
CHAPTER 

THEORETICAL CONSIDERATION

This chap te r p resen ts the related theoretical considerations com prising Pareto 
analysis, check  sheet, brainstorming, Quality functional deploym ent and  m achine 
design.

2.1 Pareto analysis

A ccording to Staker (1995) .Pareto Analysis is the Method of identifying the vital 
few c a u se s  (typically 20%) which ca u se  80% of the problem. The m ethod w as invented 
by Vilfredo Pareto (1848-1923), an Italian econom ist and sociologist. He d iscovered  that 
80 percen t of the wealth in Italy w as held by only 20 percen t of the population, hence 
the 80/20 rule.

เท addition Pareto Analysis can  be u se  a s  follows:

•  Use it w hen selecting the m ost important things on which to focus, thus 
differentiating betw een the ‘vital few’ and  the 'trivial many'

•  Use it after improving a p rocess, to show  the relative ch an g e  in a m easured  
item.

•  Use it when sorting a se t of m easurem ents, to em phasize  their relative sizes 
visually.

•  Use it. rather than a  Bar Chart or Pie Chart to show  the relative priority of a 
se t of num eric m easurem ents.
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Figure 2.1 Possible u ses  in im provement project framework

Pareto w as given a se t of recurring problem s, it is unlikely that each  problem  will 
occu r the sam e  num ber of times in any one period. เท fact, it is com m on that a few 
problem s will occur far more often than the rest put together. This unequal distribution 
occu rs  เท many situations and  can be used  to single out the ‘vital few’ from the ‘trivial 
m any’.

The Pareto Chart is simply a Bar Chart in which the bars  so rted  into size order, 
with the highest bar on the left, a s  in figure 2.2.

Item
m easured

M easure 
or count

Item 1 12
Item 2 2
Item 3 32
Item 4 4
Item 5 19
Item 6 9
Item7 1

Figure 2.2 Pareto Chart
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Th.s not only show s the absolute priority of each  bar, through its position in the 
chart, but also its relative priority, through its height a s  com pared  with the other bars.

As the Pareto Chart is often used for decision making, it is an important part of 
building a Pareto Chart to identify the right item to m easure and  show  on the chart, as  
different m easures may well result เท the bars be ordered quite differently.

เท a stab le p rocess, the order of the bars may be ex p ec ted  to remain constant. 
Thus, if the order of the bars c h an g es  with su ccessiv e  m easurem ents, this may indicate 
an unstab le p ro cess  (or an insufficient num ber of m easurem ents). Im provem ents (i.e. 
ch a n g e s  in the p rocess) will often result in the order of the bars  changing . If the 
im provem ents are maintained, the new bar order will remain stable.

Pareto Charts may have different overall “sh a p e s” a s  shown in Table 2.1. The 
‘spiky’ Pareto Chart is the most useful, as  it enab les an easy  selection of items to carry 
forw ards for further action.

Table 2.1 S hap es of Pareto Chart
------ ça--------------------------------

S h a p e  o f c h a r t D e s c r ip t io n In te rp re ta t io n

-1

“ n r ...! "
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P la te a u A ll b a rs  a re  o f c o m p a ra b le  h e ig h t. 

N o  c le a r  s e le c t io n  o f ite m s .

- า

1 Ill 1

C o n v e x A  n u m b e r  o t b a rs  o n  th e  le f t  a re  o f s im ila r  
h e ig h t.

It is  e a s ie r  to  re je c t th o s e  o n  th e  r ig h t th a n  
s e le c t fro m  th o s e  o n  th e  le ft.

_

n

f i r  r
.. น J L J r T u r ะ

C o n c a v e  o r 
s p ik y

O n e  o r  tw o  b a rs  a re  s ig n if ic a n t ly  h ig h e r  th a n  
th e  re s t (o fte n  m a k in g  u p  8 0 %  or m o re  o f th e  
to ta l).

T h is  is  th e  id e a l s h a p e  fo r  s e le c t in g  th e  v ita l 
fe w  ite m s  fo r fu r th e r  a c tio n .
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2.2 Check sh ee t

A ccording to Staker (1995), check  sh ee t use  for manually collect da ta  เท a 
reliable, organ ized way which can  use  a s  follows.

•  Use it when data is to be recorded  manually, to ensu re  the da ta  is accurately  
recorded  and  is ea sy  to u se  later, either for direct interpretation or for 
transcription, for exam ple into a com puter.

•  Use it when the recording involves counting, classifying, checking or 
locating.

•  Use it when it is useful to check  each  m easurem ent a s  it is recorded , for 
exam ple that it is within normal bounds.

•  Use it when it is useful to se e  the distribution of m easu res a s  they are  built 
up. ( Staker, 1995 )

C hecking  final solu tion  
For ch a n g es /im p ro ve m e n ts

M easuring the p r o c e s s
A n d  identifying  p ro b le m s

Figure 2.3 Possible u ses  in improvement project framework 
Source : Staker (1995)

If da ta  is collected เท a d isorganized way, it is likely to end  up a s  a jum ble of 
num bers on a convenient sc ra p  of paper, w here the num bers are easily m isunderstood 
and  the p ap er may be  lost. By collecting it in an organized way, few er m istakes are 
likely in the collection, transcription understanding and sto rage of the data .

A C heck Sheet is simply a shee t of paper-organized to simplify and  standard ize  
m anual da ta  collection and to e a se  interpretation of results. The simplification is
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^naracterized  by the use  of ch eck s  or marks to record events, rather than recording 
in ese  a s  num bers or text, as  in Fig. 2.4. This enab les one C heck S heet to contain a large 
num ber of recorded  data  points.

Figure 2.4 Simplifying and  standardizing manual d a ta  recording 
Source: Staker (1995)

There are th ree main u se s  of C heck Sheets. Firstly, they can  be u sed  to count 
items, either a s  a simply count of different items, such a s  defec ts, or to show  the 
distribution of a se t of m easurem ents. Simple counts may be d isp layed  as  a Pareto 
Chart, whilst distribution may be displayed as  a Histogram. W hen counting items, the 
C heck S heet also is useful a s  the overall picture is built up in front of your ey es  a s  you 
ad d  individual items. Secondly, they may be used  to show the physical location of 
som ething, such  a s  defects on a m anufactured item. This is useful for finding significant 
bunching of m easurem ents, which may then help to find problem s. Lastly, they may be 
u sed  to help to prom pt for an action and consequently  be ticked to certify that a 
particular action has been  carried out.

เท interpreting and  analyzing C heck Sheets, identified problem s may be broken 
down further by using the other information on the sh ee ts  about the c ircum stances 
w here the m easurem ents w ere m ade. A d an g er in interpretation is in not having or using 
this information and making assum ptions that localized problem s are  more w idesp read  
than they are. For exam ple, a defect log from a single product line may be wrongly 
generalized  to cover all product lines.
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2.3 Brainstorming

A ccording to Armstrong (1994), Brainstorming is a sam ple  technique that can  be 
u sed  to enco urage  group creativity. It is a formal app roach  u sed  to help a group 
gen era te  a s  many ideas as  possible in a s  short a time as  n ecessa ry  on a chosen  
sub ject. Maximum benefit will be  gained by adopting formal guidelines b a se d  upon 
three main features.

•  Cross-fertilization- this h ap p en s  when two or more people have part of an idea 
which on its own may seem  irrelevant but when all are brought together a useful 
original idea is genera ted .

•  Suspending  judgm ent -  this is crucial; the brainstorming sessio n  is purely for 
generation of ideas, not evaluation. Suspending judgm ent help to avoid looking 
in on one particular a rea  of ideas, thus exhausting opportunities to explore all the 
possibilities. No idea should be considered  ridiculous. It is part of the chairm an 's 
role to prevent participants from making com m ents such  as , T h a t would never 
work b e c a u s e .. .’ or 'We’ve done it before ’.

•  Formality of setting- particularly at the early s tag es , this help to rem ove som e of 
the tension that people may feel, which m akes them hesitant to su g g e s t ideas. 
As people becom e for familiar with the technique and more u se  to expressing  
ideas, the setting has less of an influence.
เท striving to m eet th ese  requirem ents, certain guidelines should be  followed and  
it is the role of the chairm an to ensu re  this happens. T hese rules are a s  follows:

•  Define the central issue an d  make sure everyone ag ree  upon it.
•  Ever one should be allowed and enco uraged  to contribute; no one person 

should dom inate.
•  Every idea should be recorded  in the words of the speaker.
•  Never criticize ideas.
•  Make no attem pt to evaluate ideas.
•  Don’t develop ideas at length or get involved in lengthy d iscussions.
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•  The session  should run for a se t time or until all id eas have been  exhausted , 
w hichever is the shorter.

G reat enjoym ent and feeling of contributing can  b e  ga ined  from 
brainstorm ing, particularly when an idea is found that would not have com e from 
an individual m em ber of the team  alone.

The underlying gold of brainstorming is the num ber of ideas gen era ted , 
not the quality.

2.4 Quality functional deployment

Quality Functional Deploym ent is a planning p ro cess u sed  to identify custom er 
w ants, n eed s , and expecta tions and  incorporate them into the product developm ent 
cycle. Theories are developed  a s  to how th ese  priorities can  be  incorporated  into future 
product design/developm ent.

QFD (Quality Function Deployment) w as introduced thirty years  ag o  in Ja p a n  as  
a quality system  concen tra ted  on delivering products and  se rv ices that satisfy 
custom ers efficiently. It beco m es more and  more popular m ethodology to crunch 
custom er n e e d s  to be design  requirem ents, product/part characteristics, and 
m anufacturing operations systematically. By doing this, we can  be sure  that we are 
working precisely on w hat custom er w ants throughout the com pany then our product 
would be s u c c e s s  in the market.

The QFD m ethodology has to be done by a cross-functional team  of com pany 
b e c a u se  it co n cern s the m ost part of com pany since marketing people  through 
production people. Market research  will initially provide the significant information to 
QFD, which are  custom er vo ices or custom er requirem ents.
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There are several different ap p ro ach es  to QFD, which are

•  The four-phase app ro ach  uses QFD Matrix to convert custom er requirem ents 
into product characteristics. The product characteristics will be converted 
through another QFD Matrix into part characteristics. By doing the sam e  way, 
part characteristics will be  converted into p rocess characteristics that will be 
finally converted  into production control.

•  The matrix of m atrices a p p 'o a c h , developed  by GOAL/QPC, is u sed  to a d d re ss  
a wide variety of developm ent issues. It identifies specific m atrices which should 
be u sed  to a d d re ss  specific developm ent issues.

•  The International TechneG roup, Inc. (ITI) QFD app ro ach  for C oncurrent 
Product/M anufacturing P rocess Developm ent w as developed  to support ITI’s 
work in helping corporations to implement C oncurrent Engineering practices. It 
involves evaluating the w ants and  n eed s  from all different types of custom ers. It 
also in tegrates the principles of co n cep t selection to help developm ent team s to 
objectively evaluate alternatives.

•  There are many other ap p ro ach es  that can  m ake QFD su c c e s s  in different ways. 
It d e p en d s  on how good we can ad ap t the idea for the particular situation.

It can  obviously be seen  that any ap p ro ach es  of QFD use  matrix table, or what 
we call "House of quality matrix" a s  a basic  tools to figure out relationship betw een 
custom er n eed s  and product features. Affinity diagram  or tree diagram  are  widely u sed  
to group all the custom er requirem ents and product features before putting in a house of 
quality.

The House of Quality is a  matrix table that cross-functional team  of com pany 
u se s  to crea te  a QFD process. QFD m ethodology requires that the team  ask  specific 
questions about custom er need s, com petitors, and  how their organization will m eet the 
challenges of providing products that delight the custom er.
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S teps to H ouse of Quality

Step 1 : C ustom er Requirem ents -  "Voice of the C ustom er”
■  Determining the market seg m en ts  to identify the custom er
■  G athering custom er requirem ents of product or service by cross-functional team
■  Organizing and  evaluating data by using simple quality tools, such  a s  affinity 

d iagram s

Step 2: Regulatory Requirem ents
■  Docum enting requirem ent of regulatory stan dards, if n eed ed  be

Step 3: C ustom er Important Ratings
■  Ranking the im portance of custom er requirem ents

Step 4: C ustom er Rating of the Competition
■  Identifying sa le  opportunities, goals for continuous im provem ent, custom er 

com plaints, ECT

Step 5: Technical D escriptor -  “Voice of the Engineer"
■  Determining product specifications that can  be m easured  and  benchm arked  against 

the competition

Step 6: Direction of Improvement
■  Determining the direction of im provem ent for each  function

Step 7: Relationship Matrix
■  Determining the relationship betw een custom er requirem ents and  com pany 

capabilities by using the question “W hat is the strength of the relationship betw een 
technical function and  custom er requirem ents?"

■  Using indicator a s  W eak-11 M oderate-3, or Strong-9
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S tep  8: Technical Analysis of Competitor Products
■  Com paring com petitor p roducts to our product
■  Determining specific value for the technical functions

S tep  9: Target Values for Technical Functions
■  Establishing target values for technical functions

S tep  10: Correlation Matrix
■  Examining im pact am ong each  single technical function
■  Docum enting any strong n e g a tv e  relationships
■  Taking actions to eliminate physical contradictions

S tep  11: Absolute Im portance
■  Calculating the absolute important of each  technical function
■  Getting eventually the technical a sp e c ts  of product or serv ice m atters the most to 

custom er
A ccording to the 11 s tep s  above, the structure of House of Quality can  be  g rouped  

into 5 major parts a s  shown in Figure 2.5.

3. Technical

if-; 4. Inter-Relationships X
i CO:><D c CDe !๐ Ç ฬ ร

c
c

ü  t olร c\i

ธ. Targets

Figure 2.5: The struc ure of Ftouse of Quality
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We could assum e som ehow  that house of quality is design  oriented and  serves 
a s  a valuable resource for designer. It could be also a com m unications dev ice betw een 
marketing people and  engineers. For marketing people, it rep resen ts  the voice of 
custom er, which can  be ad ap ted  into several issues for m arket analysis or competitive 
analysis. For engineers, it can  provide information converted  from custom er 
requirem ents, which give them the punctual direction to design product or service. As a 
result, we could be able to reduce  the timing of developm ent s ta g e  in product life cycle. 
Furthermore, the product or serv ice has high possibility to su c c e s s  in the market.

As describ ed  in the app ro ach  of QFD, the four-phase ap p ro ach  u se s  house of 
quality to crunch the input for the next ph ase  starting from custom er requirem ent 
through m anufacturing p rocess. Obviously the QFD is a m ethod to do design  product or 
serv ice system atically throughout the developm ent stage.

Technical requirements

House of Quality Part deployment

Key process operations

Process planning

Machina setting

3
Target production setting

Figure 2.6 : The four-phase approach of QFD

2.5 Machine design

2.5.1 S hear and  Moment Diagrams.
Beam s are important structural m em bers used  in W eb Cutting Sv stem. The 

design  is often b a sed  upon the ability to resist bending stress. A ccording to Flibbeler 
[1997], he had sta ted  about beam  sign convention as  follow.
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“ Beam  Sign Convention. Before presenting a m ethod for determ ining sh ea r and 
m om ent a s  functions of X  and  later plotting these  functions (shear and  mom ent 
diagram s) it is first nece ssa ry  to establish a sign convention so  a s  to define " positive “ 
and  “ negative" internal sh ea r force and bending moment. [This is analogous to 
assigning coord inate direction X  positive to the right and y positive upw ard w hen plotting 
a function y=  f  (x).] Although the choice of a sign convention is arbitrary, here we will 
u se  the one often u sed  in engineering practice and shown in Figure 2.7. The positive 
directions require the distributed load to act downward on the beam ; the internal sh ear 
force to c a u se  a clockwise rotation of the beam  segm en t on which it acts; and  the 
internal mom ent to ca u se  com pression in the top fibers of the segm en t, or to bend  the 
segm en t so  that it holds water.

Positive internal shear

Positive internal moment
Beam sign convention

Figure 2.7 Beam sign convention

The following procedure provides the m ethod for determ ining the sh e a r  and 
m om ent functions and  constructing the sh ea r and moment d iagram s for a beam .

Support Reactions. Draw a free-body diagram  of the beam  and  determ ine all the 
support reactions. Resolve the force into com ponents acting perpendicu lar and  parallel
to the b eam ’s axis.
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S h ear and  Moment runctions. Select position coord inates X  such  that each  
coord inate ex tends into a region of the beam  located between  co n cen tra ted  forces, or 
discontinuities of distributed loading. The origin for each  coord inate can  be  estab lished  
at any suitable point, but usually it is at the b eam ’s left end . Section the beam  
perpendicu lar to its axis at each  position X  and draw  the free-body diagram  of one of 
two segm en ts. Make sure that V and M are shown acting in their positive sense, in 
a c c o rd a n c e  with the sign conventions given in Figure 2.7. Use the equilibrium equation 
Y f v =  0 to determ ine V as a function of X . The internal mom ent M  a s  a function of X  is 
ob tained by sum m ing m om ents at the b eam ’s cut section, z « = « .

O nce estab lished , the results for V  and M  can be ch e ck e d  using the results of 
Eq.2.5.2, i.e., V=dM/dx and -w =  dV/dx.

S h ear and  Moment Diagram s. Plot the sh ea r function {V versus x) and  the 
m om ent function {M  versus X  ). If numerical value of the functions describ ing  \/ and  M  

are  positive, the values are plotted above the X  axis, w h ereas negative values are 
plotted below the axis. Generally it is convenient to show  the sh e a r  and  moment 
diagram  directly below the free-body diagram  of the beam .

2.5.2 Graphical Method for Constructing Shear and  Moment Diagram s.

เท c a s e  w here a beam  is sub jec ted  to several concen tra ted  forces, couples, and 
distributed loads, determ ining V and M  as  function of X  and  then plotting th ese  
equations can  beco m e quite tedious. เท this section a sam pler m ethod for constructing 
the sh ea r and  m om ent diagram  is d iscu ssed -a  m ethod b ased  on two differential relation 
that exist am ong distributed load, shear, and  moment.

R egions o f Distributed Load. For pu rposes of generality, con sid er the beam  
shown in Figure 2 .8a, which is sub jec ted  to an arbitrary distributed load พ -พ (x) and  a 
series  of con cen tra ted  force and  couple m om ents. A free-body diagram  for a small 
segm en t of the beam , having the length Ax 1 is shown in Figure 2.8b. Since this
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segm en t has been  cho sen  at a position X  along the beam  w here there is no 
con cen tra ted  force or cop ie moment, the result to be obtained will not apply at th ese  
point of con cen tra ted  loading.

Frcc-bod) diagram Cross-sectional
of segment Ajr area of segment

Figure 2.8 : Regions of Distributed Load

Notice that all the loading shown on the segm en t ac t in their positive directions 
accord ing  to the estab lished  sign convention, Figure 2.7. Also, both the internal resultant 
sh e a r  and  m oment, acting on the right face  of the segm ent, m ust be in c reased  by a 
small finite am ount in order to keep  the segm en t in equilibrium. The distributed load has 
been  rep laced  by a resultant force พ(x) Ax that ac ts  at a fractional d is tance  k ( Ax) from

the right end , w here 0<k<1(for exam ple, if พ (x) is uniform, k = — ). Applying the two 

equations of equilibrium to the segm ent, we have

F y = 0; V - x ( x ) A x - ( V +  A V )  = 0

A V  = -w (x )A x
+ 0 = 0; - V A x - M  + w (x )A x [k (A x )] + (M  + A M ) = f)

A M  = VAx -  พ ( x ) k ( x ) 2

Dividing by Ax and  taking the limit a s  Ax ^  0, the above two equations becom e
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d V  _ _  , ,~T~ = - w ( x )ax
slope of = -distributed 

sh ear diagram  load intensity 
at each  point at each  point

(2.5.1)

dx
slope of = sh ea r 

mom ent diagram  at each 
at each  point point

(2.5.2)

2.5.3 Torsional Deformation of a Circular Shaft

Torque is m om ent that tends to twist a m em ber about its longitudinal axis. Its 
effect is of primary concern  in the design  of axles or drive shafts u se d  in vehicles and 
m achinery

The Torsion Formula. It a shaft sub jected  to an  external torque, then for 
equilibrium an internal torque must also be developan equation on the c ro ss  section of a 
circular shaft or tube.

It them aterial is linear-elastic, then Hooke's law applies, T=G y, And 
consequently  a linear variationin shear strain, leads to a correspond ing  linear variation 
in shear stress along any radial line on the cross section. H ence, like the shear-strain  
variation, for a solid shaft, T will vary from zero at the sh a fts  longitudinal axis to a 
maximum value, Tmax 1 at its outer surface. This variation is shown in Figure 2.9 on the 
front faceso f a se lec ted  num ber of elem ents, located at an interm ediate radial position p  
an d a t the outer radius c. Due to the proportionality of triangles, or by using Hooke s law 
( T =G y ) and  [ y=  ( p /c  ) y max], w ecan write
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\ c  J (2.5.3)

This equation e x p re sse s  the shear-stress  distribution a s  a function a s  function of 
the radial position p  of the elem ent; in other words, it defines the s tre ss  distribution in 
term s of the geom etry of the shaft. Using it, we will now apply the condition requires the 
to rque p roduced  by the s tre ss  distribution over the T at the section, which holds the 
shaft in equilibrium.

Figure 2.9 Specifically, each  elem ent of a rea  dA, located at p , is su b jec ted  to a 
force of dF  = T dA. The torque produced  by this force is dT  = p (T  dA). We therefore 
have for the entire c ro ss section

Figure 2.9 : S hear s tress  varies linearly along each  line of the c ro ss  section

Since %mJ c  is constant,

c
(2.5.5)
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The integral in this equation d e p en d s  only on the geom etry of the shaft. It 
rep resen ts  the polar moment of inertia of the sh afts  cross-sectional a rea  computed 
about the sh a fts  longitudinal axis. We will symbolize its value a s  J, an d  therefore the 
above equation can b e  written in a  more com pact form, namely,

r m a x = ^ r  (2.5.6)

W here
Tmax= the maximum sh e a r  s te ss  in the shaft, which occurs at the outter su rface  

T = the resultant internal torque acting at the cross section. Its value is determ ined 
From the m ethod of sections and the equation of moment equilibrium applied 
about the shaft,ร longitudinal axis 

ป = the polar m om ent of inertia of the cross-sectional area 
c = the outer radius of the shaft

Using Eqs. 2.5.3 and 2.5.6, the sh ea r s tress  at the interm ediate d is tance  p  can 
be  determ ined from a similar equation:

Either of the above two equations is often referred to a s  the torsion formula. Recall that it 
is u sed  only if the shaft is circular and  the material is hom ogeneous and  b eh av es  in a 
linear-elastic m anner, s ince the derivation is b ased  on the fact that the sh e a r  s tre ss  is 
proportional to the sh e a r  strain.

Tubular shaft. It a shaft h a s  a tubular c ross section, with inner radius C; and  outer 
radius c0, then we can  determ ine its polar moment of inertia by sub tracting  J for a shaft 
of radial c 1 from that determ ined for a shaft of radius of radius c0. The result is
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j - ^ k - c ; )  <2-5'81
Like the solid shaft, the sh ea r s tre ss  distributed over the tube, ร cross-sectional 

a rea  varies linearity along any radial line, Figure 2.10a. Furthermore, the sh ea r s tress  
varies along an axial plane in this sam e m anner, Figure 2.10b. Exam ples of the sh ear 
s tre ss  acting on
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