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The purpose of this thesis was to develop learmiatgerial to support the Quality
tools lectures.

The topic of this thesis was generated by Pasi{éfalWaltanen, out of need for
learning material that supports the Quality toelgtures.

Topics which the learning material was creates Wrality Function Deployment
(QFD), Design of Experiments (DOE), Failure Model &ffect Analysis (FMEA),
Statistical Process Control (SPC) and the Taguethad

These topics were chosen because they firmly beigtal Quality Management
(TQM) education.

Implementation of these material packages was dathePower Point.
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1 INTRODUCTION

The subject of this thesis is generated by ValtaRasi-Waltteri. These material
packages are needed to support the Quality toctisréss. Goal is to give the students
additional material to learn the basic quality soahd procedures. Also give them

readiness to independent information search comggfallowing topics.

Topics Quality Function Deployment (QFD), DesignEofperiments (DOE), Failure
Mode and Effect Analysis (FMEA), Statistical Prae&ontrol (SPC) and the Tagu-
chi method are chosen because they are closetgdeia Total Quality Management
(TQM) education.

Development process started with acquiring matdr@h library of SAMK and
from the supervisor Valtanen Pasi-Waltteri. Fiestkt was to familiarize with all the
topics (QFD, DOE, FMEA, SPC and Taguchi method) @nseh study one topic at a

time. After topic was studied thoroughly the maikpackage was created.

All material used in this thesis and produced myithe thesis was approved by su-
pervisor. These material packages were implemenigdPower Point presentation

because with power point the structurization ofamat is easy and logical.

The final product is five separate material packagkich include basic principles of
each topic. Familiarization of basic tools for dwyatontrol and the way they are

used.



2 THEORY

2.1 Learning process

In 1960s and 1970s learning was defined as chanlgehavior, it was approached as
an outcome. After that learning process has begiest and different theories de-

veloped, of what is learning and how it actuallppans.

Roger Séalj6 asked a number of adult students wieyt tinderstood by learning.
Their responses fell into five main categories
1. Learning is acquiring information
Learning is memorizing
Learning is acquiring facts, skills and methods

Learning is making sense

o b~ 0N

Learning is interpreting and understanding reatitg different way

These five categories Saljo recognized. Learningbmseen as a process by which
behavior changes as a result of experience and #rerfour different theories about
learning, ideas how or why change occurs.

1. Behaviorist orientation

2. Cognitive orientation

3. Humanistic orientation

4

. Social/situational orientation /10/

2.1.1 Behaviorist orientation to learning

Learning is seen as change in behavior rather ithi@nnal thought process. Envi-
ronment affects learning, what you learn is defibgdhe elements in environment.
Activity and repetition is important to the leargiprocess, learner must be active
and repeat frequently skills practiced. Also whéjective is clear and positive rein

forcers are received, learning is helped /10/.



2.1.2 Cognitive orientation to learning

Learning is seen as an internal mental processnlrgaresults from inferences, ex-
pectations and making connections. Instructionsilshioe clearly structured and well
organized, this makes remembering and creatingabgelationships with key ideas
considerably easier. Prior knowledge of subjecpfi@ubject to link just heard in-
formation to pre-existing information. People p&reeenvironment and information
differently, the way problem is presented to sutsjes important. Problem must be
presented in a way that subject can understanaditn@ake some reference to prior
knowledge. When subject succeeds in learning ndély thle reinforcement can come

from knowledge of result, rather than simply a rea.0/.

2.1.3 Humanistic orientation to learning

Learning is seen as a personal act to fulfill ppétrand it is self initiated process.
The basic concern is human potential for growtld, @ncern of people being treated
as objects. Personal freedom, choice, motivations faelings had to have their
place. Perhaps the best known example is AbrahasioMa hierarchy of motiva-

tion. Only when lower needs are met is it posdiblmove to the next level.

1. Physiological needs, such as hunger, thirst, degpsrelaxation and bodily
integrity must be satisfied

2. Safety needs, predictable and orderly world

3. Love and belongingness needs, people seek warrfriandly relationships

4. Self-esteem needs, these involve confidence, imdkpee, reputation and
prestige

5. Self-actualization, full use and expression ofritdecapacities and potentiali-
ties /10/

2.1.4 Social/situational orientation to learning

Learning is seen as an interaction in social siinatand observation of other people.

Learning would be exceedingly laborious and haaasdd people had to rely solely



on the effects of their own actions. Traditiond#gprning is measured as what is in
possession of individuals, inside of their headsteHearning is in the relationships

between people, in conditions that bring peopletiogy.

Educators work so people can become part of contrasniand participate fully.
Learning is part of every day, problem solving éaning from experience become

central processes /10/.

2.2 Different learning styles

Learning styles are various ways of learning. Theraso some talk about learning
styles being a myth. Some people claim that thenelentifiable ways that people
learn and they have put forward their views ofiditlearning styles and had a great
deal of support. One such author is David Kolbhwits learning styles model and

experimental learning theory (ELT) /9/.

There are some views that these styles are reallyth. Curwin thinks that the way
individual learns is topic dependent, visual subfee to be taught visually. Anoth-
er idea why they are myth is based on brain functad understanding learning
process in brain. Experiments on the brain, usualiyyinot be done. Because they
require lots of equipment and usually require tlexperimenter is medical-
ly/biologically qualified. Even if these experimsrdould be done, they could change
the way the brain works. And according to Coffi¢hetre are at least 70 ways of
measuring learning. So there are at least 70 diffewvays that brain stores informa-

tion, and at least 70 ways to get the informatigout /9/.

Many authors believe that learning of the topicetefs on many things like motiva-
tion, temperature, emotions and the subject. Alt®y tcount experience in subject
and the personality of learner contributing fact#xsd more factors arise when all
the things that teachers think could affect leagnior example, how much learned
had to drink last night and has he eaten, thisdisinly limited by ones imagination
/91.



When considering changing teaching style to maamkxs learning style, there must
be first measurement of how the student learnserAfis the teaching material must
be created to conform to every learning stylet i iassumed that learning style sub-
ject dependent, students must be measured at lregioihevery new topic. Learning
style might even be used against teacher, for ebartijn an auditory learner and

you were teaching visually’.

Some key points on why learning styles are bad idea
* Matching the teaching to the learning does not work
* Learning styles are not measurable
* Changing teaching styles is not ‘doable’

* Knowing your learning style does not make you adoéearner /9/

There are also a lot of people who believe thahieg styles does exist and there is
evidence to support that. People learn at differatés and different ‘depths’, and
that ‘proves’ that learning styles does exist. 8nidA gets always better marks than
student B, that ‘proves’ that student A is betéarher /9/.

Most widely used model is Fleming's VAK/VRAK moddihis model divides learn-
ers in three or four groups (depending on souislal -, Auditory -, (Read/Write)
- and Kinesthetic learners /7, 8/.

2.2.1Visual learners

They utilize their visual memory in learning. Thegeate diagrams, maps, images
and other symbol to represent ideas and informaitistead of words. This could al-

so be called graphical learning /7, 8/.

2.2.2 Auditory learners

They may struggle to understand the text that tease just read, but they will expe-
rience full understanding of the text when theyrhieaVhen auditory person is me-

morizing something, he/she will say it out loud.udlly they need some kind of
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noise to study, it may be music or some backgrawmse like TV or people talking
17, 8.

2.2.3Reading/Writing learners

To them organizing information is very importantdawill learn most with lists,
headings, dictionaries and textbooks. They enjagireg and writing and are usually

dependent of power point, internet, calendar anaisvy, 8/.

2.2.4Kinesthetic learners

This is learning style is also called tactile leaga They prefer to learn through ex-
perience and considers what they feel when thegivednformation. Usually they

have very good hand-eye coordination /7, 8/.

2.3 Requirements concerning teaching material

Learning material must be developed only from k#éasources. Reliable sources are
books and articles from known authors. Using sounagerial from internet requires
some prior knowledge of the subject or reading sé&wpé& from multiple sources
thus making evaluation of information possible. A&valuating the internet page is
usable method, universities pages are generallye mgiable than some random
page. Reliable articles usually have reference padbe end so you can verify the
origin of the information. If used material is dédar some point of view, it must be
represented in neutral way, not using it to promater own agenda. This way the
student can learn both sides of ‘argument’ and ntakéers own mind based on

facts already learned.

Material must be structured clearly and precededdgital order. Student can apply
new information to what he/she already knows. Tdgaisics must be explained first
and then the more advanced information. Learniegathvanced information is really

hard or even impossible if the basics are missing.
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It is good to use some graphs and pictures in pladeere it is complicated to use
plain words. Like normal distribution and standdel/iation concepts in Design of
Experiments (DOE) or relationship between costguality and organization capa-
bility in Statistical Process Control (SPC).

Of course usage of proper and grammatically coteegjuage is required in learning
material. So it is possible to translate the infation in to your native language.

(P-W. Valtanen, Personal meeting concerning thesith4.5.2011)

3 IMPLEMENTATION

At the beginning the work procedure was plannedatwb do and in which order.
There were five different topics from which to deeanaterial packages to support
the lectures. These topics were Quality Functiopl®ement (QFD), Design of Ex-
periments (DOE), Failure Mode and Effect AnalystMEA), Statistical Process
Control (SPC) and the Taguchi method.

After the work procedure was planned, the matdaalthese topics was acquired
from SAMK library and the work supervisor Pasi-\teit Waltanen.

The planned work procedure was to familiarize with basics of all topics at first
and then study one topic at a time and completerthierial package on that topic.
This way there wouldn’t be overlapping of subjettsthese material packages.
Structure was to familiarize the student to basms and methods of every topic.
Give an idea what they are for and how they aral,ugenerating readiness for

searching information independently from internet.

As quality control of this work, the planned stuwet of these packages was ap-
proved by the supervisor and also these packagesimspected and the information

content approved by the supervisor at preplannedvials.
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3.1 Quality Function Deployment (QFD)

QFD is a method for structured product planninghvit the development team can
clearly specify customer’s wants and needs. QFBistsifrom several matrices, first
one to construct is called ‘house of quality’ (HO®Jith HOQ everyone involved in
development process can clearly see distinctiowdsst customer wants and needs
and technical capabilities.

E.

Technical
Correlations

C. Technical Response

A. D. B.
Customer Relationships Planning
Needs and (Impact of Technical Matrix

Benefits Response on Customer Needs (Market
and Benefits) Research
and
Strategic
Planning)
F.
Technical Matrix

(Technical Response
Priorities, Competitive
Technical Benchmarks,

Technical Targets)

Diagram 1-1. The House of Quality

QFD can help company to
1. Decrease costs by streamlining process and redueimyyk and waste
2. Increasing revenue by selling more charging mdris, ¢can be achieved by

focusing development on what matters to customertlams meeting custom-

ers wants and needs
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3. Reduce cycle time by helping make key decisionsy ear development

process.

In Kano’s model product characteristics are dividethree categories
1. Dissatisfiers
2. Satisfiers
3. Delighters

Dissatisfiers ‘expected quality’, customer takess#h characteristics for granted and
when they are missing they cause dissatisfactibes@ include scratches on the sur-

face, missing instructions, broken parts when takérof box, etc.

Satisfiers ‘desired quality’, customer wants thebaracteristics in their product.
Usually customer will ask for these characterisbe$ore buying. These include in-

creased capacity, lower cost, greater speed, é¢asise, etc.

Delighters ‘unexpected quality’, these features @lemsant surprises to customer.
When these delighters are not present the custwaitianot be dissatisfied, because
customer doesn’'t know what he/she is missing. Readd these delighters is for

example to say to a friend ‘Hey! Take a look askhi

These delighters often create new markets or madgments, thereby giving their
creators temporary competitive edge. But once theelty of delighter wears off,
and competition adds this feature in their productstomers begin to expect this
feature. So delighters become demoted to satisferd after awhile people take this
feature as granted and many satisfiers become ddnmidissatisfiers. These migra-
tions of quality attributes happens all the timé anorder for the company retain its
competitive edge, product developers must contislyosearch for new delighters
/31
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3.2 Design of Experiments (DOE)

DOE is the set of Statistic tools for acquiringorthation of what affects the process
and how. It means to design course of action itinigs process. Before these Statis-
tic tools were developed, talented scientists haweays been able to run experi-
ments. In these experiments one factor at a timeechanged (also called 1-FAT ex-

periments), this is really time consuming way t&t & process.

Hadamard demonstrated that large amount of infaomdtom matrix could be ex-
tracted from small amount of numbers from that maind all possible test results
from a process would add up to group of numberss §roup is considered as ma-

thematical matrix.

A complicated process can have very large amoudifigrent combinations, for ex-
ample process which has 4 factors and 3 levelshalpossible combinations add up
to 81. There is no sense in running all possiblaloations, because running 25
carefully designed combinations can reveal almestach information as running
all 81 combinations. Key question is which combimag will provide the desired

data.

Designed experiments can also detect special oakdtips, these relationships are
called interactions. 1-FAT experiments by theirunatare not capable of finding in-
teractions. For example, two medications, both gmodhe patient, but when they
are taken together, a new strong side effect sadeaere nausea overcomes the pa-

tient. These two medications would be said to Haarenful interaction.

An example of eight-run design where every comimmaof factors is run, this in-
cludes three factors in two levels. When plannimg kind of experiment the differ-
ent levels are usually marked as -1 and +1, atidetovork sheets just — and +.



15

A B C Y
1 — - - 65.3
2 - - + 81.3
3 — + - 53.3
4 - + + 69.9
5 + - - 61.8
6 + - + 77.4
7 + + - 73.9
8 + + + 89.9

Figure 8.1 An 8-run design with coded levels of factor

Figure 8.1 represents the designed experiment gsomed specifies what combina-
tion of factors is run. Figure 8.2 is an examplevbft actual work sheet could look
like.

Temperature, Time, Catalyst Conc., Yield,
°F h % %
1 200 1 1 65.3
2 200 1 2 81.3
3 200 2 1 53.3
- 4 200 2 2 69.9
5 250 1 1 61.8
6 250 1 2 77.4
7 250 2 1 73.9
8 250 2 2 89.9

Figure 8.2 Pattern of design in Fig. 8.1 as applied to a typical worksheet with one
response

14/

3.3 Failure Mode and Effect Analysis (FMEA)

FMEA is a summary of engineer’s and the team’s gihtslas component or system
are designed. It is also analysis of what can gmgrand how it can affect on other
components or function of the product. If compaayéproduced similar product or

part in past or they are creating revision 2 froastng product. These failure modes
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are brainstormed and learned from customer contplaind failure research or war-
ranty files.

Process includes estimations of how severe (Sg\&Yithis failure is, how often this

failure could occur (Occurrence O) and how likedyto detect (Detection D) these
failures. All these are given a number from 1 t¢ 1@ being worst. Out of these the
Risk Priority Number (RPN) is calculated. RPN =x®)x(D). Process also in-

cludes recommended actions and actions takennunealie these failure modes. Cor-
rective action should always be directed firsthte items with highest ranking RPN
and critical items. After corrective actions arand@ new estimation of severity, oc-

currence and detection are given and new RPN gsileaéd.
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POTENTIAL FMEA Number
FAILURE MODE AND EFFECTS ANALYSIS
—— (DESIGN FMEA) Page of
Subsystem
Component Design Responsibility Prepared By
Model Year(s)/Vehicle(s). FMEA Date (Orig.) (Rev.)
Core Team
Item . . c Potential fo) D Action Results
Potential Potential | Cause(s)/ c Current e |[R. | Recommended | Responsibility
Failure Effect(s) of a Mechanism(s) c Design t|P Action(s) & Target Actions S|0 R.
Mode Failure s of Failure u Controls e|N Completion Date Taken eflclel P.
Function s r c vic|t] N

16/
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3.4 Statistical Process Control (SPC)

SPC is the application of statistical methods amdstto monitor and control process.
To ensure that the process operates at its fubnpel and behaves predictably,
waste produced by the product should be minimi&&RLC helps to discover is there

variation in the process and what causes this tuamia

Quiality of product or service has two distinct uierrelated aspects
1. Quality of design

2. Quality of conformance to design

If quality of design is low, produced service ooguct won't meet the requirements
or it will meet them only at a low level. Quality conformance to design is the ex-
tent to which service or product achieves the $ecidesign. What the customer

actually receives should conform to the design.

Marketing department can’t decide the specificabbthe product alone, producing
department must also be involved in this procesgreducing department can pro-

duce to designed specification.

Costs of quality must be carefully managed, so #tay at desired level. Appraisal
costs are the cost of checking it is right.

» Verification of incoming material and final prodact

* Quality audits to check is quality management sydtenctioning

* Inspection equipment like calibration and mainter@aof equipment

* Vendor rating like assessment of suppliers

Prevention costs are planned and are incurred fariproduction. These include
* Product or service requirements for incoming materi
* Quality planning; the creation of quality, reliatyil supervision, process con-
trol
« Quality assurance; the creation and maintenanceverfall quality manage-

ment system
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* Inspection equipment; development and/or purchdss@ipment for use in
inspection work

» Training; quality training for operators, supervsand managers

* misc; travel, supply, shipping, communications atiter general office man-

agement activities associated with quality

Total quality-related costs
Failure
costs

Increasing quality costs

Appraisal costs

Prevention costs

Y

Organization capability

Figure 1.2 Relationship between costs of quality and organization capability

In SPC numbers and information will form basis d@cisions and actions and tho-
rough data recording system is essential. Theralamea number of basic tools to
use measure and asses the process

* Process flowcharting — What is done?
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» Check sheets — How often is it done?

» Histograms — What does the variation look like?

* Graphs — Can the variation be represented in ageries?

» Pareto analysis — Which are the big problems?

» Cause and effect analysis and brainstorming — \&dnages the problems?
e Scatter diagrams — What are the relationships let\ectors?

* Control charts — Which variations to control andavi@o

When collecting data, one should remember thatetrsdrould not be massive
amounts of certain data just because it is easpltect. Full considerations must be
given to reasons for collecting data. Also one sthhoemember to collect the data in

the way it is easy to use and read.

Control charts are used to measure process variatid evaluate what if any action
should be taken and in which direction. Figure Ghaws an example of mean and
range charts for 30 samples taken from steel rétthguprocess. The process is well
under control until the sample 11, when the mearosat reaches the Upper Warning
Line. When process moves pass the warning linethansample should be taken
immediately rather than wait for next sampling périlf that next sample is also in

warning zone corrective action should be taken. mbean of sample 19 is in warning
zone and corrective action is taken, but sampls@vs that corrective action was
taken in wrong direction. And the action followirgample 20 results in over-

correction and sample 21 mean goes below the laatén line.
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Figure 6.11 Mean and range chart in process control

Problems is process operation is rarely causedjshne cause, but combination of
factors. Most frequently met causes of out-of-coinsituations may be categorized

under people, plant/equipment, process/procedoratgrials and environment /5/.

3.5 Taguchi method

The Taguchi methods are statistical methods deedldgy Genichi Taguchi to im-

prove quality of products. Taguchi’'s contributiotas statistical quality control in-
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clude loss function, off-line quality control anghovations in the design of experi-
ments /1, 2/.

3.5.1Loss function

Loss function is a formula for calculating finandi@ss when product doesn’t meet
the designed specification. The financial loss cofm@m reworking a product that is
slightly out of specification, or scrapping a protiwhen it can’t be reworked. In
ideal condition the financial loss can be assurdaktzero /1, 2/.

3.5.2 Off-line quality control

Taguchi realized that the best way to eliminateavene is to address it is during the
design of the product and its manufacturing pracessalso developed three staged
strategy for quality engineering:

1. System design

2. Parameter design

3. Tolerance design

Ideally, product design departments should desayn product that have no
e Manufacturing costs
* Malfunctions

« Damaging environmental effects /1, 2/

3.5.2.1 System design

In this stage the design team must consider alptssible systems that can perform
the required functions. If such system doesn’t tethisy should consider building
new system, which conforms to their needs. Advantaigh this solution is that new

systems are protected by patents, thus giving cotiveesdge /1, 2/.
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3.5.2.2 Parameter design

When the concept is established, the various dimmessnd design parameters need
to be set. The purpose is to improve quality armtgss capability, reduce cost and

variation in the process /1, 2/.

3.5.2.3 Tolerance design

After a successfully completed parameter desigeigdeengineers must decide the
tolerance specification and grades of materialsafbcomponents. Objective is to
decide the tradeoff between quality level and ¢bs2/.

4 CONCLUSION

The purpose of this thesis was to develop learmiagerial to support the Quality
tools lectures. The topic of this thesis was geedrdy Pasi-Waltteri Valtanen, out
of need for learning material that supports Quabtls lectures.

Power Point presentations were created from toQigality Function Deployment
(QFD), Design of Experiments (DOE), Failure Model &ffect Analysis (FMEA),
Statistical Process Control (SPC) and the Taguathad. These topics are closely
related to Total Quality Management (TQM) education

Development process was designed with supervisor far starting the development

of these material packages. Structure of developmpertess was to create these
packages one at a time and to familiarize withagdlcs before starting to study these
topics thoroughly. After the topic was studied thayhly the material package was
created, before packages were finalizes they weseked and approved by supervi-

Sor.
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Structure of the packages was to familiarize thedestit to basic principles and quali-
ty tools of every topic. Plan was to present infation in logical order, so student

can apply new information on what he/she alreadynan

Creating these material packages were demandikgThsre were plenty of materi-
al to read and study, thing that made the task ddmg was evaluation of informa-
tion, what to include to these packages. How mungbriation of one topic was
needed to present to the reader. Fortunately tpbergisor gave strict frames for
these material packages and amounts of informateaded, it helped at information

selection.

When one develops learning material, it is impdrtanpresent information objec-

tively. So reader can make his/hers own opinioruatice matter.

The technical implementation of this thesis digorésent any difficulties. Programs

used to create the thesis were familiar alreadyeasy to use.
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APPENDIX 1

Design of Experiments (DOE)

{ | Tekniikka ja
samk Satakunta University of Applied Sciences | Faculty of Technology and Maritime Management

What are Designed
Experiments?

» Someone sits down to consciously plan
out some limited course of action
— To learn about what effects a process and
how

Satakunnan ammatikorkeakoulu | Tekniikka ja merenkulku .’
Satakunta University of Applied Sciences | Faculty of Technology and Maritime Management sam k’

What are Designed
Experiments?

» More effective scientists and technologists
have always been able to plan and carry
out experiments
— To generate good data that reveal how things

really work

Satakunnan ammatikorkeakoulu | Tekniikka ja merenkulku .’
Satakunta University of Applied Sciences | Faculty of Technology and Maritime Management sam k’

What are Designed
Experiments?

» Most of the time, they have to work
through courses of experimentation
— Series of small steps
— One factor at a time was changed in type or
level of use (sometimes referred to as 1-FAT
experiments)
— Means a lot of work to understand the
process

Satakunnan ammatikorkeakoulu | Tekniikka ja merenkulku
Satakunta University of Applied Sciences | Faculty of Technology and Maritime Management

What are Designed
Experiments?

» Hadamard demonstrated that it was

possible to extract

— A large fraction of information in a matrix
from a smaller fraction of the numbers in that
matrix

— All the test results of all the possible
experiments that could be run in complex
process would add up to group of numbers

°

Satakunnan ammatikorkeakoulu | Tekniikka ja merenkulku .’
Satakunta University of Applied Sciences | Faculty of Technology and Maritime Management sam k’

What are Designed
Experiments?

» This collection of numbers can be
considered to be a mathematical matrix

— This means that running a fraction of all
possible experiments will still allow
investigator to learn almost as much as if he
had run all the experiments

Satakunnan ammatikorkeakoulu | Tekniikka ja merenkulku :’
Satakunta University of Applied Sciences | Faculty of Technology and Maritime Management sam k’
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Satakunnan ammattikorkeakoulu | Tekniikka ja merenkulku

What are Designed
Experiments?

« Example would be process controlled by
4 main factors in 3 levels, all the possible
experiments would add up to 81 (3%)

— Doing 16 of those 81 experiments can reveal
great deal about the process

— Doing 25 experiments can furnish almost as
much information as doing all 81 might

What are Designed
Experiments?

» The key question is

— Which fraction of all possible experiments
will provide the desired information

Satakunta University of Applied Sciences | Faculty of Technology and Maritime Management

samk .’
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Why and Where Should
Designed Experiments Be Used

 Designed experiments will detect and
guantify special relationships

— Two or more factors act differently in how
they affect the process
 Separately
» Together

 Such relationships are called interactions

Satakunta University of Applied Sciences | Faculty of Technology and Maritime Management

Satakunnan ammattikorkeakoulu | Tekniikka ja merenkulku :’
samk

Why and Where Should
Designed Experiments Be Used

» For example

— Two medications, each which are good for
the patient, but when both are taken
together, a new, strong side effect such as
severe nausea overcomes the patient

» The two medications would be said to have a
harmful interaction

Satakunnan ammattikorkeakoulu | Tekniikka ja merenkulku :’
samk
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Satakunnan a

akoulu | Tekniikka ja merenkulku .’
Satakunta University of Applied Sciences | Faculty of Technology and Maritime Management Sa[’ﬂk

Why and Where Should
Designed Experiments Be Used

« Interactions do not always occur, but they
are sometimes extremely important

— 1-FAT experiments by their nature are not
capable of finding interactions

Satakunnan amn

Why and Where Should
Designed Experiments Be Used

» Sometimes a factor affects a process in a
nonlinear way
— increasing oven temperature
* 150 C bread bakes in 75 minutes
* 160 C bread bakes in 50 minutes
* 170 C bread bakes in 40 minutes
* 180 T bread bakes in 35 minutes
* 190 C always burned outside and raw inside

keakoulu | Tekniikka ja merenkulku :’
of Applied Sciences | Faculty of Technology and Maritime Management Sal’ﬂk




Why and Where Should
Designed Experiments Be Used

 Use of the right design can quickly
demonstrate nonlinear factor effects

— Typically faster than series of 1-FAT
experiments

Satakunnan ammattikorkeakoulu | Tekniikka ja merenkulku

Basic Statistics as Background
to Design of Experiments

* A statistic is any number measuring
something (age, weight, profit)

e The field of Statistics is a body of concepts
and techniques for examining information

— Statistics is a subtopic in the field of
Mathematics, statistics with lower case s are
just numbers

Satakunnan ammattikorkeakoulu | Tekniikka ja merenkulku .’
samk
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Basic Statistics as Background
to Design of Experiments

» The two simple uses of Statistics are

— To help understand what has happened in
the past

— Allow prediction or control of what will
happen in future

Satakunnan ammattikorkeakoulu | Tekniikka ja merenkulku

Normal Distribution

» Normal distribution is approximately 6
standard deviations (SD) wide
— The distribution in centered on the average
and the spread around the average is +3
standard deviations (SD)
» -1 SD to +1 SD containing 68,3% of the population
» -2 SD to +2 SD containing 95,5% of the population
» -3 SD to +3 SD containing 99,7% of the population

Satakunnan ammattikorkeakoulu | Tekniikka ja merenkulku .’
samk
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Average of the distribution

'

Density
in each
region

| |
t + t t +

-38D -2 8D -18D 0 +18D +28D +38SD

X axis, the characteristics of interest
Figure 4.2 Ideal normal distribution

Satakunnan amn

Standard Deviation (SD)

« If you had a distribution of parts that
averaged 100 g in weight and had SD of 2g
— One half of products would weigh 100 g-106 g

(100g + 3SD)
— How many parts weighed 104 g or more?

» ~4,5% of distribution is outside of +2SD, which is
96-104 g, only half of that is >104 g

* Answer is 2,25% (4,5% / 2)
o
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Central Limit Theorem (CLT)

» The two major points of the CLT

— 1. The averages from a set of samples of
any population will be distributed
approximately normally around the
population average (weather or not the
parent population is normally distributed)

Satakunnan ammattikorkeakoulu | Tekniikka ja merenkulku .’
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Central Limit Theorem (CLT)

— 2. The SD of the population of sample
averages (called the standard error) will be
smaller than the SD of the parent population
by factor of 1/\n, where n is the size of the
sample groups

—The larger n is, the more normal the
distribution of the sample means will be

Satakunnan ammattikorkeakoulu | Tekniikka ja merenkulku .’
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Important Points of Basic
Statistics

» Many things fall in to normal distributions
—and if they do, various good analyzing
techniques can be applied
» The average and SD is most often used
to characterize a distribution
» More data you have and more you know
about the information gathered, the better

Satakunnan ammattikorkeakoulu | Tekniikka ja merenkulku .’
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Important Points of Basic
Statistics

» Use of averages from sample groups
makes analysis more secure because
— CLT shows that even if the analyzed property
is not distributed normally, the averages will be
 Larger samples will more accurately
indicate where the true average of the
population lies

Satakunnan ammattikorkeakoulu | Tekniikka ja merenkulku .’
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Basics of Experimental
Designs

* In drawing up experiments, it is a
common practice to designate the factor
levels by some code

— If there are two levels, they are usually
coded as -1 and +1 levels, and in the matrix
only the sign (- or +) is used

Satakunnan ammattikorkeakoulu | Tekniikka ja merenkulku .’
samk
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Basics of Experimental
Designs

« If we have 3 factors (A, B and C) and
wanted to run every combination of + & -
levels possible

A B c

Run 1 + + +

All possible oot o
levels are M
shown in T
figure 6.2 R

Figure 6.2 Fundamental pattern of a 2-level, 3-factor full-factorial desig

Satakunnan ammattikorkeakoulu | Tekniikka ja meren}

Satakunta University of Applied Sciences | Faculty of gy and Maritime Management




Basics of Experimental Basics of Experimental
Designs Designs
* Statistical theory says — X1 is interaction of A-B
— From 8 independent pieces of data, 7 -X2A-C A B C X1 X X3 X4
independent comparisons can be made _x3pc ™, ot oot
— Because the experiment will tell us about -X4ABC ¢ -t -t o7
factors A, B and C, four other comparisons 5 - o+ o+ - =+ -
can be made S.or LT T
8 = - = + + + -
Figure 6.5 Fully expanded 3 X 2 pattern

Satakunnan ammattikorkeakoulu | Tekniikka ja merenkulku :’ L
samk

Satakunta University of Applied Sciences | Faculty of Technology and Maritime Management Satakunta University of Applied Sciences | Faculty of Technology and Maritime Management

Satakunnan ammattikorkeakoulu | Tekniikka ja merenkulku .’
samk

Basics of Experimental

Designs Scree plot
 These four columns can be used primarily  Scree plot is used to see what factors/
in two different ways interactions
— Assign four more control factors, so seven — Are important enough to carry on to next
potential influences can be evaluated stage of the investigation
» Then X columns become D, E, F and G — Affect most on process outcome

— Don't add any other factors

« In this case it is possible to look interactions
between factors
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z3
Scree plot 3
E 25
2 2
 Scree plot is made by examining the 8 s
effect levels seen in the data and ranking : -1
them by their absolute size

— Their sign is no important in this ranking, so ©
effect-3 is larger than +2 0

-3 2 3 4 6 1 7 5

Factor
Figure 6.6 Scree plot of durometer effect
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Fractional Designs and Their
Uses

» Most of the time, experimenters prefer to
avoid using large full-factorial designs
— Development of numerous types of fractional

factorials has been major part of the modern
history of design of experiments
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Fractional Designs and Their
Uses

 Figure 7.1 shows the same three-factor
full-factorial design

 Figure 7.2 shows the two separate half
designs
— Complementary to each other

* Figure 7.3 shows interactions from the
other half of design

Satakunta University of Applied Sciences | Faculty of Technology and Maritime Management
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Figure 7.3 3 x 2 half factorial with interaction patterns
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pr B
cLo D Fractional Designs and Their
S Uses
JFigure 7.1 Ba:ic 3 ; 2 design v:ilh right a|:d left ha:.ves designated
R » Among the types of designs available are
- R a set called Plackett-Burman (P-B)
e designs
Figure 7.2 Complementary half factorials — Invented about 1939 and used with great
A B C Ineracton= AB AC BC  ABC effect in the World War Il British war effort
Do oo — Among P-B designs are subtype called
- PO nongeometric designs

* 12-, 20-, and 24-run designs
[
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20n A B CDE

Run1 4 4+ - - 4

2 4 - -+

3 - -4

4 - e e e s

5 4+ 4+ 4 -

6 4+ o+ -+

i2un A B C D E F G H | J K 7 44 -4 -

RNt + + = + 4 4+ = = = 4 = B 4 -4 -

I S L T . S i

I T T T S L S i

D . T T L

LI T T T T

6 4 - - - o+ -+ o+ =+ s Bmmm

2

15 - - 4 -

LI T

L T T T

0+ = o+ 4 = 4+ o+ = = = T
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Figure 7.4 Plackett-Burman 12-run design Figure 7.5 Plackett-Burman 20-run design
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Fractional Designs and Their
Uses

» Two-level designs are used every day to
run designed experiments in factories and
laboratories

e They
— Are easy to draw up, run and analyze

— Often reveal very important information
about process

Satakunnan ammattikorkeakoulu | Tekniikka ja merenkulku .’
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Fractional Designs and Their
Uses

¢ In many cases
— Simply knowing which factors are the most
significant in a process
— Whether or not interactions are important it
enormously helpful to understanding process
and how to more efficiently gain control of it

samk .’
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Examples Using Eight-Run
Design

* Infigure 8.1
— Three factors (A, B, and C)
—Two levels (+ and -)
— Response shown as Y
* In figure 8.2
— This is what actual work sheet could look like

)
samk .’

Satakunnan ammattikorkeakoulu | Tekniikka ja merenkulku
Satakunta University of Applied Sciences | Faculty of Technology and Maritime Management

Y
65.3
81.3
53.3
69.9
61.8
77.4
739
89.9

411+ +
L+ 1+ 1+ 10

DN O A ®N
FEE I T

*

Figure 8.1 An 8-run design with coded levels of factor

Temperature, Time,  CatalystConc., Yield,
* h % %
1 200 1 1 65.3
2 200 1 2 81.3
3 200 2 1 53.3
4 200 2 2 69.9
5 250 1 1 61.8
6 250 1 2 77.4
7 250 2 1 73.9
8 250 2 2 89.9

Figure 8.2 Pattern of design in Fig. 8.1 as applied to a typical worksheet with one|
response

Satakunnan ammattikorkeakoulu | Tekniikka ja merenkulku L
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Examples Using Eight-Run
Design

» Because this is an example of full factorial
— Interaction column patterns can be used
* Leads to matrix shown in figure 8.3
« In the next step Y responses are totaled
up
— First, - level in column A and then + level in
column A

Satakunnan ammattikorkeakoulu | Tekniikka ja merenkulku
Satakunta University of Applied Sciences | Faculty of Technology and Maritime Management
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A B C AB AC BC ABC Y
1 — - - + + + - 65.3
- - 2 - - + + - - + 81.3
Examples Using Eight-Run 3 4 -~ s & s
Design 4 - s e - 69.9
5 + - - - = + + 61.8
) 6 + - + - + - - 774
— Then total of the - data points are subtracted 7 + + . + _ _ _ 73.9
from the total of + data points 8 + + + + + + + 89.9

— Giving the difference between the two
subgroups

« This difference is the divided by four (the number
of experiments that made up each subgroup)

— This procedure is repeated to each column
— This procedure leads to data in figure 8.4

samk .’
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Figure 8.3 Pattern of Fig. 8.1 expanded to show interaction columns

A B c AB AC BC ABC
+ Total 303.0 287.0 3185 3104 2859 286.9 286.3
- Total 269.8 285.8 254.3 2624 2869 2859 2865
Difference  33.2 12 642 480 -1.0 10 -0.2
EffectonY 8.30 0.30 16.05 12.00 -0.25 025 -0.05

Figure 8.4 Calculation of effects from response data in Fig. 8.3|
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Examples Using Eight-Run ,
Design 2 *

A scree plot of the effects on figure 8.4 8 *
will show a dramatic contrast between the
A, C and AB effects 4

— With all the other column effects falling close
to zero and each other

[¢] * * * *
C AB A B AC BC ABC
Factors

Figure 8.5 Scree plot of effects on process yield
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APPENDIX 2

Failure Mode and Effects Analysis
(FMEA)

{ | Tekniikka ja
samk Satakunta University of Applied Sciences | Faculty of Technology and Maritime Management

History

« The first formal application of the FMEA
discipline was innovation of the
aerospace industry in the mid-1960s

Satakunnan ammattikorkeakoulu | Tekniikka ja merenkulku
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Introduction

* FMEA is a summary of an engineer’s and
the team’s thoughts as a component,
system or subsystem is designed

— Including analysis of items that could go
wrong
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Team effort

» The FMEA should be a catalyst to
stimulate the interchange of ideas
between the functions affected
— In addition, for any (internal/external)

supplier designed items, the responsible
design engineer should be consulted
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Team effort

e The FMEA is a living document should be

— Initiated before or at design concept
finalization

— Continually updated
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TR

POTENTIAL
FALURE MODE AND EFFECTS ANALYSIS
(DESIGN FMEA) [T

e

SAMPLE
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Development of design FMEA Development of design FMEA
* 1. FMEA number
— Enter document number for tracking

e 2. System, subsystem or component
name and number

— Enter name and number of system,
subsystem or component analyzed

« 3. Design responsibility
— Enter department or group responsible. Also
the supplier name of known
e 4. Prepared by
— Enter name, telephone number and

company of engineer responsible for
preparing the FMEA

Satakunnan ammattikorkeakoulu | Tekniikka ja merenkulku 0
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Development of design FMEA Development of design FMEA

* 5. Models * 7. FMEA date
— Enter models that utilizes this specific part — Enter the date the original FMEA was
* 6. Key date

compiled, and the latest revision date

— Enter the initial FMEA due date, witch should * 8. Core team

not exceed the scheduled production design

— List of names of the individuals and
release date departments which have the authority to
perform tasks
° °
Satakunnan ammattikorkeakoulu | Tekniikka ja merenkulku Satakunnan ammattikorkeakoulu | Tekniikka ja merenkulku
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Development of design FMEA Development of design FMEA

* 9. ltem/function * 10. Potential failure mode
— Enter name and number of item being — Enter the manner that component or system
analyzed could potentially fail to meet design intent
— Enter the function of the item

— List each potential failure mode of particular
item and item function

» Assumption is that failure could occur, but may
not necessarily occur

Satakunnan ammattikorkeakoulu | Tekniikka ja merenkulku s
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Development of design FMEA

« 11. Potential effect(s) of failure

— Describe the effects of failure in terms of
what the customer might notice or
experience

* Remembering that customer may be an internal

Development of design FMEA

» 12. Severity (S)

— Seriousness of the potential failure mode to
the next component or system

— Reduction in severity ranking index can only
be affected through design change

customer as well as the end user

— State clearly if the function could impact
safety or noncompliance to regulations

— Severity should be estimated on a "1” to "10”
scale

Satakunnan ammattikorkeakoulu | Tekniikka ja merenkulku .’ Satakunnan ammattikorkeakoulu | Tekniikka ja merenkulku :’
samk samk

Satakunta University of Applied Sciences | Faculty of Technology and Maritime Management

Satakunta University of Applied Sciences | Faculty of Technology and Maritime Management

Suggested Evaluation Cri eria:

(The team should agree on an evaluation criteria and ranking system, which is consistent, even if modified for
individual product analysis.)

Effect Criteria: Severity of Effect Ranking D I = n n u
Hazardous- | Very high severity ranking when a potential failure mode affects safe vehicle 10 e e op ent Of des Ig n F E
without operation and/or involves noncompliance with government regulation without
warning arming.

Very high severity ranking when a potential failure mode affects safe vehicle 9

with warning | operation and/or involves noncompliance with government regulation with warning

» 13. Classification

— This could be used to classify any special
product characteristics (e.g., critical, key,

Very High Vehicle/item inoperable, with loss of primary function. 8

High Vehicle/item operable, but at reduced level of performance. Customer dissatisfied. 7

i operable, but Comfort/Ct i item(s) i Customer 6
experiences discomfort.

Low icle/item operable, but Comfort/Ce ience item(s) operable at reduced level 5 . . .

of Customer some major, significant)
Very Low Fit & Finish/Squeak & Rattle item does not conform. Defect noticed by most 4

customers.
Minor Fit & Finish/Squeak & Rattle item does not conform. Defect noticed by average 3

omer.

Very Minor Fit & Finish/Squeak & Rattle item does not conform. Defect noticed by discrimi- 2

nating customer.
None No Effect. 1
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samk samk

Satakunta University of Applied Sciences | Faculty of Technology and Maritime Management Satakunta University of Applied Sciences | Faculty of Technology and Maritime Management

Development of design FMEA Development of design FMEA

» 14. Potential cause(s)/Mechanism(s) of  15. Occurrence (O)

failure — The likelihood that specific cause/
— An indication of a design weakness mechanism (listed in previous column) will

» The consequence of which is the failure mode

— List every concievable failure cause and/or
failure mechanism for each failure mode

Satakunnan ammattikorkeakoulu | Tekniikka ja merenkulku :’
samk
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occur

— Decrease in occurrence ranking in possible
only through design change

— Estimate likelihood of occurrence of potential
failure in a "1” to "10” scale
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Suggested Evaluation Criteria:
(The team should agree on an evaluation criteria and ranking system, which is consistent, even if modified for
individual product analysis.)

Probability of Failure Possible Failure Rates Ranking
Very High: Failure is almost inevitable >1in2 10
1in3 9
High: Repeated failures 1in8 8
1in20 7
Moderate: Occasional failures 1in 80 6
1in 400 5
1in 2,000 4
Low: Relatively few failures 1in 15,000 3
1in 150,000 2
Remote: Failure is unlikely < 1in 1,500,000 1
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Development of design FMEA

 16. Current design controls

— List the prevention, design validation/
verification (DV), or other activities (e.g.,
design review, testing, fail/safe)

— There are three types of design
controls/features to consider

« 1. Prevention of failure mode, 2. Detect the cause
of failure, 3. Detect the failure mode

Satakunnan ammattikorkeakoulu | Tekniikka ja merenkulku .’
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Development of design FMEA

» 17. Detection (D)
— Assessment of the ability to detect potential
cause/mechanism (design weakness, listed
in column 16)

« or the ability of the proposed type 3 current
design control to detect failure mode
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Suggested Evaluation Criteria:
(The team should agree on an evaluation criteria and ranking system, which is consistent, even if modified for
individual product analysis.)

Detection Criteria: Likelihood of Detection by Design Control Ranking
Absolute Design Control will not and/or can not detect a potential cause/mechanism and 10
Uncertainty | subsequent failure mode; or there is no Design Control.

Very Remote | Very remate chance the Design Control willdetect a potential cause/mechanism 9
and subsequent failure mode
Remote Remote chance the Design Control will detect a potential cause/mechanism and 8
subsequent failure mode
Very Low Very low chance the Design Control will detect a potential cause/mechanism and 7
failure mode
Low Low chance the Design Control will detect a potential cause/mechanism 6

and subsequent failure mode

Moderate Moderate chance the Design Control will detect a potential cause/mechanismand | 5
subsequent failure mode

Moderately | Moderately high chance the Design Control will detect  potential ause/ mecha- 4
High nism and subsequent failure mode

High High chance the Design Control will detect a potential cause/mechanism and 3
subsequent failure mode

Very High Very high chance the Desi%n Control will detect a potential cause/mechanism 2
and subsequent failure mode

Almost Design Control will almost certainly detect a potential cause/mechanism and 1
Certain subsequent failure mode
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Development of design FMEA

« 18. Risk priority number (RPN)
— Itis the product of Severity (S), Occurrence
(O) and Detection (D) ranking
« RPN = (S)x(0)x(D)
— The RPN must be in between of "1” and
"1000”
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Development of design FMEA

¢ 19. Recommended action
— When failure modes have been ranked by
RPN, corrective action should be first
directed at the
« Highest ranked items
« Critical items
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Development of design FMEA

 20. Responsibility (for the recommended
action)
— Enter organization and individual responsible
for the recommended actions and target
completion date
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Development of design FMEA

» 21. Actions taken
— After an action has been implemented, enter
brief description of the actual action and
effective date
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Development of design FMEA

e 22. Resulting RPN
— After the corrective action have been
identified, estimated and record the resulting
severity, occurrence and detection rankings,
calculate and record the resulting RPN

* If no actions are taken, leave the "Resulting RPN”
and related ranking columns blank
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APPENDIX 3

QFD

Quality Function Deployment « Itis a method for structured product

(QFD) planning

« It enables development team to specify
clearly the customer’s wants and needs

» QFD process involves constructing one or
more matrices

{ | Tekniikka ja
samk Satakunta University of Applied Sciences | Faculty of Technology and Maritime Management
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E.
Cormtaion
QFD L

C. Technical Response

A. D. B.

* First matrix is called 'house of quality’

Nema | aoperorromea | e
(HOQ) e el
* It displays the customer’s wants and e
needs -
— The voice of Customer g‘;‘.,“"”‘.:c'k’:p{:‘u
* The matrix consists of several sections e Ty

and sub matrices

Diagram 1-1. The House of Quality
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House of Quality House of Quality

 Section A contains customer wants and  Section C contains organization’s
needs technical language

* Section B contains 3 main types of — High-level description of the product or
information service
— Quantitative market data  Section D contains the development
— Strategic goal for new product team’s technical response

— Ranking of customer wants and needs
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House of Quality House of Quality

« Section E contains technical correlations  Section F contains three types of
— development team’s assessments of the information
implementation interrelationships between — Computed rank order of technical responses
elements of the technical response

» Based on customer wants and needs from
section B and the relationships in section D

— Comparative information on the
competition’s technical performance
— Technical performance targets

Satakunnan ammattikorkeakoulu | Tekniikka ja merenkulku 0
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o How QFD Fits in the
Organization
* QFD can play a major role in helping
organizations become
7 — Stronger
» Thus more likely to survive
N — More secure
oo S — More able to expand
Satakunnan ammattikorkeakoulu | Tekniikka ja merenkulku L
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Survival

Decreasing Costs

 Streamlining processes
* Reducing rework and waste
Security

— Focusing development on the work that
matters to customer

Expansion

Diagram 2-1. Organizational Motivation
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Increasing Revenues Cycle Time Reduction

« Selling more » QFD helps making key decisions early in
« Charging more development process
— Can be achieved by meeting customers  In competition it is important to make new
needs and wants products available before the competitor
* Making products more attractive — Thus competition can be robbed out of
business
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Flan product Obstacles to Rapid Product
Development
» Poor understanding of customer needs

ke product . . .
Make produt « Failure to strategically prioritize efforts
» Willingness to take on unmanageable
risks
Sell product
Diagram 2-2. Product Development Cycle
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gg‘s"tj::'e:;:t Rapid Product Kano’s Model

» Tendency toward unbuildable design, « Divides product characteristics in three
undeliverable services categories

« Overreliance on formal specification — Dissatisfiers

« Testing scenarios that fail to find key — Satisfiers
defects — Delighters
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Dissatisfiers

« Customer takes characteristics for
granted

» Causes dissatisfaction when missing
— Scratches on the surface
— Missing instruction booklets
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Satisfiers

» Customer wants in their product
e Usually will ask for it

— Increased capacity

— Lower cost

— Easier to use

— Greater speed

— Higher reliability
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Delighters

« Attributes or features that are pleasant
surprises to customer

— Reaction to delighter is to say to a friend,
"Hey! Take a look at this!”

« If delighters are not present customer will
not be dissatisfied

— Unaware of what they are missing

Satakunnan ammattikorkeakoulu | Tekniikka ja merenkulku 0

The Seven Management and
Planning Tools

« List of tools and actual number of tools
vary a bit one source to another

* Following tools are mainstays of QFD
— Affinity Diagram
— Tree Diagram
— Matrix Diagram
— Prioritization Matrix
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The Seven Management and
Planning Tools

* Other tools often included in the list of the
Seven Management and Planning Tools
— Interrelationship Diagram
— Process Decision Program Chart
— Matrix Data Analysis
— Arrow Diagram
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APPENDIX 4

Statistical Process Controll (SPC)
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The basic consepts

«Organizations compete on quality, delivery
and price.
*Quality is defined as meeting the
requirements of the customer.
—The voice of the Customer
*The supplier—customer interface is both
internal and external to organizations.
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Quality

» The quality of a product or service has
two distinct but interrelated aspects:
— quality of design;
— quality of conformance to design.
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Quality of design

« If the quality of design is low
— service or product will not meet the
requirements
—or it will only meet the requirement at a low
level.
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Quality of design

« Itis not sufficient that the marketing
department specifies a product or service
‘because that is what the customer wants’

 Producing departments must also be able
to produce to the specification
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Quality of conformance to
design

« This is the extent to which the product or
service achieves the specified design

« What the customer actually receives
should conform to the design

— Operating costs are tied firmly to the level of
conformance achieved
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The costs of quality Appraisal costs

 Obtaining a quality product or service is « Appraisal is the cost of checking it is right
not enough — Verification: Of incoming material, final
— The cost of achieving it must be carefully products or services,
managed — Quiality audits: is the quality management

system is functioning satisfactorily

— Inspection equipment: The calibration and
maintenance of equipment

— Vendor rating: The assessment of suppliers

Satakunnan ami rkeakoulu | Tekniikka ja meren
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Prevention costs Prevention costs
* Prevention costs are planned and are — Quality planning: The creation of quality,
incurred prior to production or operation reliability, production, supervision, process

control, inspection

— Quiality assurance: The creation and
maintenance of the overall quality
management system.

¢ Prevention includes

— Product or service requirements: incoming
materials, processes, intermediates, finished
products and services
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Prevention costs

Total quality-related costs

— Inspection equipment: The design,
development and/or purchase of equipment
for use in inspection work.

— Training: Quality training programmes for
operators, supervisors and managers

— Misc: Clerical, travel, supply, shipping, K
communications and other general office = Prevention costs
management activities associated with quality Organization capabilly

Figure 1.2 Relationship between costs of quality and organization capability

Failure
costs

Increasing quality costs

Satakunnan ammattikorkeakoulu | Tekniikka ja merenkulku .’
samk

Satakunnan ammattikorkeakoulu | Tekniikka ja merenkulku
Satakunta University of Applied Sciences | Faculty of Technology and Maritime Management

Satakunta University of Applied Sciences | Faculty of Technology and Maritime Management



Basic tools

 In SPC numbers and information will form
the basis for decisions and actions
—thorough data recording system is essential

« In addition to the basic elements of a
management system, there exists a set of
‘tools’
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Basic tools

— Process flowcharting — What is done?

— Check sheets — How often is it done?

— Histograms — What does the variation look
like?

— Graphs — Can the variation be represented in
a time series?

— Pareto analysis — Which are the big problems?
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Basic tools

— Cause and effect analysis and brainstorming
— What causes the problems?

— Scatter diagrams — What are the
relationships between factors?

— Control charts — Which variations to control
and how?
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Pareto analysis

« In many things we do in life we find that
most of our problems arise from a few of
the sources
— 80% of the defects will arise from 20% of the

causes; 80% of the complaints originate from
20% of the customers.

» These observations have become known as part
of Pareto’s Law or the 80/20 rule
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Pareto analysis

» ABC or Pareto analysis is based on
empirical rules which have no
mathematical foundation

» The aim is simply to ensure that the

maximum reward is returned for the effort
expelled
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Cause and effect analysis

» The cause and effect diagram, also
known as the Ishikawa diagram (after its
inventor), or the fishbone diagram (after
its appearance) Cause Cause Cause

—

Cause Cause Cause
Figue 11,5 Basc form of causa and effect dizgram
Satakunnan ammattikorkeakoulu | Tekniikka ja merenkulku :’
Satakunta University of Applied Sciences | Faculty of Technology and Maritime Management sam k’

Cause and effect analysis

» An essential feature of the cause and
effect technique is brainstorming
—is used to bring ideas on causes out into the
open
» A group of people freely exchanging
ideas bring originality and enthusiasm to
problem solving

Satakunnan ammattikorkeakoulu | Tekniikka ja merenkulku .’
samk

Satakunta University of Applied Sciences | Faculty of Technology and Maritime Management

Scatter diagrams

 Scatter diagrams are used to examine the
relationship between two factors to see if
they are related

« Scatter diagrams have application in
problem solving following cause and
effect analyses
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Scatter diagrams

« After a sub-cause has been selected for
analysis, the diagram may be helpful in
explaining
—why a process acts the way it does
— how it may be controlled
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Process data collection and
presentation

» Process improvement requires a
systematic approach which includes an
— appropriate design, resources, materials,

people, process and operating instructions

< Narrow quality and process improvement
activities to a series of tasks of a
manageable size

o
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Process data collection and
presentation

» The basic rules of the systematic
approach are:
— no process without data collection
— no data collection without analysis
—no analysis without decision

— no decision without action (which may
include no action)
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Data collection

* Full consideration must be given to the
reasons for collecting data
— the correct sampling techniques and
stratification
e There should not be a disproportionate
amount of a certain kind of data simply
because it can be collected easily
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Recording data

» For example, the format and data
recorded in Figure 3.1 have clearly been
designed for a situation in which the daily,
weekly and grand averages of a
percentage impurity are required
— Columns and rows have been included for

the totals from which the averages are
calculated
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Date Percentage impurity Week | Week
total | average
15th 16th  17th 18th  19th

Time
8am. 0.26 0.24 0.28 030 0.26 1.34 0.27
10am 0.31 0.33 0.33 030 031 1.58 0.32
12 noon 0.33 033 034 031 031 1.62 0.32
2p.m. 0.32 0.34 0.36 032 032 1.66 0.33
4p.m. 0.28 0.24 0.26 028 027 1.33 0.27
6p.m 027 0.25 0.24 028 0.26 1.30 0.26
Day total 177 173 1.81 179 173

Day average 0.30 029 030 030 029 8.83 029

Operator A. Ridgewarth

Week commencing 15 February

Figure 3.1 Data collection for impurity in a chemical process
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Variables and process
variation

 There are three main measures of the
central value of a distribution (accuracy)
These are the:
—mean p (the average value)
— the median (the middle value)
—the mode (the most common value)
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Variables and process
variation

» There are two main measures of the spread
of a distribution of values (precision)
—range (the highest minus the lowest)
—the standard deviation o

» The range is limited in use but it is easy to
understand, the standard deviation is more
accurate, but is less well understood
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Variables and process
variation

» SPC is based on basic principles which
apply to all types of processes
— Control charts are used to investigate the

variability of processes, help find the causes
of changes, and monitor performance
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Managing out-of-control
processes

Problems in process operation are rarely
due to single causes, but a combination
of factors involving the

— Product or service, plant, programmes and
people
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Managing out-of-control
processes

» The most frequently met causes of out-of-
control situations may be categorized under
— People
— Plant/equipment
— Processes/procedures
— Materials
— Environment
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APPENDIX 5

Taguchi methods
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Symbols and their meaning

* Various symbols in this tutorial
— L = loss function
—m = target value
—y = objective characteristics
— A = cost due defective product
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Symbols and their meaning

— A = deviation from target value

—k = constant

— 0?= mean square error, variation of products
- C,, = process capability index
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Process capability index (C,)

* In normal distribution

_ Tolerance

i 6* SD

* In uniformly distribution

Tolerance
Co=—————
o (Tolerancej
V12
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Loss function

« Is a formula for calculating

— Financial loss when objective characteristics
deviate from target value

« Sometimes the financial loss is referred
simply as quality loss

* Wheny meets the target m
— The loss L(y) will be at minimum
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Loss function

« Inideal condition financial loss can be
assumed to be zero
L(m)=0

« The loss function is a squared term
multiplied by constant k

L(y) = k(y-m)?
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Loss function Loss function

» The value of constant k is determined by

» Cause of 02, process capability index is
the following equation o _ Tolerance
y = Cost of adefectiveproduct _ A Y
- 2 TA2
(Tolerance) A « From that we also get the loss function
» 02 =mean value of (y - m)?

L=ko?

a=\/%[(yl—m)”(yz—m)2+...+(yn—m)Z]
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Product planning and quality Product planning and quality

» The major stages of product development
are

— 1. Product planning
» Market analysis is conducted

— 2. Product design
* Product is designed and developed
— 3. Production process design

* Process for manufacturing the product is
* Primary goals of the product are determined designed and developed

» Pricing is set — 4. Production

« Lifespan of the new product is decided * Productis manufactured
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Product planning and quality Product planning and quality

—5. Sale « Ideally, product design departments
* Productis sold should design new products that have no
- 6. Product service — Manufacturing cost
* After-sale service matter are handled _ Malfunctions
— Warranties

_ Claims of defective products — Damaging environmental effects
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Duties of design engineers and
production technicians

 Both product design and production
process design can be divided in to
following five stages

1. System selection (system design)

. Parameter design

. Tolerance design

. Tolerance specification

. Quality management for the production process

a s~ wWwN
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System selection / design

» Consider all possible systems that can
perform the required functions

« In addition to existing systems, new
systems should be considered

— The advantage in developing new systems is
that they are usually protected by patents
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Parameter design

« Design engineers should specify
appropriate design parameters (system
parameters)

— To improve quality and reduce cost
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Tolerance design

» Must decide the tolerance specifications
for all components

e Choose appropriate grades of materials
for these components

— Objective is to decide the tradeoff between
quality level and cost
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Tolerance specification

 Grades of the materials and the tolerance
limits of the components must be
— Specified and placed on blueprints

* Sign contracts with material and
component suppliers

» Very common to combine the tolerance
specification and tolerance design stages
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Quality management for the
production process

» Feedback control systems must be
designed
— To control the statistical distribution of critical
dimensions of new products
« Design of gauges for measuring quality
— For use by quality management system
« Important in this stage
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Off-line quality control On-line quality control

* This includes
— Process diagnosis and adjustment
— Prediction and correction
— Measurement and action
— After sales service

* This includes
— System design (system selection)
— Parameter design
— Tolerance design
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Process diagnosis and

adjustment Prediction and correction

« Also known as process control
» Process is diagnosed at regular intervals

» Also known as control
* Quantitative characteristic to be

— If it is normal, production is continued
—If it is not, the cause is found and production is
restarted
* Preventive adjustments can be made when
imminent failure is diagnosed
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controlled is measure at regular intervals
— Measured value is used to predict the mean
characteristic value of the product
« If production is continued without adjustment
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Prediction and correction

« If predicted value differs from target value

— Corrective action is taken to reduce
difference

¢ This method is also called
— Feedback control
— Feed forward control
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Measurement and action

Also called inspection

¢ Each unit manufactured is measured

— If it is out of specification it is reworked or
scrapped

 This method of quality control deals only
with the product
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After sales service

» Customer service
— Technical support
* Warranty
— Replacement or repairing of defects
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