the accuracy re-
quired and sefect the appropriate inspection, measuring anc
test equipment;

B identify, ¢z 'brate and adjust all inspection, measuring
and tes: equipment and devices that can affect pronaucs
quality at prescribed intervals. or pricr 10 usa, a3gainst
sartifiad equipment having a known valid relationshio to
narionally recognized standards — where rno such standarcs
exist, tne basis used for calibration shall ba dacumentaa:

¢! establish, docurnent and maintain calibration pre-
cedures, including details of equipment tvpe, identification
nurmber. location, frequancy of checks, check mathod, ac:
cestance criteria and the agtion to be taken when results ars
unsatisfactory;

dl emsure that the inspection, measuring and test eguio-
ment is capabie of the accuracy and pracision necessary!

ol igentify insoection, measuring and {est equioment with
a suiraole indleator or approved identification recore °T
show the calibration status:

A maintain calibration records for inspection, measunns
and taest equipment {sea 4.15);

g) assess and document the validity of previous inspecnicr
and test results when inspection, measuring and test equic:
ment is found to be out of calibration;

hi ensure that the environmental conditions are suwtace
for the coubrations, inspecuons, Measurgmaents anc (esis
peing carmed Qut!

ii ensure tnat the handling, preservanon and storage 27
inspection., measuring and test equipment is such g ks
acnuracy and fitness for use is mainrained;

i} saleguara nspection. measuring and fest faciiines, r-
stuckag nOIN 1651 hardware and test softwaie, frem agivs:
ments ~mich wguld invalicate tha caibration SeINNG.
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Quaiity recprds shall be maintained 10 demonstrate achieve-
ment of the required quality and the effective operation of the
Auality system. Pertinent sub-gontractor quality records shall
be an element of these data.

All quality racords shall be legible and identifiabla to the pro-
guet involved. Quaiity records shali be stored and maintained in
such a way thar they are readily retrievabla in facilities that pro-
vide a suitable anvironment to minimize deterioration or
garnages and 10 prevent ioss. Retention times of quality records
shall be astablished in writing. Where agreed contractually,
nuality records shall be made available for avaluation by the
purchasar or his represantative for an agreed period.

4.16 Intarnal quality audits

The suopfier shail carry out internal quality audits 1o verify
whather qualiry activities compiy with planned arrangements
and to detarmine the effectivaness of the quality system.

Audits shall be scheduied on the basis of the status and imgor-
wance of the agtivity.

The a2udits and follow-up acrions shall be carried out in ac-
cordance with documentad proceduras,

The results of the audits shall ba documaented and brougn:
the attention of the parsonnsl having responsibility in the i
audited. The managemen: perscnnel rasponsibia for tha o
shall take ti nely correciive action on the deficiancies founc
the audit [see 4.1.3).

4.17 Training

The supplier shail establish and maintain procedures tor igar
tving the training needs and provide for the training ot
personnel activities affacting guality during production
instafiation. Personnel performing soscific assigned tasks -
be gualified on the basis of appropriate education, train.
and/or expearianca, as required. Appropriate racords of rain -
shail ba maintained (see 4.15].

4,18 Statistical techniguas

Where appropriate, the supplier shall establish procadures
identifying adequate statistical techniques required for verif-
the acceptability of procass capability and product charsc:
istics.
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Assessment

Audit

Blocking

Calibration

Conformance

Corrective Action

Factors

Inspection

GLOSSARY

An estimate or determination of the significance,
importance or value of something.

A planned, independent and documented assessment to
determine whether agreed upon requirements are met.
Grouping runs for efficiency, generality and safety.

A comparison of two instruments or measuring devices,
one of which is a standard of known accuracy traceable
to national standards, to detect, report or eliminate by ad-
justment any discrepancy in accuracy of the measuring
device.

An affirmative indication or judgement that a product or
has met the requirements of the relevant specifications,
contract, or regulation.

Action taken to eliminate the root(s) cause(s) and
symptom(s) of an existing undesirable deviation or
nonconformity to prevent recurrence.

Controllable process or product characteristics whose in-
fluence on the response is to be studied.

Activities -such as measuring, examining, testing- that
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gauge one or more characteristics of a product or service
and the comparison of these with specified requirements
to determine conformity.

Levels Specific settings of the chosen factors to be studied dur-

ing the experiment.

Procedure A document that specifies the way to perform an activi-
ty.

Quality To exceed customer's expectations at the lowest cost
possible

Quality Assurance All those planned and systematic actions necessary to

provide adequate confiderce that a product or service
will satisfy given quality requirements.

Quality Control The operational techniques and activities that are used to
fulfill requirements for quality.

Quality Manual A document stating the quality policy, quality system

and quality practices of an organization.

Response The process and/or quality characteristic to be optimized.
Replication Independent repetition of runs to ensure reliable conclu-
stons.
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