A STUDY OFASE BASHEASONINGPPLIED TO WELDINGMPUTER AIDED
FIXTURE DESIGN

by

Shaun Price

AThesis
Submitted to the Faculty
of the
WORCESTER POLYTECHNIC INSTITUTE
In partial fulfillment of the requirements for the
Degree of Master obcience
in
Mechanical Engineering

by

May 2009
APPROVED:

Dr.Yiming (Kevin) Rong, Advisor

Dr. Mustapha Fofana, Thesis Committee Member

Dr. Richard Sissoimhesis Committee Member

Dr. Cosme Furlong, Graduate Committee Representative



Abstract

This thesidocuses on the application of case bdseasoning CBR) to welding fixtures in a
computer aided dsign(CADenvironment. Modular fixtures havieecome more populain previous
years due to the creation of flexible manufacturing systems. Modular fixtures, since thegrapmsed
of manystandardzed partsrequire much iteration to produce full fixture design. This process is made
more complicated when it is applied to more complex parts such as welding assemblies. In an effort to
simplify fixture design for such complicated parts, researchave been working on integrating fixture
design into CAD packag@hese efforts, generally known as computer aided fixtuesign (CAFD), do
not focus on the transition of experience from more experienced designers but only provide a structure

and a virtwal environment to create fixture§.he research presented in this thesis will apply to this area.

CasebasedreasoningCBRJs a method of using previous cases to help aid the development of
solutions to new problemsApplied to CAFD, this method is regud © the application of a database
and a retrieval and adagtion systemCurrent research on CAFD and @GBiRiited to only proposing
systems for machining fixture$his thesipresents a methodology of a CAFD and CBR system that is
dedicated to weldig assemblies and fixtureBhe focus is on creating an indexing system that
adequately represents the workpiece and fixture, a retrieval system that accurately recovers the
previous cases, and a method that integrates designer feedback in each probleesssults of this
thesis will be shown in a case stuaing an automobile muffler fixture assembly to define each idea of

the methodology ando provide an example.
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1. Introduction

In these troubling economic times, companies are trying to find methods to optimize the
production and utilization of their assetdow more than evercompanies arérying to manufacture
and fabricate their goods as cheaply as posdiglmaintaininghighproduction variability and
sustaining low error countAdditionally companiesare asking youngeless experienced workers to
manage projects that are typically selected for merperienced engineers to maintain the knowledge
while reducing the numbeof workers. Thesudden shifin industry has caused additional foauscost
cutting devices and toolthat facilitate the acquisition of and maintenance ofioany specific

knowledge and experiendeom engineer to engineer.

An example of &ost cuttirg device is a fixtureA fixture is a tool that issed to accurately
locate and hold a workpiece innaanufacturing or fabrication process. Fixtures can have apjgitain
machining, assembly, aridrning. Fixtures are made for easy loading and unlogdind guarantee that
a workpiece can be held in the saegationrepeatedly with minimal variationThe time needed for
the fabrication processs reduced andost are lowered by diminishirthe need ofpotential rework on
parts. The focus of this thedson welding fixtures whichre a type of assembly fixtur@hese fixtures
are made specifically to hold multiple parts together, allow adequatepaskageresist high heat and

sputter, permit passage of weld runoff, and in some cases conduct eliégtand provide grounding.

Fixture desigiihas much to do with experience, which the younger engineers géndrave
been unable to acquirdt can take engineers many years to learn the nuancéseafraft. Fixture
design can be dived into four major pt& setup planning, fixture planning, fixture unit design and
verification. These sfes can be generalized asalyze the part, define suitable locating and clamping
points, identify tooling and environmental requirements, and creafxture to satisfy dteria. These
steps can be highlyubjective and can require an exhaustive ltaa error approach until experience is

1



gained. Fixture design can require weeksrtmnths depending on the experience of the designer.
When nistakesare made more time is muired and the resulting large number of iterations means

higher cost.

Computershave dramatically reduced the design process tiffige application of computerst
fixture design is calledomputer aided fixture dsign(CAFD)BY using a computedesignes are able to
design in a virtual atmosphere. This helps the designers identify potential problemmedadake
different ideas without actuallphysicallycreating the fixtureTheseprograns havethe added benefit
of keepinga designer from missing stepvhile designing,ral by avoiding mistakes timendcosts can

be kept low

While there have been many advances in the field of CAFD there are still some fields that need
developmentFor examplethere is curretly no standardsystemfor welding fixturedesignthat
contains an activenemory thatcan suggessolutions to problems. A system that is capable of le&yn
from mistakes and successes, i.e. adaptable; at gloes beyond the simple verification functions that is
able to judge a desigd quality.This thesis will focusn theresearch area that has the potential to solve

these problemscase basedeasoning.

In the followingsections an overview of fixtures and theesign, CAFD andsebased
reasoningwill be presentedThis will lead to a disssion of the literature reviewed which will follow in

section 2.

1.1. Background

Fixtures are tools that are used to hold a workpiece in place while it undergoes a machining or
assembly process. Fixtures are used to ensure high quality and low varialphtys. Fixtures can be
used inlow or highvolumefabrication operationsOriginally the vast majority of fixtures were dedicated

fixtures since they were only created for one workpiece. These fixhaesmany benefits due to the

2



high rigidity and the higtolerancesthat could be achieved but thegre also very costly. With the
adventof flexible manufacturing systemsetupsthat are able to change depending on the type of
productrequiredto be createdandfixtures that areable to adapt with the chares are the most

desirable

1.1.1. Flexible Fixturing

Flexible nanufacturing systems (FMBYy a combination of software and hardware allow
manufacturers to producan extensive collection of products efficiently and effectivéiending
software prediction and pihning with hardware variability; a { a@ajpt to changes quickly. This is
based on the ability of the software to predict and adjust depending on the part needs and the
K NR g I NBdbe retodfigurabléitd the point where they can accommodate a véday of
product needs. Depending on thatchsize and required precision and accurdoytures canensure
high production speeds while reducing the amount of rework required. This in turn lowers production

costs.

Dedicated fixturespreviously thecomnon standardwere not able to adequatelyatisfy the
desiredlevels of variability while still keeping production costs low. Dedicated fixtures are fixtures that
are produced for one specific workpiece and one setup. Dedicated fixtures have the behigt of
stiffness and are generally used for high batch sizes because they are creptrtetlylocate and
clamp a workpiece. Flexible manufacturing systems depend on fixtures that are not specificao@nly
workpiece. Theynust be able tde reusedand changedo accommodate workpiece variation3.hese
variations can include but are not limited to similar parts with different dimensions and odd shaped
parts.Modular fixturing gstems were looked at as a possible solution due to the high variability and

standard set of parts they contained.



1.1.2. Modular Assembly Fixtures

Modular fixtures are some of the rsbwidely used fixtures desigfiRong & Zhu, 1999y hey
are composed of a base with highly movable extensions thavajuick configuration changes. These
fixtures can be made quickly using computer aided fixtwgigh tools, and have the benefit of being
reusable in multiple configurations. They are also produced to very tight tolerances and can ensure
there are few erors in the final product. Modular fixtures can also be standardized to aid in the location
of reference points, and have substantial applications in manufacturing procdssathier benefit is
ease of stoage of modular fixture parts. Small scaled varsioan bestored in a cabinet and taken out

whenever they are needed.

Fixture omponents plg a major role in the use of aadular Fixture. The designs that are in use
now were based on the needs of dedicated fixtures anceHasen adapted to be adjustablRong &
Zhu, 1999)Fixture components are made specifically for each type of base plate, but they are generally
grouped into the categories: base plate, supports, locators, clamps, and accessories. Components that
are produced specifically for the-glot base plates include the additional categories: guiding
components, fasteningomponents, and combined uni(Rong & Zhu, 1999An image of the Bluco

Corporation welding componentsan be seen ifrig.1.

Fig.1. Bluco modular welding fixture component¢Ellig, 2008)
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Modular assembly fixtures have different requirements than the statidaodularmachining
fixtures.The fixtures are used specifically to hotdiltiple parts together so that a joining operation can
occur. This requirement is different than machining fixtures since the focus is on redistihigh forces
and providing adguate paths for coolant and chips. Welding fixtures focus on providing some rigidity
while allowing high loading/unloading cycles. These fixtures must be able to conduct and ground
electrical charges in some cases, and resist high heaspuiter. Also, velding fixtures usually have less

accuracy requirements than machining fixtures.

While modular assembly fixtures and modular machining fixtures do have different
requirements, the method of designing them is relatively stand@he art of designing fixtes requires
extensiveprevious experience and trial and errdhis has caused much interest amgde&archin

methodsto streamline the process and to explain the steps involved.

1.1.3. Fixture Design

Fixture desigican be divided into four separate steps, seplanning, fixture planning, fixture
unit design and verification(Rong & Zhu, 1999 chart of these steps in more detail is sholvelow in
Fig.2. Before fixture design cdpe started there are a few preliminary steps. The first is to analyze the
workpiece to determine the part design information. This is an analysis of the part to identify the part
features and the importance of each feature. This helps in the creationwbseand the order for
fabrication. The second step is to create a manufacturing plan. This is more specific information on the
tools, speeds and feeds, and the forces exerted on the workpiece. After all these steps are completed
then the design of a fixne can becommencedWhile some of the previous steps could be considered

setup planning, this stage also includile designationof primary datum and locating features.



Machining information

lWorkpi ece CAD model
Design requirements

Setup planning:
Determine number of setups

Determine the workpiece orientation and position
Determine machining datum features and locating surfaces
Fixture planning:

Determine locating positions

Determine clamping surfaces

Determine clamping positions

Unit design: )

Generate baseplate design

Generate locating unit designs -
Generate clamping unit designs

Verification: o

Perform location accuracy verification

Perform stiffness verification

Perform cost, weight, etc, verification
lFi nished setup plan

Fixture design
Materialslisting

Fig.2. Fixture Design ProcefWang & Rong, 2008)

The next step is fixture planning. This incluttesidentification of the locating positions, the
clamping surfaces and positions. TheFSdnt locating principle is the generally accepted locating
schame. It is based on an analysis of the kinematics principle that states that six different points must be
in contact with a part in order for it to be fully constrainedocating is generally split into two methods.
The first is the 2-1 principle whichtes that three points must be in contact with the primary datum,
two in contact with the secondary, and one contacting the tertiary. This method is used mainly for
rectangular shaped parts and is the more used of the two methods. An image of this nietamvn in
Fig.3. The second method is theZ1 principle where four points are in contact with the primary datum,
two in contact with the secondary, and one in contact with the tertidityis method is most daible for

cylindrical objects, since one stability is requiredRong & Zhu, 1999)
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Clamps are used to keep the workpiesecurely in contact with the locators during the
fabrication operation. Clamplanning is usually done following locator planning since clamps are usually
placed indirect opposition to the locators and must not share lame. The clamping force must be

monitored to avoid damaging the workpiece during the fabrication process.

The third step is fixture unit desigim this step the baseplate clamps and bcators are azated
Each of these items must be chosen based affiefinformation determined in previous steps. The
baseplate must be versatile enough for the types of clamps and units that are being used. The locators
must restrict the degrees of freedom while not interfering with the cutting or assembly tools. Fihally

clamps must not exert too much force on the workpiece but must securely hold the workpiece in place.

The final step is verification. In this step the fixture design is tested to ensure that it fulfils all the
requirements of a fixture. These testelude but are not limited to location accuracy verification,

stiffness analysis, and cost analysis.

These steps caniten be costly, tedious, and timeonsuming. Computer based technology has
been introduced to help reduce time and streamlthe desigrprocessUtilizing computer aided design
(CAD) packages for visualization aspects, users are able to create and modify fixtures completely in a

virtual atmosphere.



1.2. Current Research and Trends

Computer aidedikture design has been a major focus of resharcthe recent years. More
specifically interest has been shown in the arenté#gratingfixture design with CApackages. Some
authors focus on single aspects of the fixture design process swdrificationsuch as Kang and Rong
(2001). Other authax;, Chen et al. (2007jpcus on designing a uséiendly interface to combine all the

aspects ofikture design into CAD packages.

Another area of interest imtelligentmethods for aiding fixture design. These are methods that
help designers create fintes by either optimizing fixture positis, Lazaro and King (1992), or retrieving
past information to aid in the development of new solutions, Boyle et al. (2006). These proposed
methods have used many different artificial intelligence techniques to aptismthese goals. The
popular methods are, case based reasoning, expert systems, rule based reasoning, and genetic

algorithms.

While there are many authors whtiscusghese intelligent methods, very few go into explicit
detail about the indexing and regsentation of complex parts. There are even less who apply these
concepts to welding fixtures. These fixtures are more complicated due to the number of parts involved
and the inticate fixturing systers These items will be discussed more in the literatteview section,

and will be the focus of this thesis.

1.3. Thesis Objective

The objective of this thesis is:to

1. Identify and apply an indexing/representation scheme to welding fixtures
2. Propose a searching method to identify and retrieve the most suitablesdagm the

case database



3. Provide a interface in which the CBR process can take place.

1.4. Thesis Contents

This thesis is separated into six sections. Follgwle introduction, Section 2 focuses on an
explanation of the research that is currently completedhe fields of computer aided fixture design
and case based reasoning. This review is subsequently analyzed to show which areas need more
explanation, and then the problem will be summarized and addresSection 3 focuses on proposing a
methodology tosolve the objectives of this thesis. Section 4 further defines the methodology by going
into more detail. Section 5 is an application of the methodology to a case study. Finally, Section 6
discusses the results of the methodology and case studies andlpsor@commendations for future

work.



2. Literature Review

Significanprogress hadeen made in the past years in fixture design. Research has been
conducted with regards to each aspect of the design phases, and has also leadis®thf computer
aided dedgn (CAD) ackages in order to increase efficiency. Currently there has been an increase in the
production of fixture design specifizograms. Within thes programs, generally known as computer
aided fixture @sign (CAFpackagesefforts have been mad® help reduce the amountf initial
knowledge required for effective us€he efforts includéntroducing artificial intelligence, by the use of

expert systems, algorithms and case based reasoning. Each method has its benefits and limitations.

Within this section an overview of computer aideéesign will be presented, followed by details on
the current research trends with a focus on intelligent methods, and finally the limitations of the

research will be presentet clarify the importance of the resedrgresented in this thesis.

2.1. Computer Aided Fixture Design

Computer aided fixture esign (CAFD$ the use of computers to help aid in the design of
fixtures Theseomputer basegrograms help facilitate the designer in steps that were previously very
complex.CAFD programs take the creation of fixtures in CAD packages further by not only allowing the
building of fixtures but also have assistive properties to help expedite design. These prograais
information on tolerances, forces, and even materiaisorder to assist in the production. Thdditions
of 3D modeling and simulation features hamgroved fixture design and implementation immensely.
This is especially important in the development of modular fixtures. These fixtures are generally used
multiple times fornumeroussituations. The ability to simulate production and analyze the forces in

multiple configurations eliminates the need for multiple prototypes and saves money as well as time.

Some areas of CAFD are still in development. Integratf CAFD with Computer Aided
Manufacturing(CAM)systems is being researched. When CAFD is integrated with CAM systems a

10



designer will be able to virtually create a workpiece, create fixturesjnt fixtures indesiredlocations
test tool paths andrun simulations from start to finishThis will allow a designer to go through all the
steps for manufacturing without testing on a prototype. This will help reduce costs and prevent many

potential mistakes.

CAD/CAM integration by way of Computer AidadcessPlanning (CAPP) is studied in the work
of Yuru andGaoliang2005) In thisarticle anintegratedsystem is proposed that is composed of two
modules that handle different aspects of setup planning and fixture design. The articles goal is to add

fixture design to process planning so that there carabh@asy transition by using CAPP.

This type of research is not the only category of research being pursued in CAFD. There has been
substantial research in the areas of optimizing fixture locations and \atiificof fixtures and fixture

solutions.

2.1.1. Optimizing fixture locations
CAFD packages allow the visualization of fixture locations due to the integration in CAD
packagesbut little information is provided that allows a less experienced engineer to detertimine

bestlocating and clamping methods. Researchers are working on methods to help aid in optimization.

The determination of optimal fixturand clampindocationshas been a topic of interestefdr
many yearsOne of the most popular methods of optimiiat is the genetic algorithrfGA)approach A
genetic algorithm is a search algorithm that mimics evolution by employing evolutionary theory. By
using concepts suchsarossover, muation, reproduction, the algorithm provides the optimal solution.
Each othe genetic algathm research papersontainsthe same generapproach with slight variations
amongst thepapers. The generadteps areo determine the machining forces, analyze the deformation
from the forces, and then usgenetic algorithms to deterine the optimal positions to reduce
deformation.

11



Kaya(2005)developed a GA system that uses a chromosome library to reduce the nawhber
function evaluations by 93%. Krishnakumar afelkote (2000) comparkand contraséd two methods
of GA in order tondentify whichmethod produces the best result. Thechniquethat provided the best
results was the second method that performed fixture layoutimization in a single stefKrishnakumar
et al. (2002) provide another method of GA layout optimizationdnying the fixtue layout and

clamping forceAoyamaet al.apply GA in order to identify the optimal clamping for an elastic workpiece

Genetic g&orithms ae not the only method studiedNVallack(1996)applies a complete

enumeration algorithm approactotoptimization and focuses his research to modular turning fixtures.

2.1.2. Verification

Another area of research that is prevalent is that of verification. Verification is an important step
in the fixture design process since it is important in the determinaibtine fithess of the proposed
solution.Verification processes test thelerances stability of the fixture, and fixture constraining

ability, etc.

Kang androng (2001) mpose a fixture design verification Computer aided fixture design
verification (CADV) which focuses @malyzing geometric constraint, tolerances, stability, stiffness and
accessibilityetc. This initial model is further detailed intlaree part publication in 2003. The CAFDV

system is shown iRrig.4.
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Fig.4. Computer Aided Fixture Design Verification systékang & Rong, 2001)

Zhenget al.(2008 propose a stiffness model of a fixture ufihis model is proposedith a
method of recognizing contact stiffnessrpmeters. Hurtado andMelkote (2001) also propose a
stiffness model for fixtures. The difference is thagyroptimize the models based ofi the tolerance
limits. This optimization can create the most feasible dimensions for the fixtures but is batiesl on

assumption that the workpiece is a rigid body.

There are many papers that use a Finite Element Method to predict workpiece deformation and
use that as a method of verifying if the fixture is good depending on how much deformation is reduced
on the wokpiece.Amaralet al. (20055atyanarayana andelkote (2004)use finite element method to
determine the effect of elastic deformation and forces on the stability of a workpiSahenaler
analyzedhe deformation that occurs when contact friction, mesdénsity and other factors are varied
within the workpiecefixture unit systemMelkote (2006) Ratcheet al. (2007) and Asante(2008)also

propose deformation analysis using FEM.

There are limitations tohe CAFD research presented in the above sectifisle there are

some methods that employ intelligent systems to help aid the program user there are still very few
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methods that provide more than just basic assistance in optimizing or verifying fixture information.
Those items are on the design end bétspectrum. The above research does not provide information

on past results and does not automatically modify or provide aid in the modification of designs.

Currently CAFD programs are not able to retain and restore previous designs to suggest new
ones lased on the previous designs. The designer must remember or review the previous designs in
order to identify key lessons to apply to the current problem. CAFD programs are not able to learn from
the previous examples to better aid designers. Additionglgse programs are not able to, beyond
limited verification functionsjudge the quality of a desigThere has been development on different

systems that are able to provide this level of system intelligence.

2.2. Intelligent Methods
Intelligent methods als&nown as artificial intelligencmethods simulate the processes that a
human undergoes when reasoning through a problem. Case based reasoning and expert rasthods

the most common methodeesearched This section will concentrate on case based reasoning.

2.2.1. Case based Reasoning

Case baserkasoning (CBR) describes a method that uses previous cases to exyplareate
solutions to new problems. CBR can be considered reasoning by analogy. Using similar past
circumstances to understand and adapt to new issiié@gre are two major branches of CBR,
interpretive and problem solvind lawyer uses interpretive CBR in daily practice to alleviate or affirm
convictions A lawyer uses previous cases as example of previous decisions in a court room and tries to
connectthe current case with the previous ones to prove that the same verdict should be made.
Problem solving CBR is using a previous method to help determine solutions to new problems. This is
done by drawing similarities between the two cases and analyzingfispactions that lead to a

beneficial outcome.
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Both methods are fundamentally similar in how they are executégl5 shows the connection
between the two types of CBRoth methods begin with the retrieval stagwhich bring forth the
appropriate memory or case for analyddasedon these memories a general solution is proposed. This
is when the two CBR systems split. Interpretive CBR attempts to justify the actions based on the
previous memories while problesolving attempts to adapt the previous solutions to match the current
issue.Both CBR methods then criticize the proposed adapted or justified solution and evaluate it. If the
evaluation is not suitable then the process is returned to the adapt/justifgestIf the outcome is

suitable then the case is then stored for future use.

Retrieve

v

Propose Ballpark
Solution

v
v v

Adapt Justify
| |

v
Criticize
v

Evaluate

v

Store

A4

Fig.5. Flow chart of interpretive and problem solving CBReake, 1996)

Problem solvingcBR can be furthdaroken downin the four stagesnidex, retrieve, adaptand
revise Indexing is the identifyingnd representation of key feature within a case for storage. These
features can bénformation such as geometry, manufacturing information, fixture design information,
etc. This information is then stored in a database for retrieval. Retrieval is the method of searching the
database to find similarities between the cases based on the indexed informAtiaptationis the

changing of the retrieved information to best fit timew problem. The final step is revision which is the
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verifying of the fitness of the proposed solution and determining if the process needs to be started over

again.

There are many benefits to this systefmajor benefit is that specific aspects of aeaan be
used to help determine solutions rather than havinguse it in its entiretyLearning can be achieved
regardless of success or failure since both failed and successful cases are stored in the database. The
knowledge in the database is solely bdsn the number and quality of the cases. Cases can be added
andremovedeasily from the databas€BR allows a user to learn from previous mistakes by keeping
them stored and easily available. Users will also be more accepting of solutions propose®l by CB

systems because the proof is completely visible in the previous case.

The rest of tiis sectionwill focusthe researcton problem solving CBR and include information
on the case library (databasad indexing, similarity analysis (recalling) and Casmdification

(adaptation.

2.2.2. Current Research on Case Based Reasoning
The case library is the database where the cases are stored for retiiénme has been little
research dedicated to the case library most of the information found was contained iresuttilt

either were creating a full framework for fixture design or those spetifindexing/retrieval schemes.

Boyle,Rong, and Brown (2006) propose a tease librarySubramanianet al. (2001)proposea
full CBRsystem thatuses a genetic algorithifior searching the indexed database. From the search
results the system identifies the best result and rates the choices in order for the designer to select

which features they would like to reproduce.

Indexing is the method of classifying informationtisat it can be easily searched and retrieve

within the case library. Indexing must adequately represent thermé&dion containedwithin a case and
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must be easy to use and sehrfor retrieval processes. Fan akdmar (2005) provide an indexing
scheme usig XML formatting.In this paper XML is used because of its versatility. It is a languags tha

able to be sent over the internet easily and is very popular when creating online web applications.

The search process chn difficult to conceptualizeManypapers use similarity equations to
find similar entries in a case libraiMervyn et al.(2005)chose another approach. They use an
evolutionary search algorithm in order to produce solutions base on similar functions found in genetic
algorithm researchThis method provides a thorough search for large databases, but is not needed for a

small database such as the one being developed.

The final step itase based reasoning is thdaptationof the case to suit the new desigharno

et al. (2005)also ussan evolutionary search algorithm to search and adapt fixtures.

2.3. Summary of Problem and Current research

While there have been efforts tautomate fixture design by using intelligent methods there are
still some areas that could use more developméPdasebased reasoning research has attempted to add
a reasoning method to fixture design aresearch conducted on CBR has made gstates There still
is more to be donéWhile it is important to propose general methodologies it is also important to well

define proposed methodologies to help aid the development of the research into commercial products.

Case based reasoning also has some problem areas. One of the major problems is that CBR requires
a large number of high quality cases to be effective. Tlsases can be either good or bad cases, but
the system still requires a large number of them in order to be the most robust system. In regards to
indexing and recalling, determinirggnindexing schemand identifying which items should carry more
weight when being retrievedare some issues. Adaptation can also be problematic. Identifying what to
adapt is an area that causes problems, and in fully automated systems there is the issue of determining

what can be adapted and controlling the adaptation process.
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The paper written by Wang andong (2008) is the basis of this thesis. dygroachthat is defined
in the paper is expanded and more information is added to provide more detail on how to implement
this systemThe system explain in the paper defines arexidg and retrieval system that solves the
issues related above. For indexing the system defines a retrieval systeindbgiorates human
interaction to retrieve the most suitable examples. It uses the human interaction to identify what needs
to be adaped, determine what can be adapted, and to control the adaptation process. This Wiksis
strive to go beyond the overarching explanation, and try to specifyl angrove the approach
presented in the works of the author&dditionally, this thesis willpgsent an indexing scheme that will

help in the retrieval proces3he proposed methodology is presented in the next section.
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3. Proposed Methodology

The case based reasoniggstem proposed in this papwiill focus on the specific aspects of
indexing, represntation andsearching the database for case informataomd will not focus very much
on the final step of CBRutomatedadaptation The concept behind this system is that in order for case
based reasoning toeach its full potential the systemequires a all encompassing system to adequately
define the cases within the database. The proposed system will mimic the design steps of an
experienced designer while integrating information garnered from the CAD package to create a

complete assembly casA.modelof the methodology can be found Fig.6.

The model is best read from the top down. This structure shows how the user will interact with the
user interface in order to retrieve the most relevant solutions. Tt itep is for the user to enter the
workpiece and manufacturing requirements. This information is enterdubitesthat are easilyto
understandand simple to use. The next step is to enter the workpiece and fixture desigirements.

This step igisedto aid in the searching process. The CBR system uses this information to retrieve the
best solution while incorporating the user feedback during the process. Once this step is complete a

final solution is reached and the quality of the solution is therifiesl.
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Fig.6. Ageneral idea othe proposed methodology

The proposed method fEirther split into three main items that work together to produce the CBR
system.The three items are the representation of the information @hd knowledge, an
XML/Database, and an application platform. The information and knowledge representation is the
method of decomposing the information into its component parts. This is generally known as an
indexing scheme. These representation methodsstioeed in the XML databases in an easily searchable
fashion. The XML database is made up of another three parts. The first part is the design solutions
library, which catalogues all the information pertaining to the entire design (workpiece and fixturing
information). The second part is the fixture library. This library contains the information on the specific
FAEGAZNRA Y3 dzy A (& .Shgthind Sl is theddbdSaln kndvlddd® BaseS Thid i$ the

company specific information on general desigles,icommon pactice, and principles of fixture design.
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The final section of the methodology is the application platform. This is where the user interfaces with

the system and can direct the retrieval system to gather specific results.

TheCBRsystem is nba completely automated one. It is made in a manner that allows constant
feedback from the designer and directly uses that feedback to produce increasingly more specific results.
The first and most important part of the system is the indexing. The metfidefining the case allows
the system to retrieve the most applicable solution from the case library. The case library is the location

where all of the cases will be stored for retrieval. Eeabe isndexed within the case library in XML.

The indexing rethod that will be used in this system isrixture of attributevalue pairs with some
elements of text organized into a hierarchical structdrhis system employs a mixture of indexing
a0KSYSa Ay 2NRSN) (2 SyO2 YL akaS (RKSSa ATyt § NIRSS a2i d2ly GGaN0Sid
attribute-value pairs wilbe weighted by importance angrovide the feature related information. The
text will provide the designers intent which is hard to communicate with the attrifmatieie pairs. The
hierarchical structurés to preserve the relationships between the assemblisssomponent partsand

fixturing units.

Case retrievalill be conductedin a multistageapproach which is used to maximize the efficiency
of the search algorithmiT'he stages in the case retrievallti-stage approach can be seenFigy.7. The
first step is for the designer to input the workpiece and design requirements into the interface. The first
stageof the scan is a surface level search. This seailtFocus on the input materiglvorkpiece and
design requirementsand by similarity analysis the most similar cases will be found. Following this the
designer chooses from the cases which one is similar to the new case that is input. After lookeng at th
information in this case and the other similar ones retrieved the designer begins to createeptual
fixturing plan for the workpiecelhis fixturing plan outlines where the designer intends to put the

clamps and locators but does not specificallylioe which units are used to fulfill those functions.
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Based off of this information the secosthgeof the scan will scan deeper into the library to find cases
with similar fixturing parameters. Once all of the solutions are recovered the desdaplesthrough the
cases and determines which design is the most relevant case.dhtsen caséas thefixturing
schemethat the designerdesiresdown to the fixturing unit choices the designer can then choose to go
to the verification stage. If the case istrsatisfactorythen the third search stage will help narrow down

more choices.

Input new design
information 7 workpiece
and design requirements

1% level search - Retrieve
past solutions

v

Provide solutions

v

Designer produces
tentative fixturing plan

v

2" level search i Retrieve
based off of fixturing plan

Workpiece Level

Fixture Setup +
Level Designer selects most w» | If each unitin fixturing
similar solution solution is acceptable

If any unit in fixturing
solution is unacceptable

3 Jevel search i Retrieve
best fitting units

4_

Modify fixturing design |«

Fixture Unit
Design Level

4_

Verify unit design - If doesna qualify

4_
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-

Complete fixture solution |«

v
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Fig.7. ¢ Case Retrieval Flowchart
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The third search stage is specific to the fixture unit level. This level searchaghhthe database
to find which fixturing unit is the best for the situation. The search provides all the solutions that would
best fit with the workpiece and then the designer can choose to accept the unit or go back to any
previous step and revise thelstion. Within this stage the designer can verify the fixture units by
various functions such as an interference check, placement checks, and simulation modeling. Once the
designer is finished and content with the finished design the final fixture isghbject to more testing

to ensure that the solution is robust.

The benefits to this system are that if only one search was conducted many relevant case options
might be neglected. Having a mdiiered system will iteratively narrow down the selectiongiuthe
most suitable cases are determinéthe human computer interface to help reduce the solutions with
the help of visual aids is also another benefit. The next section will discuss the methodology in more

detail.
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4. Case Representation and Retrieval

This section details theroposed system for indexing, representation, and retrievied design case.
The first section will coveahe indexing and representation, whithe second section will discutbe

retrievalmethod. The third section is about the ietface that has been created for this CBR system.

4.1. Fixture Design Caselnformation Modeling
Case indexing as defined in previous section is the decomposition of a case into its relevant parts.
Indexing is the cataloging of every conceivable observatioandtem and thenstoring them in a table.
Case indexing in order to be effective must be@sprehensivas possible. The previous research
focuses mainly on machinidigatures. his paper will discuss a template for decomposing complex

assembly partsThe general flow of the Information modeling and representation is showsigr8.

Technical information/data in Fixture design

= =

Fixture Design Case representation method | Fixture components representation method

<

Domain knowledge
base

<

XML standard Database

Design solution library Fixtures unit library

Fig.8. Information modeling and representation flow chart.
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The modeling begs with the technical information for the fixtardesign. The specifiesll be
detailed in the following sections. This information is then represented in a hierarchical structure using
the XML standard. This information is then further split into thsige solutions library, the domain
knowledge base, and the fixture unit libraijhis separate information is stored in a general database

which can be easily updated or added to.

The following sections will focus on the specific information that is coathin the database and

include information about the representation method eXtensible Markup Language (XML).

4.1.1. Conceptual Design

The conceptual design is the first step in indexing. The conceptual design is comprised of the initial
requirements given to theesigner in order to begiformulating adesign. The most common
information provided is the intended function. This is one of the single most important pieces of
information in conceptual design. Drawn from the function are the specifics of potentipéshaaterial
requirements, fabrication methods, and others. Additional information that might be provided to a
designer is the interaction information, tolerances, environmental requirements, and relative

dimensions. Using this information a conceptuadida is created.

Important to the conceptual design specifically for assemblies is the function of the part and its
correlation to the function of the whole. In an assembly a part is no longer a standalone object, it must
fulfill its individual role as wkas its role as part of the assembly. The information on how the assemblies
are connected physically is important as well. Indexing of this information is very important since it
contains information that cannot be directly taken from the final workpipag. Within this proposed

system text will be used to describe most of the conceptual information.

Within the interface the text can be directly viewed and searched. It is separated into sections so
that the designer can define the initial concept thvedis provided. The separation into sections also
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allows for searching of a specific topic. For example if a designer is interested in functional properties of
a workpiece and wanted to understand the specific reasoning for why component was used that way a
search of the text will provide an answdis text information is considered to be an abstract

explaining in 350 words or less what the functional specifications, the reasoning behind fixturing the unit
a certain way and possible improvements to theuiet design. Similar to an abstract for an article in a
journal, the designer who is inputting the information into the interface will add keywords in a separate

section so retrieval can be expedited.

4.1.2. Workpiece -fixture system
The next step is to capture étworkpiecefixture systemThe workpiecdixture system is an idea
group that contains all the knowledge of the workpiece, setup, and fixturing driestopfour levels of

this scheme can be seenhig. 9.
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4.1.2.1. Workpiece

The first subsection of the design case is workpiece. This subsection details all of the information
about the workpieceThe first item is the name of the workpiece or the famiéyme of the workpiece.
This is to identify the workpiece and help group it into a similar family of parts for easy retflibisl.
subsectioris further decomposed into workpiece specific information such as the tpe different

types that are usuallwelded are pipe, sheehetal, bulk (large parts), mixed (such as automobile which
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contains multipletypesof parts to be welded)rixture designs for each of the above mentioned types

are shown irfig.10.

Pipe Sheet Metal

Large Mixed

Fig.10. Varying fixture configurations for the four main types of workpieces (Bluco Co., 2008)

Another subsection ahe workpiece is assembly informatiofhis contains information on the
number of parts as well as the assblyinformation. Contained within the assembly information is the
number of parts and type of assembly operati@vhile both the number of parts and type of assembly
operation are important this section also contains information about the parts. Th&estibn contains

details about theCAD file(dimensions, mating constraintsurface interactions, ett
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The last subsection under workpiece is the geometric information. This contains the size
(dimensions), overall weight, and the shape of the pahissubsection pertains to just the overall

assembly, not its component parts.

4.1.2.2. Fixturing setup plan

The second subsection under tdesigncaseis the fixturing setup planThis information focuses
on the interaction between the locators and the workpieceder the fixture setup plan is the locating
scheme. Thidetails the locating and clampirfatum and surfacesThe unit configuration is also
considered and the set of points assemdbinto a supergraph is defined supergraph is a
representation of the grfaces and boundaries of the workpiece as a set of points. A supergraph also
contains all the information regarding the points that are chosen to be fixturing points, either a clamping
point or a locating point. A supergraph represents each of these paira hierarchical structure. An

example of a supergraphstiown inFig.11.

Fixture solution
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Fig.11. Example of a Supergraglvang & Rong, 2008)
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In this system a supergraph is also displayed visually. A visual supergraph is an image that
containsa wireframe of theworkpiece anceach fixturing point denoted by arrows. Tagows arecolor
coded so that each different function is easily recogbie. The blue arrows signify bottom locating
points while the grey arrows are side locating points. Finally, the black arrows identify the side clamping

points.An example of a visual supergraph is showhi¢n12.

Fig.12. Example of a visual supergraph.

4.1.2.3. Fixturing structure

The final subsection is the information on the fixturing units. It can be said that case based
reasoning can be separated into the overall fixture level as wéieamdividual fixtureunit level. This
subsection contains all the information on the specific units that can compose a fixture. These units are
separated by their functions. There are the single function units which only perform one function such
as loating or clamping. Next are the multiple function units that can perform many functionseat on
time, such as a unit that can bottom locate and side locate simultaneously. Finally, the last subsection
under units is the locator clamping pairs. These arespzli units that work together to fully constrain a

degree of freedom. Examples of all of these units can be fourd)ih3
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Fig.13. SingleFunction Multiple Function and Locator/Gamp Fixture Unitsespectively(Caterpillar, Inc.).

4.1.3. XML representation

Internet and internet based information systems has become a more previaentiationfor
informational storageBecause othis, information needs to be able to be sent over the internet, while
maintaining its structure. XML (eXtensible Markup Language) has the benefits of being neutral,

platform-independent, and flexible, and allows sttured data in web applicatior(&an & Kumar, 2005)

Using XML to represent the indexed data will allow flexibility in the degabSince XML is very
compatiblewith web browsers information on cases can be sent over the internet quickly and
effectively. The possility of moving CBR systems to completely web based applications is also a
possibility.Using XML a hierarchy can be easily defined by creating parent children tags. These tags can
have any name but are used to establish relationships between diffeainpeters An example of

XML script foa side locating point is iRig.14.
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