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: Asst. Prof. Dr. Kerimcan CELEBI

There are many design methodologies to provide systematic product and
machine design (Pahl et al. 2007, French 1999; Cross 2008, Otto and Wood 2000;
Ulrich and Eppinger 2007; Ullman 2009). In this context, one of the most
important stage of machine design process is the concept generation (Buynas and
Nispett 2011). Morphological design methodology is one of the most useful
methods to use during concept generation stage. Best design solution can be
reached between the options which are offered. However, there has been
considerable criticism of this design process model. Because, many possible
combinations and different solutions can be obtain by multiplying of all function
alternatives with one another. Only one or two of these design alternatives is
practicable for production stage. Hence, concept design stage which is most
important step of machine design stage does not complete easily during product
design stage.

In this study, we applied some modifications to morphological product
design to achieve a new and different systematic product design methodology.

Three different products will be used for performance measurement of a
new approach to systematic product design and comparison with morphological
design methodology. All of these methodologies will be apply to three products
and the success of new approach will be obtain comparatively.

Key Words: Design Methodologies, Systematic Design, Morphological Design,
Concept Generation, Machine Design
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YENI BIR SISTEMATIK URUN TASARIM YAKLASIMI BASARISININ
ORNEK TASARIMLAR iLE iINCELENMESI

Mehmet Mert KAVUZLU

CUKUROVA UNIVERSITESI
FEN BILIMLERI ENSTIiTUSU
MAKINE MUHENDISLiGi ANABILiM DALI

Danisman : Prof. Dr. Necdet GEREN
Yil: 2016, Sayfa: 181
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: Prof. Dr. Melih BAYRAMOGLU
: Yrd. Dog. Dr. Kerimcan CELEBI

Sistematik Urin ve makine tasarimi saglayan birgok tasari yontemi
gelistirilmistir (Pahl et al. 2007, French 1999; Cross 2008, Otto and Wood 2000;
Ulrich and Eppinger 2007; Ullman 2009). Bu kapsamda, kavram gelistirme
asamas: makine tasarim prosesinin en énemli adimlarindan biridir (Buynas and
Nispett 2011). Morfolojik tasarim ise tasarimin kavram gelistirme asamasinda
kullanilan en yararli yontemlerden biridir. Sundugu ¢6zim secgenekleri arasinda
ulasilabilecek en iyi tasarimi barindirir. Morfolojik yaklasim, tasarimcilara
sundugu bu katki beraberinde ciddi bir dezavantaj da getirir. Bunlardan en 6nemlisi
her fonksiyon icin belirlenen ¢6zim sayilarinin tim fonksiyonlar igin bulunan
¢6zlm sayilar ile ¢carpimi kadar ¢oziimin elde edilmesidir. Bu ¢ozimlerden sadece
1 veya iki tanesi uygulanabilir ¢oézumul igermektedir. Bunun sonucu olarak,
makine tasarim sdrecinin en 6nemli basamagi olan kavramsal tasarim asamasi,
urlin tasarim sirecinde kolay bir sekilde tamamlanamamaktadir.

Bu caligmada, morfolojik Urin tasarim yontemi uygun degisiklikler ile
gelistirilerek yeni ve farkli bir sistematik Qriin tasarim yodnteminin basaris
arastirilacaktir.

Modifiye edilmis morfolojik yontemin basarisint 6lgmek ve konvansiyonel
morfolojik yontemle Kkarsilastirmak icin U¢ adet farkli Griniin tasarim asamalari
kullanilacaktir. Her iki yontem her G¢ Urine uygulanarak denenecek ve yeni
yontemin basarimlar: karsilastirmali olarak elde edilecektir.

Anahtar Kelimeler: Tasarim Yoéntemleri, Sistematik Tasarim, Morfolojik Matris,
Kavram Gelistirme, Makine Tasarim
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1. INTRODUCTION Mehmet Mert KAVUZLU

1. INTRODUCTION

Starting point of engineering design is necessity of new product
development. New product development (NPD) is commonly known as a
significant source of competitive advantage, and emphasis is being placed on
systems which simultaneously provide quality, variety, frequency, speed of
response to customer request. However, pressure is placed upon NPD systems to
work with a wider portfolio of new product opportunities and to manage the risks
associated with progressing these through development to launch owing to shorter
life cycles and request for greater product variety. To get through this, attention has
focused on systematic screening, monitoring and progression frameworks.

The development of new products requires more than mindfulness of the
issues; specialised skills, knowledge, processes, mind-sets, problem solving
mechanisms and management philosophies are needed (Bessant and Francis,
1997).

The new product development process consists of five stages. One of the
best ways to understand the activities of each stage is shown below. This way is to

array the process stages. These stages are;

Concept Stage

Definition & Business Case Stage
Development Stage

Testing Stage

Deployment Stage

The goal of the concept stage is to evaluate a new product
opportunity. Concept evaluation activity will be carried out by a product leader

with support from others in the organization as needed. The deliverable in concept
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stage is the product concept proposal which is presented to the Product Review
Board at the concept review.

The purpose of the definition and business case stage is to describe the
product which will be developed, and to accomplish the business plan for the
product. While the definition and business case stage, the external assumptions
made during the previous stage are approved through additional market research
and competitive analysis. Engineering assumptions will be approved in this stage
by more extensive design and feasibility experiments.

The aim of the development stage is to develop the product based on the
agreement and development plan approved at the Business Plan
review. Development stage comprises the major design/development steps such as
software and hardware development, tooling, packaging design and prototype
building.

The purpose of testing stage is to complete product testing and analyse the
preparedness for mass production. Testing stage includes some sub stage such as
pilot manufacturing, testing and manufacturing process validation.

The final stage of the New Product Development Process is the
deployment stage which includes the remaining steps required for full general
release of the product. This stage also includes enhance to mass production,
marketing and launch plan implementation, distribution and support.

Many organizations are modifying the process to facilitate rapid
development methods, where customer feedback is requested throughout the
development cycle to allow for quicker adjustments.

Steps of engineering design that provides new product will be investigated

in the following sub-sections.
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1.1. Engineering Design

Engineering design is a complex process and thinking and creating new
products and/or adapting something old to solve a problem. However, from the
viewpoint of the ABET (Accreditation of Engineering and Technology),
engineering design is the process of arrangement a system, component, or process
to meet desired needs. It is an innovative, iterative and decision-making process, in
which the basic sciences, mathematics, and engineering sciences are applied to
optimally convert resources to meet a stated objective. Among the fundamental
elements of the design process is the establishment of objectives and criteria,
synthesis, analysis, construction, testing, and evaluation.

The engineering design component of a curriculum must include most of
the following features: development of student creativity, use of open-ended
problems, development and use of modern design theory and methodology,
formulation of design problem statement and specifications, production processes,
concurrent engineering design, and detailed system description (Haik and Sahin,
2011).

Design problems are generally more unclear described than analysis
problems. The solution of the design problem is a system having specified
properties, whereas the solution to the analysis problem consisted of the properties
of a given system. To design a simple journal bearing, the designers have to
consider many parameters such as fluid flow, heat transfer, friction, energy
transport, material selection, thermomechanical treatments, statistical descriptions,
and etcetera. Design problem solution is therefore open ended (Budynas and
Nisbett, 2011).

The design problem solution requires a process. There are probably as
many processes of design as there are engineers. Therefore, this study does not
present guidebook approach to design but presents a general application of the

problem-solving methodology related with the design process.
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1.2. Engineering Design Process

Many design processes involve repeating the same steps because of that
reason, best design process provide the designer to learn the fundamentals of
design process, easily apply it over and over again as the design evolves from the
concept to the detail phase. A good design process should be simple, flexible, and
applicable to just about any problem one can think of.

The whole process of engineering design, from start to finish, is often
outlined as in Figure 1.1. to begin design process, first stage is determination of
deficiency. After the implementation of many stages, the process arrives at the
conclusion with the presentation of the plans for satisfying the need. Depending on
the nature of the design process, several design phases may be repeated throughout
the life of the product, from inception to termination. Budynas and Nisbett (2011)

examines steps of the design process in detail in several sections.
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Yy

Identification of need

|

Definition of problem

Yy

L

Synthesis

L

Analysis and optimization

1

Evaluation

il
il
-
-
-

Iteration

Presentation

Figure 1.1. Steps of engineering design process (Budynas and Nisbett 2011)

The engineering design process starts with identification of needs. Most
important stage of “identification of needs” step is to obtain customer demand.
Almost in every company, a customer may submit a request for developing an
artefact. It is often unlikely that the need will be expressed clearly. The customer
may know only the type of product which he/she desires.

The next step of engineering design process is definition of problem. This
step generally involves a listing of the product and/or customer demands and
specially information about product functions and properties in comparison with
other properties of product. Problem definition is one of the most important and
critical stages of engineering design process because definition of problem step
provides to guide all subsequent analysis and decision-making. Creating a clear

definition of a design problem is more difficult than, defining an analysis problem.

5
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The definition of a design problem may evolve through a series of steps as develop
a more complete understanding of the problem.

The synthesis which is third step of engineering design process, of a
scheme connecting possible system elements is sometimes named as the invention
of the concept. This is the first and most important stage of the synthesis. Several
schemes must be proposed, investigated, and quantified in terms of established
metrics. System schemes that do not survive analysis are overviewed, improved, or
disposed. The potentials are optimized to determine the best performance of which
the scheme is capable (Budynas and Nisbett, 2011).

The forth step of engineering design process is analysis and optimization.
In this part of engineering design process, the synthesis step has been completed
and the analysis and optimization step begins. This step also known as “Detailed
Design”. In essence, the design solution must be experimented against the physical
laws. The manufacturability of the designed product also must be checked to
provide its usefulness. A new product design may fulfil the physical laws, but if it
cannot be manufactured, it is a useless product design. This step is put in iterative
sequencing with the original synthesis phase. Often, analysis requires a concept to
be redefined then reanalysed, so that the design is constantly shifted between
analysis and synthesis. Analysis starts with estimation and is followed by order of
magnitude calculation. Estimation is based on experience rather than education.
Order of magnitude analysis is a rough calculation of the specified problem.
Because of that reason, the order of magnitude does not provide an exact solution,
but it gives the order in which the solution should be expected (Haik and Sahin,
2011).

Evaluation stage is very substantial phase of engineering design process. In
this stage of design process, successful design is proofed and comprised the testing
of a prototype in the laboratory. Thus, evaluation stage provides the design
engineer with strong tools for the preparation of innovative products. To detect the

product whether successful or not, the designers ask some questions about product
6
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such as “Is it reliable?”, “Easy and economical to manufacture?”, “Can it fulfil the
requirements of customer?”, and etc. If the answer of these questions are positive,
design process passes next step.

A product design is a description of an object and a prescription for its
construction. Because of that reason it will have existence to the extent that it is
denoted in the available modes of communication. The presentation of the design
process may include design portfolios, journals, drawings, graphics, reports and
verbal presentation. Presentation is the vital stage of engineering design because it
provides to prove its innovative and superior performance. Hence, successful
presentation effects selling performance. If this stage of engineering design process
does not be successful, the time, effort, and cost spent on obtaining the solution
have been largely wasted. Indeed, the designers also sell themselves, to sell their

new designs.

1.3. The Aim of Study

Design is one of the most important elements of innovation which is
sometimes ruled out. It helps designate how we can interact with products,
experience, and selling respectively, effect which products people will buy and
what customers are prepared to pay for products.

In this study, we will try to eliminate disadvantages of morphological
design by recommended new design methodology.

Morphological approach is one of the most useful methods in the
conceptual development stage of the design. This is because the approach of using
morphological approach provides solutions to design a product. However, over the
last few years, there has been considerable criticism of this design process model
(Brooks 2003; 2007; 2010). Some of the weaknesses of the functional
decomposition and morphology method of conceptual design on a textbook

example were demonstrated. Recently some new methodologies have been
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introduced in the literature and still being evaluated such as C — K Theory,
Parameter Analysis, and Function — Behaviour — Structure Framework.

Recently, a modification has been suggested on the morphological
systematic design approach by Sarigil (2014). The main intention for the
modifications was to eliminate the disadvantages of the morphological design. This
study will use the core of the modified morphological systematic design approach
to evaluate it by using some products such as mechanical fruit press, mechanical
pencil and manipulator frame which have morphological charts and design

possibilities in appendix.
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2. PREVIOUS STUDIES

2.1. Systematic Design

Systematic design refers to a process of design that looks not only at the
problem that needs to be overcome, but also at the surrounding environment, and
other systems that are linked to the problem. As such, systematic design is the basis
for a lot of appropriate technology. Trial and error, and technological evolution are
other methods of arriving at a solution appropriate for a system - these are often the
basis for vernacular technology. Systematic design, on the other hand, tries to
eliminate the time required for these processes, and create a solution in one go. In
reality, some combination of approaches is the best - ie. systematic design
with prototyping. Systematic design doesn't only apply to technological design, but
also to architecture and planning, and broader social system design.

There are some requirements for systematic design approach. These

requirements are;

Be applicable to every type of design activity,
Foster inventiveness and understanding,

Be compatible with other disciplines,

Not rely on chance,

Facilitate the application of known solutions,

Be compatible with electronic data processing,

Be easily taught and learned,

Reflect the findings of psychology and ergonomics,

Emphasize the objective evaluation of results (Clemson University).
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2.2. Systematic Design Methods

Systematic design methods provide effective design process and owing to
this property, the designers may achieve innovative product according to traditional
design process. Systematic design methods comprise a few design approaches

which are different to each other.

2.2.1. Function Behaviour Structure

The Function Behaviour Structure method (FBS) framework represents
designing by a set of processes linking function, behaviour and structure together.
The FBS framework is shown in Figure 2.1.

The function (F) of a designed object is defined as its teleology; the
behaviour (B) of that object is either derived (Bs) or expected (Be) from the
structure, where structure (S) represents the components of an object and their
relationships. Therefore, any design utterance or activity fits into one of these six
categories, namely, functions (F), expected behaviours (Be), structure behaviours
(Bs), structures (S), Descriptions (D), and requirement (R) (Gero, Pourmohamadi
and Williams, 2012).

10
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Be = expected behaviour — = uansformation
Bs = behaviour derived from structure < = comparison

D = design description

F = function

S = structure

Figure 2.1. The FBS framework (Gero and Kannengiesser, 2006).

The FBS frame work consists of eight process. These process are briefly

outlined below as;

1. Formulation. Transforms the design requirements, expressed in function
(F), into behaviour (Be) that is expected to enable this function.

2. Synthesis. Transforms the expected behaviour (Be) into a solution structure
(S) that is intended to exhibit this desired behaviour.

3. Analysis derives the “actual’ behaviour (Bs) from the synthesized structure
(S).

4. Evaluation compares the behaviour derived from structure (Bs) with the
expected behaviour to prepare the decision if the design solution is to be
accepted.

5. Documentation produces the design description (D) for constructing or

manufacturing the product.

11
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6. Reformulation type 1 addresses changes in the design state space in terms
of structure variables or ranges of values for them if the actual behaviour is
evaluated to be unsatisfactory.

7. Reformulation type 2 addresses changes in the design state space in terms
of behaviour variables or ranges of values for them if the actual behaviour
is evaluated to be unsatisfactory.

8. Reformulation type 3 addresses changes in the design state space in terms
of function variables or ranges of values for them if the actual behaviour is

evaluated to be unsatisfactory.

Function Behaviour Structure provides a new foundation for the
development of intelligent agent-based design systems and it brings together
important concepts of situated agents and the three basic variables. These variables
are function, behaviour and structure. This ability to deal also with design concepts
like behaviour and function, besides structure, can make situated design agents
potentially powerful enough to support the designers in the conceptual steps of

designing (Gero and Kannengiesser, 2006).

2.2.2. Science Based Products

Science Based Products (SBP) can be defined as the product concept still
requires functional definition and the development scientific research programme
about the main phenomena associated with the product. This definition implies two
distinctions. According to these distinctions, SBP is different from applying
existing research results and a basic science program. If to make these distinctions

clear;

Applied research is usually considered as the application of existing
scientific results coming from previous research to the design of some well

identified functions.
12
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Basic science program has usually no clear functional goal. SBPs clearly
aim at new product, functional goals exist albeit only partially and in a

broad form.

These types of developments show a sequence of important changes that
redefine the identity, meaning, knowledge, scope and main actors of projects.
However, these changes are neither chaotic, nor random, nor unmanageable in

terms of design theory (Hatchual, Le Masson and Weil, 2006).

2.2.3. Concept — Knowledge Theory

Concept — Knowledge (C-K) Theory which proposed by Hutchel in 1996,
offers a formal framework that comments present design theories as special cases
of a unified model of reasoning. The C-K theory figures out design problems
which cannot be solved by using traditional design methodologies. In the article,
the researchers had been discussed how C-K theory overcomes the limits of
traditional design theories and creativity methods in innovative design situations. A

graphical representation of a C-K Design Theory is shown in Figure 2.2.

13
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Concept Space (C) Knowledge Space (K)
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Figure 2.2. A graphical representation of a C-K Design Theory (Hatchuel, Le
Masson and Weil, 2004)

C-K design theory can be defined with two spaces. These stages are spaces
of concepts “C” and spaces of knowledge “K”. Space K contains all established, or
true, propositions, which is all the knowledge available to the designer. Space C
contains “‘concepts,”” which are undecidable propositions (neither true nor false)
relative to K. Thus the design process is nothing more than the operators that allow
these two spaces to expand because each space helping the other to expand.

However there are necessarily four different kinds of operators. These are;

The external ones : C—K, K—C;

The internal ones C—C, K—K.

The definition of knowledge design is a set of propositions with a logical
status, according to the knowledge available to the designer or the group of

designers. The knowledge space describes all objects and truths which are

14
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established from the point of view of the designer. After that, K-Space is
expandable as new truths may appear in it as an effect of the design process. On the
contrary, the structure and properties of the K-Space have a major influence on the
process.

The concept stage of C-K theory is defined as a proposition without a
logical status in the K-Space. A main finding of C-K theory is that concepts are the
necessary departure point of a design process. Design reduces problem-solving
without concept. Concepts claim the existence of an unknown object that presents
some properties desired by the designer. Concepts can be partitioned or included,
but neither searched nor explored. As mentioned before fundamental structure of
the design process combines the four types of operators consist of external
operators (C—K and K—C) and internal operators (C—C and K—K). These

operators generated “Design Square” “Design Square” and shown in Figure 2.3

Partition/specify/ validate/
Disjunction

Expansion
/projection

C

Activate/discover/
Nominal experiment/ Logical/factual
world conjunction World

Figure 2.3. The design square (Hatchuel, Le Masson and Weil, 2004)

Briefly the importance of C-K theory is concept & knowledge spaces

indicate separately. C-K theory clarifies the generating of design decision by the

15
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interaction among two spaces. In design process, properties of knowledge spaces
also provide generation of new knowledge. Beginning concept partitions to subsets
step by step Process continues until accept it truth by designer and then concept
becomes a part of knowledge which calls conjunction.

The problem of this theory is to find one or more solution while design
space expanding.

Hutchuel, Le Masson and Weil had been underlined how C-K reasoning
models with the same unified framework such conflicting designs situations. With
regard to these data, C-K theory also helped to avoid the traps that usual reasoning,
be it systematic design, or problem solving approaches, would have induced in
such cases (Hatchuel, Le Masson and Weil, 2004).

2.3. Morphological Design

One of the most known systematic design methodology is morphological
design which will be focused in the study to compare with a new systematic design
approach. Morphological design methodology is a table based on to generate
design solutions according to customer requirement. On the left side of the chart,
the functions are listed, as for that on the right side, different alternatives which can
be used to provide the functions listed are represented in Table 2.1. The design
solution creation is accomplished by generating single systems from different
mechanisms rowed in the morphological chart. The morphological chart is
recommended to generate several innovative designs using different mechanisms
for each function for each concept.

The morphological design chart is generally applied in the beginning of
notion generation. Analysis of function is used for a beginning point. Keep in mind
that morphological design methodology is not suitable for all design problems. The
morphological design is successful especially for design problems in the field of

engineering design.

16
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To use a morphological design chart, generates individual solution
concepts by combining one solution means from each function. The list of possible
solutions can quickly grow quite large when additional means and functions are
added to the chart. The solution alternatives can be reduced by eliminating
impractical concept means. This activity prunes the initial morphological chart.
Additionally, impractical combinations of allowable means can also be eliminated
from combinatorial consideration reducing the number of resulting design solutions
(Richardson, Summers and Mocko, 2011).

Table 2.1. A morphological chart (Richardson, Summers and Mocko, 2011)

Function Means
F1 M M 2 Mia Misg | Mim
Fa M 4 Moz | Maa Mos | Mo,
Fa Ma 4 Maz | Maa Mas | Mam
Fn I"-"'H Mn.i Mn.ﬂ- aas Mn.d Mn.rn

Morphological design methodology has many advantages and
disadvantages as the all of design tools. Advantages of morphological design
involve their ability to illustrate unexpected pairings of properties, the potential
creation of extraordinary concepts not otherwise considered by the designer, and
the capability to represent and explore large regions of the design space. Three
specific limitations to morphological charts as design tools are the potential for the
number of concepts to grow exponentially making exploration difficult, the reality
that not all combinations of means will be feasible solutions to the design problem,
and the absence of a set of guidelines to determine a useful way to choose the
promising concepts for further evaluation.

The researchers had tried to improve on the representation and exploration
of the design by increasing the quality. However, this improvement had been

17
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applied through a set of specific guidelines for using with morphological charts. In
this manner, the researchers had proved some existing advantages had been

enhanced and a current limitation had been specified.

2.4. Morphological Design Applications

Morphological design methodology is one of the most outstanding design
methodologies provided to design literature in recent years. Design engineers and
researchers have used this methodology for their design process and/or
investigations. Some morphological design application examples are given in

following sections.

2.4.1. Morphological Design for a Prosthetic Hand

The purpose of the study is to generate a prosthetic hand which includes
artificial bone and artificial skin by using morphological design methodology
implemented by Dana D. Damian and Konstantinos Dermitzakis (2010) because of
conventional engineering design methods is inadequate to fulfil the requirements
for generating a prosthetic hand. Artificial bone and artificial skin had been
designed by researchers with the help of morphological design methodology. This
is a tough target because of human hand is the one of the most complex structure of
human body.

At the end of study, the researchers had been provided to remove some
undesirable cases such as gross skeletal weight, high volume of artificial bones,
and slipperiness of artificial skin which are shown in Figure 2.4 and 2.5.
Consequently, the cognitive effort of a user interacting with such a device will be
mitigated, allowing for smoother human-robot integration (Damian and
Dermitzakis, 2010).

18
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Figure 2.4. Artificial skin of prosthetic hand (Damian and Dermitzakis, 2010)

Figure 2.5. Artificial bones of prosthetic hand (Damian and Dermitzakis, 2010)

2.4.2. Morphological Matrix Applied for Manipulator Frame

A research has been carried out by Oskar Ostertaga, Eva Ostertagova and
Rdébert Hunady (2012), on the design of a manipulator frame using morphological
matrix. The purpose of the study was to design a manipulator travel frame with
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optimum properties. However, some mechanical properties such as stiffness, and
strength had been analysed and compared with other manipulator travel frame
design. The work flow of researchers consists of three main stages. These stages
are analysis of task, frame component selection, and choice of optimum alternative.

The first stage of manipulator travel frame design is about the
determination of the properties of the frame. Thus, morphological design
methodology had not been used in this stage. On the other hand morphological
design methodology had been considered for next two stages. In the second stage,

operational principles of the respective solutions are represented in Table 2.2.

Table 2.2. Morphological matrix of the frame choice (Ostertag, Ostertagova and
Hunady, 2012).

0.0, parlial funclion

operational principles

beam closed closed open apen
1 cross - section 2xU 0 xL H
shape @ @ @ @ @
2 beam material  structural steel castaron alloy Al
@ @ ® @ @
. longitudinal-weld
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[ "-'hn"-:'l“ﬂ . m’[ l‘iU. .""(Eﬂ [l’.'l“(,‘d Cast drﬂU-TI
: &Y rolled rods ] @ (R
prop closed closed
4 cross - section 2xli O
shape @ @ 2 a @
5 prop material  structural steel cast alloy Al
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technology g P
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The next stage of the study is the choice of optimum alternative. To realize
this aim, Table 2.3 shows that minimum reduced stress according to VVon Mises,

maximum deformation, and weight had been specified.

Table 2.3. Design element characteristics (Ostertag, Ostertagova and Hunady,

2012).
. sEress ace. 1o von Mises masimum defoecmation in dir. Iy 2 wi gh
design element

[MFa] [mm] [ke]
beam | 82 0647, 0548, 0008 15k
beam 2 T4 | 983 =337A; D086 165
beam 3 6.2 640 0648 0023 142
beam 4 I |76k -178 076 33
beam 3 L X L4, 1087, U35 A}

Based on these analysis, the researchers had been decided to choose the
frame 1 because of maximum vertical deformation — 0.648 mm and horizontal
deformation of 0.647 mm. This type of frame was the most suitable to the stiffness
due to reduced horizontal deformation of 0.647 mm. This type of frame was the
most suitable to the stiffness specified by the submitter of the task. Maximum
stress within mentioned frame reached the value of 36.2 MPa according to von
Mises. In this case the theorem of the stiffness was performed at very high degree
of safety. Comparable values of the stiffness were reached with the frame 3 (0.640
mm-0.648 mm) however the applied material was more expensive and more
demand regarding the connection and from that reason this solution reached the
third place. Remaining solutions did not satisfy the criterion of the stiffness. With
increased stiffness it would be necessary to affect the dimensions of the beam
structure and then the condition of the submitter of the task would be failed. On the
other hand the rate of safety was also very much exceeded in this case. (Ostertag,

Ostertagova and Hunady, 2012).
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2.4.3. Automated Synthesis of Electromechanical Design

The designers had been imagined a different methodology for an ideal
design process. In a study carried out by Tolga KURTOGLU and Matthew
CAMPBELL (2009), the researchers designed a thermal mug and wall climber toy
by using morphological design methodology.

2.4.3.1. Creation of a Thermal Mug

Their first product which exploits morphological design is thermal mug
and its concept variants shown in Table 2.4. The most important property makes
different from other mug design is, the users can control and adjust the temperature
using an electric motor connected to a battery. After implementation of design

process, final product is represented in Figure 2.6 as a sketch.

Table 2.4. Morphological matrix of thermal mug (Kurtoglu and Campbell, 2009)

[Morphological Matrix for Thermal Mug Design
Solution 1 Solution 2 Solution 3 Solution 4

limport figuid water tank hose cap fountain maching
store liguid water fank bubble cup baby bottie
guide Fiquid hose cap chute leves
export liquid water fank hose mouth

stap thermal energy styrofoam air pocket

impart electrical energy plug and cord lightning rod generator | thermo-electric device
fransfer efeclrical energy plug and cord wire circuit board terminal block
store elecirical energy battery capacitor | electolitic goo

supply electrical energy battery capacitor | electolific goo

aciuate electical energy swiich {ransistor timer temp sensor
fransfer elecirical energy plug and cord wire circuit board terminal block
convert electical energy to thermal energy thermo-electric device | heating plate] heat exchanger resistor
fransfer thermal energy metal plate ceramic disc water air
convert elecincal energy to rofational energy motor

convert rofaiional energy to pneumatic energy fan blower

impart gas fan housing hose Siraw car AG
|expart gas fan housing hose straw fan blade
import human material handle housing sirap

guide human material handle housing strap

export human material handle housing sirap

impart mechanical energy housing cap handle

distibute mechanical energy housing bottom cap

expart mechanical energy bottom cover housing

impart human energy swilch

convert human energy to control signal switch
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Figure 2.6. Conceptual sketch of thermal mug (Kurtoglu and Campbell, 2009)

2.4.3.2. Creation of a Wall Climber Toy

In a work performed by Tolga KURTOGLU and Matthew CAMPBELL
(2009), another example is given about morphological design for a wall climber
toy. But the researchers had been taken a different task in this stage and they asked
to students to design the toy by using morphological design which shown in Table
2.5 and the configuration flow graph or CFG. Configuration flow graphs are typical
graph structures represented by a set of nodes (vertices) and arcs (edges) like
functional structures. In a CFG, nodes of the graph represent product components,
whereas arcs represent flows. For flow naming, the functional basis terminology is
adopted, while the components of the graph are named using the standard names of
the component basis. At the end of the design process, students had created almost
similar concepts. But there were some little differences such as control and

activation of devices.
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Table 2.5. Morphological matrix of wall climber toy (Kurtoglu and Campbell,
2009)

Morphological Matrix for the Wall Climber Toy
Solution 1 | Solution 2 Solution 3 Solution 4
slore lectrical energy battery capacitor
supply eledirical energy battery capacitor
iransfer decirical energy Wwire metal plate | eleciric conducter
aduate elecirical energy switch transistor drcuit board
corvert elecinical energy io rolafional energy motor
change rotationd energy gear pulleys lever
iransfer rotational energy driveshaft belt link axle
carvert rotationd energy to trandlational energy wheel half-racks link
import solid material gripper latch magnet housing |
secure sofid rmaterial nut-bolt guide magnet
export solid material gripper latch magnet housing |
import human energy Joystick knob handle
corvert human energy to conirol signal circuit board|  switch handle

The students decided to use a “joystick” and a “circuit board controller” to
actuate and to manoeuvre the toy, whereas the concept generated only a simple
“on/off switch” to address the same functionality which represented in Figure 2.7.
In addition to having a high percentage of shared components, the two solutions are
also topologically similar. According to this, the connectivity of the components
and the energy, material and signal flows through the components are nearly the

same in two designs (Kurtoglu and Campbell, 2009).

Figure 2.7. Conceptual sketch of wall climber toy\(Kurtoqu and Campbell, 2009)
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2.4.4. Design of Machine Vice Based on Morphological Matrix

In a work provided by Prof. Dr. sc. Sadullah Avdiu, MSc. Riad Morina and
MSc. Riad Ramadani (2012), morphological design which is one of the creative
design methods had been used for machine vice design. Representation of machine

vice components shown in Figure 2.8.

Fized jaw Movzbls jaw

Body —

asn

: P
Figure 2.8. Machine vice components (Avdiu, Morina and Ramadani, 2012)

First stage of design process study is to generate a morphological chart.
Generation of variants had been done with take advantage of morphological matrix,
which shown in Table 2.6. While generating morphological chart, the researchers
analysed many kind of variants. In general, from the presentation of some of the
possible variants the authors identified some essential features of a machine vice.
These features should be common to all variants, although may have different ways

to perform the function.
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Table 2.6. Variant generation based on morphological matrix (Avdiu, Morina and
Ramadani, 2012)
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After that, to determine best product properties, the researchers exploited
VDI guidelines technique. The VDI guideline proposes a simple approach, based
on a five-point scale to score the alternatives which represented in Table 2.7. In
order to apply the guidelines from VDI 2225, the alternative matrix and criteria
matrix have to be converted into the VDI scale and form. However, variant

analysis had represented in Table 2.8 based on VDI guidelines (Avdiu, Morina and
Ramadani, 2012).

Table 2.7. Score scale of VDI technique (Avdiu, Morina and Ramadani, 2012)

Score scale

Description Score
Very good 4
Good 3
Satistactory 2
Acceptable 1
Unsatistactory 0
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Table 2.8. Analysis of variant based on VDI guidelines (Avdiu, Morina and

Ramadani, 2012)
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Based on the evaluation of variants under the Table 2.9, it is concluded that

Variant A with the combination of possible options presented, meets the conditions

to produce (Borille and Gomes, 2011).

Table 2.9. Analysis of variants based on cost and function (Avdiu, Morina and
Ramadani, 2012)

According to VDI 2225 Guidelines the five-points system will be used:
0=Unsatisfactory, 1=Acceptable, 2=Satisfactory, 3=Good, 4=Very good.
Partial Variant Cost Function Points Variant Cost Function Points
functions A B
Basement Portable X x X Fixed x X ®
Operation Manual X X X Manual x X X
Body Swivel base 1x2=2 2x4=8 2+8=10 Fixed base 1x3=3 2x2=4 344=7
function
Locking self-locking X b X Self- x X X
locking
Setting of with hand X b X with hand x X X
workpiece
Removal With hand X ® X With hand x X x
of
workpiece
Surface Anticorrosive+ 1x3=3 2x4=8 3+8=11 Green 1x4=4 2x1=2 4+2=6
apparence | Blue
Jaw's Metal 1x4=4 2x4=8 4+8=12 Plastic 1x3=3 2x1=2 3+2=5
plate
Qperator On legs x * X Qan legs ® x ®
place
Total Points 33 Total Points 18
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Because of morphological matrix method are determined different variants
and, their evaluation is done after which a decision was taken to select the optimal
variant. Method of evaluation and decision making had supported in design

method, and resolve it the optimal with minimum error.

2.4.5. Mobile Phone Concept Generation

A mobile phone concept by using morphological chart was generated by
Zaharis et al. (2011). Mobile phone is widely used and important device at the
present time. To develop an innovative mobile phone concept, the researchers had
been decided to use morphological design methodology. They had been detected
the possible functions for generating mobile phone concept. These functions
include holding, storage, dialling, display, power supply, signal reception, signal
processing, sound output, extra features. For example in the case of holding
possible solutions can be stopwatch-type grip, attached to clothing, gun grip. The
morphological chart had been created by using these functions and options which

remedy to functions and shown in Table 2.10.

Table 2.10. Morphological chart example for a mobile phone (Zaharis. Kourtesis,
Bibikas and Inzesiloglou, 2011).

Morphological chart for a mobile phone
Function Options
Holding Stopwatch style Calculator style not held
Storage Pin badge on sleeve on belt in pocket
Entering no Keypad Voice Bar code
Display LED LCD None
Power supply Mains Battery Solar
Signal reception Internal aerial External aerial Cable aerial
Sound output Speaker Earphone
Sound input Internal microphone External microphone
Extra features Calculator Memory bank Alarm Games

Researches due to the morphological chart, a solution had been a mobile

phone that it is not held, had been stored as a pin badge, a keypad had been used to
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dial the number, with no display, power by a battery, with an internal aerial, an
internal microphone and with a large memory bank (Zaharis. Kourtesis, Bibikas

and Inzesiloglou, 2011).

2.4.6. Morphological Analysis in Production System Design

Morphological analysis was also used in Production System Design. In a
study which describes the morphological analysis in the design of production
process, there are two main parts explained by Eva Ostertagova, Jozef Kovac,
Oskar Ostertag, and Peter Malegab (2012). The first part of the study is about to
deal with morphological analysis procedure. The second part is about generating
variants examples of existing type of production system.

Morphological analysis procedure used in the study consists of five basic

steps. These steps are;

Identification of the basic functions of building components and
subsystems of defined production system.

Creation the list of all possible forms, in which can building elements of
the production system occur. Each variant of the proposal consists of a
certain number building components and subsystems.

Identification of all possible combinations of building elements and
subsystems.

Identification of all applicable variants in practice

The final reduction of possible combinations.

In morphological chart, the aim of column is to show the title and structure
of particular variants. As well as rows of morphological chart emphasizes the serial
number of variant, the summary of building elements or subsystems and their

possible realizations (forms), the row expressing the acceptability of variant, rows
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of the particular evaluation criteria, row of final evaluation and row for marking the
selected variants.

At the present, innovative products relate to production system design
based on philosophy of the variant, interactive problem solving, their optimization
and automation. These factors are vital in decision making stage based on the
application of modern methods and tools. In characterized solution, these methods
had been integrated with the main project activities and their information security

in a comprehensive unit (Ostertag, Ostertagova, Kovac and Malega, 2012).

2.4.7. Application of Morphological Analysis for Selection & Storage

In a work generated by Eva Ostertagova, Jozef Kova¢, and Peter Malega
(2011), morphological design method were used to figure out complex design
problems such as material flow and storage allocation. With regard to researchers,
problem solving process consists of four elementary phases, namely: definition of
the problem, analysis, synthesis and processing of the solutions. Using of

morphological approaches in automated designing of production systems allows;

Radically innovative solutions,

Combination of all theoretically possible solutions. It eliminates disruptive
impact lack of information, rigidity in thinking (conservatism) and
prepossessions,

Systematically classification of documents as a source of ideas about
unconventional technical, technological and economic solutions,

Widely applicability (not only in solving technical, but also in social
problems),

To create a tree of significance used in values analysis, or to apply the

method of multi-criteria evaluation of alternative solutions.
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Combination options, under the classification characters, allow creating
multiple variants of structures of material flow and storage (reservoirs) allocation
to production system. At next phase, the morphological chart had been generated
according to material flow and storage allocation variants.

This study indicates that, morphological design methodology is not only a
useful tool to solve design problems. As well as this methodology is particularly
valuable in the early stages of conceptual solutions. To the elements that
investigator knows from his personal experience, even accessing also elements of
the known and proven solutions, so the number of elements and thus the incentives
for associative thinking is still expanding. To this, process researchers can exploit

further morphological methods (Ostergova, Kovac and Malega, 2011).

2.5. Efforts to Improve Morphological Design Methodology
At this part of study, some disadvantages will be represented which backed
up with investigations applied to mechanical product design. The researchers had

modified the morphological design methodology to eliminate these disadvantages.

2.5.1. Conceptual Design Using a Synergistically Compatible Morphological
Matrix

In the study, Richard Weber and Sridhar Condoor (1998) had discussed
some disadvantages of morphological matrix which is a methodology that can
improve the effectiveness of the concept generation phase of the design process. In
the task, the air vest had selected to design with fourteen subtasks. Morphological
matrix of this design which is shown in Table 2.11 creates 4.782.969 different
concepts. In order to address these difficulties, they had extended the

morphological matrix methodology by including the Theory of Coupling.
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Table 2.11. Morphological matrix for the air vest design task (Weber and Condoor,

1998)
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The “Air Vest” designers had some difficulties executing an effective

morphological matrix. These difficulties are;

The team had not use a systematic methodology to identify the relevant
functions,

Their matrix had not distinguish the primary functions from the secondary
functions,

The functions had identified in configurational terms and therefore, are not
at a fundamental level of abstraction, and

The independence and compatibility of all functions had not well tested.

These problems were addressed by incorporating the hierarchical nature of
the design process and “The Theory of Coupling” into the morphological matrix
methodology.

The Theory of Coupling is a known phenomenon in design. It can be
defined as the conflicting interdependence of two or more functions. Due to the
interdependence, a coupled design requires a designer to trade performance on

different functions. As a consequence, unless eliminated, it invariably results in a
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sub-optimal solution. According to the theory, any design can be viewed as a
system that interacts with its environment by the means of inputs and outputs.
These inputs and outputs separate five categories such as energy, material,
information, generalized forces (includes moments) and generalized displacements
(includes rotations).

Concept generation phase by using the morphological matrix methodology
described various steps and illustrates them by the air vest example. These steps

are;

Identify independent primary functions: In this step identifying
independent primary transmission paths and primary functions.

Create solutions for primary functions: The designer must create solutions
for each primary function in this step. The solutions for the air vest

example had summarized in Table 2.12.

Table 2.12. Air Vest primary morphological matrix (Weber and Condoor, 1998)
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Create primary morphological matrix: The designer has to create the

primary morphological matrix in this step.
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Choose a compatible synergistic solution: This step entails choosing
individual solutions that are compatible and also, synergistic.

Identify lower-level functions: Once a system-level design is established,
then the designer must explore lower —level functions.

Create lower-level solutions: The designer must create solutions for these
lower-level functions

Create lower-level morphological matrices: An important difference
between the primary and lower-level morphological matrices is that lower-
level matrices are performed for each primary solution. For instance, Table
2.13 shows the lower-level morphological matrix for the multiple chamber

solution.

Table 2.13. Lower-level morphological matrix (Weber and Condoor, 1998)

Lower-level Funetions Solution #1 Soluthon 4! Solution 43
C oaain pressure Fadic Plastic layer
Provide mechanical tegrty Fabric Mesh Rigid collapsible
interkcked panels
Provide intlatability Concertima Serpenting Plastic defurmaton

Choose a compatible synergistic solution: The designer chooses a
compatible solution that meets the interface constraints and exploits the
synergy.

Evaluation: After creating a compatible solution incorporating the
secondary functions, the designer must decide whether the solution is

developed to sufficient detail.

The results from the case study presented in the research support the
usefulness of the Morphological Matrix Methodology for creating innovative

solutions to meet design needs. However, it had shown that unless the matrix is
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organized in a hierarchical structure, it would lead to incompatible and
synergistically impaired solutions. Proposed in the research is a hierarchical
procedure to develop design solutions from a morphological matrix, which are

compatible and have a higher probability of synergy. (Weber and Condoor, 1998).

2.5.2. The Morphological Matrix: Tool for the Development of Innovative
Design Solutions

In the study, Mario Fargnoli, Edoardo Rovida and Riccardo Troisi (2006)
had determined some disadvantages of morphological design methodology. Some

of these disadvantages are;

Giving a few indications concerning the feasibility of the solutions carried
out,

Decreasing the effectiveness of the problem solving activities,

Requirement of a team of experts in order to increase the possibility of

obtaining innovative solutions.

Because of these reasons, the development of procedure aimed at
improving the use of morphological matrix had been performed, augmenting the
probability to achieve innovative solutions using the traditional design approach,
whose use certainly reduce the occurrence of mistakes and neglecting significant
aspects of the project.

The study had focused on the analysis of the earliest design stages of the
design process, and in particular on the so called “conceptual design” stage, with
the goal of integrating the traditional approach based on the use of a systematic and
methodical approach, together with effective design tools aimed at increasing the
probability to find innovative solutions, such as triz and creax which is triz based

method.
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Modified morphological design methodology consists of seven stages.

These stages are;

The general function: The general function is performed by the machine
can be expressed as a transformation from an initial to a terminal state.
Physical Phenomenon: The general function can be realized by the
utilization of a general physical phenomenon.

Choice of the “Best” Phenomenon: The output of the second step consists
in a set of phenomena that can perform the given function; the optimal
phenomenon can be chosen.

Analysis of the General Function F: Such a function, in general, can be
analysed dividing it in different “component functions”.

Individuation of the principles for each component function Pi: Each
component function Fi can be realized by using different physical (or, in
general, natural) principles.

Choice of the “best” principle for each component function: The choice of
the “best” principle can be made in relation to the behaviour of the
principle.

Synthesis of the selected principles (constructive solutions): this output can

be used as a source of new solutions

The first step consisted in defining the structure of the function that the
system has to perform. In Table 2.14 the “function tree” of the hierarchical
relationships among the main function and the sub- functions of the system, is

shown. (Fargnoli, Rovida and Troisi, 2006).
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Table 2.14. Analysis of the system function using the Hierarchical Tree (Fargnoli,
Rovida and Troisi, 2006).

FU. 0
|
[ | | | | | | |
FU. 1 FU, 2 FU. 3 L4 FL.5 FU. 6 FLLT Fu. 2
FU.2.1 ) EU. 4.1 L
FU,3.1 FU, 6.1 LT
Fu.2.2 Fl.3.2 Fl. 42 Fl. 6.2 FLL.7T
FU. 4.3

The following step consisted in the development of the morphological
matrix. The further step consisted in finding new solutions using the creax method.
Actually, the “function tree” resulted in being very useful in order to have a
complete perspective of the system and implement in a more efficient way the
morphological matrix.

More in detail, in Table 2.15 an excerpt of the traditional Morphological
Matrix is represented: for each component function, a set of known constructive
solutions is proposed is represented; in Table 2.16, instead, represents the same
part but in a schematic version, more useful and faster to be understood than the

previous one (Fargnoli, Rovida and Troisi, 2006).
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Table 2.15. Traditional morphological matrix (Fargnoli, Rovida and Troisi, 2006)

N°

FUNCTION

ACTUATORS

To connect

A Carriagespring

B Bogie

C Bogie withsingle-
stage suspension

1| the wheel-set
and the - =
carriage ; .%: :%' x
| = 1| KRR B
A Coaxial helical B Helical springs C Helicasprings D Pressure spring +
springs + shock working in parallel + working in parallel + rubber smallblock
absorber shock absorber shock absorber
To allow the - —
primary = | b
suspensions .-"I iy
2.1 simultaneousl i -
yworking) L !
E Torsionbar
+helical spring + F Absent G Absent
rubber small block
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k rav bogie
[ T —
A Helical springs B Coaxial groupsof C Coaxial helical
working in parallel helical springs springs + shock D Pressuresprings
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frame
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. "
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Table 2.16. Modified morphological matrix (Fargnoli, Rovida and Troisi, 2006)
N°|  FUNCTION

ACTUATORS

A Carriagespring B Bogie
To  connect

C Bogie withsingle- stage
the wheel-set

suspension
1| and the
carriage
A Coaxial helical B Helical springs working C Helical springs working D Pressure spring + rubber
springs +shock in parallel+ shock in parallel + shock smallblock
absorber absorber absorber
To allow the
primary

suspensions

2.1y simultaneousl

ywork
E Torsionbar
+helical spring + F Absent G Absent
Single-stage suspension
with bogie Bogie is absent
A HeIicLI springs B Coaxial groupsof C Coaxial helical
working in parallel + helical springs working in springs +shock D Pressuresprings
To reduce shock absorber parallel + shockabsorber absorber (torpress)
oscillations
between the
bogie and the /@‘N
carriage U
frame e I L 7
(secondary) ——
F Absent G Absent

Single-stage suspension

with bogie Bogie is absent
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2.6. The Novelty in Morphological Design Methodology

At this part of research, the novelty of modified morphological design
methodologies which were mentioned in section 2.5 will be mentioned.

In section 2.5.1, an integral step in the new procedure is “The Theory of
Coupling” based on the transmission of energy, material, information, generalized
forces and generalized displacements. Based on the procedure, it was shown how
an incompatible morphological matrix could be restructured into a series of
compatible matrices utilizing a hierarchy of design functions and solutions. By way
of this modification, morphological matrix became easier by decreasing the
solution alternatives (Weber and Condoor, 1998).

In section 2.5.2, the approach proposed is based on the use of a modified
Morphological Matrix, that allows designers an easier and at the same time a more
effective generation and assessment of the design concepts by integration of the
design strategy supported by design methods and techniques.  This modified
version of morphological design had allowed providing good result concerning
development of the conceptual design phase. An approach had brought to light the
importance of the use of the “Morphological Matrix” for the concept generation
and assessment. Indeed, such a tool had to be considered not only as an example of
solutions for each component function, but also as a “heuristic method”, useful to
reach innovative solutions, helped designers in taking into account all the available

solutions (Fargnoli, Rovida and Troisi, 2006).

2.7. The Comparison of Morphological Design and Parametric Analysis

The issue of the study about a comparison between two systematic design
methodology which are parametric analysis and morphological design. The aim of
Kroll (2012) is not to criticize the quality of morphological design methodology.
The reason of this study is to prove some weaknesses of the morphological design
methodology. Morphological design concept is a guide for bilge pump design

given in Figure 2.9. This concept design uses wave energy to remove water from
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boat. Linear spring stores the energy to wave which is energy source. Thus, linear
spring transfers the energy to reciprocating pump. As a conceptual design,
morphological matrix cause to some weakness in bilge pump. These weaknesses
are provided by Kroll (2012);

Developing a solution-independent function structure is difficult and does

not integrate well with the natural flow of activities during design,

The breadth-first manner of treating sub functions and their corresponding
sub concepts may distract the designer’s attention and prevent focusing on
the dominant issues,

The conceptual designs generated usually lack quantification and therefore
have not been proven viable,

There is no prescribed concept development process for transforming the

collection of individual sub concepts into a coherent conceptual design.

Figure 2.9. Bilge pump concept by leading morphological design (Kroll,2012)
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Parameter analysis is further and improved development of conceptual
design methodology than morphological design. This methodology puts in the
centre repeatedly identifying dominant conceptual-level issues and relationships,
implementing these concepts as configurations, and continuously evaluating the
evolving design. The researchers evaluate many possible energy creation methods
such as solar, wave, wind, etc. and then decided to use wind energy for comparison
with morphological design.

At the end of conceptual design process with regard to parameter analysis,
new bilge pump design is shown in Figure 2.10.

If functional decomposition and morphology were used for this conceptual
design, the record kept would indicate that this concept was based on capturing
wind energy with a propeller, transmitting it with gears and a crankshaft to a
reciprocating pump that employs flapper valves to control the flow direction, tubes
for moving the bilge water, and a screen to filter them.

In contrast, a concept development process with parameter analysis, might
also show that a propeller was chosen after the option of “*air cups’” was evaluated
quantitatively and shown to result in too large a structure; that the propeller and
pump were roughly sized to provide the power necessary for the required flow rate
and pumping head; that the use of a horizontal wind turbine has not been
considered by the designer at all, something that might have eliminated the use of
the bevel gears; and that the choice of a reciprocating pump was not satisfactorily
justified, so a rotary pump might have been a better choice overlooked by the
designer. This added wealth of information is clearly very beneficial when
examining a design such as in Figure 2.10 for the purposes of understanding and

reusing its rationale.

43



2. PREVIOUS STUDIES Mehmet Mert KAVUZLU

Thansfom® RoTATioN = RoTATioN
(BevEL GEARS)

—
—
— -
<= =
fue
PooPeir -VALE
“
Tuee
TTeansform: FLAPPER iALve
RoTaTion = LINEAR, v
(SLBER - LRANK) p—
-—"--._‘_______--ma.‘____‘_“ o i
'SM:BEN

Figure 2.10. Bilge pump concept by leading parameter analysis (Kroll, 2012)

As systematic design’s way of doing conceptual design, functional
decomposition and morphology is easy to teach and learn, so many contemporary
design textbooks have adopted it. However, some of the drawbacks of the method
as outlined in the study point at the need to revise the perception of the best
methods for teaching and practicing design. In addition to this, parameter analysis
supports a much deeper thought process to discover new, creative concepts, which
in turn drive the exploration of new knowledge. It therefore constitutes an

alternative for both teaching and practicing innovative design (Kroll, 2012).

2.8. The Weakness of Morphological Design Methodology
Morphological design method has some limitations as in all prescience
design methodology. If it is necessary to ensample some of the disadvantages of

morphological design method are that real-world scenarios do not treat rationally.
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For the most part, a simplified model will break down when the contribution of the
‘trivial' components becomes significant. As well as, importantly, the behaviour of
many components will be governed by the states of, and their relations with, other
components ones that may be seen to be minor before the analysis.

Morphological analysis, in other respects, does not drop any of the
components from the system itself, but works backwards from the output towards
the system internals. The interactions and relations get to play their parts in
morphological design and their effects are accounted for in the analysis.

If the limitations of the morphological design examine in detail, the
designers may encounter some disadvantages like many conceptual design
methods, the development of morphological chart requires critical judgment thus
the possibility of human error is present. The studies which improved
morphological design were mentioned by case study in 2.5. If the underlying
thought processes are not insightful, the outcomes of this method will be weak. At
times, it may be too structured, inhibiting free, creative thinking. Additively
morphological analysis may yield too many possibilities shown in tables in
appendix. For this reason, time consumption may increase significantly.

Starting from this point, a new approach to systematic design will be work
on to eliminate these disadvantages of morphological design methodology. This
study will use the core of the modified morphological systematic design approach

to evaluate it.
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3. MATERIAL AND METHOD

3.1. Material

In this study, we evaluate the success of the new approach to systematic
product design in product design that is suggested by Sarigiil (2014) by comparing
it with morphological design. The new approach to the systematic product design
suggests a modification for morphological design because of a disadvantage which
generates too many solutions, some which may not even be logical; indeed some
results are stated to be “bizarre” (Brooks 2007). Therefore, the main intention for
the modifications was to eliminate the disadvantage of the morphological design.
Three different and simple example products were chosen as samples for the
evaluation of the methodology. These products are manipulator frame, mechanical
pencil and mechanical fruit press. The most important reason of choosing of them
is all functions of these products are mechanical in their functions, thus all
properties of the samples could be equally identified.

This study will use the core of the new approach to systematic product
design to evaluate it. Evaluations of the method will be carried on the selected

simple products in the following sections.

3.2. Method

The study will use two product/machine design methods with the intention
of evaluating the suggested one. One is the morphological design methodology and
the other one is the new approach to the systematic product design methodology
that is suggested recently in a part of a PhD study (Sarigiil, 2014). Both of the
methods are based on the functional decomposition and morphology and the main
function of the artefact that is targeted is decomposed into finer and finer sub
functions. However, some steps are different in the new one.

The three examples that are manipulator frame, mechanical pencil and

mechanical fruit press were selected for the evaluations in this work. These
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examples are going to be designed using the both of the design methodologies with

the intention of evaluating the new approach to systematic product desigh method.
Briefly, the design results of the example products will be used to evaluate

the both of the design methods and highlight the advantages of the new one if there

is any.

3.2.1. Morphological Design

The morphological design methodology approach is attributed to Fritz
Zwicky. Zwicky applied this methodology to many different areas as the
classification of astrophysical objects, the development of jet and rocket propulsion
systems, and the legal aspects of space travel and colonization. He founded the
Society for Morphological Research and advanced the "morphological approach”
for some 30 years, between the 1940's until his death in 1974 (Ritchey, 1998).

This method related to a morphological chart which calls design matrix
(Table) as well and really only provides for the stages of presenting and evaluating
the alternative ideas. To use the morphological chart for this purpose it is of prime
importance that the designer has carefully established the specification; to employ
the morphological matrix without first doing so could result in obvious chaos. The
process flowchart of morphological design methodology is shown in Figure 3.1. It
consists of two phases such as product planning and clarifying the task (A) and
conceptual design (B). These two phases contain total of 11 steps.

The arrows with continuous lines in Figure 3.1 indicate the direction of
design steps which must be followed during the design, whereas the arrows with
the dotted lines indicate flow direction of data to be referred during the related
design step. Design steps (3-11) of the product/machine design methodology are
separated into two sub-sections. Sub-section (a) named “solution finding and
selection” of candidate overall solutions contains five steps (3 to 7) whereas sub-
section (b) named as “Evaluating selected solutions”, where the candidate overall

solutions are selected, contains four steps (8 to 11).
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(*) indicates solution finding methods such as TRIZ, asit, concept fun and Goldenberg’s
creativity template.
Figure 3.1. The flowchart of morphological design methodology (Sarigiil, 2014)
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Step 5 of Figure 3.1 requires the use of morphological matrix. The matrix
of morphological chart comprises of a Table of functions and solution means for
each function. Normal convention is to list the functions in a column in the left
hand side of the Table, and list the solutions to right of each function (Smith,
Richardson, Summers and Mocko, 2012).

To illustrate the use of the morphological matrix, consider the design of a
mechanical pencil. The design parameters resulting from the specification would

include:

Body
Grip type
Cone cap

Eraser type

A morphological chart showing these parameters and some possible ways

or means (possible solutions) of satisfying them are shown in Table 3.1.

Table 3.1. The morphological chart for mechanical pencil
Iternatives

Function

Body

Grip Type

Cone Cap

Eraser

There are many advantages and disadvantages about the morphological
design methodology. Some of the advantages of morphological design are to
involve their ability to illustrate unexpected pairings of properties, the potential
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creation of extraordinary concepts not otherwise considered by the designer, and
the capability to represent and explore large regions of the design space. Besides
these advantages, there is specific limitation of morphological charts. The most
important disadvantage of morphological design methodology is the vast number
of solutions provided for design problems. Total solutions of morphological design
methodology are calculated by multiplying of solution number of each function
with solution numbers of all functions. For example; even a simple product which
contains 5 functions with 5 solutions for each function, morphological design
methodology generates (5x5x5x5x5=3125) 3125 solutions. The reality that not all
combinations of means will be feasible solutions to the design problem, and the
absence of a set of guidelines to determine a useful way to choose the promising
concepts for further evaluation creates major difficulties for designers.

The core of the morphological design method for the conceptual design

stage is given in Figure 3.2.

Combinahon of solutions
(5n*5m candidate selutions
are generated)

Eleminating economically
and techmicallv unachievable
solutions (Forming a
selection chart for 6
candidate solutions)

Evaluating candidate
solutions left after selection
process (Forming an

evaluation chart)

Optimum
Owerall Solution

Figure 3.2. Design steps of morphological design method for the conceptual design
stage (Sarigiil, 2014)
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The procedure provided in Figure 3.1 uses number of tools at each step that
are given under the box of each step. These are function structure, solution finding
methods, combination table, selection chart, weighted objective tree (WOT), value
scale, value profile and evaluation chart. It is applied to the design of three

selected samples product ideas in the next chapter.

3.2.2. A New Approach to the Systematic Product Design

Thanks to many advantages, a systematic design methodology is useful for
designers while generating innovative design. A systematic design depends upon
functional decomposition and morphological approach for concept generation.
There are some disadvantages to use morphological approach. Most important
disadvantage of morphological approach is to produce too much design
alternatives. Evaluation of these design alternatives have caused the designers to
make time consuming activities during the design. Recently, a modification has
been suggested on the morphological systematic design approach by Sarigll
(2014). The main intention for the modifications was to eliminate the
disadvantages of the morphological design.

New design methodology that is given in Figure 3.2 suggests some
modifications to morphological design approach given in Figure 3.1. In addition to
this, it is benefiting from requirement list, VDI guidelines, selection chart, and
weighted objective tree. The following sections explain the role of each in the new
approach to the systematic design method.

If Figure 3.3 and Figure 3.1 are compared, the difference can be seen. The
developed product design methodology differs from morphological “systematic
product design methodology™ provided by Dieter and Schmidt (2012) at step 2 of
the phase A (““Product planning and clarifying the task’) where the dominating
function of a product is determined as shown in Figure 3.2.

The conceptual design phase (B) was also formulated to suit it for the

systematic design of a product. Design steps (4-14) of new product design
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methodology are separated into two sub-sections. Sub-section (a) named defining
function, finding solutions and selection, contains four steps (4 to 7) whereas sub-
section (b) named as “Evaluation and comparison processes” contains six steps (8
to 14).

In addition to this, the developed methodology is supported by a number of
new and modified design tools which consider dominating function. The details of
the systematic new product design model with its tools are discussed in the
following sections using an implementation example. And the available results of

new products are used as a reference to prove it (Sarigil, 2014).
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Figure 3.3. The new approach to the systematic product design methodology
(Sarigul, 2014)
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Core Design steps of new approach to the systematic design method for the
conceptual design stage is given in Figure 3.4.

Evaluating candidate Evaluating candidate
zolutions to obtain an solutions to obtain an
aptimum solution for optimum solution for
sub-function 1 sub-function 2
(Forming an (Forming a evaluation
evaluation chart) chart)
+ * * + If optirnum overall
I Combinaton of optimum | solution is elemiated in
I solutions to get an | selection chart, deterume
t —_— b anotlyer optiruaem averall
I optimum overall solution | solution by chmging
__________ optimum solution
I

Elemunating economically and technically
unachievable optimum overall solution
(Forming a comparision chart for the optimum
overall solution)

v
Optimum
Overall Solution

Figure 3.4. Core Design steps of new approach to the systematic design method for
the conceptual design stage (Sarigil, 2014)

This study investigates the possibility of the new approach to systematic
product design approach to obtain a better systematic design approach for
generating products with minimum effort. As can be seen in the Figure 3.4 above,
the new approach to systematic product design provides less design alternatives to
reach best product design. The main reason of less design alternatives is the
designer evaluates the functions of product individually. Thus, design process takes

less time according to morphological design.
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Firstly, the concept development phases of the three selected products
(mechanical pencil, manipulator frame and mechanical fruit press) are carried out
using morphological approach in the next chapter. This will show the deficiencies
of the morphological approach. Then, the conceptual design phases of the same
products are carried out using the new approach to the systematic method. This

will then demonstrate the efficiency of the new approach to the systematic method.

3.2.3. Comparisons between Morphological Design and New Design Approach
Figure 3.5 below shows the difference between the morphological and the

new approach to the systematic design methodologies for the comparison purposes.
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Figure 3.5. Comparison of (a) the systematic product and (b) the developed product
design models

The comparison, given in Figure 3.5, shows that how the new model is
used to generate initial core concepts. The new model identifies the "dominating
function” at the very early stage and the solution for each function is obtained
separately. Then the concept generation takes place after the combination of
optimum solution (OPS) obtained with the evaluation of solutions of each function.
In Figure 3.5 (a) since all functions are treated equally, dimensions of boxes of F;,
F,, etc. are shown as being equal to each other, whereas in Figure 3.5 (b) since
dominated function are evaluated firstly and then the other functions are evaluated
according to their relative importance, dimensions of boxes of F,, F,, etc. are
represented by varying sizes in order to demonstrate their relative importance. In
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Figure 3.5 (b) F, is enclosed by thick lines as an indication of its being dominating
function. Briefly, considering the dominating function, and changing the
application order of the selection and the evaluation steps generate an initial core
concept (candidate optimum overall solution - COPOS) that attempts to deal with
the main and most difficult issue of the design. As opposed to functional
decomposition and morphology’s treatment, now there is only one COPOS.
Consequently, the designer’s attention is not distracted by all the sub functions that
are independent and discrete as opposed to the rational systematic design model.

Finally, the COPOS is subjected to reconfirming  process to obtain
optimum overall solution (OPQS). The details of this step are explained at the
subsections of section 4 (see step 14).

In addition to this, the developed methodology is supported by a number of
new and modified design tools which consider dominating function. The details of
the systematic product design model with its tools are discussed in the following
sections using three sample product ideas. And the available results of three

products are used as a reference to prove it.

3.3. Tools of the Methods

When the designers implement any methods either morphological or new
approach to the systematic design, they should follow the steps provided and use
some tools at each step as the names of the tools at each step are provided in Figure
3.1 and 3.3. These tools were explained in below. These steps are describable by

processual so some of these tools are not considered realizing methods.

3.3.1. Requirement List with Demands & Wishes

A requirements list including data is to be obtained about the new product.
A costumer request is vital importance in this stage of new product design
methodology, thus compounds are determined for each requirement using design

activities such as market research, literature search, etc. However there is a main
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difference between the requirement list of morphological and the new approach to
the systematic product design methods. This difference is about wishes. For
morphological method, sum of the ratio of wishes parameters have to be 100%.
Contrary to morphological method, in new approach to the systematic design
method, sum of the ratio of wishes parameters have to be 100% for each parts of
technical properties.

The requirements list shown in Table 3.2 consists of demands and wishes
with their costumer weights in parenthesis beside them. The requirements which
call demands or wishes, in the requirements list can be differentiated also as task-
specific or not task-specific. Task-specific requirement is only accomplished by a
tool or function, whereas a non-task-specific requirement is used to qualify and

guantify features of an existing tool or function.
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Table 3.2. Requirement list with customer demands & wishes a) for morphological
design, b) for new approach to the systematic design method

a)
The requirements list for mechanical pencil
D: Demand Requirements
W: Wish
D (100%) | Indispensable customer request for product
W (10%) | Wish of customer for product
W (90%) | Technical Properties:
Body
W (40%) Wish of customer
D (100%) Indispensable customer request
W (15%) | Grip Type
W (30%) Wish of customer
W (70%) Wish of customer
W (25%) | Con Cap
W (60%) Wish of customer
W (40%) Wish of customer
Eraser
W (20%) Wish of customer
b)
The requirements list of new product design
\I?V.:I\D,Sirzsnd Requirements
D (100%) | Indispensable customer request
D (100%) | Indispensable customer request
Technical Properties:
Part 1
W (45%) Wish of customer
W (55%) Wish of customer
Part 2
W (20%) Wish of customer
W (45%) Wish of customer
W (35%) Wish of customer
Part 3
W (40%) Wish of customer
W (40%) Wish of customer
W (20%) Wish of customer
Part 4
W (60%) Wish of customer
W (40%) Wish of customer
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The requirements list will be base document in later design steps. A
requirements list is formed for mechanical pencil, mechanical fruit press and

manipulator frame separately in the following sections.

3.3.2. Creation Function Structure and Finding Solutions
These two steps are the same for both of morphological and the new
approach to the systematic product design methods. Firstly, the designers should

describe the solutions, and then find solutions for all function.

3.3.3. The Weighted Objective Tree

The objective of the weighted objective tree methodology is to compare the
utility values of different design alternatives, on the basis of performance of the
design alternatives. Differently from morphological method, the designers
determine weighting factors for specific wishes before the selection chart
evaluation.

To generate a weighted objective tree which is shown in Figure 3.6, the
designers specify the primary objective of the new design product based upon the
customer requirement. This objective is decomposed into secondary requirements
or objectives. This continues to lower levels of detail for all requirements. To
illustrate the relative importance of each of the sub-objectives, weights can be
assigned to the branches. In this manner, the final relative weights for the
objectives at the leaves may be calculated. This aids the designer in determining
where to spend effort in the design process. In this study, the weighted objective
tree method has applied separately for all parts of conceptual designs after
determination of requirement list (Summers, 2008). A weighted objective tree is
formed to weight the non-task specific wishes in the requirements list. As an
example, in conceptual design of a mechanical pencil, a weighted objective tree
was built based on the requirements list and it is given in Figure 3.6 (Sarigul,

2014).
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1,0 1,0
(Wish Property) (Wish Property)
0,65 0,65 0,35 0,35
[General Weighted Value) (Spedfic Weighted Valua) [General Weighted Value] [SpedficWeighted Valus)

Figure 3.6. Weighted objective tree

In briefly, the weighted objective tree method is used to model the
hierarchical nature of the requirements or objectives, of design requirements. The
specified weighted value is calculated by multiplying wish property and general
weighted value. This tool is used primarily in the early stages of design in
requirement definition and clarification, though it should be revisited to ensure that

the design team is kept on task

3.3.4. VDI Guideline 2225 Evaluation Technique

In order to describe the ability of each candidate solution to fulfil the
related non-task specific wish, using one of evaluation technique which calls VDI
guideline 2225. A selection procedure presented by Pahl et. al. (2006) is based on
the VDI 2225 (1998), a guideline instruction edited by the Association of German
Engineers (VDI). This guideline proposes a simple approach, based on a five-point
scale to score the alternatives. The scale and the evaluation Table are presented in
Table 3.3.
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Table 3.3. Value scale for VDI guideline 2225 evaluation technique

Guideline VDI 2225
Points Meaning
0 unsatisfactory
1 just tolerable
2 adequate
3 good
4 very good

In order to apply the guidelines from VDI 2225, the alternative matrix and
criteria matrix have to be converted into the VDI scale and form. The Association
of German Engineers (VDI — Verein Deutscher Engenieure) edits regularly
guidelines to support engineers to their habitual activities. These guidelines often
support or even become standards (Borille and Gomes, 2011).

In the study of Avdiu et al. (2012), VDI guidelines 2225 evaluation
technique had been considered to determine best design alternative for machine

vice.

3.3.5. The Selection Chart

Unlike morphological method, in this step of the design process applies
after the WOT evaluation in the new approach of systematic product design
methodology. High scoring candidate of WOT evaluation method among overall
solutions have been determined by applying the selection chart method. As for that
morphological method, selection chart generated for all solutions. In this design
step, design of a new product is evaluated technically and unachievable solutions
among candidate overall solutions are eliminated by the help of selection chart
which is shown in Table 3.4. The difference of selection chart from the weighted

objective tree is that the designers consider only demand parameters in the
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requirement list for the selection chart, but for weighted objective tree, the

designers consider only wishes parameters in the requirement list.

Table 3.4. The selection chart

Selection Chart

Selection Criteria DECISION
) yes
= (-} no Mark solution veriznts
B (7) Lack of mformation (+) Purse solution
o (1) Check requirsments list (-} Elimmatz solution
o (7) Collect information
Z () Check requirements list for
W

Compatibility zssursd changes
Fulfils demands of the requirements list \
Realiszble in principle N
Within permissible cost \

Incorporates direct safety measu.res\

Preferred by designer’s company
Adequate mformation

A|B|C|D|IE| F |G Femarks (Indications, reasuns)\

Vi [+ ]-]H+H+]?
i [+ [+HHH+]?

In this design step, in order to make product design process much safer for
designer. As can be seen in Table 3.4, seven notifications for the selection criteria
which are “Compatibility assured” , “Fulfils demands of the requirement list”,
“Realisable in principle”, “Within permissible cost”, “Incorporates direct safety
measures”, “Preferred by designer’s company” and “Adequate information” are
introduced into available selection chart. These notifications warns designer to be
careful against the special design case according to demands which are mentioned
above, before eliminating candidate overall solution when a minus sign is given to
one of first four of these notifications in the selection chart because these are the

most important parameters in selection chart. If the high scoring solution is
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eliminated because of minus sign, selection chart evaluation implements for second

high scoring solution in WOT for related function.

3.4. The Application of New Design Approach

In this study, both of the design methodologies were applied to the selected
sample products.

The procedure of new design approach which is suggested to believe as
alternative for morphological design has some differences. A new product idea
requirements relating to product idea and costumer weights for these requirements
are outcomes of this design step. The requirements list which is the first step of
new design approach procedure including data obtained. However, in order to
illustrate the weaknesses of systematic product design methodology much more
obviously, only basic functions (assembly parts) of a new design of a product are
given in Table 3.2 which is generated for this step. Requirements for these
functions are deliberately selected among many requirements in order to be able to
demonstrate weaknesses of systematic product design methodology much more
clearly. The requirements list consists of demands and wishes with their costumer
weights in parenthesis beside them.

All of the demand parameter has 100 %. Because demand means is sine
qua non of customer request. However, wish parameter means that reason for
preference for customers, and the totally ratio of all of wish parameters have to be
100 %. Alternatives design solutions for all functions are determined after
obtaining the customers’ requests.

The next design step is to evaluate of wishes. In this design step, a
weighted objective tree is formed to weight the non-task specific wishes in the
requirements list. The weighted objective tree was built based on the requirements
list. In this study, weighted objective tree method has applied separately for all

parts of a mechanical pencil, manipulator frame and mechanical fruit press.
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An evaluation chart is generated separately for all parts of product design
in this step, and functions for wishes listed in left column while the alternatives
solution listed at the upper row. WOT scheme and evaluation chart of

morphological design method are shown in Figure 3.7 and Table 3.5 respectively.

Mechanical Pencil Ability

Technical properties

0,1 01

Mon-relling et Steady lead

0,4 0,36

0,1 0,09

Prevent lead fraction

Clean-living

0,05 0,045 0,15 0,135 0,2 0,18

Figure 3.7. WOT scheme of grip type of mechanical pencil for morphological
design

Table 3.5. The evaluation chart of grip type of mechanical pencil for morphological

design
Vs W Vi Vi Vi
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WOT scheme and evaluation chart of new approach to systematic design

method are shown in Figure 3.8 and Table 3.6 respectively.
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O

02 02 0.45 0.45 0.35 0,35
Figure 3.8. WOT scheme of grip type of mechanical pencil for new approach to
systematic product design

Table 3.6. The evaluation chart of grip type of mechanical pencil for new approach
to systematic product design

Rubber Groove Rubber & Groove

Wt | AV. | WV. |AV.| WV. |AV.| WV.

1 | Anti-skid 02 3 06 4 08 3 06
p | Non- 0.45 3 1.35 3 1.35 4 1.8

destructive

3 | Low cost 035 4 1.40 3 1.05 2 07
— ZOWV1= ZOWV2= ZOWV3:

XWL=1 3.35 3.2 31

After that, alternative solutions are evaluated by applying analysis
techniques either using use-value analysis or VDI guideline 2225. Finally,
evaluation results of all parts are sum up. Thus, the best solution determined for
new product design.

The last step of new design approach is to generate selection chart for
demands to make the final decision by the designers. There are seven parameters to
evaluate in selection chart. The designers determine which parameters have to exist
for product. If the solution does not fulfil the demand in the requirements list, a
minus sign is given for the selection criteria, thus the product with minus sign is
eliminated by designers. If the product fulfils demands of the requirements list a
plus sign is given for the selection criteria. By definition of the new approach to
systematic product design methodology as mentioned above in Figure 3.3 for right
product choice, there is no minus sign among parameters have to exist for products

which are specified by designers.
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After the practicing the morphological and new approach to the systematic
design methodologies to all products, highest scoring design products for both of
the desigh methods are compared. In order to accept that the new approach to the
systematic design methodology is more practical and remove disadvantage of
morphological design methodology, both of high scoring product designs must be
same. If the product design is not the same, this study will have shown that the new
approach to systematic product design method is not taking over morphological

one.
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4. RESULTS AND DISCUSSION

As mentioned in the previous chapter, a new design approach has been
proposed for systematic design of mechanical parts of sample products. In this
section, the processes of morphological design and a new approach to the
systematic product design are explained in detail. Catia V5R2015 was used as 3D
design platform for designing mechanical parts of sample products. The results of
the implementation of morphological design and a new approach to the systematic
product design and its phases are compared and explained step by step in the
following sections for sample products of mechanical fruit press, manipulator
frame, and mechanical pencil. All of the manufacturability of selected alternatives

was analysed and evaluated.

4.1. Application of Morphological Design to Sample Products

In the first step of the study, sample products which are mechanical fruit
press, mechanical pencil and manipulator frame were designed by morphological
design. The design process of these products will be explained step by step in the
next titles considering the methodology provided in Figure.3.1 of Chapter 3, and
disadvantages of the morphological method will be signified. We had mention at
previous chapter the original condition of requirement list, morphological matrix,
selection chart, WOT schema, and evaluation chart in Table 3.2 (a), Table 3.1,

Table 3.4, Figure 3.7, and Table 3.5 respectively.

4.1.1. Application of Morphological Design to Mechanical Fruit Press

There are nine main expectations for mechanical fruit press by customers.
These, which are obtained by simple market research, are low cost, low weight,
corrosion resistance, less sliding, comfortable handling, easily removable, good
pressing ability, sieve, and ease of use based on the market research as shown in

Table 4.1 (see Table 3.2 (a) in Chapter 3). There are several methods that were
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implemented for the study of market such as interview with mechanical fruit press
users, searching user’s opinion on internet, and etc. We detected five operational
necessities to fulfil customers’ requirements. These parameters are body, pressing,

support, sieving, and carafe.

Table 4.1. Customer requirements list for the mechanical fruit press

The requirements list for mechanical fruit press

D: Demand

W: Wish Requirements

D (100%) | Corrosion Resistance
D (100%) | Cost of product < 20€
W (%3) Low cost

W (%5) Low weight

W (92%) | Technical Properties:

Body
W (25%) Less sliding

Pressing

W (15%) Good press ability
Support

W (13%) Comfortable handling

W (4%) Easily removable
Sieving

W (23%) Low diameter hole

D (100%) Hole dimeter < 10 mm
Carafe

W (20%) Ease of use

In the view of this information, we have described some solution
alternatives to fulfil customer requirements. After the description of solution
alternatives, the morphological matrix table which is the characteristic feature of

morphological design (see Table 3.1 in Chapter 3) is created as shown in Table 4.2.
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Table 4.2. Morphological matrix table for the mechanical fruit press

Iternatives
1 2 3 4
Function
Free standing.... Free standing Lockable Lockable pronged

Body | e D

monoblo prongeéd - *F-=.=.monoblock

] Upside and A Side & Horizontal Upsideand |~ Side & Vertical

Pressing / [ B

Monoblock Handle _1__ - -Prenged ==

A/- — Pt
Support aggle®==77
Sieving YSevE
Carafp witp sieve-|.. Carafe without
Carafe LAl e
sieve

The disadvantage of conventional morphological matrix appears after
creation of morphological matrix table. This disadvantage is, many possible
combinations and different solutions can be constituted. In mechanical fruit press
study, there are 32 (4x4x1x1x2) different design alternatives which are shown in
Table A-6 show up when alternatives for each function is considered. All of these
alternatives were evaluated by using selection chart to determine whether it fulfils
demands or not as shown in Table 4.3 (see Table 3.4 in Chapter 3), and selected
alternatives shown as bold. This situation caused a loss of time. Because the
designers have to determine all design alternatives individually to find the best
design solution. Inherently, some of these 32 different alternatives may not be

practical solutions, or it may only be inadequate.
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Table 4.3. Selection chart for evaluation of demands parameters of mechanical fruit

press
Selection Chart
Selection Criteria DECISION
(+) wes
- (-) no Iiark scolutton variants
E (7 Lack of mformation (+) Purseseolution
g (1) Check requirsments list (-} Eliminate solution
"-'F_' (7) Collect mformation
B (11 Check requirements list for
= Compatibility zssured changes
w2 Fulfils demands of the requirements list \\
Realiszble m principle .
Within permissible cost \
Incorporates direct safety measures\
Preferred by designer’s company
Adegquats mformation
AlB|C|D|E| F |G Femarks (Indications, rezsons)
Vi ++T+ T+ +| 7
W2 - +1] =+ +| 7 +
:3 =4 =+ =+ =+ =4 ] =+
R =1+ [ =12 F
Vs |- | T+ |+ 7
Ve | £+ F | -] F| =] 7
V- |-+ |+ - +[?
W +|l+ ]+ [ - -] +]7
P I I I e I
WMy | F[+[+ |-+ -1+
Wiy -] - il M [
Vi | F ]+ |- ?
WMy | H[ -+ | F[F]-]7
VM | F[-[+ | +F[-]-1+
Wis | F[+ - -] - 7
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The selection chart shows that there are only 3 different design alternatives

among 32 to fulfil demands parameters which are shown in Table 4.4.

Table 4.4. The candidates for best mechanical fruit press design

Iternatives
1 3 4
Function
Bod Free standing Free standing Free standing
y monoblock pronged monoblock

Pressin Side & Horizontal Side & Vertical Side & Vertical

9 Handle Handle Handle
Support Handle Handle Handle
Sieving Sieve Sieve Sieve

Carafe with sieve Carafe with sieve Carafe without

Carafe sieve

The evaluation chart for wishes parameters was applied to these 3 design
alternatives. The rest which is found to be not suitable are provided in appendix in
in Table A-6.

There are two steps to evaluate the wishes parameters as discussed in
Chapter 3. The first step is weighted objective tree (WOT) as shown in Figure 4.1
(see Figure 3.7 in Chapter 3) which was generated from the data in the requirement
list, and the second one is evaluation chart (see Table 3.5 in Chapter 3) as shown in
Table 4.5 which is generated from the data in the selection chart and from the
WOT.
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Me chanical Fruit Press Ability

Technical properties

0,03 0,03

‘Comfertable handling Good pressing ability

Easily remowable Low diameter hole

0,25 0,23 0,04 0,037 0,23 0,212
Figure 4.1. Application of WOT analyses technique for the mechanical fruit press

Table 4.5. Application of evaluation chart for mechanical fruit press design
alternatives

i s Vs
Wt. AV WV AV. WV AV WV
T | Low cost 0.03 3 (Y pl 006 bl 0.06
7 | Low waight 0.05 3 013 3 013 3 (K
3 | Ease ofmse 0,154 1 0.736 3 0552 2 0.368
4 | Less shamg 03 E] [(X7) p) 036 p) 036
5 | Comfortable 012 3 0.36 2 024 2 024
handlmg
6 | Ezsily removable 0.037 3 0074 bl 0074 bl 0074
7 | Good pressability | 0.138 ] 0552 3 0414 3 0414
§ | Low dizmeter hole | 0212 3 0636 3 0636 3 1636
TWt=1 TOWV= TOWV;= TOWV=
1,518 2.586 2.402

As it is mentioned in the previous chapter, next phase is about evaluation
of these design alternatives. At this point, we have chosen VDI guideline as
evaluation technique to determine the best design alternatives according to
customers’ requirements which enlarged upon in 3.3.4. At the final stage, the
highest scoring design alternative was selected as best “design product”, which is
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found to be V1 in Table 4.5, and the second (V3) and third best (V4) design
alternatives of evaluation chart are shown in Figure 4.2. In terms of VDI guideline
technique, side and horizontal handle has got higher mark than side and vertical

handle because of ease of use as shown in Table 4.5.

(a) (b) (c)
Figure 4.2. (a) The best mechanical fruit press design alternative (b) The second
choice (number 3 design alternative) (c) The third choice (number 4
design alternative).

Assembly parts of mechanical fruit press are shown in Figure 4.3 and large

appearance of the parts in Figure A-1.
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(b)
Figure 4.3. Assembly parts of (a) the best mechanical fruit press design alternative
(b) The second best (number 3 design alternative) (c) The third best
(number 4 design alternative).
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4.1.2. Application of Morphological Design to Mechanical Pencil

Based on customers’ requirement, there are eight expectations for
mechanical pencil product such as low cost, less lead fracture, non-rolling body,
steady lead, clean-living eraser, anti-skid grip, non-destructive grip, and easily
portable as shown in Table 4.6. These requirements obtained by simple market
research by interviewing with mechanical pencil users, and searching mechanical
pencil user’s opinion on internet Four operational necessities have been determined
to fulfil customers’ requirements. These necessities are body, grip type, con cap,

and eraser.

Table 4.6. Customer requirements list for the mechanical pencil

The requirements list for mechanical pencil
D: Demallg Requirements
W: Wish
D (100%) Cost of product < 10€
W (10%) Low cost
W (90%0) Technical Properties:
Body
W (40%) Non-rolling
D (100%) Easily portable
Grip Type
W (5%) Anti-skid
W (10%) Non-destructive
Con Cap
W (15%) Prevent lead fracture
W (10%) Steady lead
Eraser
W (20%) Clean-living

In the light of these function parameters; some solution alternatives have
been described to fulfil eight customer requirements. Next step to create
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morphological matrix is the description of solution alternatives. After finding of the

solutions, the morphological matrix table is created as shown in Table 4.7.

Table 4.7. Morphological matrix table for the mechanical pencil
ternatives

Function
Hexagonal body Circular body Triangle body with
Body . . . . .
with clips with clips clips
Grip Type Rubber Groove Rubber & Groove
Cone Ca Penetration & Constant & Lead
P Lead Holder Holder
Eraser Rotational Covered

The main disadvantage of conventional morphological matrix shows up in
this step. 36 (3x3x2x2) different design alternatives have been taken place as
shown in appendix in Table A-12, and 5 different design alternatives have been
chosen among 36 different design solutions according to demands parameters by
using of the selection chart as shown in Table 4.8, where selected alternatives are
shown as bold. The 5 alternatives which are more practical and adequate than the
others, and they were determined as the candidates for best mechanical pencil

design.
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Table 4.8. Selection chart for evaluation of demands parameters of mechanical

pencil
Selection Chart

Selection Criteria DECISION

+) wes
. E_}} no hiark solution variants
= (7) Lack of nformation (+) Pursesclution
G (1) Check requirements list (-) Eliminate solution
"-‘?_' (7y Collect mformation
k= (I} Check requirements list for
= Compatibility assured changes
w Fulfils demands of the requirsments list

Realisable i principls

Within permissible cost \
Incorporates direct safety measu.res\

Preferred by desipner’s company
Adequate mformation

A|lB|C|D|E| Fl|lg Bemarks (Indications, reasu:ms)\

LI F(F =1 - T-T+]7
LT/ py gy gy Ry N

R e e e
Ve ||+ [- |+ - T =+
R
e e B R R
LT Ry ey gy rans B R
L R R R e g e
R e e I
LT I e R R B R
1‘{11 -]l -1+[-[+]7
Ve |+ |+ [+ - -1 - T
Ve [T [ - =~ [-
V[t |- |+[+]+]-1=+
Ve |+ +]-[-]-1?2]?
Vel = - === -1=
¥ ey ey p R R
M e
Vs [- |+ |+ [+]-|-[~
Vo [+ |+ - | +]+]-]7

k’i N T T T _ _ a2
M
Ve |+ [ +FT-T+FT+FT+]7
Vg [+ |+ +[-1+1-17
L. T — T T T E]
1‘;:; N T = =1 =1_ =]
Ve [+ |+ +1-1+1-1+
V| - [T+ +1-1-
Val|l+-1+]+1+1-
V. +[+1-T1T+7T-1T+

| vl vl ea| | ea) el
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These 5 different alternatives which were selected after selection chart

evaluation are shown in Table 4.9.

Table 4.9. The candidates for best mechanical pencil design

Alternatives
3 [ 13 18 14
Function
Haxago | Haxaso | Circula | Circula | Cireula
nal nal rbody | rbody | rbody
Body body body with with with
with with clips clips clips
clips clips
Fubbar | Groove | Fubber | Groove | Eubber
E_ L T - E(
T Lype Groove
Penstra | Consta | Penstra | Consta | Consta
C C tion & nt & tion & ot & ot &
one Lap Lzad Lezad Lead Lead Lezad
Holder | Holder | Holdar | Holder | Holder
Fotatio | Fotatio | Eotatio | Eotatio | Covers
Era SET ]:I.,H..I. ]:I.,Hl ]:I.,Hl II.EJ. d

In the next step, which is evaluation of wishes parameters phase, WOT
analyse technique were created according to the data in the requirement list as
shown in Figure 4.4, and the evaluation chart which was created according to the
data in the selection chart and in WOT as shown in Table 4.10 will be applied
respectively for the 5 design alternatives. In the evaluation chart stage, we benefit

from VDI guidelines technique to determine the best design alternative.
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Mechanical Pencil Ability

Technical properties

0,1 01

Non-rolling [T e mret Steady lead

0,4 0,36

0,1 0,09

Frevent lead fraction

Clean-living

0,05 0,045 0,15 0,135 0,2 0,18

Figure 4.4. Application of WOT analyse technique for the mechanical pencil

Table 4.10. Application of evaluation chart for mechanical pencil design
alternatives

Vs Vs Vi Vis Vi
We AV wy 1AV wy | AV wy av | wy |av | wv
T Low cost 01 |3 |03 T |03 3 02 3 [i¥] 3 03
7| Nomrolimg | 036 |4 |14 I |14 T 01 | 2| 012 | 2| 0
7] Anfiskid L 7 (018 1| 018 T 0@ | 3 | 0%
I Noo- 0w | % | 036 T 00] 1| 0 | 3| 0 T | 0%
dastructive
3 | Prevent lead 0.133 4 034 3 0405 4 0.54 3 0403 3 0405
fraction
5| Sexdylead | 002 |4 | 036 I |03 T | 036 | 4 | 03 | 3 | 036
7| Cleanlving | 008 |3 | 04 T 032 T | 058 | 3 | 04 | 2| 02
T TOWVE TOWVe= TOWV:; TOWVs TOWVs
- 3n 1493 =29 =138 =29

After the determination of best product design solution, high scoring
design alternative was selected as the best “design product” and the other design
alternatives of evaluation chart are shown in Figure 4.5. In terms of VDI guideline,
hexagon body has got higher mark than circular body because of stability specific

to parameter of non-rolling.
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(a) (b) (c) (d) (e)

Figure 4.5. (a) The best mechanical pencil design alternative (b) The second best
(number 6 design alternative) (c) The third best (number 13 design
alternative) (d) The fourth best (number 18 design alternative) (e) The
fifth best (number 24 design alternative) design alternatives.

Assembly parts of these mechanical pencil designs are shown in Figure 4.6

and large appearance of the parts in Figure A-2.
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(b) (c) (d) (e)

Figure 4.6. Assembly parts of (a) best mechanical pencil design alternative The
second best (number 6 design alternative) (c) The third best (number
13 design alternative) (d) The fourth best (number 18 design
alternative) (e) The fifth best (number 24 design alternative) design
alternatives.

4.1.3. Application of Morphological Design to Manipulator Frame

In this example, we have based the practice which is given in chapter 2.4.2
that has been carried out by Oskar Ostertaga, Eva Ostertagova and Rébert Hunady
(2012).
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The customers expect according to market research by interviewing and
internet search, nine features for manipulator frame such as ease of assemblability,
manufacturability, cost, durability, corrosion resistance, ease of use, balanced,
strengthen, perpetuity connection which is shown in Table 4.11. Six operational
functions have been found to satisfy the customers’ requests. These operational
functions may array as beam cross-section type, beam fabrication, body cross-

section type, body fabrication, beam and body, and conveyance mode.

Table 4.11. Customer requirements list for the manipulator frame

The requirements list for manipulator frame

D: Demand
W: Wish

Requirements

D (100%) Cost of product < 50€
D (100%) Corrosion resistance
W (15%) Low cost

W (85%0) Technical Properties:

Beam Cross-section Type

W (20%) Durability
D (100%) Ease of assemblability
Beam Fabrication Technology
W (15%) High strength
Body Cross-section Type
W (20%) Balanced
D (100%) Ease of assemblability
Body Fabrication Technology
W (15%) Manufacturability
Beam & Body Connection
W (20%) Perpetuity connection
Conveyance Mode
W (10%) Ease of use

To realize these functions, some design solutions have been obtained

which are shown in Table 4.12.
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Table 4.12. Morphological matrix table for the manipulator frame

Alternatives
1 2 3
Function
Beam Cross- Open 2xL Closed 2xU Open H
section Shape
Beam Fabrication Cast Drawn
Technology
Body Cross- Rectangular Round
section Shape
Body Fabrication Cast Drawn
Technology
Beam and Body Weld
Connection
Conveyance Mode Basket Hook

Functions in Table 4.12 provided 48 (3xx2x2x1x2) different design
alternatives as all the design alternatives are shown in appendix in Table A-18.

These design alternatives were determined as the candidates for best
manipulator frame design. This is made  using the selection chart and by

considering demands parameters as shown in Table 4.13.
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Table 4.13. Selection chart for the evaluation of demands parameters of
manipulator frame

Selection Chart
Selection Criteria DECISION
= ves
— -] mo Milark solution wariants
B {7) Lack of information 'i’_j:l E‘]—:‘_fs? 501"-“{0{1 )
= ("} Check raguiramments list L irninats solution
= th =a {71 Collect information
= {17 Check requiraments list fof
Compatibilite assurad changas
== Fulfils demands of the requirsments list
Ee=zalisabla in principla
Within permissible cost
Incorporates direct safety measuras
Prafarrad by dasignes’s company
Adsquats information
Al B CID|IE| F |G Femarks {Indications, reas Dn;j\

7 — — T T =1 — =
Yz ¥ == - ¥
o I e
. = == =1-1= 1=
Vs - = =] = - 7
Ve = === [ =1- 7
L = —T =1 - — =
a - = =1=1= =
T = == =1=- 1= =
1_:-\7' _ - - - -
W = - | = - = 7
e | = = == [ = =
s = i el - - fl
T ra - i il - - -+
Wi + =l -1=1- 7 7
WVis - - -l - - - -
e - e el - 7
TS + - = = - -+ 7
1_:'5 - - - - - —
T | = = == [ = 7
Ko - =1 = = - = b
Ve + = =1- [ =1- +
Ve - —T=1=1=-1- 7
Vo = e B e R e

= |- =[] =1=]7 | =
“'_;5 - - - - - - -.|
.. | = | = [ =1=1- [ =
T i e ) e I
e x = =1= 1=
am - == =1-1-
Vo = = =1=- 1= 7
‘-;; -+ =1 -1 = - 7 -+
1-;\.'- - - - - - - 7
e + =l-l=[=1= ?
W = = -] - - - ?
e e e e e I 7
T = === - 1= [z
Tam = T ==1T=1-= =
K - - = - 7 - 7
T | = =1 =-1=1" 1=
Vo - -1 =] - - -
Ve = — T == 1 =1 =
Ve = == =1-[= =
Wea + =1 =1 - - |- 7
T | - === 7 7
s + — | =] - - = 7
Ve x = =1- - —
Vs s T T - T =1=
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Four different design alternatives which operate easier and more practical

have been selected investigating 48 different design solutions which are shown in

Table 4.14.

Table 4.14. The candidates for best manipulator frame design

Alternatives
4 25 27 33
Function
Open Closed Closed Open H
Beam C-S. S.
2xL 2xU 2xU
Beam F.T. Cast Drawn Drawn Cast
Rectan Rectan Rectan Rectan
Body C -S. S.
gular gular gular gular
Body F.T. Drawn Cast Drawn Cast
Beam and Body Weld Weld Weld Weld
C.
Perforat | Closed Closed Closed
C.M. ed Basket Basket Basket
Basket

After determining the suitable design alternatives for demands parameters,

WOT analyse technique, which generated according to the data in the requirement

list as shown in Figure 4.7. And then the evaluation chart, which was generated

according to the data in the selection chart and in WOT as shown in Table 4.15,

have been applied respectively to designate the optimum design alternatives. In this

stage, VDI guideline technique was implemented to determine the best design

alternative.
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Manipulator Frame Ability

1,0 1,0

Technical properties

Perpetuity Ease of use

0,2 0,17 0,15 0,126 0,2 017 0,15 0,126 0,2 0,17 0,1 0,085

0,85

Manufacturability

Durability High strength Balanced

Figure 4.7. Application of WOT analyse technique for manipulator frame

Table 4.15. Application of evaluation chart for the manipulator frame design
alternatives
Vs Ve VY Vi
we AV wy AV wv [AY] wy |av.| wv.
T Tow cost 0B [ 3] 085 [ 2 03 | 3] 05 [ 2 03
2 | Durability 017 | 3 051 3 051 3 051 2 034
3| Highswength | 0126 | 3 | 03/8 | 3 | 03/8 | & | 0304 | 3 | 0378
1| Bdmeed 017 | 4 0.68 ] 0.68 ] 0.68 1 0.68
3 g_immﬂb 0126 | 3 | 0378 | 4 | 0S4 | 3 | 038 4 | 0O
[ Ptgpemﬁy o7 | 4 0.68 ] 0.68 ] 0.68 1 0.68
Emeofwse | 0083 | 3 | 023 | 4 034 ] 034 1 03
T, TOWVe= TOWVa: TOWV:, TOWVa:
=] 3331 =3.392 =3.542 =31212

After the determination of best “product design” solution, high scoring

design alternative was selected as the best design product. The evaluation chart

given in Table 4.15 also provides the promising design alternatives. Figure 4.8 also

gives design outputs for all the high scoring design alternatives.
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(a) (b) (c) (d)
Figure 4.8. (a) The best manipulator frame design alternative (b) The second best
(number 25 design alternative) (c) The third best (number 4 design
alternative) (d) The fourth (number 33 design alternative) design

alternatives.

Assembly parts of manipulator frame designs are given in Figure 4.9 and

large appearance of the parts in Figure A-2.
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(b) (© (d)

Figure 4.9. Assembly parts of (a) The best manipulator frame design alternative (b)
The second best (number 25 design alternative) (c) The third best
(number 4 design alternative) (d) The third best (number 33 design
alternative) design alternatives
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4.2. Application of the New Approach to Systematic Product Design to Sample
Products

In this phase of the study, the selected sample products were designed by
using the new approach to systematic product design. The design process of new
approach based on the Figure 3.3 are going to be applied and explained for the
selection of the best design alternatives for the sample products. We had mention at
previous chapter the original condition of requirement list, WOT schema,
evaluation chart, and selection chart in Table 3.2 (b), Figure 3.8, Table 3.6, and

Table 3.4 respectively for the new approach to systematic product design method.

4.2.1. Application of the New Approach to Systematic Product Design for
Mechanical Fruit Press

We specified customer requirements in 4.1.1. as low cost, low weight,
corrosion resistance, less study, comfortable handling, easily removable, good
pressing ability, sieve, and ease of use based on the market research for mechanical
fruit press, and detected parameters to fulfil the customers’ requirements as body,
pressing, support, sieving, and carafe at the first step of the new approach to
systematic product design given in Chapter 3. Based on the new approach (see
Table 3.2 (b) in Chapter 3), the designers should evaluate wishes parameters
individually for technical properties of product. Requirement list table, which is

shown in Table 4.16, is created in the light of customer request.
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Table 4.16. Requirement list for mechanical fruit press based on customers’
requirements

The requirements list for mechanical fruit press

D: Demand Requirements
W: Wish
D (100%) Corrosion Resistance
D (100%) Cost of product < 20€
D (100%) Hole dimeter < 10 mm
Technical Properties:
Body
W (30%) Less sliding
W (30%) Low weight
W (40%) Low cost
Pressing
W (25%) Low weight
W (30%) Low cost
W (45%) Good press ability
Support
W (30%) Comfortable handling
W (15%) Easily removable
W (25%) Low weight
W (30%) Low cost
Sieving
W (40%) Low diameter hole
W (30%) Low weight
W (30%) Low cost
Carafe
W (100%) Ease of use

As given in Figure 3.3 of chapter 3, the next stage of new approach to
systematic product design is the evaluation stage. In this stage we have used the
combination of VDI guideline technique and weighted objective tree (WOT)
method. However, evaluation is applied separately to the technical properties of
mechanical fruit press which are shown in Table 4.17 for body of mechanical fruit
press. The design alternatives for required functions had been determined in Table
4.2. We benefit from requirement list to create the WOT schema as shown in
Figure 4.10 (see Figure 3.8 in Chapter 3). In the case of generating evaluation chart

(see Table 3.6 in Chapter 3), we benefit from WOT data. The rest of evaluation for
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technical properties of mechanical fruit press is shown in appendix in Table A-21,

and the best alternatives were shown as bold.

Less sliding Low weight

0.3 0.3 0.4 0.4 0.3 0.3
Figure 4.10. Application of WOT schema of mechanical fruit press

Table 4.17. Application of evaluation method to technical properties of mechanical

fruit press

Free standing Free standing Lockable Lockable

menoblock prongad menoblock pronged

W lAv.| wv. |AV.| WV. [AV.| WV. [AV.| WV

1 | Less shiding 03 3 0.9 2 0.6 4 12 3 09
2 | Low cost 04 3 12 2 0.8 1 04 0 0.0
3 | Low weight 03 2 0.6 4 12 1 0.3 3 09
TWt=l TOWV= ZOWV,= TOWV,= LOWV;=

- 17 26 18 18

After the implementation of this combination, we have selected high
scoring design alternative for all the parts of the technical properties separately.
Thus, evaluation of wishes parameters is completed. After the completion of WOT
analyse, we selected high scoring alternatives for each technical parts. In the light
of this information, general evaluation chart was generated as shown in Table 4.18.
The function of design alternatives in general evaluation chart was determined
according to evaluation chart in Table 4.17. The rest of evaluation of function

design alternatives are in Table A-21 for mechanical fruit press.
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Table 4.18. The general evaluation chart of mechanical fruit press

Vi
1 | Free standing 27
monoblock
2 | Side& Horizontal 3.2
handle
3 | Handle 4.0
4 | Sieve 4.0
5 | Carafe with sieve 4.0
2Vi=
17.9

The selection chart (see Table 3.4 in Chapter 3), which is shown in Table
4.19, is implemented to the designed product to determine whether it fulfils the
demands parameter or not. If the high scoring design alternative does not fulfil first
four demand parameters, the designers should try the second high scoring design

alternative.

Table 4.19. The selection chart of mechanical fruit press

Selection Chart

Selection Criteria DECISION
+) ves
- E.}} no hark solution variznts
2 (7) Lack of mformation (+) Pursesclution
= (") Check requirements list (-) Eliminate solution
,:’_' (7 Collect mformation
g (1 Check requirements list fou|
7

Compatibility assured changes
Fulfils demands of the requirements list \
Rezliszble i principls N

Within petmissible cost

Incotporates direct safety measu.fes\

Preferred by designer’s company

Adequate mformation
A(B|C|D|E| F |G Femarks (Indications, reasonsj\

Vo [#[+ [+]=+[+]* [?] [ |
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After the application of all phases, we reached the end of the best design
alternative which is found to be the same one with morphological method that is

shown in Figure 4.1.

4.2.2. Application of the New Approach to Systematic Product Design for
Mechanical Pencil

Based on customers’ requirement, there are eight expectations for
mechanical pencil product such as low cost, less lead fracture, non-rolling body,
steady lead, clean-living eraser, anti-skid grip, non-destructive grip, and easily
portable. In response to these expectations, four operational necessities have been
determined to fulfil customers’ requirements. These necessities are body, grip type,
con cap, and eraser as mentioned in 4.1.2. We have evaluated the customers’

requirements as demands and wishes which are shown in Table 4.20.

Table 4.20. Requirement list for mechanical pencil based on customers’
requirements

The requirements list for mechanical pencil

D: Demand Requirements
W: Wish
D (100%) Cost of product < 10€
D (100%) Easily portable
Technical Properties:
Body
W (45%) Non-rolling
W (55%) Low cost
Grip Type
W (20%) Anti-skid
W (45%) Non-destructive
W (35%) Low cost
Con Cap
W (40%) Prevent lead fracture
W (40%) Steady lead
W (20%) Low cost
Eraser
W (60%) Clean-living
W (40%) Low cost
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Wishes parameters are evaluated individually for technical properties of
product. The design alternatives for required functions had been determined in
Table 4.7.

As we have discussed previously, wishes parameters were evaluated with
the combination of VDI guideline and WOT evaluation techniques. WOT schema,
which is shown in Figure 4.11, was generated by using the information given in the
requirement list (see Table 4.20). The combination table is shown in Table 4.21 for
body of mechanical pencil and the remaining evaluation for the technical properties
of mechanical pencil are shown in appendix in Table A-26, and the best

alternatives of mechanical pencil functions were determined as bold.

1.0 | 1.0

|
045 045 0.35 0.35
Figure 4.11. Application of WOT schema of mechanical pencil

Table 4.21. Application of evaluation method to technical properties of mechanical

pencil
Hexagonal body Circular body Triangle body
with clips with clips with clips
WL TAV. | WV, [AV.| WV. |AV.| WV.
1 | Non-rolling 0.45 3 1.35 2 0.9 4 1.8
2 | Low cost 0.55 3 1.65 2 1.1 4 2.2
_ >OWV,= > OWV,= >OWV;3=
2=l 3.0 2.0 4.0
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After completion of WOT analysis, general evaluation chart was generated

from high scoring alternatives for each technical parts as shown in Table 4.22.

Table 4.22. The general evaluation chart of (a) high scoring mechanical pencil (b)
second high scoring mechanical pencil

(a) (b)
Wy W
1 Triangle body 40 1 | Hexagonal body 310
with clips with clips
2 Fubber .35 ] Rubber 3.35
3 Penctration & 316 3 Penetration & 16
Lead Holder Lead Holder

4 Rotational 36 4 Rotational 36
Wi= TVa=
14.55 13.55

In the next phase after evaluation of wishes parameters, we have used
selection chart which is shown in Table 4.23 for the final evaluation of the design
alternatives. We have to select the high scoring design alternative in the evaluation

of wishes parameters according to general evaluation chart.

Table 4.23. The selection chart of mechanical pencil

Selection Chart
Selection Criteria DECISION
) yes
» (-} no Mark selution variants
8 (7 Lack of mformation (+) Pursesclution
8 (1) Check requirements list (-} Elimiate solution
"-'5‘_' (7 Collect mformation
k= (1) Check requirements list fou
= Compatibility assured changes
e Fulfilz demands of the requirsments list
Reslissble in principls N
Withm permissible cost \
Incorporates direct safety measu:es\
Preferred by designer’s company
Adequate mformation
AlB|C|D|IE| F |G Femarks (Indications, reasu::-ns}\\
1“'?] = = = =1 = o
. | F | F [ F = F=F [7
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The results of selection chart evaluation shows that the first design
alternatives did not fulfil the indispensable parameters. Hence, we replaced body
alternative with second high scoring one as shown in Table 4.22 (b) because of “-
“sign. The mean of “-“ sign is related the manageable of product. For this reason,
we changed the body of pencil because triangle body is not suitable to mount a
grip. Thus, we obtained second design product. Second design alternative fulfilled
the notification, and this is the same product with morphological method which

shown in Figure 4.5 (a).

4.2.3. Application of the New Approach to Systematic Product Design for
Manipulator Frame

Based on market research, there are nine features required by customers for
manipulator frame such as ease of assemblability, manufacturability, cost,
durability, corrosion resistance, ease of use, balanced, strengthen, perpetuity
connection. In return for these expectations, six operational functions have been
found to meet the customers’ requests such as beam cross-section type, beam
fabrication, body cross-section type, body fabrication, beam and body, and
conveyance mode as mentioned 4.1.3. The customers’ requirement has been
separated as demands and wishes same as before. The separation of requirements is
shown in Table 4.24. The design alternatives for required functions of manipulator

frame had been determined in Table 4.12.
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Table 4.24. Requirement list for manipulator frame based on customers’
requirements

The requirements list for manipulator frame design
D: Demand Requirements
W: Wish
D (100%) Cost of product < 50€
D (100%) Corrosion resistance
D (100%) Ease of assemblability
Technical Properties:
Beam Cross-section Type
W (55%) Durability
W (45%) Low cost
Beam Fabrication
W (65%) High strength
W (35%) Low cost
Body Cross-section Type
W (60%) Balanced
W (40%) Low cost
Body Fabrication
W (65%) Manufacturability
W (35%) Low cost
Beam & Body Connection
W (70%) Perpetuity connection
W (30%) Low cost
Conveyance Mode
W (55%) Ease of use
W (45%) Low cost

In the next phase of new approach to systematic design method, the

evaluation of wishes parameters with the combination of VDI guideline and WOT

evaluation techniques have been used based on given in chapter 3. As stated

previously, we benefit from requirement list to create the WOT schema as shown

in Figure 4.12. In the case of generating the evaluation chart, we benefit from

WOT data.

We applied WOT analyse technique to all parts of technical properties one

by one. The combination of wishes evaluation table is shown in Table 4.25 for
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beam cross-section type of manipulator frame. The rest of evaluation for technical
properties of manipulator frame is shown in appendix in Table A-31, and the best
alternatives of mechanical pencil functions were determined as bold.

Beam cross section tvpe

0,55 033 0.45 0.45
Figure 4.12. Application of WOT schema of manipulator frame

Table 4.25. Application of evaluation method for technical properties of
manipulator frame

Open 2xL Closed 2xU Open H
Wt. [AV.| WV. [AV.| WV. |AV.| W.WV.
1 | Durability | 0.55 3 1.65 4 2.2 2 1.1
2 | Low cost 0.45 2 0.9 3 1.35 2 0.9
OWV,= OWV,= OWV;=
2=t * 2.55l * 3.55 2 * 2.0 3

After completion of the WOT analyse, we select high scoring alternatives
for each technical parts separately. Hereunder, general evaluation chart was

generated as shown in Table 4.26, and this chart will be used for selection chart.
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Table 4.26. The general evaluation chart of manipulator frame

Vi

1 | Closed 2xU 3.55
2 | Drawn 3.3
3 | Rectangular 3.0
4 | Cast 2.65
5| Weld 4.0
6 | Closed basket 2.55

2Vi=

19.05

In final decision stage of new approach to systematic product design
method, the selection chart evaluation technique has to be applied for demands
parameters depends on high scoring design alternative for wishes parameters. The

selection chart for manipulator frame is shown in Table 4.27.

Table 4.27. The selection chart of manipulator frame

Selection Chart

Selection Criteria DECISION
(+) yes
= (-} no Iiark solution variants
f (7 Lack of mformation (+) Pursesolution
= () Check requirements list (-) Elimmate solution
= (7} Cellect mformation
= (1) Check requirements list for
7

Compatibility zssursd changes
Fulfils demands of the requirements list \
Realiszble in principle N
Within permissible: cost \

Incorporates direct safety measu.res\

Preferred by designer’s company

Adequats mformation

A|B|C|D|E| F G] Femarks (Indications, rezzons)

[Va =]+ [=]=[=]7 [+] |
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Following the implementation of all design stages, we concluded that the
best design alternative is not the same as the one obtained using the morphological
method which is given in Figure 4.5 (a). There is one difference between two
results. This difference is about body fabrication. The new systematic product
design method suggests casting for body fabrication according to WOT analyse as
shown in appendix in Table A-31, but morphological design method suggests
drawing for body fabrication as shown in Figure 4.5 (b). The reason of this
difference is in design process. In morphological design, functions of design
alternative are determined together while new approach to systematic product

design determines separately.

4.3. Comparison of Morphological Design and the New Approach to
Systematic Product Design Methods
There are some similarities and discrepancies between these two methods.

In the following sections, these similarities and discrepancies are explained.

4.3.1. Overall

There are several similar stages of the two systematic design
methodologies studied in this thesis, as can be seen in the design processes given in
Table 3.2. Some of these similarities are to gather customers’ requirements, find
solutions for customer’ request and implementation of evaluation techniques like
the combination of WOT analyse and VDI guidelines.

Opposite to these similarities, there are several differences between
morphological design and the new approach to systematic product design
methodologies which are given in Figure 3.5. The following sections analyse these

differences.
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4.3.2. Based on Tools

Besides the similarities between these methodologies, there are many
important discrepancies which are shown in Figure 3.5. This essential difference
brings in practicability and convenience to morphological methodology. Due to
this difference, the designers can reduce the vast numbers of design alternatives
significantly which are obtained by morphological design matrix, thus duration of
design reduces because of less design alternatives which must be evaluated. First
discrepancy is in the creation of requirement list. In the creation stage of
requirement list of morphological design methodology, common demand and wish
parameters are indicated at the top of the table by the designers. In addition, total
wish ratio of part of technical properties is specified as the rest of total ratio of
common wish parameters as well. In the new approach to systematic product
design, all demands parameters are indicated at the top of the table, and total wish
ratio of each functions have to be 100%.

The number of design alternatives to be evaluated for morphological
design was shown in Table 4.3, Table 4.8, and Table 4.13 respectively. On the
other hand, the number of design alternatives to be evaluated for the new approach
to systematic product design was shown in Table 4.19, Table 4.23, and Table 4.27
respectively. The comparison of selection charts is shown in Table.28 (a) for
morphological design of mechanical pencil and Table.28 (b) for the new approach

to systematic product design of mechanical pencil, respectively.
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Table 4.28. The selection chart of (a) morphological design of mechanical pencil
(b) the new approach to systematic product design of mechanical

pencil
Selection Chart
(@) Selection Criteria DECISION
+) wes
. E_ no Mark sclution variants
| (7) Lack of information (+) Purseseclution
g (1) Check requirements list (-) Elmmate sclution
"—‘?_' (T Collect mformation
= (1) Check requirements list for
= Compatibility assured changes
w Fulfilzs demands of the requirements list
Reslisable in principls S
Within permissible cost
Incorperates direct safety measures
Preferrad by designer’s company
Adequate miormation

A|B|C|D|E| F|G Femarks (Indications, reasons)
R
W - _ T T 1T 0] _ +
Vi | F |+ +[7
Ve [T +]-T+T1-1T71+
Ve [- [+ +1-T-17
Ve |+ |+ |+ |+ +]-]7
V- - == =- -7
Vi [T+ +-1+1+]7
Ve [F-T+1+1-T1T+17
V| + [+ +]-[7]-]+
Vo l-[+]-]+]-]1+]7
Vi |+ [+ +]-]+]-1+
Ve |+ |+ +]+]-]-|7
el Tl - F -+
1‘_.']: T 1 _ _ _ o 7]
Vg |+ -+ +1+]-1+
Tl F - -1
Vs |+ [+ ]+ [+ ]-]+][7
Vg |- [+ [+ ]-]-]+
Voo |+ [+ |- [+]+[-1]7
V| F - T ===
Vel T - [T 7 ]-
Vaos | - + |+ +- - ?
‘_14 - - - - - -
e | = | + N T | =1 =1 =
v N N
Ve |- [+ +]7
S I e e
Ve |+ [+ ]+ [-]+]-1+
Ve |- || = =] - |-
Tl = - | == =]~
Ve | T T - [ = - [+ =
A% T T _ 1T _ + 2
Ve [+ [+ -]+ +]-17
Ve T T - (= -1-1°
1._.':< T _ 1 _ + _ 2
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(b) Selection Chart
Selection Criteria DECISION
+) ves
. () ne Mark selution variants
E () Lack of mformation E—}} Em_mluuﬂii _
5 1 Check raqu ts list - mmate sclution
= | © FEATIEEE (7) Collect nformation
_E (1 Check requirsments list fou
i Compeatibility assursd changes
7 Fulfils demands of the requirements list
Reealizzble i principle
Within permissible cost \
Incorporates direct safety measu.res\
Preferred by designer’s company \
Adequate mformation \
A|lB|C|DIE| F |G Femarks (Indications, reasu}ns:\
Vi [l * [-[=|+[F [?
1'!':': T - - - n T [

Other contrasts between morphological and new approach to systematic
product design methods is in the final evaluation phase. For morphological design,
exact decision is made by implementation of the combination of VDI guideline
technique and WOT analysis to all design alternatives after selection chart
evaluation. After this implementation, high scoring design alternatives is accepted
as the optimum solution to design the product. In the new approach to systematic
product design method, for wishes requirement of customers, all function
alternatives are evaluated individually by using the combination of VDI guideline
technique and WOT analysis. This evaluation stage is applied for wishes
parameters and not determines the exact decision. Second phase of evaluation stage
is also exact decision stage.

The combination of high scoring wishes parameters creates a new product.
This product is evaluated by the selection chart to determine whether it fulfils the
demands parameter or not. There is a crucial point in this step. This is the

105



4. RESULTS AND DISCUSSION

Mehmet Mert KAVUZLU

fulfilment of the first four notifications in the selection chart because these are the

most important parameters for exact decision. If the new product fulfils the demand

parameters, the designers make exact decision for optimum product. In case of

unfulfilled ones, this process is applied for the second high scoring product

according to wishes parameters as given in Figure 3.4. The differences and

similarities of both design methods are shown step by step in Table 4.29.

Table 4.29. The design process of morphological design and the new approach to
systematic product design

Steps of Design Methodologies Morphological Design The New Approach to
Methodology Systematic Product Design

Requirement List

Determination of Alternative

Solutions for Functions

First step of
morphological design
methodology
Implement to obtain the
customers’ requirement
Common demand and
wish parameters are
indicated at the top of
the table

Total wish ratio of part
of technical properties
is specified as the rest
of total ratio of common
wish parameters

Second step of
morphological design
methodology
Alternative solutions are
determined for each
functions

Total number of design
solutions is calculated
by the multiplying of
solution number of each
function with solution
numbers of all
functions.
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First step of the new
approach to
systematic product
design methodology
Implement to obtain
the customers’
requirement

All demands
parameters are
indicated at the top of
the table

Total wish ratio of
each functions have
to be 100%

Second step of the
new approach to
systematic product
design methodology
Alternative solutions
are determined for
each functions

Total number of
design solutions is
calculated by the
multiplying of solution
number of each
function with solution
numbers of all
functions.
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Table 4.29. (Continue)

Selection Chart .
Wot Analysis .
Evaluation Chart .

Third step of
morphological design
All design alternatives
are evaluated in this
step

Forth step of
morphological design
Wish parameters are
evaluated together

Fifth and last step of
morphological design

Fifth and last step of
the new approach to
systematic product
design

Only high scoring
design alternatives
are evaluated in this
step which is obtained
at evaluation chart

Third step of the new
approach to
systematic product
design

Wish parameters are
evaluated separately
for each functions

Forth step of the new
approach to

. High scoring design systematic product
alternatives is accepted design
as the best design . High scoring design
alternatives for each

functions are
determined and
gathered

The results obtained do not vary from person to person. This is because the
designers apply design process of the new approach to systematic product design
and morphological design according to customer requirement.

The morphological method and the new approach to systematic design
product method were implied to three sample products. According to these
implementations, mechanical fruit press and mechanical pencil have given same
products while manipulator frame design has given different product. The reason of
difference is related to fabrication method of body. Morphological method has
suggested drawing process for body fabrication while the new approach to
systematic design product has suggested casting. Actually, both of these methods
have showed us that casting is the better way for body fabrication instead of
drawing. In morphological method, all of wish parameters of function design

alternatives evaluated together. Therefore, high scoring design alternatives is
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selected as the best one in spite of some of low point function design alternatives.
In comparison with morphological method each wishes parameters evaluated
separately in the new approach to systematic product design. Hence, the designers
consider only highest scoring function design alternatives to evaluate in selection
chart. The comparison of body fabrication method between morphological method
and the new approach to systematic design product method is shown in Table 4.30
(a), and Table 4.30 (b) respectively. These four different design alternatives in
Table 4.30 (a) had been clarified in Table 4.13.

Table 4.30. The comparison of body fabrication method between (a) morphological
method and (b) the new approach to systematic design product method

(a)
Vs Vs Var Vi
we AV wy [AV] wyv |AY] wyv. |av.| wv.
T Towoont NS T S 03 T s 2 03
7 | Dwabiiy 017 | 3 | o051 | 3 | @51 | 3 | o5t | 2 | 04
3| Highsueng® |0126| 3 | 0378 | 3 | 038 | & | 0308 | 3 | 037
T Balmced 017 | & | 068 | § | 068 | & | 088 | & | 068
3 ;r;.mrammb oze | 3 | o3 | 2 | om0 | 3 | 037 T | 004
5 | Perpemiy 017 | & | 088 | § | 068 | & | 088 | & | 068
T Emeofme 00| 3 | 0355 [ 2 [ 032 [ 2 [ 0% | ¢ [ 0=
TWt TOWV,= TOWVas TOWVas TOWW 3z
= 3.331 =3.392 =3.542 =3111
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(b)

Body fabrication

Manufacturability

0,65 0,65 0,35 0,35
Cast Dirawn
Wt AV | WwWW. AV WV
T | Mznufactursbility 0.63 3 1.95 2 13
2 | Low cost 0.35 2 0.7 3 1.03
TWt=1 TOWV= TOWV=
= 2.65 235

The rest of technical properties for the evaluation of manipulator frame
functions are given in Table A-31 for new approach to systematic product design.

As we said before, the reason of this difference is in design process. In
morphological design, functions of design alternative are determined together
while new approach to systematic product design determines the functions
separately in WOT analysis stage.

In generally, morphological method and the new approach to systematic
design product have given us the same function alternatives for products. In spite
of these similarities, some function alternatives of final products may be different
because of the differences of design process. In my opinion, the new approach to
systematic product design is much shorter and also it provides better product
design than morphological design because of separately evaluation of wishes

parameters. In addition to that, the designers should implement the new approach
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to systematic product design methodology for various mechanical products for

conclusive research.
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5. CONCLUSION AND FUTURE WORK

Systematic product design methodologies contain many sub stages.
Specific to morphological design, these sub stages cause to some drawbacks in
terms of designers. The most important disadvantage is about the number of
solution. The morphological design methodology generates too many solutions in
selection chart stage which is the evaluation stage of customer demands, and some
of which may not even be logical. Because of that reason, the designers consumes a
lot of time to determine the best design.

The main aim of this research is to remove this disadvantage. We have
proposed a new systematic product design approach for this purpose which is
shown in Figure 3.3. To achieve this goal, we have reduced the number of design
alternatives. We began with some changes in design stage of morphological design
which is shown in Figure 3.1. Firstly, WOT analyse technique was implemented
before the selection chart in new approach. Besides, there is a difference in WOT
analyse technique. In morphological design methodology, WOT analyse was
applied to whole of product according to wishes parameters. In contrast to
morphological one, WOT analyse was applied for each assembly parts separately
in new systematic product design approach. The results obtained were determined
in evaluation chart, and the high scoring design alternative selected as the best
design according to customer wishes.

Thus, there was only one design alternative in selection chart stage. If high
scoring design alternative fulfils the demands parameter in selection chart, the
designers can make exact decision. If it does not fulfil the demands parameter in
selection chart, the designers have to select second high scoring design alternative
to evaluate in selection chart.

At the end of these processes, there is a comparison stage between both of
the design methods. This comparison may cause to two different results. First one

is, if the best design alternatives of these design methodologies are the same, the
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new approach gains advantage of time. Second one is, if there is different result
between the design alternatives. This means that the new approach does not only
gain advantage of time but also provide better design alternative. This is because
the highest scoring function design alternatives consider in the new approach while
making an overall rating in morphological design according to wishes parameters.

In this study, we have implemented these design processes to 3 different
products which are mechanical fruit press, mechanical pencil, and manipulator
frame. At the result of the comparison stage, we obtained same product in
mechanical fruit press. Contrary to this, the best mechanical pencil in
morphological design is found to be the same with second high scoring product
design in the new approach.

Contrary to these results, there was a difference for manipulator frame
design between two design methodologies. This was due to the selected fabrication
method. In morphological design, body of manipulator frame was fabricated by
casting while it was fabricated by drawing in the new approach. As we explained in
Chapter 4.3.2., both of these methods have showed us that casting is the better way
for body fabrication instead of drawing. The reason of this difference is the
determination method of wishes parameters in WOT analysis. In the new approach,
each wishes parameters evaluated separately while all of wish parameters of
function design alternatives evaluated together in morphological design. Thus, we
may coclude that morphological design method may misguide the designers.

As a summary, the results of these two design methodologies are the same
for two sample products. This means that, the new approach has provided a better
product for one sample. In the light of these studies, we know for sure that the new
approach to systematic product design is not only much shorter than morphological
method but also it reveals a better design. The reason is that, the designers can
select the best function design alternatives in the new approach because of separate

evaluation of wishes parameters. However, implementations of the new approach
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to systematic product design to various mechanical products are vital importance to

achieve exact decision.
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1. MORPHOLOGICAL DESIGN APPLICATION for MECHANICAL
FRUIT PRESS DESIGN

The expectations of the mechanical fruit press users obtain as;

Low cost

Low weight

Corrosion resistance

Less sliding

Comfortable handling

Easily removable

Good press ability

Sieve

Ease of use
The designers’ should design the mechanical fruit press in consideration of
these requirements which listed in Table 1. There are some operational
necessities to get these properties are;

Base

Pressing

Support

Sieving

Carafe
Now, morphological matrix can be created based upon these criteria in Table

2. As it seen, there are 32 different product designs may generate.
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Table 1. Requirement list for the mechanical fruit press

The requirements list for mechanical fruit press
D:Demand Requirements
W: Wish
D (100%) | Corrosion Resistance
D (100%) | Cost of product < 20€
W (%3) | Low cost
W (%5) | Low weight
W (92%) | Technical Properties:
Body
W (25%) Less sliding
Pressing
W (15%) Good press ability
Support
W (13%) Comfortable handling
W (4%) Easily removable
Sieving
W (23%) Low diameter hole
D (100%) Hole dimeter < 10 mm
Carafe
W (20%) Ease of use
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Table 2. Morphological matrix design specification alternatives for the
mechanical fruit press

Iternatives

sieve

1 2 3 4
Function
Bod Free standing Free standing Lockable Lockable pronged

0
y monoblock pronged monoblock
. Upside and Side & Horizontal Upside and Side & Vertical
Pressing
Monoblock Handle Pronged Handle
Support Handle
Sieving Sieve
Carafe with sieve Carafe without

Carafe

All of these 32 alternatives are shown in Table 16 in appendix. First

evaluation method is the selection chart for demands which shown in Table

3.
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Table 3. Selection chart of the mechanical fruit press

Selection Chart
Selection Criteria DECISION
() yes

- (-} no Mark selution variants
% (T Lack of mformation () Pursesolution
g (1) Check requirements list (-} Elimmate sclution
':=_' (7) Collect mformation
k= (1) Check requirements list fod
= Compatibility assured changes

Lz Fulfils demands of the requirements list

Eealiszble in principle N
Within penmissible cost \\
Incorporates direct safety measu.res\
Preferred by designet”s company
Adegquate mformation
E|C|[D|E| F |G Femarks (Indications, reasons)

V1 + |+ |+ + |7
- + | + = 7] =] =

_; - - - — __‘ -

7, s et I G B
Ve == [ = .
Vs e I I I
e R
Vs +|+ [--]+]7
Vs N I
Vg il i el A s
Vi s il el e
iz T+ -] = 7|+
Wiz -1+ |+ -[7
Vg il I Ml M M M
Vi il o e e
WVis -+ [+ F] -1 7
Vi - [=] - |- =
Vs - +H-1-1"7
Vis il I N I I
Vg B +-1-17
Yo -1+ |+ 7]+ 7
W = [+ ] - 7
Vs == == -1z
Vg T |-l F] -] F
Was +|+ [-1+]+] 7
Vis I
1"_.':_ N T | L T
1"?: T T | = _ T
Vs == [ -1-1-1=
Vg s I I
Vu = [+ ] 7| 7
Vs - [ 7 [ =] =

127




After the detection of design alternatives which fulfil demands parameters,
weighted objective tree (WOT) evaluation method which is shown in Table
4 is implemented according to wishes parameters. Then, evaluation chart

which is shown in Table 5 was created to decide the best design.

Table 4. WOT evaluation technique for the mechanical fruit press

Mechanical Fruit Press Ability

Technical properties

0,03 0,03

‘Comfortable handling Good pressing ability

0,2

Easily remowvable Low diameter hole

Table 5. Evaluation chart of the mechanical fruit press

Vi Vs Vs

Wi, AV, WV, AV, WV, AV WV

1 | Low cost 0.03 3 0.00 2 0.06 2 0.06
2 | Low weight 0.03 3 0.15 3 0.15 3 0.15
3 | Ease ofuse 0,184 4 0.736 3 0.552 2 0.368
4 | Less slidmg 023 4 (X 2 0.46 2 0.46
5 | Comiortable 0.12 3 036 2 024 2 024

handling
¢ | Easily removahle 0.037 2 0.074 2 0074 2 0.074
7 | Good press zhility 0.138 4 0332 3 0414 3 0414
8 | Low diamster hole 0212 3 0.636 3 0.636 3 0.636
TWt=1 TOWV,= TOWV:= TOWVe=
1518 1.586 2402
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Table 6. Morphological matrix of all design alternatives for the mechanical
fruit press

ol
g -4
&
Carafe Sieving Support Pressing Body g - g
g
w
Carafe with Sieve Handle sich s Freg
e Hor zontal standing -
Handle monoblock
Free
Carafe with Sheve Handle Upside & di i
sieve Monobiack | =P8
monoblock
Carafewith | sieve Handle b kb
sV Veartical standing w
Handle pronged
Side B Fres
Carafe Sieve Handle
without Vertical standing S
sl Handle monablock
Carafe with Sleye Handle Upside & g;:;f -
sleve Prolanged e
monablock
. g Free
Caraf e Sieve Handle Upside & .
withoue Monobiock standing -
sieve monablock
. Frea
Caraf e with Sieve Handle Upside & .
sieve Prolonged standing .
pronged
Free
Carafe Sleve Handle Upside & =
withoue Monoblock sanding
sleve pronged
Carafe with Sieve Handle Slde_ & FrtF
sleve Yertical standing -]
Handle monablock
. Free
Carafe Sieve Handle Upside & standl -
withou Prolonged i .
siEve prong ed
Carafe with Sieve Handle Upside & Lockable -
SiEve Maonobiock monoblock "
Carafe Sieve Handle Upside & Lockable e
withow Prolorged | pronged i
Sleve
Side B F
Carafe Sieye Handle I, o r!‘,! -
wikhole Horizontal standing v
sl Handle monoblock
Carafe Sieve Handle Upside & Free e
without Prolonged standing il
Sl roancibl el
Carale with Sleve Handle Upside & Lockable o
sleve Prolonged pronged “
Side F
Carafe Sieve Handle I, 3 ”“,! -
withou Horizontal standing o
ey Handle monablock
Carafe Sieve Handle Side & Free
without Vartical standing -
e Handle monablock
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Table 6. Morphological matrix of all design alternatives for the mechanical
fruit press (Continue)

sl
g z
8 /8
Carafe Sieving Support Pressing Body g g_
i
Carafe with Sieve Handle Upside & Free K
sleve Manoblock standing hoe
prone ed
Carafe with Sieve Handle H Sllde Eal Free b
sleve 3”%:‘ standing -
bt prone ed
Carafe with Sleve Handle Upside & Lockable Ki
sleve Monoblock pronged =
Carafe Sieve Handle Side & Lockable S
without Huorizontal monoblock o
Slewe Handle
Carafe with Sleve Handle Side & Lockable ha
sieve Horizontal monoblock 'h
Handle
Carafe Sieve Handle Side & Lockable i
without Vertical monoblock il
sleve Handle
Carafe with Sieve Handle Side & Lockable "
sleve Vertical monoblock v
Handle
Carafe with Sieve Handle Upside & Lockable -
sleve Monoblock | manablock o
Carafe Sieve Handle Upside & Lockable i
without Monoblock | pronged L
sleve
Carafe Sieve Handle Side & Lockable o
without Horizontal pranged -
Sleye Handie
Carafe with 5lave Handle Slle & Lockable w
sleve Vertical pronged -
Handie
Carale Sleve Handle Slde & Lockable »
without Haorizontal pronged a
AT o) Hapdle
Carafe with Sieve Handle Side & Lockable "
sieve Vertical pronged b
Handle
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2. MORPHOLOGICAL DESIGN APPLICATION for MECHANICAL
PENCIL DESIGN

The expectations of the mechanical pencil users obtain as;

Low cost

Less lead fracture

Non-rolling body

Steady lead

Clean-living eraser

Anti-skid grip

Non-destructive grip

Easily portable
The designers should design the mechanical pencil in consideration of these
requirements which are shown in Table 7. There are some operational necessities
to get these properties are;

Body

Grip type

Cone cap

Eraser
After the creation our morphological matrix table as shown in Table 8, there are 36
different design specifications mechanical pencil may developed as shown in Table

12.
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Table 7. Requirement list for the mechanical pencil

The requirements list for mechanical pencil
D: Demand .
W: Wish Requirements
D (100%) Cost of product < 10€
W (10%) Low cost
W (90%) Technical Properties:
Body
W (40%) Non-rolling
D (100%) Easily portable
Grip Type
W (5%) Anti-skid
W (10%) Non-destructive
Con Cap
W (15%) Prevent lead fracture
W (10%) Steady lead
Eraser
W (20%) Clean-living

Table 8. Morphological matrix for design specification alternatives for the

mechanical pencil

ernatives
1 2 3
Function
Hexagonal body | Circular body Triangle body
Body ] . . . . .
with clips with clips with clips
. Rubber Groove Rubber &
Grip Type Groove
Cone Ca Penetration & Constant &
P Lead Holder Lead Holder
Eraser Rotational Covered
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All of these 36 different mechanical pencil alternatives are shown in Table 17 in
appendix. First evaluation method of morphological design is the selection chart

for demands which shown in Table 9.
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Table 9.

Selection chart of the mechanical pencil

Selection Chart

Solution ¥ artant

Selection Criteria
(+) wes

(-} no

(7 Lack of mformation
(1) Check requirements list

DECISION

Compatibility assured

Fulfils demands of the requirements list

Mark solution variants
(+) Pursze solution

(-) Elmmate solution
(71 Collect mformation
(1) Check requirements list for
changes

Feealizzble m principle

Within permissible cost

AN

Incorporates direct safety measu.res\
Preferred by designer’s company
Adequate mfcrmation
E|(|C|D|E| F |G Femarks (Indications, reascmsj\

W + |+ -1-[+[7
WV + |+ [+ -]+

_; T = =1=17

.'4 e _ e _ -_\ e
e === -7

_; =T =T=1T2 5
v, T+ - 1-1°
Vs +|+]-[+]+]7
Vs N
Vi s e I
Vi il I s N
1.{.']_ T T _ + _ +
Viz + |+ +[-]-1?
Vs il I e M N s
1.{']5 4 - - - a2 a2
Vs il I R M N s
Vit =1 -1-17
Vis + |1+ +[-1+]"
Vis il I e N N s
Vg + |- +]+[-[7
WV N EEE
Vas T === -1=
Vs + |+ +]-]-17
‘_14 - - - - - -
Vs + -]+ +[+[7
Vs +|+]-[+]-1z
Vo T =11 =17 1=
i S EIEI SR
Vs T+ - +-1=+
Vi +lF[+F]-(-17
Vi S M G I
Vi il N el N Ml s
V. T - 1=1- 1=
Tae - =[+]-17
Wis + - 1+]1-1-17
Vs - |+ [-1+]1-17
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After the detection of design alternatives which fulfil demands parameters,
weighted objective tree (WOT) evaluation method which is shown in Table 10 is
implemented according to wishes parameters. Then, evaluation chart which is

shown in Table 11 was created to decide the best design.

Table 10. WOT evaluation technique for the mechanical pencil

Mechanical Pencil Ability

Technical properties

Non-rolling Moo Steady lead

Frevent lead fraction Clean-living

Table 11. Evaluation chart of the mechanical pencil

Vs Vs Vis Vis Vi
W AV wy AV wy AV wy av | wy. |av. | wv
1| Low cost [N E 03 3 03 2 02 2 02 2 02
2| Non-rollmg 036 | 4 14 4 14 2 072 2 072 2 072
3| Anti-shd 0045 | 4 0.18 4 0.18 4 0.18 2 008 3 0133
] Non- e 1% |03 [ |0 T om | 2] 027 | £ | 0%
destructive
3| Preventlead | 35 [ 4 034 3 0403 4 0.54 3 0405 3 04035
fraction
6| Steady lead 00 |4 036 4 036 4 036 4 036 4 036
7| Clean-living 018 |3 0.54 3 034 3 054 3 034 4 072
Wt IOWY= LOWVe= TOWV, TOWVe TOWVs
_ imn 3495 29 55 23
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Table 12. Morphological matrix of all design alternatives for the mechanical
pencil

wenin

Lrsbai Coms Cap | Grip Typ: Bacdy

sl st L

Aoaaianal | Comlan & Ridsbas Hoggong

Lead Holder boschy waith "
rling
Covered | Penetrstion | fubber | Hesegonw &
& Lot by with
Holdet cliog
Rolsibonal | Penetrion | Fulsber Hemagonm
& L3 iy with -
Hodider i
Coverrd | Coirtant & Risshar Hfmag o
L] Hibhor by with -
rlipe
Aotational | Ponemmion | Geoows | Hemagonal e
& Lea Iy WA
Holdes ik
Aolathanal | Comsam L oo Howagonal
L Hioboer Doty With -
Ell
Cavved i Penisigion G 0 e Himagon i
& Lot by with ke
Heldes il
Cavered Cnrverant & i 0 Heagonm -
List oliter Dy with
clipe
Redmbonal | Feneumion | Hubber & | Hoaonw
Lo O ace truky wiiths -
Holder rlipe
Coversd | Ponmivation | Muhber £ | Hocgons "
& Lot fru— Imby warth a
Hr\lh rh
Hotabanal | Comsamt & | HAshber & Hemagonal a
Lend Hobaor [T ey Wit L

Convered Comma & | Rubiber & Hengonm
Livn] Mol Seaove Doy with

n

i
Actational | Penetmion Fubsber i -
B Lo ity wiithe -
Holde clioe.
Covered | Penrtsmion Ridshar Cardi
& L Ichy with x
Hisldar clips
RAeistianal | CoMtat & Rudshar Dt i
Vi Hickdr b with w
i
Coyersd Corstan B Fubabar G =
L Hohoer iy i it -
ding
Aolatianal | Peneraion G e Gl dar -
4 Leaw by weith -
Holdes dits
Rotational | (oSS & | Groowe | OWELIDE -
Lira] Heoldgr Lexchy w111 =
i
Coaverad i N 1 (LI I
& Leaed Iy with =
Heldes cins
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Table 12. Morphological matrix of all design alternatives for the mechanical
pencil (Continue)

Erser | ConeCap | GrinTyoe | Body | 5 3
i
-
Coyarpd | Conmant & G BBvE Giroutar
Lead Hasder Bocy with B
i
topptional | Ponetrmtien | Rubber & Cireulne e
& Lo GF DvE ooy wintk o]
Hoider licn,
Covered Ponatration | Rubber & Circular s
L] G oowve ook with W
HModder lires
Roggtionsl | Consant & | Rubber & Circular .
Lead Halder | gGropye | COON W -
clics
Cryarpd Congeant & | Rubber & Gireulsd =
Lend Hodgar Gf D E ooy with &
lics
Rogatiansl Fndration Rubher Trangte .
L Body with L
Hoder rlires
Ciowei ed P etraion Rualibi e Triangie "
B Lol Euncdy wirth
o i
Rotational | Domstont B Hulbhier Tramgle N
Nt Hdiber Laondy warth -
clics
Cower ed Consrant & Rulsb ey Triangie -
o] (Mol chaiy ooy werth -
Llics
Rotational | Ponetravion Gr oovwe Triangie "
& Leml bty with &
Hodier elics
Retakional | Constant & Graowe Triangie
Lo oy oty itk -]
clicr
Covered Ponetracion Br aowE Triangie -
B L] Iondy with -
Hodger £lics
Covered Coinmant & Groowve Trigngie -
Lzt Wty oty Wtk el
ilics
Rokalianal | Penetration | Rubber & Triangle -
B L] GF e Emmdy with Loy
Moy liss
Coyared Fonetraion Rubber & Triangte =
& Lomd Groove oy with
Hoider lics
Rogationsl | Conmant & | Rubber & Triangie
LesdHaioe | gropys | DOGH Wi =
clieg
Covergd | Constont & | Rubber & Trizngle
Lol H ol e G BovE iy warth !
alion
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3. MORPHOLOGICAL DESIGN APPLICATION for MANIPULATOR
FRAME DESIGN

The expectations of the frame users obtain as;

Ease of assemblability

Manufacturability

Cost

Durability

Corrosion resistance

Ease of use

Balanced

High strength

Perpetuity connection
The designers should design the manipulator frame in consideration of these
requirements which are shown in Table 13.There are some operational necessities
to get these properties are;

Beam cross-section type

Beam fabrication

Body cross-section type

Body fabrication

Beam and body connection

Conveyance mode
Now, we can create our morphological matrix table for manipulator frame

specification alternatives in Table 14.
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Table 13. Requirement list for the mechanical pencil

The requirements list for manipulator frame
D: Demand Requirements
W: Wish
D (100%) Cost of product < 50€
D (100%) Corrosion resistance
W (15%) Low cost
W (85%0) Technical Properties:
Beam Cross-section Type
W (20%) Durability
D (100%) Ease of assemblability
Beam Fabrication Technology
W (15%) High strength
Body Cross-section Type
W (20%) Balanced
D (100%) Ease of assemblability
Body Fabrication Technology
W (15%) Manufacturability
Beam & Body Connection
W (20%) Perpetuity connection
Conveyance Mode
W (10%) Ease of use
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Table 14. Morphological matrix of design specification alternatives for the frame
design
Alternatives

Function
Beam Cross- Open 2xL
section Shape

Closed 2xU Open H

Beam Fabrication Cast Drawn

Technology

Body Cross- Rectangular Round
section Shape

Body Fabrication Cast Drawn

Technology

Beam and Body Weld

Connection

Conveyance Mode Basket Hook

All of these 48 different manipulator frame alternatives are shown in Table 18 in

appendix. First evaluation method of morphological design is the selection chart
for demands which shown in Table 15.
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Table 15. Selection chart of the manipulator frame

Selection Chart

Selection Criteria DECISION
(+) was
- -} mo hiark solution variants
=B {7 Lack of information E—:]) ]':ET.HT: 50111151'-0;1 )
= {13 Check requirements list - iminate solution
= € = {7} Collact information
= (1) Cheack requiraments list fo
= Compatibility assured changas
=2 Fulfils demands of the requirsments list
R=zalisable in principls
Within permissible cost \
Incorporates direct safety measuras
Praferrad by designer’s company
Adsquate information
Al B C|D|E| F |G Ramarks {Indications, raﬁsouh\
i = T=]-1T=1-1= 17
Ve = - [ == - T
R = == =117 [=
V. |- [ [—1-17 =
e Z =T ==1- 1= 7
LA s === [ =1-< 7
. — —T =TT -1 =
a - T =1=1= 1=
e - —==1=- [ = 7
T 1 = [ = =] < = =
W = [ = — = =
T, | = | =] =[- [ == ry
Wiz - =1 =1=1-1T- 7
1"-:(_ — — — - — - -
Wi = = -] =1- 7 ?
1"-: & - - - - _ - —
T | - —T==1- - 7
Wiz = - = = | - = ?
e = i = - - =
W + =1 =1-1=T1- 7
1"-;: - - - - - - 7
T | = | = =] - | =1- =
Vo - =T==1-1- 7
Ve = —T=- == =
Ve |- [ -1=-17 [=
s + =1 =] - = | - 7
L D e M M I
T = =1 == [=1- =
e | = 1 === == =
T | - - =1=-T=
T + - = =1 - - 7
Wiz = = -] =1- 7 +
Ve | = [ =-1-1- |7
s -+ = | - - - - 7
W = = - - - - ?
s + - + = | - 7
g — —T =TT 1= =
T | = |- | == -
Vi - i - 7 - 7
T — —T =TT =1 ¥
“'_f_: — — - il il - 7
T — —T =TT =1 T
Ve = [ =[=[=1= =
T | = | =1 =] - | =1- 7
Ve | - [ =[=1- 7
Wes = = =] - - + ?
= 1 = =1 =1-1-
Vs = —T-1=- [ ==
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After the detection of design alternatives which fulfil demands parameters,
weighted objective tree (WOT) evaluation method which is shown in Table 16 is

implemented according to wishes parameters. Then, evaluation chart which is

shown in Table 17 was created to decide the best design.

Table 16. WOT evaluation technique for the manipulator frame

1,0

1,0

Manipulator Frame Ability

Durability

High strength

Balanced

Manufacturability

Technical properties

Perpetuity

Ease of use

0,2 0,17 0,15 0,126 0,2 0,17 0,15 0,126 0,2 0,17 0,1 0,085
Table 17. Evaluation chart of the manipulator frame
Vi Vs VY Vi
we AV wy AV wy AV wv [av | wv
T | Low cost 015 | 3 043 1 03 3 0.4 2 03
2 | Durability 017 | 3 051 3 0.31 3 051 2 034
3 | High strength | 0.126 | 3 0378 3 0378 1 0504 3 0378
1 | Balanced 017 | 4 0.68 1 0.68 1 0.68 1 0.68
3 | Manufacturab 0126 3 0378 4 0504 3 0378 4 0504
ity
& | Perpetuity 017 | 4 0.68 1 0.68 0.68 1 0.68
Emse ofuse | 0.083 0253 1 034 034 1 034
TV TOWVe= TOWVa: TOWVs, TOWY:s
= 1331 =13.392 =3.547 =1112
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Table 18. Morphological matrix of all design alternatives for the manipulator frame

design
oy bew | 2 E
c T m el By . Brain il i
el bl falwkaton | - | Fareades | G- i
Coaner moa | Technolopy Ter hankagy
Trva Ty i
Clased wild Cont FArrrany W Cm Open el -
B acked
P lorated Weld Cark Rt uls i Oypen Ind
skt =
Elogecl Weald RE Haxchinyg s ol Chpen Fal
Baskel N
P for el Weld Draven | Hechngular S Ogien xd, 2
Hmkel
closed Wald =" ] LT L=} Oypen Izl =
[EF 8
P Tor abed Whald Candl Ruwiiid L=} Open Ial =
Ginaken
Closed Wald D it Baund Cmst Open
Bankes A
Frarforated whald D mwn Faund (="} Open ixi -
Backet
Closed wald Cang Bectongulor | Drasan Open Isd =
Ginaken
Perforued wald Cart Rectnguiar | [ Open 2
Bankrt B
Clased Wiald Orawen | Aectongular | [irsswen Open el __
Basked L]
e for abed Weld Civ arveamy Eacimgidar | Dirasan Chpen Jxl a
Baukst Lol
lowed Weld =] LEATE [or i Dhpen Tl [
Basket o
P horsed wald Cant Rewind [rrman open 7w o
Bmkel -
Cloged Wald 10 it Rasifidl i i Dhpien Jal b
Gnsket -
P horabed Wald Drawn | Rwand Divaman Ogpen Tsi =
Dinaken Lo
Clased wald Cane Aermeg e [ L Chagad 2eU i
Basket =
Foaformed wald =" Eectang um = Sopd Inl G
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Table 18. Morphological matrix of all design alternatives for the manipulator frame
design (Continue)

Comerpanie T ey ﬁ. Eesm iy i y E'
Webe | o | eamoy | 0 | pee | weais | 8 i
Tepe Tee | !
Faelorated Wwid Brown | Fedagus Cact Cleted Jai =
Bushet
Clowed wekd comt | Round twt | Oesedmw|
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Faelarates Wrld ot Rourd Cat Chased Takl -
Buket =
Cloied Wekd Do | Roisad tat | Gsedzu|
Baken =
Faelgrated Wi Drawn | Round = Cigpad T2l w
Burken
Hoied wrid cmt | Redanguer | Do cewd |
Banker &
Folorsed |  Weld ot | Ronwgilsr| Bowwn | Gosdzu| ol | Moy z s KE ;
Bursket 2
N | | R e | e |3
Gl wiekd Driwn | Rocaguis | Doswn | OstedZa | Coemition | b heoky i ey e |5
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Clawd Wit cant Hound vt ey Cieded Tau i
Pelaand | Wl Drat | Mand im | Gyl "
Pelormed | Wb Cat | Roued D Dssed | L1 N
ke
Hleard Wl Demwn | Round Duivan Comed gt | Ooted | Wi G | bt | Crae | Cpel >
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Palormed | Veeld Drwwn | Rourd Duwwn Baadtt| P = |t
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[ H
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skt =
(ot Weld Dran | dmoguly | fraen i
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1. THE NEW APPROACH to SYSTEMATIC DESIGN APPLICATION
for MECHANICAL FRUIT PRESS

Table 19. Requirement list of the mechanical fruit press

The requirements list for mechanical fruit press

D: Demand Requirements
W: Wish
D (100%) Corrosion Resistance
D (100%) Cost of product < 20€
D (100%) Hole dimeter < 10 mm
Technical Properties:
Body
W (30%) Less sliding
W (30%) Low weight
W (40%) Low cost
Pressing
W (25%) Low weight
W (30%) Low cost
W (45%) Good press ability
Support
W (30%) Comfortable handling
W (15%) Easily removable
W (25%) Low weight
W (30%) Low cost
Sieving
W (40%) Low diameter hole
W (30%) Low weight
W (30%) Low cost
Carafe
W (100%) Ease of use
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Table 20. VDI guideline evaluation technique

Guideline VDI 2225

Points | Meaning

0 unsatisfactory

1 just tolerable

2 adequate

3 good
A very good
(ideal)
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Table 21. The combination of VDI guideline technique and WOT analyses for

technical properties of mechanical fruit press

BODY
Body
10 | 10
Low weight
03 03 04 04 03 03
Free standmg Free standmg Lockzble Lockable
moncblock pronged monoblock pronged
WAV [ WV, [AV.| WV. | AV.| WV. |AV.| WV
T | Less shidmg 03 0.0 2 0.6 ] 12 3 00
7 | Low cost 04 12 038 T 04 0 0.0
3 | Low weight 03 2 0.6 12 1 03 3 09
TWt=1 TOWV:= TOWWV,= TOWV,= TOWV=
2.7 2.6 139 18
PRESSING
Body
1,0 .0
Low weight
0253 025 03 03
Upside and Side & Upside and Side & Vertical
Monoblock Horizontzl Prongad Handle
Handle
Wt AV | WV. |AV.| WV. [AV.|] WV, |AV.| WV
Low weight 023 3 073 2 0.3 1 023 3 073
2 | Low cost 03 2 0.6 3 ng 1 03 4 12
3 Gmd pressmg 043 2 08 4 1.8 2 0o 2 0.9
ahility
TWe=1 TOWV= TOWV= TOWV:= TOWV:=
2125 32 145 283
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SUPPORT

1,0 1,0
Comfortable handling Easily removable
03 0,3 0,15 0,15 0,25 0,25 0,3
Handls
we | AV gy
1 | Comfortable | g3 [ 4 12
handling
2 | Essily 015 | 4 0.6
removable
3 | Low weight 023 10
4 | Low cost 03 12
Wt TOWWVy
=l 40
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Low diameter hole

Low weight

04 04 03 0.3
Steve
Wt AV | wwv
Low
1| 04 4 16
diamester
2 | Low weight 03 12
3 | Low cost 03 12
TWe=1 o
CARAFE
1.0 10
Carzfe with steve Carafe without
zieve
Wt AV WV. [AV.| WV
1 | Ezse of use 1.00 4 4.00 2 2.00
TWi=1 TOWV= TOWV=
4.00 2.00
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Table 22. General evaluation chart for mechanical fruit press

Vi
1 | Free standing 27
monoblock
2 | Side& Horizontal 3.2
handle
3 | Handle 4.0
4 | Sieve 4.0
5 | Carafe with sieve 4.0
2Vi=
17.9

Table 23. Selection chart for mechanical fruit press

Selection Chart

Selection Criteria DECISION

4] ves
(*)y Mark solution varians

I= (-1 no . .
] ) . . (+) Purse solution
= (?) Lackof information . - .
o ) . i (-1 Eliminate solution

(1} Check requirements list : . .
5 (?) Collect information
g Compatibility assured (11 Check requirements list for
5 changes

Fulfils demands of the requirements Iist\
Realisable in principle \
Within permissible cost \

Incorporates direct safety measurﬁ\

Preferred by designer's comparny \
Adequate information

A|lB |CIDIE| F |G Remarks (Indications, reasons)

[ve |4+ [#]+] ]+ [? |
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2. THE NEW APPROACH to SYSTEMATIC DESIGN APPLICATION
for MECHANICAL PENCIL

Table 24. Requirement list of the mechanical pencil

The requirements list for mechanical pencil

D'_ De_mand Requirements
W: Wish
D (100%) Cost of product < 10€
D (100%) Easily portable
Technical Properties:
Body
W (45%) Non-rolling
W (55%) Low cost
Grip Type
W (20%) Anti-skid
W (45%) Non-destructive
W (35%) Low cost
Con Cap
W (40%) Prevent lead fracture
W (40%) Steady lead
W (20%) Low cost
Eraser
W (60%) Clean-living
W (40%) Low cost
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Table 25. VDI guideline evaluation technique

Guideline VDI 2225

Points | Meaning

0 unsatisfactory

1 just tolerable

2 adequate

3 good

4 very good
(ideal)

Table 26. The combination of VDI guideline technique and WOT analyses for
technical properties of mechanical pencil

BODY
1.0 1,0
|
¢
0,45 0,45 0,55 0,55
Hexagonal body Circular body Triangle body
with clips with clips with clips
Wt lav.| wv. |AvV.| WV. [aAv.] WV
Non-rollng 0.43 3 133 2 09 El 13
T | Low cost 033 3 163 3 T1 1 33
TWt=1 FTOWV= FTOWV= E'D“TTJ=
= 3.0 20 4.0
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GRIP TYPE

1.0 1,0
O I
02 02 045 045 035 035
Rubber Groove Rubber &
Groove
Wt lav | wv., |av| wv. |Av.| wwv
Antiskid 02 3 06 3 0.8 3 0.6
T | MNon-destructive 045 3 135 133 1 18
3 | Low cost 033 1 140 3 1.0 07
TWiol TOWV = TOWV= TOWvV=
335 32 31
CON CAP

Con cap

Prevent lead fraction Steady lead

0,2 0,2
Penstration & Constant & Lezd
Lead Helder Holder
W lav | wv., |av.| wwv
Prevent lead fraction 04 1 16 12
7 | Steady lead 03 3 16 3 16
T | Low cost 03 3 04 3 0.6
,_ TOWV= TOWV=
IWi=1 3.6 34
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ERASER

Clean-living

Covered Fotztional
Wt | AV.| WV. |AV.| WW
Clean-living 056 1 24 1 24
T | Low cost 04 3 0.8 3 )
Enl T — ) T
Twel| | o0 oWV

Table 27. General evaluation chart for mechanical pencil

WV
1 | Triangle body 40
with clips
2 | Rubber 333
3 | Penetration & 36
Lead Holder
4 | Rotational 36
TVi=
14.55
V2
1 | Hexagonal body 30
with clips
2 | Rubber 333
3 | Penetration & 36
Lead Holder
4 | Rotational 36
V=
13.58
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Table 28. Selection chart for mechanical pencil

Selection Chart

Selection Criteria DECISION

5] ves

L_ Iy Mark solution variants
= (-1 no . .
[} ) . . [(+) Purse solution
= (?) Lackof information ) - .
& ) ) ) (-} Eliminatesolution

(1} Check requirements list ) A .
g {?) Collect information
= Compatibility assured {1} Check requirements list for
o changes

Fulfils demands of the requirements list
Rezlisable in principle \
Within permissible cost \
Incorporates direct safety measura\
Preferred by designer's compary \
Adequate information
AlB |C|DIE]| F |G Remarks [ Indications, reasons)
Wi H+ |-+ +H]+ |7
Vs H+ [ H]H+H+ |7

160




3. THE NEW APPROACH to SYSTEMATIC DESIGN APPLICATION
for MANIPULATOR FRAME

Table 29. Requirement list of the manipulator frame

The requirements list for manipulator frame design
D.'De_mand Requirements
W: Wish
D (100%) Cost of product < 50€
D (100%) Corrosion resistance
D (100%) Ease of assemblability
Technical Properties:
Beam Cross-section Type
W (55%) Durability
W (45%) Low cost
Beam Fabrication
W (65%) High strength
W (35%) Low cost
Body Cross-section Type
W (60%) Balanced
W (40%) Low cost
Body Fabrication
W (65%) Manufacturability
W (35%) Low cost
Beam & Body Connection
W (70%) Perpetuity connection
W (30%) Low cost
Conveyance Mode
W (55%) Ease of use
W (45%) Low cost
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Table 30. VDI guideline evaluation technique

Guideline VDI 2225

Points | Meaning

0 unsatisfactory

1 just tolerable

2 adequate

3 good
A very good
(ideal)
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Table 31. The combination of VDI guideline technique and WOT analyses for
technical properties of manipulator frame

BEAM CROSS SECTION TYPE

Beam cross section type

1.0 1.0
055 055 0,45 0,45
Open 250 Closed 250 Open ©
Wooolav | wv., |AV.| WV, |AV.| WV
T | Dursbility 033 3 ] 7 ) 3 11
7 [ Tow cost 043 3 09 3 133 3 00
— TOWV= TOWV= TOWV=
= 2,33 155 20

BEAM FABRICATION

Beam fabrication

High strength

0,65 0,65 0,35 0,35
Cast Dtawn
Weoolav. | wv., [AV.| WV
T | High strength 065 3 13 1 36
2 | Low cost 035 4 14 2 07
TWe=1 TOWV= TOWVE=
27 33
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BODY CROSS SECTION TYPE

Body cross section type

Balanced

Wtoolav | wv., |av.| wwv
T [ Balmced 080 3 13 b 12
2 | Low cost 040 3 12 2 0.8
TWe=1 TOWV= YTOWV=
3.0 20

BODY FABRICATION

Body fabrication

Manufacturability

0,63 0,65 0,35 0,35
Cast Drawn
Wt AV | WV AV | WV
Manufacturability 0.63 3 103 ) 13
7 | Low cost 033 ) 0.7 3 105
TWt=1 FOWV= TOWY=
2.65 235
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BEAM AND BODY CONNECTION

Beam and body connection

Perpetuity connection

020 0,70 0,30 0,30
Weld
Wt AV | WV,
1 | Perpetuity 0.70 4 28
connection
2 | Low cost 030 E) 12
TOWV;=
TwWi=1
40
CONVEYANCE MODE
Conveyance mode
Ease of use
055 0,55 0,45 0,45
Clozad Baskst Perforated Baskst
Wi lAv.| wWv. |AV.| WV
1 | Menufacmrability .35 1.65 2 11
2 | Low cost 043 2 0ne 3 0.33
TWi=1 TOWV= TOWV=
255 243
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Table 32. General evaluation chart for manipulator frame

Vi

1 | Closed 2xU 3.55
2 | Drawn 3.3
3 | Rectangular 3.0
4 | Cast 2.65
5 | Weld 4.0
6 | Closed Basket 2.55

2Vi=

19.05

Table 33. Selection chart for frame design

selection Chart

Selection Criteria DECISION

(+) yes Mark solution variants

= (-] no . .
) ) . . {+) Purse solution
= (?) Lackof information . . .
= ) . . (-} Eliminatesolution
(1} Check requirements. list ) ) |
= (*) Collect information
E Compatibility assured {1} Check requirements list for
o - - - changes
Fulfils demands of the requiremeents list
Realisable in principle \
Within permissible cost \

Incorporates direct safety measura\

Preferred by designer’'s company \
Adequate information

AlB |C|IDIE| F | Remarks (Indications, reasons)

[ve [++ [+]+]+? |+ |
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APPENDIX - C

168






1. THE LARGE APPEARANCE of THE MECHANICAL FRUIT
PRESS

J

-

(a)
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, ..T

(©)

Figure 1. Assembly parts of (a) the best mechanical fruit press design alternative
(b) The second best (number 3 design alternative) (c) The third best
(number 4 design alternative).
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2. THE LARGE APPEARANCE of THE MECHANICAL PENCIL

(@)

173












“J

(€)

Figure 2. Assembly parts of (a) best mechanical pencil design alternative The second
best (number 6 design alternative) (c) The third best (number 13 design

alternative) (d) The fourth best (humber 18 design alternative) (e) The fifth
best (number 24 design alternative) design alternatives.
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3. THE LARGE APPEARANCE of THE MANIPULATOR FRAME

[

(@)
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(b)
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(d)
Figure 3. Assembly parts of (a) The best manipulator frame design alternative (b)
The second best (number 25 design alternative) (c) The third best

(number 4 design alternative) (d) The third best (number 33 design
alternative) design alternatives
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