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ABSTRACT

Productivity is one of the most important factansmanufacturing processes
because of the high level of market competitionthis regard, modular fixtures
(MFEs) play an important role in practically impragi productivity in flexible
manufacturing systems (FMSs) due to this technolagipg highly productive
computer numerical control (CNC) machines. MFs @irsf devices called jigs
and fixtures for accurately holding the workpieagridg different machining
operations. The design process is complex, anditaal methods of MF design
were not sufficiently productive.

Computer-aided design (CAD) software has rapidlproned as a result of
the development of computer technology, and hasiged huge opportunities
for modular fixture designers to use its 3D modellicapabilities to develop
more automated systems. Computer-aided fixturegdg€tAFD) systems have
become automated by the use of artificial intefiige (Al) technology. This
study will investigate the further improvement eft@mated CAFD systems by
using Al tools. In this research, an integrated OA§& developed by considering
four main requirements:

« a 3D model of the workpiece,
* an expert system,
» assembly automation of MFs,

» an efficient feature library.

The 3D model is an important factor that can previthe appropriate
specification of the workpiece; SolidWorks is useéeé CAD environment for
undertaking the 3D modelling in this study. Theexxgystem is applied as a tool
to make right decisions about the CAFD planningcpss, including locating and
clamping methods and their related element selectithis helps achieve a
feasible fixture design layout. SolidWorks API avual Basic programming
language are employed for the automating and stmoleof the assembly
process of MFs. A feature library of modular fixdwlements is constructed as a
means to simplify the fixture design process.
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Chapter One



Introduction

1.Introduction

1.1 Problem Statement

During the development of CAD/CAM (computer aidegbiggn and computer
aided manufacturing) activities for manufacturimggesses many issues need to
be addressed, including the fixture design prodesefficient machining. The
traditional fixture design process cannot adaptthte rapid development in
manufacturing technologies and their equipmenteasfly CNC (computer
numerical control) machines [1]. Product qualgorter production time, lower
cost and efficient delivery are the main goals @&nofacturing processes. To
achieve these goals, fixture design is considergdah factor and has a direct
impact on machining operations [2]. Computer aidieture design (CAFD)
system was introduced as a solution for completurfex design processes [1].
The initial use of CAFD was to apply CAD software atool for designing and
assembling fixture elements by employing a standéxture library [3].
However, automated CAFD systems have become mogaifisant in
manufacturing processes since the rapid improvemdaDAM activities in recent
decades. Automated CAFD allows the user to defindeasible fixture
configuration, including locating methods and clamgpmechanisms and layout
for a given workpiece. Artificial intelligence (ARechnologies together with
expert systems have been used to automate thisgart]. Different approaches
of using these systems have been reported. Soiestused a genetic algorithm
(GA) for the optimization of clamping and machinicgfting forces, while others
concentrated on the selection of locating and clagypnethods and fixture

elements by applying fuzzy logic or case-basedordag (CBR).

Geometric considerations and machining featureessential factors in the
fixture design process. Most studies focused onfeéh&ures of prismatic parts,
and many used AutoCAD as the CAD environment faoryirag out the fixture
design process. This study considers semi-cir@laped parts for representing

an automated fixture design system, and glass ioentanoulds could be a

2



Introduction

specific example for this kind of parts. A glassit@ner mould consists of two
pieces made with a high degree of accuracy dueet@aamplexity of many glass
containers. As most glass moulds have approxim#telgame shape (cylindrical

or semi-cylindrical), the volume is the crucial tarcthat differs between moulds

[5].

1.2 Research Questions

» SolidWorks is a powerful 3D modelling CAD softwdaml. 3D modelling is
a crucial factor for verifying the geometry of mathg features of a
workpiece and its fixture elements. How can therBBdelling capabilities
of SolidWorks be employed to achieve the verifieatof the workpiece and

fixture elements?

* Assembly relationships between modular fixtures YMEements are very
important in the fixture design process. SolidWoanles assembly tools that
make it an efficient environment for the assemhbigcpss. How can the
assembly tools in SolidWorks be exploited to depeline assembly

relationships of MF elements?

« MF standard elements are used in the fixture depiggess. To involve
these elements in the design process it is impottabuild a feature library
of these elements. SolidWorks has tools to bubdatlies. Is it possible to
utilise this feature of SolidWorks to create a teatlibrary of MF standard

elements?

« Designers’ experience is a key factor for autongatine fixture design
process. Expert systems could be used as a todduititing the expertise
knowledge and to make the appropriate decisionglifterent applications.
In this case, how can expert systems be appliéaeifixture design process?
In the case of the using other programs such asal/Basic (VB), how can
they be used for this purpose and be integrated SotidWorks?
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1.3 Aims and Significance

The 3D modelling approach is a key factor in depglg assembly
relationships between fixture elements and worlggemn the fixture design
process. This approach should consider all the gg@mrand machining features
of the workpiece. Therefore, in this study SolidW&software is implemented as

a CAD environment due to its strong 3D modelling assembly capabilities.

It is important that automated CAFD systems redtice design and
production time. Therefore the main objectives luk tresearch are presented
here. First, to develop an integrated system takatshengineers to select the right
fixture elements, as well as feasible and cost-tand-effective MF layouts for
semi-circular workpieces. The VisiRule expert systes used as a decision
making tool for this purpose. Second, the asserpiigess of these elements is
automated by using SolidWorks API functions. An r@gh using ActiveX
project in Visual Basic language is developed artdgrated with SolidWorks
APl in order to create new menus in the SolidWaksironment for performing
the automation process. As a result, the user el@ctsthe proper elements and
perform the automation and simulation and thenttessystem before starting on

machining operations.

Developing the feature library is the third objeetiof this research. In terms
of completing the developed MF system, a featimaty of standard elements is
created in Microsoft Access format. This study aiswestigates SolidWorks
capabilities for creating new 3D models of speadifesigned parts. With the use
of DriveWorksXpress tool, 3D model features canchptured and modified to
develop new models, and as a result a new fixtay@ut is generated. An
approach of cutting forces calculation is preseniedthis study with the

consideration of clamping forces as a means teeaeHixture layout stability.

These objectives are combined aiming the feasiblput of MF by
automating the selection and the assembly of fxelements. Other design’s
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features of MF such as clamping forces optimisadiod cost prediction could be
investigated in further developments of the system.

1.4 Organisation of Thesis

This thesis is divided into nine Chapters. Thetfi@hapter provides the
general introduction, and the literature reviewtfas research is presented in the
second Chapter. This Chapter discusses previoakeston automated CAFD
systems and their different approaches and methidds Chapter highlights the
reasons for applying the methods and techniqued usehis research. The
fundamentals of workpiece holding are conveyed haer Three. Also, the
principles of locating and clamping and their cifisations are illustrated in
more detail. Moreover, this Chapter highlights witne specific locating and
clamping methods considered in this research deetsd. The Chapter explains
the importance of SolidWorks APl and VB in the an#&tion of the MF design

process.

The approach to the selection of fixture elementsthe proper locating and
clamping methods are presented in Chapter Four.Kibe/ledge base for this
process is developed in this Chapter. The automaproach for MF design is
explained in detail in Chapter Five, including ttreowledge base and assembly
procedure. More importantly, the approach to dguelp the VB project and
integrating the SolidWorks API is covered. Chaj@er highlights the importance
of using the DriveWorksXpress tool within SolidWerkas well as the
calculation of cutting forces for the chosen wodga and MF layout. Chapter
Seven offers the research conclusion, and impodppéndix files are contained
in Chapter Nine.
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Literature review

2.Literature Review

In this Chapter, a descriptive approach is adofiethe various elements of
automating a CAD design system. In the final Sec{®.2) this information is
integrated to provide a context for the researcthénthesis. Several researchers
have focused on fixture design information repres@n. Mervyn et al,
highlighted four models for representing fixturesgm information, namely
conceptual design fixture ability feedback, intedmage part model fixture ability
feedback, fixture assembly configuration and waekpiloading instructions [6].
A document type definition (DTD) approach was uded these models
(Figure 2-1). Furthermore, some researchers introduced aréxtlements
structure, defined the fixture element combinateord introduced information
about assembly relationships. Patal, provided a functional unit definition for
modular fixtures Figure 2-2), and introduced a method for extracting and
evaluating the assembly relationships for modulatufe assembly design,

including a definition of the assembly relationshgnstraints [7].

Workpiece 1D

Workpiece
information ‘Workpiece orientation
Baseplate ID
Baseplate
Fixture T i Riser ID
iser
assembly Fixture base
configuration Riser i Location on base plate
blocks Rl.ser 2
Flement 1 Element I Adaptor 1 TD
Locating <
elements Eleitient:2 Adaptors Adaptor 2 ID
2 Location on base ’
Workpiece face accessed
. Element 1 Element ID Adaptor 1 1D
Supporting
elements Element 2 Adaptors Adaptor 2 ID
B Location on base ’
‘Workpiece face accessed
Element 1 Element ID Adaptor 1 1D
Clamping <
alements Element 2 Adaptors Adaptor 2 ID
- Location on base ’

Workpiece face accessed

Figure2-1. DTD file structure [6].
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Figure 2-2. Typical functional unit [7].

2.1 Automated CAFD

As manufacturing processes rapidly developed, fixtdesign became an
important factor in reducing the production timed arosts, and CAFD systems
were developed to simplify this design process.ofdting CAFD systems has
become crucial for competitiveness, as CAD/CAM\ati&is improved and Al
techniques were incorporated. However, and althooginy manufacturing
activities are covered by CAM software such as fwaths generation, the full
automation of CAFD systems still not achieved Wit The challenge was how
to computerise the human knowledge in order toraate these systems. In other
words, put the tooling engineers experience ingirdeed software [8]. Many
techniques and methods were used for this purpeheding commercial tools as

explained in the next sections.

2.1.1Genetic Algorithm

Genetic algorithm (GA) is a method that can geresatutions and optimise
problems using natural evolution techniques. Thisthod is based on a
population of strings which encode candidate sohgiin binary form. The

population evolves toward better solutions. Thecpss starts with individuals

8
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generated randomly in the population, and otheegdions then develop. The
fitness of individuals in each generation is eveddaand a new population is
formed. The process is terminated when a satisfaitoess level is reached for

the population, or a maximum number of generatisqpsoduced.

GA has been used as a specific tool to automate DCAlystems.
Krishnakumar and Melkote used GA to optimise a rracy fixture layout [9].
They used a 2D geometric approach for a given wedeto perform the
optimisation process Flgure 2-3). They also provided a method for
implementing GA and explained how genetic operatoogk. In addition, they

presented two examples of how the cutting proaassut could be obtained.

Clamp 2

1 13 14 is 16 17 18
1 JSA 40 A/ﬂ A

10 i3 34 35 36 37 20

Locator 3
254 mm
| dweld

@
2]
=]

ki 2

8 & / pv/

304.8 mm
Locators 1 & 2

Figure 2-3. 2D geometry approach optimisation [9].

Chenet al, used GA by employing the direct search toolboMK&TLAB to
optimise the clamping forces and control defornmatinring the fixture design
[10]. For deformation calculation purposes, the M$Ssoftware package was
used for specified cutting and clamping forcesatiition, they applied finite
element analysis (FEA) to obtain the feasible fiztlayout Figure 2-4). Friction
and chip removal effects were also involved, ardhtabase was constructed to

reduce computation time. This approach has beesideEned as a multi-objective

method for controlling deformation.
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. Cutting forces Fitness o Optimization results
Machining process FEA N Optimization »

»
Maodel = h procedure

&
Fixture layout and clamping foroe —‘

Figure 2-4. Flowchart of an optimisation process [10].

Hamedi offered an approach for combining GA anceptbols including an
Artificial Neural Network (ANN), and this method vaolved the use of FEA
(Figure 2-5) [11]. The outputs from the FEA are passed toAN& module. The
GA module is then applied to optimise the set afrghing forces. These results
are then integrated with computer-aided processinptg (CAPP). Kaya
provided a detailed method of how to calculatede®rmation of the workpiece
[12], in which first the GA representation and geneperators were described,
secondly GA was implemented as a basic approadhavgombination of other
programs, and thirdly ANSYS software and FEA werap®yed for 2D
prismatic workpieces by applying a 3-2-1 locatingthod.

Figure 2-5. An FEA model [11].

A GA concept and FEA was also applied by Kulanketaal for the
optimisation of a fixture layout [13]. Cutting fac calculations were
implemented in their method.

10
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2.1.2 Fuzzy Logic

Fuzzy logic is a method used for controlling a gsby using the IF-THEN

rule. This method consists of three stages:

1- Define fuzzy inferences (fuzzy sets and fuzzificajj
2- write control laws (fuzzy inference rule base); and

3- convert the result into an engineering output (defication).

Each value in the fuzzy set has a degree of meimipesgithin the set,
varying from 100% (1) to 0% (0) and this differsrir the crisp value (this can
only be a true value while the others are falsd).[Ih fuzzification, the input and
output values are converted into their membershipctions. A collection of
rules that are related to the fuzzy sets is usdalidld the rule base, which is the
controller of the system. A fuzzy inference engmesed to check the rules and
find the corresponding outputs. Fuzzy inferenceused to define a useful
“engineering description” for each fuzzy descriptBeveral graphs are plotted
from the fuzzification so that the membership degod “different values in
different fuzzy variables” can be described [14h #&xample of fuzzy rules for
the input variables, INPUT1 and INPUT2, and thepautariable, OUTPUT, is:

IF INPUT1= Degree-of-membership in INPUT1-SET AND
INPUT2= Degree-of-membership in INPUT2-SET

THEN OUTPUT=Degree-of-membership in OUTPUT-SET

If <condition>then <consequence>
If<condition1 and (or) condition2> then <consequesnc

General forms of the base rules can be as follows: i
If <condition1 and (or) condition2>then <consequeinand (or)i

consequence2>

_________________________________________________________________

11
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Fuzzy reasoning was used by Martin and Lombardttoduce a method that
defines a suitable positioning system for the wa&p [15]. They determined
that the defect and length values of the datumasarfind the part material are
the main criteria for the positioning system. Iisttnethod, the concept of the IF-
THEN rule was used to define the surface critesrgobsitioning. The process of
this method was presented and a prototype was mgpited using the “CAD X1
knowledge-based systems generator platform”. Zren) Peng represented an
integrated system of fuzzy and rule-based reaso(RRBR) [16]. This system
was divided into two stages, setup planner andifexdesigner. The inputs for
the setup planner were machining features, madhiriool and operation
selection. The output was the preliminary setum flacause the input was the
fixture designer stage. The output of this stag@esfinal setup and fixture plan.

This system is an integration of setup planningfatdre design in CAPP.

Guangfeng introduced an algorithm for workpiececating design
(Figure 2-6) [17]. They used the integration of RBR and fulayic to achieve a
feasible locating design. A fixture feature-baspdraach was applied based on a
Pro/E 3D model that helped retrieve the fixturetdea information and classify

this information into locating and clamping categer

Reasoning

| ao Model | CAPP lr!l‘o—|
info fixture

FI [Fretreatnent | |1—]

feature

ki Loa utulg mode
Treasoning

Locating
mode set

-_‘l

|| Peleted Current
locating mode

Locating surface
selection
Teseasoning

locating
surface set

Evaluation

hnowl edge

Figure 2-6. Flowchart of the feature based approach [17].
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Kanget al, used a fuzzy evaluation method to choose locaamgmes [18].
They employed fuzzy logic as part of their fixtudesign for networked

manufacturing.

2.1.3 Case-Based Reasoning

Case-based reasoning (CBR) is a process that dmldsed to solve a
problem based on solutions that are similar totedlgroblems. It is a powerful
computing reasoning method which is based on pastopal experience. CBR

consists of a four step process:

1
2

Retrieve cases from memory to solve a related tamgdlem;

reuse a solution from the previous case;

3- test and revise the new solution; and

4- store the new case in memory.

CBR is viewed as a rapid problem-solving methodt tisaadaptable to
different applications [19]. One of these applicas is the planning of a
sequence of steps to achieve desired results. Mere@€BR is regarded as a
suitable method to find solutions for design praide In general, design
problems can be complex and may require input faonexperienced designer.
Diagnosis is another application for CBR, i.e. toyide explanations for given

symptoms [19].

Different approaches have been employed for usiBR @ fixture design.
Kailing et al, applied a CBR reasoning machine in a CAFD sysie@rohoose
similar cases [1]. In addition, they applied RBRIanknowledge base to obtain a
feasible fixture design. This system consists dixaure elements database, a
knowledge base and a reasoning machine. The fixdlmments database was

classified into different categories, thus simphfythe fixture design process.

Boyle and Kevin presented a methodology called &BRFigure 2-7) in
which CBR was applied [2]. The objective of thisthwlology was to achieve

the full fixture design including physical structutetails of the fixture elements.
13
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Another objective was to improve the CAFD processhat it could meet all the
process requirements. The classification of fixturgéts and locating methods

was also introduced.

workpiece CAD model,

Cas g‘llh'af? machining inforrration

it Generate list of Functional
Caseli + (—® Requirementsand Constraints Domain
knowd edge
v
Generate utility curves for Utility analysis
each FRfconstaint B knowledge store

l v
‘D] Rl e
: = cases based upon
@L functioral similarity
i l
Determine required

modifications for top ranked  [<—|
cases

l

Re-mank cases based on
l adaptability }-JL
]

L

Modify top
ranked case

Test case

design solulion

Figure 2-7. CAFixD flowchart [2].

CBR was implemented by Kareg al, [18] in their fixture design system for
networked manufacturing. They also employed knogdeblased reasoning
(KBR) as an assisting tool. They presented a hyimaediel of CER/KBR for the

fixture design process.

2.1.4 Expert Systems

Expert systems have been applied to automate modixture design
processes. Kumaet al, used NEXPET-Object shell as a tool to represeat t
designer’'s knowledge when developing the rule-asdixture design [20]. In
their system, the locating, clamping, and suppgrtimces are determined for
suitable fixture elements in order to automaticadlgsemble them. Nee and
Kumar also demonstrated a framework to automatdixhee design process by

combining mathematical analysis with a rule-basggor@ach [21]. The outcome
14
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of this system is the assembly sequence for theiréxelements. Nnaji and
Alladin presented the structure of an expert systencomputer-aided flexible
fixture design [22]. They applied IF-THEN rulesdevelop the knowledge, and
PROLOG as an expert approach to create the rulébddixture system.

2.1.5 Other Methods

Some researchers have used different approachasitéonate the fixture
design process. Babet al, implemented an automated modular fixture design
system that used an AutoCAD platform [23]. Theyoalsed the AutoLISP
program in combination with AutoCAD; this approach was based on 2D
drawings. They introduced a methodology for the mr@ng setup and the

modular fixture automation sequence.

Kow et al, introduced the concept of semi-automated andnzatted fixture
design [24]. Expertise knowledge was applied tongefhe rules and algorithms
in a way that automated the process of determifikigre points and selecting
fixture elements. The tool-collision-free fixturesign was the main goal of this
system, and three aspects of fixture design calkedactive, semi-automated and
automated were explained. In addition, this syssmwed how machining
interference could be detected and a databasesgbatametric modular fixture

elements could be used.

Ma et al developed a fixture design system called FIX-DB&jch was
developed using C and C++ programs and a specil@ énvironment [25]. The
requirements of modular fixture configuration warglemented and the fixture
elements were classified based on the feature panéssembly relationships

were used in this system.

Kong et al improved a CAFD system based on an AutoCAD sofwa
platform. VC++ and AutoLISP languages were employedhis system and a

database of standard fixture elements was alsemptexs Figur e 2-8) [26].
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Figure 2-8. Standard fixture elements database [26].

Rong and Li developed a rapid fixture design sysfer an automated
modular fixture configuration design [3]. This syt enabled the interactive
selection of locating and clamping methods andifextcomponents. The system
was developed in a CAD environment by employingi&gown menu of fixture
designs, and different categories for locating al@mping methods and their
sub-classifications were also presented. Assenabdyionships among the fixture
elements were employed in this system.

Shokri and Arezoo implemented a modular fixturaefguration design for
CMM (Coordinate Measuring Machines) measuring figt[27]. They presented
a methodology and algorithm to develop the fixtunés. This system was based
on the SolidWorks platform, using VC++. SolidWomkas used for interference
checking purposes between fixture elements anavirkpiece. A procedure for

fixture elements assembly was presented based-®RIEN rules.

Hou and Trappey proposed a CAFD framework thatdceupport different
kinds of fixture design planning [28]. They implemied CAD software and a
database management system (DBMS). A knowledgewasduilt as well as a
fixture elements database that allowed more effectormulation of the data
management process. This system integrated FoxPRrd AutoCAD

(Figure 2-9); furthermore AutoLISP with ADS toolkits were alssed. Three
16
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levels of fixture planning were proposed; fixturatal management, fixture
elements selection and fixture layout planning. Taecept of V-block planning
for non-prismatic workpieces was also introduceldng with other fixture

planning.

— {Mechanical Fixture
Fixture Data || i b

r Management H — £ FoxPro Environment
| Hydraulic Fixture 7@ AutaCAD Environment

CAFD -
System

__|'1] Hydraulic Fixture

Geometric-Based Reasoning
Fixture Layout V-block Reasoning
Desgin .
Algorithm) Compound Reasoning

Location Adjustment

Figure 2-9. Integration of AutoCAD and FoxPro [28].

Dai et al, introduced a method for constructing a databé&$etare elements
and for building the fixturing towers [29]. This thed used the knowledge-
based system (ICAD) and UG-Il (a graphical useeriiace) for workpiece

modelling.

2.1.6 Commercial Tools

Fixture design is implemented in CAD/CAM software well as CAPP
systems. Limet al, introduced a 3D modular fixture design expert (MIEX)
system [30]. Their system included 3D solid workgiadefinition, machining
parameters, cutting tools, fixture elements CADdily, materials bill, and some
other facilities. The authors created LISP/DBASEdule for pricing purposes
and LISP/CATIA module from a rule-based module dstablishing the fixture

components sequence and their coordinates.

17
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Ajay and Tien dealt with the fixture planning inetrautomated process
planning systems [31]. Their work included the w$eQuick Turnorund Cell
(QTC) system for the integration of process plagrand fixture planning. QTC
is a feature-based system and the authors usedothliso convert the design
features to manufacturing features. The outconthisfsystem was establishing
a fixture assembly providing the features for lowgtclamping, supporting, and

orientation.

Kenneth et al, presented an automated modular process plannisigrsy
(AMPS) which implemented the setup and fixturingrpling [32]. They planed
the setup and the procedure of the fixture desighthe relevant components.
Also, they computed the location, clamping area atfer information for each

fixturing configuration.

IMAO, a modular tool maker built a CAD/CAM plug-iwhich is called
IMAO CAF system [8]. This system aimed to use 3@bimation from CAD
software to the CAM software in an efficient wayy &sing this system, the user
can specify the heights for clamping, supportingyd athen selecting

recommended elements.

2.2 Discussion of Literature Review

Fixture design is a complex process which is basedesigners’ experience.
The traditional use of CAD software in CAED systehas brought significant

limitations which can be addressed as follows:

* Manual selection of the fixture elements and thehods related to
locating and clamping the workpiece. This takestaf time which is

a critical factor in manufacturing processes.

* Use of 2D design of the workpiece and the fixtulements. This
limits the verification of the machining features avell as the

geometric features of the workpiece and its fixelements.
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e Lack of identification of the errors that could accduring the
assembly phase of MF. This delays the achievemitiieofeasible
fixturing layout of MF by considering the inapprae assembly
relationships between the workpiece and the fixéleenents.

* Use of dis-integrated database of MF. It is impurta implement a
built-in database of the fixture elements to enghee flexibility of
CAFD systems.

From previous research as reported, GA has bepledpo optimise the
clamping and cutting forces for CAFD systems. GAoassidered as a powerful
tool for automating fixture design process; howaveannot automate the whole
process on its own. To overcome this, other tobtaikl be integrated with GA
to automate the whole CAFD system such as ANN &l which were applied
with GA for selecting fixture elements and optimigithe deformation of the
workpiece. Another issue is that GA is mostly ug@d3-2-1 principle locating

method which can only be applied to prismatic pgr#g.

Fuzzy logic has been applied with various CAFD eays. This tool was
implemented to automate the selection process éokpiece locating design and
to define suitable positioning elements and logaiohemes [16]. However, this
method integrated with a RBR module in order to endlke fixture design
process more automated. Another limitation is tha& method is more suitable

for defining specific problems of MF layouts.

CBR seems to be an appropriate method for autogahe process of
defining the locating and clamping methods and tedlafixture elements.
However, this method is limited by relying on siamilcases to define the new
design case. Therefore, similar to Fuzzy logic, Gi&feds to be integrated with a
RBR module to avoid this limitation by applying adwledge-based approach
for solving complex problems [1]. Another disadage is that most of studies

that applied CBR in CAFD systems focus only onrpgasic parts problem.
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CAD software is another method used to automatd-[CAystems. For
instance, the AutoCAD platform is employed integrgitwith other programs
such as C++ and AutoLISP to improve the CAFD sys{@®]. The main
limitations of this method are the lack of 3D madubel capabilities of CAD
software and the efficient integration with otheogramming languages in order
to achieve the perfect assembly automation of MF.

Regarding the commercial tools, the major limitatie focusing on prismatic
parts with the 3-2-1 locating method. Other limdas are the use of dis-
integrated CAD library for the fixture elements aadlibrary for specific
components which are needed in the shop floor. gfocess planning, the
systems are unable to achieve the optimum plans thedstages can be

considered simultaneously [32].

Heading the aforementioned benefits and limitatioh previous methods
and in order to overcome existing limitations okegent CAFD systems, the
following techniques are employed in this study:

* VisiRule toolkit is applied to automate the selectiprocess of
fixturing methods and the appropriate fixture elatsebased on a
knowledge base. This tool is used because it isfi@ative tool for
building a decision making process based on flonwtsheoncept. In
addition, this tool provides several rule formatsick are useful for
creating the knowledge base.

» SolidWorks software is used for designing and mode the
workpiece and the fixture elements. This softwareised due to its
powerful capabilities in 3D modelling and assembioreover,
SolidWorks has mating features that can be effelstiemployed to
build the assembly relationships between the wedgind the other

components in CAFD systems.

* The integration between SolidWorks and VB prograngrianguage
is generated to simplify the automation of the glesand assembly
20
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tasks of MF, eliminating errors that could occurtle early design

stages.

* A feature library of the fixture components is ¢eghin SolidWorks.
This brings more flexibility for CAFD systems andyrgficantly

reduces the time needed for the design and asseahbli.
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Workpiece holding fundamentals and methods

3. Workpiece Holding Fundamentals and
Methods

The workpiece produced should meet its specifioatiparticularly in respect
to shape, dimensions and tolerances, and to acthevd is important to locate
and clamp the workpiece correctly in the machir®.[$ome other factors also
influence the workpiece holding configuration, bmting machining operation
sequence, cost considerations, direction and gstresigthe cutting forces, and
capabilities and orientation of the machine to83][ Moreover, fixture elements
may be designed for a specific workpiece; and tlesealled dedicated fixtures.
Conversely fixtures can be selected and combinaah fa database of standard
fixture elements; and these are called MF [33].r&he a specific function for
each fixture element, and a completed fixture $tmgccan be built from a
number of elements, including consideration of tigpes, classes and the
functions that will lead to appropriate machiningeoations. This Chapter
introduces the definitions of jigs and fixtures laasic workholding elements.
Moreover, the types of these elements are explaasedell as their functions.
The concepts of locating and clamping were presemtealetail along with the
importance of modular fixturing and its classificats. The methods of fixture
elements representation and structure were alsemied. The fundamentals of
the Visual Basic language and SolidWorks APl weargoduced in order to
understand the functions of these techniques ieldping an automated modular
fixture design system.

3.1 Workpiece Holding Principles

3.1.1 Jigs and Fixtures

Jigs and fixtures are devices that can be useadlth bupport and locate the
workpiece accurately in order to maintain the reeplirelationship between
workpiece and cutting tool [34]. Hoffman definegigaas a “special device that

holds, supports or is placed on a part to be madhif84]. The function of jigs is
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extended to the guiding of the cutting tool durthg machining operation, and
steel bushings are usually fitted with these devigegure 3-1). A fixture is
defined as a “production tool that locates, holdd aupports the work securely
so the required machining operations can be peddiniThey are usually used
with accessories, such as thickness gauges atdbs&s to reference the cutting
tool to the workpiece Higure 3-1) [34]. Compared to jigs, fixtures “should be
securely fastened to the machine stable which thkk ws done”. Furthermore
these devices can be used for different millingrapens with the majority of

standard machine tools [34].

According to Henriksen [35], jigs and fixtures pid® many advantages for
industry including:

1
2
3
4

Accuracy and interchangeability of the workpieces;

reduction in working time for different operations;

simplification of complicated operations; and

reduction in cost of assembly, maintenance andlgubspare parts.

JIG FIXTURE

SET BLOCK

DRILL
BUSHING

REFERENCE EDGES
FOR FEELER GAUGE

Figure 3-1. Jigs and fixtures referencing to the work [34].

As a result, the quality of the parts produced lbarimproved by using jigs
and fixtures [35]. These benefits made the uségefgnd fixtures the solution to
many problems in several industries. For examplethe aircraft and missile

industries, geometry and dimensional problems tzoelerated the use of jigs
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and fixtures. Moreover, jigs and fixtures are uded several machining
operations, such as boring, broaching, drilling]ling, turning, tapping and
facing; their advantages are exploited in many iappbns such as assembly,

bending, heat treatment, inspection and testinyy [35

According to Hoffman, jigs are classified into tgeneral classes, boring and
drill [34]. Boring jigs are used to make holes tbah be considered “too large to
drill or must be made an odd size”. Alternativetlyill jigs are used to “drill,
ream, tap, chamfer, counterbore, countersink, sevespotface or reverse
countersink” Figure 3-2) [34]. In addition, there are two types of jigpem and
closed. The difference between these two typeslaed to the number of sides
of the workpiece to be machined. For the machirohgnly one side of the
workpiece, open jigs are used; however, for moaa tthe machined side, closed

jigs are used [34].

DRILL REAM Tar GCHAMFER COUNTERBORE COUNTERSINK

% @ o Temmin :fm:rﬁ%}

A V 2
/..«,é /;,;
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Figure 3-2. Common operations for drill jigs [34].

Hoffman also described some other types of jigs Weae classified relating
to the two main types, including the function oé figs [34]. Examples of these
types are template jigs, plate jigs, sandwich jigmaf jigs and pump jigs.
Figure 3-3 shows one example of these types. The same pnecéalujigs is
followed for the fixtures to be made; however freas should be stronger and
heavier than jigs in order to resist larger cuttiogls forces [34]. Hoffman
introduced some types of fixture in relation toitienctions; these are profiling
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fixtures, indexing fixtures, plate fixtures, angite fixtures and multistation

fixtures [34].Figure 3-4 shows one example of these types.

Figure 3-3. Pump jig [34].

_____________ KNURLED SET BLOCK

Figure 3-4. Angle plate fixture [34].

The main classification of fixtures is related be type of machining process
that uses the fixture. Their sub-classifications lba also defined. For example, if
the fixtures are to be used on a milling machirey tare called milling fixtures;
and if the same fixtures are used to perform steaddlling, they are called

straddle-milling fixtures; the same principles aplied to the lathe machine
[34].
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3.1.2 Locating Principles

Locating can be defined as a process for positgpraind orientating the
workpiece on the machine in order to complete tbégirdd machining process
[36]. For specifying the most appropriate and dilec locating for the
workpiece, it is important to understand the degm@fefreedom (DOF). In space
there are twelve DOHR~(gure 3-5). These DOF are related to the central axes of
the workpiece with “six axial DOF and six radial BQ37]. Axial DOF refers to
the liner movement of the workpiece, while radidPB refers to the rotational

movement of the workpiece.

Figure 3-5. Twelve degrees of freedom in space [38].

To restrict the movement of the workpiece, locatresused, and they should
be strong enough against the cutting forces to taiainvorkpiece’s position [37].
In general, three location forms can be considemadtely plane, concentric and
radial [38]. For plane locating, locators are usgdbcate the workpiece on any
surface such as flat, circular or irregular; whide concentric locating, pin-hole
locators are used-(gure 3-6). For radial forms, locators are utilised to nestr
the workpiece’s movement around the concentricttosg38]. In many modular
fixture systems, a combination of these three focars be used for performing
the locating function. After determining the locatiform for the workpiece, the

designer should ensure that this locating can Ipéegpto similar workpieces by
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selecting the appropriate locators which meet theeds of producing
interchangeable parts [36]. The common locating hoetis 3-2-1, which
considers three perpendicular surfaces of the vieckpto define the locating
position [36]. The locating position is accomplidhigy defining three locating
points on the first surface and two locating poomsthe second surface, which is
normally perpendicular to the first surface; figatine locating point is defined
on the third surface, which is perpendicular to titeer two surfaces [36].

Figure 3-7 shows the 3-2-1 locating method.

WORKPIEGE

PLANE LOCATION LOGCATORS

WORKPIEGE

CONCENTRIC
(b} O WORKFIECE LOCATORS
COMCENTRIC 4
LOCATION ——
CONCENTRIC

LOGATOR

A DAL
LOCATORS

()

RADIAL LOCATION

Figure 3-6. Three locating forms [38].

Alternatively, the internal surfaces of the worlqaecan be considered for
locating purposes. In this case, concentric anéhrdmcating forms are applied
with locating pins and locating plugs. The locatpigs are used for smaller holes
while locating plugs are used for larger holes [38yure 3-8 shows concentric

and radial locating.
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Figure 3-7. 3-2-1 principle [36].
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Figure 3-8. Using concentric and radial locators [38].

Rong and Li divided the locating methods into fimain categories, namely
3-2-1, plane and pin-hole, long-pin, V-block andp&d locating, with further
variations for each of these categories [3]. Fanel and pin-hole locating
method, a plane surface of the workpiece is comnstd@s a primary locating
surface and an inner cylindrical surface is used ascondary locating surface.
For the long-pin locating method, an inner cylicdtisurface of the workpiece is
used as a primary locating surface to restrict fo@F. The V-block locating

method is appropriate for primary external cyliedti surfaces as a primary
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locating surface, while V-pad is used for exteroglindrical surfaces as a
secondary locating surface [3].

3.1.3 Clamping Principles

Clamping can be defined as a mechanism for holthegworkpiece against
the locators and for resisting the effects thatuoadue to the cutting forces
(Figure 3-9) [4]. The direction of clamps should be considesedording to the
directions of the cutting forces, and it is an impot factor for securely holding
the workpiece during machining operations [4]. Heare clamps will not resist
the “primary cutting forces”; they keep the worlq®eposition against the
locators and resist the “secondary cutting forc@sgure 3-10) [38], while
locators will resist the primary cutting forces. Mover, cutting forces can be
predicted by the designer and this will help redinee"magnitude of the required
clamping stresses” [36]. The size of the clampnistlaer factor that should be
considered in the fixture design; the clamp shdddarge enough to hold the
workpiece securely and, in contrast, it shouldrbalsenough to stay away of the

tool path to prevent any collisions from occurr[88].
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Figure 3-9. Clamps against locators [38].

30



Workpiece holding fundamentals and methods
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Figure 3-10. Two different cutting forces, a) milling and hjlthg [36].

Figure 3-11 shows the effect of clamp size by considering goesk clamps
instead of a standard strap. In addition, othetofacincluding holding the
workpiece securely under vibration, loading andssyr damage prevention to the

workpiece and improving load/unloading speed shddaken in consideration

for clamping [38]. For modular fixture systems, twajor categories were
defined for clamping methods; these are top anel daimping Figure 3-12) [3].
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Figure 3-11. Effect of clamp height [38].
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Figure 3-12. Two types of clamping, a) top clamping, b) sitlarping [38].

3.2 Modular Fixturing

Modular fixturing can be defined as a system forilding several
combinations of standard components that can servevide variety of
workpieces. These fixture elements can be assendiddreused in order to
generate different constructions of jigs and figgif34]. The building process of
modular fixturing system depends on selecting theessary fixture components
to be assembled, and this assembly process wilhddasis for building “more
detailed systems”. As a result, fixture elements ba built for any kind of
workpiece by using modular fixturing systems [3dhe use of modular fixturing
results in a reduction in the design and assenilgst by eliminating the use of
“dedicated fixtures” and their special componer®3][ Moreover, the database
of MFs contains the necessary design informatioth wmating features for
standard elements, and it is easy to modify [33)dMar fixturing systems were
classified into three major groups based on thestcoction type: Subplate, T-

slot, and dowel pin [34].

3.2.1 Subplate Systems

These systems consist of a series of componentsctdra be assembled
together to build several workholding combinationSurthermore, these
components can be used separately for differerpgsas.Figure 3-13 shows
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some of these components. Subplates are availabbloth T-slot and dowel pin
collections. Therefore subplates can serve any kihdfixturing operations”
[34]. However, this kind of modular fixturing systeis mainly used for

workpieces of very large size [34].

TWO-SIDED BLOCK FOUR-SIDED BLOCK

ANGLE PLATE

o <>
5
\\/

RISER BLOCK
GRD PLATE PARALLEL

Figure 3-13. Subplate system components [34].

3.2.2 T-Slot Systems

These systems use fixture elements which are medhimith T-slots
(Figure 3-14). They are considered as strong and adaptablersgstand T-slot
modular elements can be easily positioned. Howdkiege systems need perfect
measurements for the positioning of the fixturemedats and for defining the

reference points [34].

EQUALLY
SPACED

Figure 3-14. T-slot baseplate [34].
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3.2.3 Dowel Pin Systems

These systems are made with holes in a grid pafor posiioning of the
fixture components Higure 3-15). Dowel pin systems have positioni
capabilities that make the locating of fixture elements easier and fas
because each hole is considered a locating pothtasa result, each hole i
fixed reference point [34]One problem with these systems is in thdjusment
of the clamping positionsecause the holes are fixed points. The solutiothfat

iIs by making slots in the fixture elements in orteradjust their position in tr
workholding system [34].
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Figure 3-15. Dowel pin baseplate [34].

Dowel pin systems come with tvdifferent patterns dfioles. The first patter
is made of both dowel pin holes and tapped holég. Jeconconeis madeof
only dowel pin holesFor the first kini, the two kinds of hole serfer locating
and clamping purposes of the fixture eents. While in the second orthe same

holes are used for positioning and clamping moyg [34]. Figure 3-16 shows
the difference between these ttypes.
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Figure 3-16. Differences between 3lot and dowel pin systel [34].

3.2.4 Modular Fixturing Building

Modular fixturing systems consist of a set of saddelemen, such as
baseplates, locators, supporters, @s and all the other accessor
(Figure 3-17). By assembling these elements together, suitalaekholding
systems for avariety of workpiecs can be achieved3{]. The assembling
process starts with selecting the baseplate depgndn the size of th
workpiece. Then the locating elements are choseh assembleconto the
baseplate. After that, the clamping elements atect® to suit the chost
workpiece. Finay, the other elements and accessories are efor completing
the modular syste [34]. After building the workhaling modular system, tt
machined operations are sta in order to produce the specific part
workpiece. When the part product processs finished, the modular system
disassembled and the elements are sent to thetstbeeused fothe building of

other modular workholding syste [34].
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Figure 3-17. Modular fixturing standard elements [34].

Figure 3-18 shows an example of modular fixturing systems. atheantage
of reusingthe modular fixture elements lead to reducing tand costs. One hol
of themodular fixturing building process equals abouttsmrs of “conventione

Jjig or fixture” building [34].

Figure 3-18. Modular workholding system [39].
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3.3 Implementation Techniques

The main purpose of the automated modular fixtwsigh is to provide a
system that allows for:

1- Selecting fixture elements from a database in teonsassembly then

according to the fixturing points.

2- Planning the fixture assembly process by deterrginen reasonable
assembly sequences which allow assembling andseisdnding of fixture
components. The architecture of the Modular Fixtdssembly Design
System (MFADS) is shown iRigure 3-19.

INPUTDATA
1D OUTPUT DATA
v
Filxtu_re Modular fixture . Assembly sequence
requirements »  assembly design
of the system »  Fixture structure
workpiece
- . ¢ #
Elements 3D
Fixture list assembly
XML
elements files
database

Figure 3-19. MFADS general architecture [40].

In order to explain the role of this system and hbedesigners can exploit it
effectively, it is important to define the stagdwtt must be followed for
performing the task. There are five stages, namkdynent selection, structure
design, element assembly, modification and adjustpand assembly planning

[40]. Figure 3-20 shows these stages.
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Figure 3-20. Function pattern for the main stages of MF/[40].

As shown inFigure 3-20, a modular fixture elements database shc
provide information about element function, elemdithensions and eleme
assembly feature®r the first three stage elementsselection, structure desi
and elementsassembly.The results of these three stages alements list
assembly structure tree and assembly relationshfpsmodification and
adjustment stage is responsibfor providing feedback about eleme
replacement, structure design modification and el@nassembly adjustment
ensure that theesults fron the first three stages are correctteifthat, the
designer will useghe informationon thestructure design and elemerssembly
stages for performingssembly planning and, as a resthe assembly sequen

and asembly record can be complet

In order to implement the proper fixture assembdgign system there a

four main factors that should be considered by diesgner to effectively
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complete the whole assembly process. These factoes information
representation of modular fixture, fixture elemattucture, assembly process

methodology and the database of fixture elements.

3.3.1 Information Representation

One of the most important problems that must besidened by the designer
is how to represent the assembly model [7]. In tawidi fixture geometric and
engineering information, as well as topologicalatieinships and constraint
information, need to be represented in the assemblyel. In order to fulfil real
time display and collision detection, the objecte aften represented as a
polygon model. However, this model loses the togickl relationships as well
as the engineering information, and without thigrmation it is difficult to
apply the assembly process [40]. Moreover, infoiomatrepresentation is
necessary in fixture assembly/disassembly proce3¢esefore, developing an
appropriate  model representation is important t@pet modular fixture

assembly design [7].

Fixture element representation includes the ingmrtinformation that is
required in the assembly process [40]. In ordead¢oomplish this, assembly

feature relationship information must be considdrngthe designer.

In assembly feature relationship information, deerg must represent the
mating relationships among the different elememttheé modular fixture system.
In this research, a hole-dowel system is considaretlit consists of a baseplate

with holes and the elements are located by hold<awels.

Because the fixture elements are highly standartspa fixture scheme can
be used to describe the modular fixture elemen®. [After establishing this
scheme, the designer selects the appropriate sthredlements. Then, these
elements should be assembled in a reasonable wagofdiguring the fixture
system [7]. In general there are eight functionetat¢hat are determined as
assembly features of fixture elements, namely supygpfaces, supported faces,
locating holes, counterbore holes, screw holesmdislots and screw bolts [25].
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To illustrate an assembly feature position, a nwk be identified to complete
the “related position of two assembled elementsnndare assembly operation is
carried out” [7]. The definitions below can be tlled:

«  Mark: Mar --- (Pnt,Vec )

e Point: Rt ---(X,y,2)

e Vector: Vec ---(vxvy, vz )

Figure 3-21 shows the mark definition for plan and cylindeattees. The
designer should determine the mark for each assefebture, and this mark

should be stored as a requirement of the elemedéehfid).

N
L

Face Type Assembly Features

ZHZaSSus Wz il Z

1
Hole Type Assembly Features

W vt
P P

]

FPin Type Assembly Features

P
T
1
|

Fizang Zlot Assembly Feature

Figure 3-21. Different mark definitions for assembly featufés].
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In general, mating relationships can be divided ifive types, namely
against, align, fit, screw fit and acrossFidgure 3-22) [42]. These mating
relationships can be considered as a base foridegcthe “possible assembly
relationship of any two assembled fixture elemei®]. In addition, there are
two basic geometric elements called line and pleinéch can be used for
illustrating the assembly relationship of fixturkeraents, and the constraints of
these two elements can be considered for descrthmgnating relationship for

any two assembly features [40].
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Figure 3-22. Five types of mating relationship [41].
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3.3.2 Fixture Structure

After representing all the necessary informatiooutfixture elements and
assembly features, it is important to build a psmgmb structure which can
illustrate the relationships between all the elets@md how they are assembled.
In a modular fixture assembly system, an individ@iature element cannot
perform the role alone; it must be assembled tdhemaelement for defining the
relationship and to define the aim of this relasioip. For example, a clamp must
be assembled to a baseplate in order to perfortanapmg function. Moreover,
fixture elements can be assembled in groups, aedetlgroups are called

“functional units”.

Each functional unit consists of one or more elesiemd these units are
responsible for supporting the workpiece on theeplate. The functional units
can be divided into three types according to tlemnction, namely locating,
clamping, and supporting [43]. The structure of fixture elements illustrates
the relationships between the elements and how #reyassembled. In MF
design an individual fixture element is to be adslexhto other elements, and the
relationship between these elements in additidhégurpose of the relationship
should be explicitly definedFigure 3-23 shows the structure of the fixture
elements for connecting the workpiece to the basegtigure 3-24 illustrates a

typical sample of the functional element unit.

MFs
‘ baseplate workpiece |

locating unit supportlng unit clamping unit

B S e S e

Figure 3-23. Modular fixture structure to assemble a workpitca baseplate [44].
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clatm
workpiece
=
Spring
suppott —T"
base

Figure 3-24. Typical sample of a fixture unigf].

This unit conssts of a supporting element and clamping elenfor
performing aclamping function n the workpiece, and this functiol unit is
connected to the beplate. Moreover, the structure of theture elements ar
the functionalunits can be represented by using@negraph data structuA
scenegraph represents the elements as , and the edges are used to desc
the relationship between the no(46]. In addition, the position of each node
the environment can be described as a hierarclsitacture by usincthe
scenegraph [43]JA sample of a hierarchicatructure of an assembly ma is
shown inFigure 3-25.

° ooe

Figure 3-25. Scenegiph hierarchical assembly model [48fhere A is a fixture

assembly, C is a functional unit and P is a fixtlemen
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3.4 Visual Basic Fundamentals

Visual Basic (VB) is a programming language devetbpy Microsoft. This
language has been used widely among a high pegeemfdevelopers as a
“primary development tool”, compared to other peogming languages [47].
VB is the advanced version of the BASIC languagehwan “Integrated
Development Environment (IDE)” which makes the pewmg more efficient for
creating, running and debugging operations [48].sdBports many features and
functions such as Win32 API accessing and graphicsar interfaces [48].
Moreover, VB is considered the engine for the bnddof macros in all
Microsoft software [47]. Therefore VB has becomeraportant tool for building
different programs for many applicatiofagure 3-26 illustrates the VB screen
accessed in order to create new project. As forynagplications, existing and
recent projects can be also opened and modifiedreThre different types of
projects that can be generated in VB. For simpleg@mming purposes,
Standard EXE is most commonly used by programmiess. more advanced
programming functions, ActiveX projects are used.

In this research, an ActiveX DLL (Active X dynamliok libraries) has been
created. This project allows the programmer togrdee VB with different
Windows applications. Furthermore, this project toos the features and
operations of other applications by creating newnuseand toolbars in the
applications environment. For database managemepbges, VB is the engine
of Microsoft Access for the building of the databasand this gives the

programmer the opportunity to efficiently contrbktdatabase [47].
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Figure 3-26. Visual Basic new project screen.

3.5 SolidWorksAPI

Application programming interface (APIl) is a toad twrite code in a
programming language within another application. Asresult, a direct
integration between different applications can beetbped [49]. SolidWorks is
one of the applications which support APl with drént programming languages
such as C++, Visual Basic and Visual Studio. Soliukg API automates the
design and assembly operations by creating codes specific programming
language, and it has been applied in differentgiesiethods [49]. APl is used to
develop a web service material database with Saddd/ for simplifying the
selection of materials by the designer [50]. Bon @Qnd Fang developed a
standard parts library by using Visual Basic cod BolidWorks API functions
[51]. This system is based on creating Visual Bdsiens for improving the
design efficiency. Peng, Jing and Xiaoyan appliasusl Basic Net in second
development of SolidWorks for the simulation of &D* module of an
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architectural process” [52]. They generated aniaddB project for Solidworks
for automating the assembly process. SolidWorks ARIs employed in
designing a model of a centrifugal fan impeller][5Bhis method is based on
geometric features to create the second developmeBblidWorks and VB 6.
Moreover, APl with a user interface employing a Wrexlge-based design
features application can help customise CAD systénscertain tasks [54].
Reuse software was developed by applying SolidW&Rs by Tian and Liu
[55]. The system was built using VB for the secaogdievelopment of the CAD
system for a standard part. Zhen and Yingyi intoeduan assembly method
based on SolidWorks [56]. They illustrated the stepthe assembly automation
procedure by using Visual C++. They also explaihed the information on the
parts was stored in the database. The secondaejogevent of SolidWorks was
used by Yang for developing an intelligent systemdn assembly based on a
parametric design [57]. Delphi programming langyag@idWorks API and an
Access database were the techniques used forrgehis system.

3.6 Summary

In order to correctly perform the machining operasi for a specific
workpiece, it is important to define the properdticg and clamping methods.
This is based on the specifications and the shdpiheo workpiece and the
machining features. A modular fixturing concept hasen applied in
manufacturing systems since its benefits have beeognised. These benefits
result in a reduction in cost and time of productiBy employing SolidWorks
API functions with VB programming language, an grsged modular fixture
system was developed for a semi-circular workpiectethis research. Side
clamping was used as the clamping method and \kbdsca locating method.
The integrated system is divided into two main esaghe selection process of

fixture elements (Chapter 4) and the assembly aatiom (Chapter 5).
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The selection approach for modular fixture elements

4.The Selection Approach for Modular
Fixture Elements

This Chapter introduces the approach of selectifgeiéments. This is the
first stage of the integrated modular fixture systdeveloped in this study. In
this Chapter, the knowledge base for MF is develoged IF-THEN rules are
created for a semi-circular workpiece. The knowketigse includes knowledge
required for determining the locating method, themping method and the
appropriate fixture elements. The VisiRule expgdtam toolkit is employed to
develop the decision process for the selection agmbr. The results of this
process are implemented to simulate the assembbeps of MF in Chapter 5.

4.1 The Integrated System

The working mechanism of the integrated systenresgnted irFigure 4-1.
Starting with the design of a 3D model of the cimos@rkpiece, the machining
features and the locating/clamping surfaces arerated. After that the
geometric specifications, shape of the workpiecd aature of fixturing are
identified. In this research, semi-circular worlqgge and MF system are

considered.

As shown inFigure 4-1, the first stage of the system is the selectiothef
locating method, clamping method, baseplate, lesatmd clamps. For this
purpose a knowledge base is built to meet the rexpgints of the selection
process. After completing this stage, the efficieatthe clamps and the locators
needs to be checked by considering three mainrierit¢the direction and
magnitude of the machining forces (cutting forc#s, direction and the position
of clamps, and the position of locators. Once tfiieiency of the selection is
verified, the next stage is to assemble the fixelaments in the SolidWorks

environment.
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Two important components are needed in this stageassembly knowledge
base, and the feature library of the fixture eletmeihe assembly knowledge
base contains the necessary relationships for ddisgmhe fixture elements
together in order to properly complete the fixtlayout. This knowledge base is
explained in Chapter 5. The feature library corgahre standard modular fixture
components with their details, and is explaine@lmapter 6. By completing these
two components, the workpiece, the locators, treeplate, the clamps and the
other fixture elements are inserted and assemhble¢dei assembly environment.
The process is automated by using SolidWorks ARl disual Basic 6 which
will be explained in Chapter 5.

The fixturing layout is generated after completthgs stage, and this layout
also needs to be approved. It is important to dater that there are no collisions
between the fixture elements and the workpiece, thatl all components are
perfectly located in their positions. The interfeze detection tool in SolidWorks
is applied for this purpose, and in case any c¢otligs found the assembly
process needs to be repeated until it meets thareegents of an acceptable
layout. This integrated system can be applied fferéint kinds of workpieces
and fixturing systems. For clamping semi-circulasrikpieces in this work, V-
blocks are used as locating elements together sidh clamps. Use of side
clamping frees the top face of the workpieces fachining processes. For other
workpiece shapes and fixturing configurations, #rewledge base for the
selection and assembly processes needs to be etbdifiorder to generate the
appropriate fixturing layouts that meet the maatgniequirements.
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Figure4-1. The working mechanism of the integrated systeveldped.
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4.2 Knowledge Base Development for the Selection

Process

The expertise knowledge for determining the appatgrfixturing method
and the related fixture elements for the given wa&e is stored in the
knowledge base in an IF-THEN rule format and didideto four groups. The
rules can be found in Appendix .1The first group contains five rules for
identifying the requirements for the machining teas of the workpiece, the
fixturing system applied, and the workpiece surfaceeded for locating and
clamping purposes. An example of these rules is:

Rule 002

If the workpiece is semi-circular and a modular figtdesign is usedhen
the active locating surface is defined. This kifidvorkpieces has four surfaces;
rectangular surface, semi-cylindrical surface amw tsemi-circular surfaces.
Defining the active locating surface is important fletermining the locating

method and completing the rest of the process.

The pesudocode for this rule is:

If workpiece = semi-circulaAND MFs are used
Then define the active locating surface

End If

The programming VB code is:

Dim swApp As Object

Dim MFs As Object

Dim Workpiece As Object

Dim boolstatus As Boolean

Dim longstatus As Long, longwarnings As Long

Sub main()

Set swApp =Application.SldWorks

Set Workiece = semi-circular

boolstatus = Workpiece.Activesurface("C:\Users\DegkVorkpiece)
End Sub
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The second group contains five rules for deternginire locating method and

their fixture elements. An example of these ruges i
Rule 006

If the workpiece’s radius is more than or equal tor@and smallerthan 25.4
mm, then small mini V-blocks are used. These V-kdoare appropriate for this

range of diameters, and have two holes for mourdmthe baseplate.
The pseudocode for this rule is:

If Radius = > 9 mmAND< 25.4 mm
Then V-block = small mini

End If

The programming VB code is:

Dim radius As Object

Dim V-block As Object

Dim Workpiece As Object

Dim boolstatus As Boolean

Dim longstatus As Long, longwarnings As Long
Sub main()

Set Workiece = semi-circular

boolstatus = Workpiece.Radius (=> 9, < 25.4)
Set V-block = small mini

End Sub

The third group identifies the clamping method dhne clamping elements

with ten rules. An example of these rules is:
Rule 010

If the workpiece is semi-circular and the rectangsiaface is machinethen
the machined area of this surface is calculateds EBhimportant to define the

clamping method.

If the whole rectangular surface is machirtednside clamping is used. This
clamping method allows the workpiece to be heldlsthkeeping the surface

clear for machining. If the machined area is eqod@0% or less than the whole
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area of the rectangular surface, then top clampindd be used. This depends on
the shape and location of the pattern to be madtonghe surface.

The pseudocode for this rule is:

If machined area = 100% rectangular surface
Then Side Clamping

Else Top Clamping

End If

The programming VB code is:

Dim Machined area As Object

Dim rectangular surface As Object

Dim Workpiece As Object

Dim boolstatus As Boolean

Dim longstatus As Long, longwarnings As Long
Sub main()

Set machined area = 100%

Set clamping = Side clamping

End Sub

The last group contains ten rules for determinimg haseplate. An example

of these rules is:
Rule 023

If the machining area is less than or equal to OmfQ4nd standard V-blocks

are usedthena 400 mm standard baseplate is to be used.
The pseudocode is:

If machining area = 0.09 fAND Locating = V-block
Then Baseplate = 400 mm
End If

The programming VB code is:
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Dim machining area As Object

Dim V-block As Object

Dim Workpiece As Object

Dim Locating As Object

Dim Baseplate As Object

Dim boolstatus As Boolean

Dim longstatus As Long, longwarnings As Long
Sub main()

Set Workiece = semi-circular

Set locating = V-block

Set Machining area = 0.09

boolstatus = Baseplate.Add ( 400 mm)
End Sub

The knowledge base is used along with the VisiRexpert system to
generate the code in Flex programming language@aieed in the next section.
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4.3 Expert System Implementation (VisiRule
Toolkit)

The selection process of MF elements in this rebeapnsists of three main
stages:

1. Determine the locating method and the related iogalements;
2. determine the clamping method and the related dlagrgiements; and

3. determine the baseplate.

This process is driven by the VisiRule expert syst¥isiRule is a powerful
tool which allows drawing of rules in the chartgnfoin order to model the
decision process. Different formats can be usedvdexeloping the charts, such
as an equation format, statement format and rolesdt [58]. The results of this
process are the knowledge base for the fixture ehnselection as a
programming code in a Flex language format. The Flemat can be converted
into other programming languages and used for aévapplications. After
defining the workpiece and the kind of fixturingsgsm, the selection of the

fixture elements commences.

4.3.1 Determining the Locating Method and Related
Elements

The flowchart for the process of locating is shomnFigure 4-2. The
VisiRule flowchart developed for this process isAppendix 2 The format of
the VisiRule flowcharts is based on the equatiseduto identify the appropriate
elements. The process starts with defining the kindorkpiece. In this study a
semi-circular workpiece has been chosen to deviiepappropriate selection
approach. After determining the workpiece, the uiktg system should be
identified, and in this research an MF system ibd¢aused with standard fixture

elements.
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Calculate the workpiece's

Use small mini

Use V- Cast section

Figure 4-2. The mechanism for determining the location metiodl locating elements.

The main criterion for locating is the workpiecealites. Defining the radius
allows the locating elements to be specified, whichhis work are V-blocks.
Four radius categories are considered for locadglgction, a radius between 9
mm and 25.4 mm, a radius between 14 mm and 50.8 amadlius between 14

mm and 102 mm, and a radius of more than 102 mmtHese four categories
57



The selection approach for modular fixture elements

four V-blocks are selected; small mini V-block, dar mini V-block, large
standard V-block and V-cast section, respectively.

4.3.2 Determining the Clamping Method and Related
Elements

After defining the locating method and its elemetite clamping method and
its elements are definedrigure 4-3). The VisiRule chart for clamping is
presented in Appendix 3. The clamping system uséki$ work is side clamping
in order to keep the top surface of the workpigbe ¢ectangular surface) clear
for the machining operations, and the clamping comepts are pivoting edge
clamp, downthrust backstop, and riser blocks. Therariterion for clamping is
the height of the workpiece, and this is importanorder to define the kind of
clamps and other clamping components required. gitagnselection starts by
defining the clamping system. If side clamping sedi then the kind of clamps to

be used is identified; in this study pivoting edigmps have been chosen.

Next the height of the workpiece is identified.tile workpiece’s radius is
taken as the height, then the process continuds thé determination of the
clamping components. However, if another dimensgrnaken as the height,
another clamping setup could be employed by consigleother types of
clamping components. Three height ranges are féomithe selected workpiece,
less than or equal to 100 mm, more than 100 mmiessdthan or equal to 125
mm, and more than 125 mm and less than or equab@mm. For the first
range, no riser block is needed, while for the othe ranges 25.4 mm and 50.8
mm riser blocks are needed. Two categories carseé for the pivoting clamp
and downthrust backstop, standard and heavy. Tégerdls on whether the
category of the baseplate is standard or heavpd8td and heavy categories are

related to the fixture element specifications fribva CarrLane catalogues [59].
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Is the workpiece's radius:

Ry

Calculate the height of
T L papm AT T

LNE WOrKpIECE (VWi

If WH=100 mm,
then no riser is used.

Define the kind of

Figure 4-3. The mechanism for determining the clamping metod kind of clamps.
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4.3.3 Determining the Baseplate

In order to define the baseplate it is importanspecify which MF system
has to be used. In this research, hole-dowel Miised, and-igure 4-4 shows
the process of the baseplate selection process.also necessary to determine
the clamping method, the clamps and the type oflo¢ks. Moreover, the
workpiece machining area should be calculated teroene the size of the
baseplate. Three classes, mini, standard, and hestty four sizes of the
baseplate, 400mm, 500mm, 630mm, and 800mm, aredeved. The VisiRule
chart developed for this process is presented peAgdix 4.

As shown inFigure 4-4, side clamping is used with a pivoting edge clamp
beside the hole-dowel system. In terms of calaujathe machining area (A),
four ranges are used for the semi-circular workgien area less than or equal to
0.094 nd, more than 0.094 fmand less than or equal to 0.0148, more than
0.0146 m and less than or equal to 0.0232 and an area more than 0.0232 m
and less than or equal to 0.0037. Mwo classes of baseplate can be used for
each range of the machining area, 400 mm mini gntblard classes for the first
area, 500 mm standard and heavy classes for taderea, 630 mm standard
and heavy classes for the third area, and 800 randatd and heavy classes for
the fourth area, respectively. This is dependenthenV-blocks’ class, which

should be compatible with that of the baseplate.
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Calculate workpiece’s

Figure 4-4. The mechanism for determining the kind of thecpéete. (A) refers to the

machining area.
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4.4 Results and Discussion

The knowledge base developed in this Chapter islaymg@ to create
flowcharts in VisiRule. The question method is aggblto create these charts, as

shown inFigure 4-5.

Rule 006
|5 the workpiece radius between 3 mm and 25.4 mm?

Yes J Mo l

Rule 007

tSamlI. T ' is the workpiece radius between 14 mm and 50.8 mm?

Figure4-5. A section of the question-based method flowchased in VisiRule.

By completing the charts, the programming codéhi process is generated,
and the interface of the software is showrrigure 4-6. From this interface, by
clicking the Run command button another window pereed and the software
interacts with the user as shownFigure 4-7. The generated code (Appendix 5)
is based on the Flex programming language. Thie @ach be used with other
programming languages such as VB. In this studyHlex code is transferred to
XML format to make it readable by VB. After that,BVis integrated with
SolidWorks in order to obtain the results from Rale and to simulate the
assembly process of the fixture elements. Thignaten is explained in detail in
Chapter 5.The selection approach presented irCtimegpter could be improved by
directly integrating the expert system toolkit wiblidWorks. This would allow
the user to run the selection process within Sobdy and select the proper
elements for a certain workpiece in order to indbgm in the assembly

environment.
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flew code:
do ensure loaded| system(vrlib)

Start goals:

relation 'Locat
‘g Define the

o
Clamping
Locating
shark

relation 'g Define the
the answer to 'Defines the

check |
'g Bulel "| Conglusion )

relation 'g Define the
the answer to 'Defin
check| 'Define the W
I A

ol

Compilation meszages:

Figure 4-6. The interface for the generated code in VisiRule

2
Is MFs system used? Euplain . |

Figure4-7. The interface for the options in VisiRule.
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4.5 Summary

This Chapter explained the developed developmenthef code for the
selection approach for modular fixture elementds Tode is generated through
the flowchart concept in VisiRule. The code can toensferred to other
programming languages and can be read by VB, whiclthis research is
integrated with SolidWorks. The knowledge base &f ¥l developed, including
the requirements of choosing the proper locatiagiging methods and
baseplates for a semi-circular workpiece. Machirang geometry features are
considered for defining the appropriate fixturensdats. Defining the proper
fixture elements opens the way to the next stdge simulation and automation
of the MF.
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5.The Automation and Simulation of
Modular Fixture Assembly

This Chapter introduces the assembly process fos BHsign, based on the
SolidWorks assembly mating features. Each stepn ftbe insertion of the
elements into SolidWorks through to their assemislyexplained in detail. The
automation includes creating new menus for addwegstlected elements and for
assembling them. Macro functions in SolidWorks wesed for simulating the
automation process for fixture element design aswsmbly. The proper mating
features and their format were included, and thenteadge base for this process
has been developed. Based on the knowledge badelWsdks API is
implemented with a VB ActiveX project for automairthe MF assembly

process.

5.1 The Assembly Process for the Developed
System

The selection process for fixture elements was deteg using the expert
system as described in Sectiri. For a semi-circular workpiece, the assembly
process is completed by using SolidWorks in a CARirenment. The flowchart
of this process is shown Figure 5-1 . The assembly process is described in the

steps below:
Step 1. A new assembly document is opened in the Solid#/environment.

Step 2: The fixture elements are inserted into the Solilk® environment by
choosing thdnsert menu from the pull down menu toolbar. This menoved

inserting Existing Part/Assembly or New Part, areMNAssembly.

In this research, the fixture elements could beewtd from the CarrLane’s
website as SolidWorks files and stored prior tongenserted in a new assembly
environment. The fixture elements can be insertaagutheBrowse button in the

property manager.
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| Start |

¥

Opening new assembly

¥

Inserting the baseplate

¥

Inserting the V-block

l

ldentifying the connecting points on
the baseplate to locate the V-block

¥

Inserting the workpiece and
locating it on the V-block

P
=
N

r

Inserting the riser blocks
ldentifying the points to locate
the risers on the baseplate

Y
Locating the risers on the baseplate

Y

Inserting the downthrust backstop
and locating it on the baseplate

¥

Inserting the pivoting edee clamp
and locating it on the baseplate

I5 the clamping
mechanism efficient?

Figure5-1. The flowchart for the assembly process in theSglddWorks environment.
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Step 3: The first fixture element inserted is the baseplén the SolidWorks
assembly environment, the first inserted compomelhtbe the base for the rest
of the components. Thus this element cannot be thoveotated. A MF400804
baseplate of 800 mm x 800 mm in size, standardcleish a 14 x14 grid pattern
Is used in this studyF{gure 5-2). The specification of this baseplate can be
found inAppendix 6.

Figure5-2. The MF400804 baseplate with 14x14 pattern andn8®0x 800 mm size.

Step 4: The second fixture element to be inserted isMHaock or V-cast
section Figure 5-3). This V-block was designed to meet the size megouent of
the workpiece chosen in this research. The spatidiecs of the V-block can be
found inAppendix 7.

Figure5-3. The designed V-block (cast section).

Step 5: The V-block is attached to the baseplate. Foerassy, the following

mating features for the selected faces of the ffiexelements were considered:
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» Coincident mate between the top face of the baseptad bottom face of the
V-block.

« Parallel mate between the upper long edge of thdovk and the opposite

edge of the baseplate.

» Concentric mate between the 7x6 hole of the bateplgrid pattern and one
of the holes of the V-block as defined by the desigto meet the correct
location of the V-block on the baseplate.

The formats of these mates in SolidWorks are:

Conceentric1(MF400804<1>, V-block<1>)
Coincident1(MF400804<1>, V-block<1>)
Parallel1(MF400804<1>, V-block<1>)

In which MF400804 is the name of the baseplatetheshumber (currently 1)
after each mate refers to the sequence of the gnédiature in the assembly
procedure. The number (currently 1) after the elgieename refers to the

number of the elements involved in the mating prdoce

Step 6: The workpiece is inserted into SolidWorks. Theafications of the
workpiece can be found Wppendix 8.

Step 7: The workpiece is located on the V-block by coesiag its locating
active surface that was defined from the selegiimtess in section 4.2, which in
this workpiece is the external semi-cylindricalfage Figure 5-4). To do so, the

following mates are followed:

e Tangent mate number one between the workpiece’'ssdimdrical surface
and V surface number one of the V-block.

e Tangent mate number two between the workpiece’s-egimdrical surface

and V surface number two of the V-block.
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» Distance mate between one of the workpiece’s sidiaces and one of the
opposite faces of the V-block to correctly locadte workpiece on the V-
block.

The V-block

Figure 5-4. The assembly of the workpiece and the V-block.

The formats of the mating features in SolidWorles as follows:

Tangent 1(Part<1>, V-block<1>)
Tangent 2(Part<1>, V-block<1>)
Distance 1(Part<1>, V-block<1>)
Two tangent mates and one distance mate are usexhdéopart and one V-

block.Part is the name of the chosen workpiece.

Step 8: The riser block is inserted. Two riser blocks ased in this work and

their specifications are given Appendix 9.

Step 9: The risers are located on the baseplate andolteving mates are

followed:

» Concentric mate between the 7x2 hole of the baseplgrid pattern and one
of the holes of the riser blocks as defined bydbesigner to meet the correct

location.

» Coincident mate between top face of the baseptatele bottom face of the

riser.
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» Parallel mate between one of the riser's edgestlamdpposite edge of the

baseplate.
The formats of the mates for the first riser are:

Concentric 2(MF400804<1>, MF401601<1>)
Coincident 3(MF400804<1>, MF401601<1>)
Parallel 2(MF400804<1>, MF401601<1>)

The formats of the mates for the second riser are:

Concentric 3(MF400804<1>, MF401601<1>)
Coincident 4(MF400804<1>, MF401601<1>)
Parallel 3(MF400804<1>, MF401601<1>)

Where MF400804 and MF401601 are the names of tkept@te and the
riser, respectively, and the numbers after the snagfer to their sequence in the

assembly procedure.

Step 10: The downthrust backstop is inserte#figre 5-5), and its

specification is given il\ppendix 10.

Figure5-5. The downthrust backstop used in this study.

Step 11: The downthrust backstop is located on the riser @ssembled onto

the workpiece. The following mates are followed:

» Coincident mate between the bottom face of the dowist backstop and the

top face of the riser.
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» Distance mate between the long edge of the dowstttand the opposite

edge of the riser to correctly locate the downthtrus

*« Coincident mate between the JAW of the downthrusd ane of the

workpiece’s side faces.

« Parallel mate between the same edge of the dowstthwhich is used for the
distance mate, and the opposite edge of the basdplarevent the sideways

movement of the downthrust.
The formats of the mates in SolidWorks are:

Coincident 5(MF401101<1>, MF401601<1>)

Distance 2(MF401101<1>, MF401601<1>)

Coincident 6(MF401101<1>, Part<1>)

Parallel 4(MF401101<1>, MF400804<1>)

Where MF401101 is the name given to the downthraskstop.

Step 12: The pivoting edge clamp is insertedrigure 5-6), and its

specifications are iAppendix 11.

Step 13: The pivoting clamp is located on riser number @ assembled

onto the workpiece. The following mates were used:

Figure 5-6. The pivoting clamp used in step 13.
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Coincident mate between the bottom face of the pglamd the top face of

riser number two.

Distance mate between the long edge of the clardgremopposite edge of

the riser as defined by the designer to correottgte the clamp.

Parallel mate between the long edge of the clandgptia@ opposite edge of

the baseplate to prevent sideways movement oflénepc

Coincident mate between the clamps’s JAW and th&kpiece'’s side face

number two in order to hold the clamp against therthrust backstop.
The formats of the mates in SolidWorks are:

Coincident 7(MF401001<1>, MF401601<1>)
Distance 3(MF401001<1>, MF401601<1>)
Parallel 5(MF401001<1>, MF400804<1>)
Coincident 8(MF401001, Part<1>)

In which MF401001 is the name given to the pivotauge clamp.

5.2 The Assembly Knowledge Base (Side Clamping)

A knowledge base is developed for side clampings Knowledge base is

based on the assembly process explained aboveulBseof this knowledge base

are as follows:

Rule 1

If the locating method is V-blocks, then define lii€ating surface on the

baseplate. The locating surface is the bottom détkee V-block.
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Rule 2

If the locating surface of the V-block is defingden identify the location of
the V-block on the baseplate. This depends on ihes of the V-block and
baseplate. The location can be defined by caltigahe distance of the holes on

the baseplate for the correct location.
Rule 3

If the surface is defined and the location is dal@d, then use a coincident

mate to locate the V-block on the baseplate.
Rule 4

If the surface is defined and the location is clali®d, then use a concentric
mate to assemble the V-block with the baseplate.

Rule 5

If the V-block is located, then use a tangent niswveen the V-block and
the baseplate to prevent the V-block rotating.

Rule 6

If the workpiece is semi-circular, and the semivottical surface is used for
locating, use a tangent mate to locate the workpmcthe V-shaped surfaces of
the V-block.

Rule 7

If a riser is used, then define the location of tiwer by calculating the

distance on the baseplate to locate the risereircdinrect position.
Rule 8

If the riser’s location is defined, then use a caent mate to locate the riser

on the baseplate.

74



The automation and simulation of modular fixtureerably

Rule 9

If the riser’s location is defined, then use a @ridc mate to assemble the

riser with the baseplate.
RuelO

If a pivoting clamp is used, and the workpieceamscircular with V-block
locating, then define the surface of the workpifeclamping. In this research,

the lateral surfaces of the workpiece are usedléonping.
Rule 11

If the clamping surfaces are defined, then useircment mate to locate the

clamp on the riser.
Rule 12

If the clamping surfaces are defined, then useircient mate to assemble

the clamp with the workpiece.
Rule 13

If a downthrust backstop is used, then define ttieeroside surface of the

workpiece to complete the clamping mechanism.
Rule 14

If a downthrust backstop is used, and the surfacdefined, then use a

coincident mate to locate the downthrust on therris
Rule 15

If a downthrust backstop is used, and the surfacdefined, then use a

coincident mate to assemble the downthrust backstdpe workpiece.
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5.3 Add-in Project Development

The results of the selection process and the krineldase of the assembly
process are used for creating add-in code in otdebuild menus in the
SolidWorks environment for automating the assenprlycess. The menus are
built by using VB integrated with SolidWorks API galication Programming
Interface). In this research, an ActiveX DLL prdjea VB is developed,
incorporating SolidWorks libraries as references. this case, two libraries
should be referenced; these are 8wWorks Type Library and SolidWorks
Exposed Type library. Adding these libraries to the ActiveX Dlgdroject allows
SolidWorks commands and functions to be controlelow is an example of

the add-in code developed:

Dim axSldWorks As SldWorks.SldWorks

Dim axCookie As Long 'holds value created in SwAdd@onnectToSW
Dim axToolbarID As Long 'toolbar ID if toolbars wuke

Dim axActiveDoc As SldWorks.ModelDoc?2

Dim axTargetDoc As SldWorks.ModelDoc2

Private Function SwAddin_ConnectToSW(ByVal ThisSW @bject, ByVal Cookie
As Long) As Boolean

Dim bRet As Boolean 'boolean return

Dim IRet As Long 'long return

Dim axMenulD As String

Dim IngToolbarDocTypes As Long

'1. capture SW session and cookie to class-widahlar

' store reference to SW session

Set axSldWorks = ThisSW

' store cookie from SW

axCookie = Cookie

2. set Addin Callback info

'Inform SW about the object that contains the calks

bRet = axSldWorks.SetAddinCallbackinfo(App.hinstnikle, axCookie)
'‘App.hinstance = program's handle

'Me = this class module

3. add menus

axMenulD = "MFs"

IRet = axSldWorks.AddMenu(swDocASSEMBLY, axMenul),

'b. set up menu strings

‘we have two functions, we need two menu picks

Dim axMenul As String

axMenul = "MFs Form@MFs@" & axMenulD

‘c. add menus using axSldWorks.AddMenultem?2
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'this call needs to be made once for each docutypat
'NONE, Part, Assembly, and Drawing

'PARTS:

bRet = axSldWorks.AddMenultem2(swDocPART, axCookiexMenul, O,
"CallAssembly", "EnablelfAssembly", "Add Workpietg.

bRet = axSldWorks.AddMenultem2(swDocPART, axCookiexMenu2, O,
"CallClamps", "EnablelfAssembly", "Add Baseplate."

bRet = axSldWorks.AddMenultem2(swDocPART, axCookiexMenu3, O,
"CallClamps", "EnablelfAssembly", "Add Workpiece.")

bRet = axSldWorks.AddMenultem2(swDocPART, axCookiexMenu4, O,
"CallRiser", "EnablelfAssembly”, "Add Baseplate.")

bRet = axSldWorks.AddMenultem2(swDocPART, axCookiexMenu5, O,
"CallWorkpiece", "EnablelfAssembly", "Add V-BlocKk."

bRet = axSldWorks.AddMenultem2(swDocPART, axCopkiaxMenu6, O,
"CallVblock", "EnablelfAssembly”, "Add Baseplate.")

bRet = axSldWorks.AddMenultem2(swDocPART, axCopkiaxMenu7, O,

"CallBaseplateform”, "EnablelfAssembly", "Add Batsp.")

bRet = axSldWorks.AddMenultem2(swDocPART, axCepkiaxMenu8, O,
"CallBaseplateform”, "EnablelfAssembly", "Add Baksp.")
'ASSEMBLIES:

bRet = axSldWorks.AddMenultem2(swDocASSEMBLY, axkie, axMenul, 0O,
"CallAssembly", "EnablelfAssembly", "Add Workpietg.

bRet = axSldWorks.AddMenultem2(swDocASSEMBLY, axkie, axMenu2, 0,
"CallClamps", "EnablelfAssembly", "Add Baseplate.")

bRet = axSldWorks.AddMenultem2(swDocASSEMBLY, axkie, axMenu3, O,
"CallClamps", "EnablelfAssembly", "Add Workpiece.")

bRet = axSldWorks.AddMenultem2(swDocASSEMBLY, axkie, axMenu4, 0O,
"CallRiser", "EnablelfAssembly”, "Add Baseplate.")

bRet = axSldWorks.AddMenultem2(swDocASSEMBLY, axkie, axMenu5, O,
"CallWorkpiece", "EnablelfAssembly"”, "Add V-BlocK."

bRet = axSldWorks.AddMenultem2(swDocASSEMBLY, axkie, axMenu6, O,
"CallVblock", "EnablelfAssembly”, "Add Baseplate.")

bRet = axSldWorks.AddMenultem2(swDocASSEMBLY, axkie, axMenu7, 0O,
"CallBaseplateform”, "EnablelfAssembly", "Add Batsp.")

bRet = axSldWorks.AddMenultem2(swDocASSEMBLY, axkie, axMenu8, O,
"CallBaseplateform”, "EnablelfAssembly", "Add Baksp.")

Figure 5-7 shows the MFs menu created in SolidWorks from ghevious
add-in code. The created menus perform differemictians; they can add
components to new or existing SolidWorks documepé&form the assembly
process for the added components, or open newiniggfaces for controlling
different SolidWorks functions. After writing thed@-in code and adding the
proper VB modules and forms to the ActiveX DLL pmci, a.dll file is created
and copied to the SolidWorks directory. Then, tlil file is opened in the
SolidWorks environment to apply the functions te tteveloped menus.
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Figure5-7. An example of the MFs menu developed in Solidv8ork

5.3.1 Assembly Simulation by Macros

In order to automate the fixture elements assermbbgess in SolidWorks,
macro recording functions are used for simulatianppses. Macro recording is
an excellent method for automating the design amgerably process in
SolidWorks. However, these macros can only be egplio the master
SolidWorks document in which they have been reabrdde solution to this
problem is to create global macros by modifying teeorded macros. This is
completed by changing the VB methods and classéiseofecorded macros and
addingswConst modules andwAssembly or swPart class modules. This makes
the macros available to any SolidWorks documentwéier, these global
macros are still not in a suitabdemat for the ActiveX DLL project developed.
The most important function for the add-in projeisthiow to make the created
menus call the global macros which perform the d8@brks design and
assembly commands. This is achieved by importieggllobal macros into the
ActiveX DLL project as modules in.bas format, then writing a subroutine code
for each macro, and finally calling this subroutimethe specific menu’s icon. In
the previous code, for example, “Call MFs Formthe subroutine of the macro
used for opening “MFs Form” that is called by thera named “MFs”.
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5.3.2 Assembly Simulation Implementation

The assembly simulation starts by creating the osador each fixture
element and the assembly steps. The macros fon@dae fixture elements are
creating first. For more flexibility, a main menalled Modular Fixture System is
built. Then two sub-menus are developed called Suemping and Top
Clamping. The user can select which type of claggiystem should be applied
by using the knowledge base of the expert systesth Bub-menus are extended
to other menus to access information on their edldixture elements for this
specific kind of fixturing Eigure 5-8). For side clamping the following elements

are used:

» Baseplate;

* V-block;

* Pivoting clamp;
» Backstop;

* Riser block;

* Other accessories.

Modular Fixture System
The main menu

|

Side Clamping Top Clamping
1 1
Baseplate Baseplate

V-hblock Strap clamp
Pivaoting clamp V-pad
Back stop Riser block
Riser block Accessories
Accessories Supporters
Assembly Assembly

Figure5-8 . The main and extended menus developed.
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For each of these elements a menu should be crédted, by selecting tr
specific menu a window is opened for more ds. For example, when clickin
on the baseplate merawindow of this element is openechelp theuser select
the proper baseplaté&igure 5-9). The window contains commarmittonsfor
available baseplates that could be used within the specifemte of the
machined area considerein the expert systemEach command buttoiis
highlighted by an icon of the specif baseplate, and an ID numbsrused for
choosing the correct basepl The interface provides the flexibilifgr defining
the location of the basepl in the X, Y, and Z directions in th8olidWorks
environment. Then thase marks the check box for the selectebeplate an
then clicks orthe command butto

Fa — N
B Baseplate selection [E=NEERT=S
The baseplate command -
button with\the icon B elzesen

X 10 il .“r'—-
s |
il \ ".-. "; N . 7 =
Y 10 \Qi'.'-.;k‘ 5
| e
: z 10
MF40-0804
The baseplate namj
- ot .=
E s =200 22y
e pleie ?f-
Cancsl —
MF40-0311 MF40-0111

Figure 5-9. The laseplate selecticinterface. Four kinds of baseplates include.

After completing theselection and adding the elements to SwidWorks
environment, these elements need to be assemblend callec* Assembl is
created and added to the list of the extended r, as shown irFigure 5-8. By
clicking this menu, an assembly interface is op (Figure 5-10). This interface

contains commandtuttonsfor executingthe assembly simulation for the fixtt
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elements.In order to actival the command buttons in the baseplate sele

interface, a macris created as shown below:

Dim swApp As Obijec

Dim Part As Obje«

Dim boolstatus As Boole:

Dim longstatus As Long, longwarnings As Lt
Sub main()

Set swApp =Application.SldWor

Set Part = swApp.ActiveDi

End Sub

boolstatus = Part. AddComponent(\Users\Desktofaseplat-MF40-0804)

This macro adds baseplate MI-0804 to the active SolidWorks applicati

document nameswApp. This macro should nowe transferred to the glok

form by attachin( the swConst module andswAssembly or swPart class

modules Figure 5-11). TheswConst module contains all the definitions for t

SolidWorks API functions

includingthe properties and methodsThe

swAssembly and swPart class modules define to whidlipe of SolidWorks

documentthe specific macro will be applie¢ The remaining macros for ethe

fixture elements arprovided inAppendix 12.

The "Waorkpiece with the -block and the Baseplate Rizerl Rizer2
Define the locating Define the locating
poirt poirt
Aszemble the work piece Locate the V-block on the
with the %-block bazeplate
locate the Riser locate the Riser
Pivoting Calmp Beslaap
Define the locating
i locate the Clamp l locate backstop
Agzemble the clamp with the waorkpiece l Assembly the Backstop with the l
workpiece
|————=

Figure5-10. The user interface of the fixture elemesgée@mbl process.
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E -

--#3 Baseplate
+--[27] SolidWorks Objects
-5 Modules
vis Baseplate
-5 Class Modules
swhssemblyClass

Figure5-11. Addingthe swConst and swAssembly mocs to thedevelojed global

macro.

The next step is thadcing of the macro to the ActiveX DLL project al
converting it to thebas code forme, which makes the macro availatto any
SolidWorks assemplor part documentFigure 5-12 shows thdBaseplatemacro
in the ActiveX DLL project. The swConst module asd/Assembly clas
modules are alsadded to this projeto improve its availability t@any assembl
SolidWorks document. The previous proceis followed for adcdng the

remaining macros fahe fixture elements to the project.

Project - Projectl :

-

=85 Project1
[ Forms
E1-3 Modules
«3{ Baseplate[Baseplate.bas)
s& swionst
E-4E3 Class Modules

B Class1

] swassemblyClass

Figure 5-12. Thecomponent of the Visual Basic Active)DLL project

Now the simul&on of the assembly procebeginsby taking the “-block and
the workpieceas an examp. These two elements are addedstidWorks and
then a macrdor assemblin them isrecorded. A tangent mate featus used

82



The automation and simulation of modular fixtureerably

between the semi-cylindrical face of the workpiace the two V-shape faces of
the V-block, as shown iRigure 5-13. The code for the assembly is:

Dim swApp As Obiject

Dim Part As Object

Dim boolstatus As Boolean

Dim longstatus As Long, longwarnings As Long

Sub main()

Set swApp = _

Application.SldWorks

Set Part = swApp.ActiveDoc

boolstatus = Part.Extension.SelectByID2("", "FAC&:1467759532569,

0.2282465512145, 0.2052684525268, True, 1, Notlipg,

boolstatus = Part.Extension.SelectByID2("", "FACE04935040746813
0.05664959253187, 0.08677583155765, True, 1, Ngtlin

Dim swApp As Object

Dim Part As Object

Dim boolstatus As Boolean

Dim longstatus As Long, longwarnings As Long

Sub main()

Set swWApp = _

Application.SldWorks

Set Part = swApp.ActiveDoc

boolstatus = Part.Extension.SelectByID2("", "FACE 1467759532569
0.2282465512145, 0.2052684525268, True, 1, Notldipg,

boolstatus = Part.Extension.SelectBylD2("", "FACH:04935040746813,
0.05664959253187, 0.08677583155765, True, 1, Ngtin

Dim myMate As Object

Set myMate = Part. AddMate3(4, 1, False, 0.0896238132, 0, 0, 0.001
0.001, 0.5235987755983, 0.5235987755983, 0.523TH9BB, False,
longstatus)

Part.ClearSelection2 True

Part.EditRebuild3

boolstatus = Part.Extension.SelectByID2("", "FACH:08743441472234,
0.1639087578332, 0.1920150657936, True, 1, Notliipg,

boolstatus = Part.Extension.SelectByID2(", "FACH'146900136872
0.08290013687201, 0.1404353580714, True, 1, Notfing

Set myMate = Part. AddMate3(4, 1, False, 0.0939986368, 0, 0, 0.001
0.001, 0.5235987755983, 0.5235987755983, 0.523THYBB, False,
longstatus)

Part.ClearSelection2 True

Part.EditRebuild3

End Sub
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The same procedurs followed for transferringhis code to the global fori
and then to thebas form. Figure 5-14 shows the macro new_assem11 wtis
developed and added to the project. The assemivylaion is divided into
several steps. The full codes the fixture element assembly simulatiare

given inAppendix 13.

Figure5-13. The V-block and the workpiece assembly.

Project - Projectl

-

=-#5 Project1
I:I Forms
E% ,., o

|

Baseplate(Baseplate.bas)
th?é swiConst
=23 Class Modules

Figure 5-14. The assembly mac new_asseml11 in thctiveX DLL project

For compilingthe command butto in the user interfacesvo approacheare
consideredThe first approacis to call the macro for eacteenent by using th

subroutine:
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Public Sub cmdBaseplate_Click ()
Baseplate.main
End Sul

This subroutine calls the macro baseplate by aiighkhe command button to
add this element to the SolidWorks environment. 3ésond approach is to write

a code in order to compile the command button:

Public Sub cmdBaseplate_Click ()

Dim swApp As Object

Dim Part As Object

Dim boolstatus As Boolean

Dim longstatus As Long, longwarnings As Long

Sub main()

Set swApp = Application.SldWorks

Set Part = swApp.ActiveDoc

boolstatus=

Part. AddComponent("C:\Users\Desktop\Baseplate.SLDPR
0.1690002083701, 0.2903048910654, -0.02491659965801
End Sul

Both approaches are correct and compatible. To tertipese approaches it
is important to attach the macros in thas format to the master directory of the
ActiveX DLL project. The menus developed in thei@®adlorks environment are

shown inFigure 5-15.

isolidWorks | rie et ven e Ty Dion ves e 9| ]
bR
) Baseplate
2 b ' V-block
Edit Insert o Linear Smark M Customize Menu % :c-
A Components Compan... Fstinars | o Ry orkpiece i
- - - Components Riser block
| Assembly | Layout | Sketch | Evaluate | Office Products Pivoting Clamp
{ =TT . Back stop
@m|ﬁ-| "B| Assermnbly
(T~
@ Assem2 (Default<Display State Customize Menu
- L S

Figure 5-15. The main and extended menus developed for themys
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5.4 Results and Discussion

Simulation by macrois employed for developinthe user interface for tt
related fixture elementgigure 5-16 shows the selection of the side clamps
backstops. Thenterfacefor the V-blocks selection is shown Figure 5-17,
while Figure5-18 illustrates th riser block interfaceTo enhance the systen
flexibility, other wser interface are developed in different approactbecause
there are more detaithal need to be considered regardihg fixture element
includedin these interfac. FromFigure 5-19, strap clamps can be selected
top clamping. These clamps are considered suba$iss, as well asthe
supporters inFigure5-20. The accessories necessary to comptleeeassembl
process othe fixture elements aiillustrated inFigure 5-21. Strap clamps ar
supporters are used for the top clamping systens. System is not explainein
this research as thade clamping system was ttbase of theMF systen
developed. The mainomponents for side clamping are the baseplatatipty

clamp, backstopjser block and -block.

-

5 Clamp and Back stop Selecticrll z l A d ’ .“ ‘ ) E‘m1

CL-MF40-1001 CL-MF50-1001

e
I
o
5]
0
o
=

CL-MF40-1101 CL-MF50-1101

Figure 5-16. The selection window for the side clamps and biags
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Y-Section MF50-6001

0K

Cancel

&

MF40-6001 MF40-6001

Figure5-17. The selection window for the blocks.

B Y
= 10
3
o N
- o

bt 10

CL-MF-40-1411 CL-MF-40-1601
2

CL-MF-25-1411 CL-MF-50-1601

Figure5-18. The selection window for the riser bloc
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P

& Strap Clamp Selection

The clamp’s icon

-+ |CL-MF40-2001 -
. |CL-MF40-2101 -
- |CL-MF40-2051

;- |CL-8-CS
- |CL-10-CS
: |CL-16-CS

3 Supporters Selection

: Adjustable Stops ESENS:

" |Adjustable Swing Stops -+ - -
.- |Screw Clamp Adaptors

The supporter's -

- name [

Figure5-20. The selection window for the supporting adap
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&3 Accessories Selection =R (E=R="

Locating Screws
. |Locating Bushings

- |Cap Screws

- |Knob Shoe Screw

| Swivel Screw

- |Swivel Head

.- |Adjustable-Thump Screw

Figure5-21. The selection window for ttaccessories to complete the fixturing sys

The assembly process starts after adding the coemp®mtc the SolidWorks
environment,as shown inFigure 5-22. Then, macrosare developed for
appropriatelyassemblin thetwo parts as explained previously for the workpi
and the Vblock. The macroscreated for the systerare used in order to
assemble:

» The workpiece with the -block.

* The V-block with the baseplai

» Theriser block with the baseplate (two macr
* The pivoting clamp with the riser blo:

* The pivoting clamp with the workpie«

» The backstop with the riser blo

« The backstop with the workpie.

Therefore eight stepare taken to completthe assembly simulation. T

process iperformecin this way because errors could ocduthe whole process
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was undertaken in one step. This is related tolenod in SolidWorks when
applying rotating and reviewing functions on comgais during the assembly of
mating features. The positions and directions efélements are predefined in
the VB codes. For more effective development, thesstions and directions
could be controlled by creating extra codes. Dugnte limitations, this function
was not considered here but could be includedturéuvork. By completing the
eight assembly steps the final MF layout determirssdshown irFigure 5-23.
After finishing the assembly, interference detattis executed to ensure that
there are no interfaces between the fixture commisneThis process is
completed by SolidWorks as shownFRigure 5-24. If any interference is found,
the mating features such as choosing the corrgesedr faces should be revised
or modified to achieve an efficient assembly.

Riser Pivoting clamp
Backstop \ \. <

Workpiece

Baseplate

Figure 5-22. Modular fixture elements added in SolidWorks nithdg environment

from the menus.
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Figure 5-23. The complete layout of modular fixture elemerdagyated after assembly.

W =9 fssem1 iDefault<Display 5.

o R

Selected Components =

Asseml.SLDASM

Calculate

Results

2

----- m Mo Interferences

Figure 5-24. The interference detection tool applied in SolmWs.
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5.5 Summary

The assembly process for MF design is explainedafgpecific workpiece.
The knowledge base is developed for this procedssarelated to side clamping
modular fixturing. Moreover, SolidWorks API is ermogkd for automating the
assembly process in SolidWorks. The simulatiorh@f process is completed by
using macros functions in SolidWorks. For this msg, an ActiveX DLL VB
project is created for developing new menus in SoédWorks environment.
From these menus, user interfaces are expanddiasthey can be opened by
clicking each of the menus, thus allowing the useselect and insert the correct
elements. The approach of applying SolidWorks APéxplained in detail, and
the system is tested by using the interference ctlete tool included in
SolidWorks to be sure that no interfaces have sedusetween the MF elements.
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6. SolidWorks Knowledge Base and the
Features Library

This Chapter presents the concept of using theeWnrksXpress tool in
SolidWorks for design and assembly automation pgepoThis tool is applied to
generate new models for the existing fixture eleiieland new assembly
configurations can be also generated by usingdis In addition, the process of
constructing the feature library is explained. Tieature library of modular
fixture elements is an important component. Thismgonent is necessary to
make computer-assisted modular fixture design neur®mated. The fixture
elements feature library can be constructed bygudifferent methods. Some of
these methods use interfacing software such as @With CAD software.
However, some CAD software provides an opportutitydirectly develop a
feature library; SolidWorks is one such softwareichhis provided with
capabilities to construct feature library. The @eat library in Solidworks
includes standard fixture elements that can beciljredownloaded from
websites. In addition, it can also include newuigtelements which are designed
through SolidWorks. Finally, an approach for esting the cutting and the
reaction forces is developed under maximum clamgporges. Based on this
estimation, a finite element simulation is conddclier secure placement of the

fixture elements.

6.1 DriveWorksXpress

DriveWorksXpress is a tool that is implemented iolidVorks. The
advantages of using this tool are the ability to:

1- Automatically create a feature library of the elenseor models;

2- develop new models by modifying the dimensionsxaiteng elements or
models; and

3- control different configurations based on the rules
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Based on which DriveWorksXpress is considered d tocautomate the
design process in SolidWorks [60]. This approacls wpplied for building the
knowledge base for the grid assembly project by lementing
DriveWorksXpress 6 with SolidWorks 2007. A useeenfiace was developed that
asked the user to specify the design parameteedb@s the rules in order to
generate new models [61]. This tool is applied his tresearch in order to
investigate the capability of SolidWorks in ternfsanitomating the MF design
and assembly. To implement DriveWorksXpress fos fhirpose, the following

steps are followed:
Step 1: A new SolidWorks window is opened.

Step 2: From the Menu bar and then Tools, DriveWorksXgnsschosen. A
new window appears for this tool with five talW,elcome, Capture, Form,

RulesandRun (Figure 6-1).

Step 3: In the welcome window there are three choidésgate/Change
Database, Add/Edit Models and Run Models. For the first use of
DriveWorksXpress, Create/Change Database is charsdtheriNext.

Rules Based Design Automation for SobdWorks
Selact an oplion to automats your designs

@ Welcome |15 Capture
Active Database

The database contains 3 models
Add/Edit Modets

The database has 1 model ready 1o un
Run Models

AR o ueaoiien S il

Figure 6-1. The welcome window of DriveWorksXpress.
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Step 4: The name and location of the feature libraryspecified in the new
window in.mdb file format and the®pen is selected

Step 5: After that, from the capture taBrowse for new model is chosen
(Figure 6-2) and SolidWorks part or assembly files are setecidis results in
capturing all the components in these filEsygre 6-3) and the feature library is
automatically created for these components. Thaufedibrary is saved to the
path already specified in step 4.

Salact & moded already in DrovelWarksX press
Altermatively use the open model. or browse for a new model
3 ] Welcame |18 Capture (] L [ Funy

Modals already in DriveltiorksXpress

U el nan el
@ Browse for new modeal

i Close AOWEN T ok i o Provitus Mezt = Help i

Figure 6-2. The capture window in DriveWorksXpress.

Establishing the feature library using DriveWorks&$s tool creates the
necessary tables of the components. The tablesistook the necessary
information about these components and their rélegkationships, including the
input and output dataF{gure 6-4). The tables can be modified and new
components and input data can be added. The seftihg feature library can be
changed by applying Microsoft Office Access feasure
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This tree shows the structure of the assembly
Check the models you wanlt 1o control

CarlLana-MF201001-DEFAULT_mfd(-10017-1420-0hcs
CamLane-MFa010071-DEFAULT _mf40-1001-1213-hhee
CarlLane-MFA0T00-DEFALULT _mf40- 1007 base
Camlane-MFAD 001 -DEFAULT_mf40-1007-2m
CarLars-MFL01001-DEFAULT _mf40-1007 reet
CarLane-MF4071007-DEFAULT _mf40-1007-pin
CarLane-MF201001-DEFALULT_mfS0- 1007 4w

-MF&071 1071-DEFAULT _mfdl-1107-speing-2

ETE PR T R S T T

| Close wovew driveworks co uk

[=

[ < Previous ]I Next > [ Help —]

Figure 6-3.The captured assembly model.

= | Home | Create  EemalData  DatabaseTools  Acrobat  Datasheet
% MW f cut bl = ‘l‘ ‘E} = New ETotels | 4] V2 Selection % [ﬁ £, Replace
— 33 Copy — — sBsave S speiiing | 4| T Advanced - = GoTo~
‘ s 1‘ FolE F Formataimter ‘H_B__f._ uljA -] | i m R:,;th X Detete » SMore= || 4 PReT 7 Tosgle Fiter | A W.S:S::},‘, | i) g selet~ |
Views Clipboard Fant G| RichTent Recards. J Sort &Filter Window Find |
All Tables
AssemblyType
A assemblyType : Table s
e O A 2 | Inputld - Assemblyl: - |InputName ~| Order - |VariableTyp - Requirsd - Mini ~ | Maxi - -| Listbats - |Currentvalu -
3 orweworksDrawings : Table = 1 Assem researc Vblack length 1 Numeric Text | True 150 300 0 250
Ot = [ 2 Assem researc Vblock height 2 NumericText | True 50 150 0 100
OutputDats : Table I 3 Assem researc Part length 3 Numeric Text | True 150 300 0 250
ParentChild G | 4 Assem researc Part width 4 Numeric Text| True 100 200 o 150
= ParentChild : Table £l 5 Assem researc Part radius 5 Numeric Text | True 50 100 o 100
Settings 2 * (New)
1 settings: Table 23 Outputnts
tab_PartParams A T T I [ | - | i | | i
o Partarams: Takie QutputRule -‘ FullPath ~| Formula - | Result ~| Parent - Type - AssemblyN:~ | FieldName - | Project ~ Comment - Alternativel -
H ! Assem researc =system name File Name Assem researc Assem researc Assem researc
XpressinputData 2 Il - 3
2 Assem researc =V-block name Assem researc File Name V-BLOCK'FOR f V-BLOCK FOR F Assem researc
1 tpressinputpata: Table :7 3 Assem researc =Vblocklength Assem researc Dimension  V-BLOCK FORF Vblock length Assem researc
Ll 4 Assem researc =Vblockheight Assem researc Dimension  V-BLOCKFORF Vblock height Assem researc
Ll 5 Assem researc =Part name Assem researc File Name Partl Partl Assem researc
ol 6 Assem researc =Partlength Assem researc Dimension  Partl Partlength  Assem researc
o 7 Assem researc =Partwidth Assem researc Dimension  Partl Part width Assem researc
ol 8 Assem researc =Partradius Assem researc Dimension Partl Partradius  Assem researc
* (New)

Figure 6-4. The feature library developed in DriveWorksXpress

Step 6: Now it is important to specify which elementsie assembly need to
capture their specifications, dimensions and featun order to develop new
elements. It is also possible to capture the ptmserof the models or the
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elements and create new drawings. Moreover, in rorte control the

configurations, the “Yes” option is selected in tonfiguration tabKigur e 6-5).

Select sach model in tum
Control Configurations in the model

|© Welcome W Caprre | Fom "N Rudes > fun

Pas1
% viaLocK fopl| Do you want to control configurations in the model based on rules?
|

Mo, leave this model on the current configuration

@. allow me: {0 create a rule bo switch conhigurabons

Figure 6-5. Controlling different configurations in the modelsed on rules.

Step 7: A form is built for the requirements that are de@ for creating new
elements or models. Five types of forms can betale Text Box, Numeric Text
Box, Dropdown, Spinbutton, and Check Box. Seveliad& of form can be
selected at the same time, and new forms can bedaaiud existing forms can
also be editedHigure 6-6).

Step 8: The rules are built in order to control the stddcrequirements as
listed below:

* File name

» Configurations

» Custom properties
* Dimensions

e Features
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Design a form 1o collect requirements for new models |
Add. edit and delete inputs as well &5 1est your fom

O Welcoma ¥ Capturn o . P Fun
| Hame Type — Add
ab reatedBy Tent Box Trum
13 Westose Length Mumens Ted Bex  Trus
43 VilickLength Mumen: Ted Box  True Teat
¥ W
Cioan | oA dri eanrkn co yk : < Preveous . L Maut > i Halp

Figure 6-6. Building a form to gather the requirements fa tlew model.

Some rules are built automatically by DriveWorksegs, while the missing
rules need to be completed. From the Rule tab, kiachof rule can be selected
and edited separately or all the rules can be @&ditehe same time. To edit all
the rules, a tree or a list of these rules is shamdh each rule is selected to open
the rules’ editor windowKigure 6-7). From this widow, the rules can be created

based on:

* Previous input
* Recentrules
« Mathematical relationships

* Logic relationships

Creating rules from the inputs is suitable for nfigidg the dimensions of the
model. In this research, these rules are useddweldping new models of the
chosen workpiece. Creating rules from mathematiektionships is based on
mathematical formulas such as +, -, /, and x, whiles from logic are based on
comparison operators such as <, >, <>, =, =<, nd,the IF-THEN format. This
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kind of rule is convenient for controlling the canfrations of the models and the

customised properties of the models or elements.

Step 9: After completing the rules, a new version of thedels or elements is
generated by running the forms developédgyre 6-8), by specifying the
required values for each form. Then, the new modstssaved as SolidWorks

part or assembly files.

| The et plaid infarmation will gueds you thiough crealing a e fon ths dem
N Lise the rule editcr and shorcul menus 1o create a nuke

D Vekoms | W) Coner | Fem L-ﬁ.'.!_._.j

Inputs = | Fecent =  Math = Logic = A« M4 | Clear Rule

Result- =

Tou e currontly baildng a nde o o Configueation

Aubs - Appem iesesich new Conficarabon

Cordiguamtion nies ewich the Condiguration of the rew e

Tha resuk of the ruls st b the name of an exstng Configuration
F:-r&mﬂulrnuhamzmm Support and NoSuppod, & e of
=IFCharAlNIER > 1000, ~Suppan”, “MaSuppoa”]

vl s chy Bhe Confguration Lo Sn.pmt-i the value for Ower SEWadth m greater than 1000

[ ] emommtns [ [ ][]

Figure 6-7. The rules editor window. Information is displayfed rules guiding

explanation.

Enter the requined values in the form below
Compléte thi form 1o generate & naw versasn of Assem raearch new

|@ e [ 7 S P )

s aEind Y
Whlookking a

Figure 6-8. Generating a new model by entering the requisddes.
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6.2 SolidWorks Feature library

The feature library of MF standard elements is tooged in SolidWorks.
This is completed with the use of the design Iprégatures in SolidWorks,
which provides the flexibility of storing, managingnd selecting the fixture
elements in order to simplify the design and as$gmiocess. The design library

procedure is as following:

Step 1. The specific SolidWorks file for the fixture elentes opened, and
from the right side of the SolidWorks window thesign Library is chosen
(Figure 6-9).

(L~ SoldWorks Search YR B X

¢ i@ 3D ContentCentral
& Eﬂ SohdWarks Content

Figure 6-9.The task pane in the SolidWorks window.

Step 2: The design library icon is extended to show adl default folders in
the SolidWorks libraryKigure 6-10). After that, by right clicking on the design
library icon, aNew Folder is chosen. A new folder is created; this folder is

renamedV odular Fixtures.
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Dresigin Library o
W @
ﬂ Design Library
L annotations
i assemblies
g features

s rmodular fisture

i
1]
i

) New Folder

yd parts
- routing
I smarnt components
T Toolbox
+ @@ 30 ContentCentral
[+ Ef SolidWorks Content

BOEEEE

Figure 6-10. Creating the Modular Fixtures folder.

Step 3. By right clicking on the Modular Fixtures foldeNew Folder is
again chosen. This new folder is renamed depermhnipe fixture element type.
For example, if the fixture element is clamp, toédér name will beClamps.
The same procedure is followed for the other elémerhis helps classify the

feature library and gives fast access to the elésnErgure 6-11).

== = I Design Library &5
@ o @

= i Design Library
I annotations
i+ assemnblies
I features
11 forming tools
= modular fixture
i~ baseplates
i clamps
2 fastner

Figure 6-11. Creating a new folder for a fixture element ie Modular Fixtures folder.
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Step 4: By clicking on theAdd to Library icon (¥ ) in the task pane, the
Add to Library property manager is opened. The fixture elemeseiscted in
Items to Add, then the folder in which the element is to beluded in the
feature library is selected; if the element is gbamt should be in the clamps
folder. The file type can be changed and a desoniptan be included
(Figure 6-12).

= L]
S8 || = [ 1[5 | -
- 3
tems to Add =
Sawe To =

File mname:
neww clamp

Cresign Library folder:

_@ Design Library =
- L7 annotations

s assemblies

7 features

7 forming tools =
7 modular fixture

7 baseplates

B i -
L fastner :l
LA 1ocators

Figure 6-12. Add to Library property manager window.

Step 5: The fixture element is now added to the Modulattiées feature
library. To re-use this element again in the samodutar fixture configuration or
in different configurations, the design library @&gain chosen and then the
Modular Fixtures folder. From the specific foldsu¢h as clamps) the element is
selected from the list that appears in the taslepand then dragged into the
SolidWorks environmentRjgure 6-13 (a)). If an assembly file is opened, the
element will be inserted directly into the windomhile if a part file is opened, a
new window for the element will be opened as a i#papart file. In order to
make the feature library more efficient, it is infamt to classify the specific
folders of the feature library. For example, thangbs folder in the Modular
Fixtures folder is classified into folders for tofamps and side clamps. Another
classification is carried out according to the toggand clamping methods and
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by considering all the related elements under tlsssifications. The function
of the fixture elements is another factor considenhen dividing the feature
library. Before choosing the element and draggihgrom the list to the
SolidWorks environment, it is possible to show abmwindow for the element
by aiming the pointer without clickihng on the sgeEci element
(Figure 6-13(b)).This helps the user choose the right elememh fa variety of

similar elements.
— w-pad w
7 motion

eion - | Corlane 3555C DEFAULT 1t

% CarrLane-18420-DEFAULT

. CanLane-3555C-DEFAULT dbf
*‘@ CarrLane-18430-DEFAULT

Carrlane-6fac-DEFAULT . ‘ Canlane-ffac-DEFAULT Bfac-
"W Carrlane-1BCS-DEFAULT iac-bodyidpr A
, CarrLane-3555C-DEFAULT_17bss _ Carrlane-6fac-DEFAULT Bfac-bod
.. CarrLane-3555C-DEFAULT _dbfss |
new clamp

‘ CarrLane-6fac-DEFAULT_&6fac-bc

t CarrLane-8fac-DEFAULT _&fac-bc

\new clamp J

(a) b)

Figure 6-13. a) A list of fixture elements, b) A small winddar a specific element.

6.3 Implementation of DriveWorksXpress

As the main scope of this study is the automatibrsemi-circular parts,
additional case studies are investigated by impteimg the concept of
DriveWorksXpess. One of these case studies inclgwaserating a fixturing
layout for a prismatic part as shown Hgure 6-14. The idea of this
configuration is to facilities the design of thetfire elements with quick change
subplates for CNC machines for several manufagjysimocesses={gure 6-15 )

using the appropriate clamps.
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Figure 6-14. Fixturing configuration for the prismatic partds view).

Figure 6-15. Fixturing layout with Quick change Subplate fad©C machining.
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The second case study is showrrigure 6-16. This configuration is used to
establish the fixture elements layout for irreguperts with the use of strap

clamps and the proper supporters.

Figure 6-16. Fixturing configuration for irregular part.

6.4 System Stability

It is important to ensure that the fixturing layast stable and meets the
requirements for design and manufacturing purposeerference detection
already is explained in Sectios.4 between the fixture elements. For safe
machining operations and system stability, cuttiogges estimation and finite

element simulation are also carried out.

6.4.1 Cutting Forces Estimation

Cutting forces are one of the parameters that shoeiltaken in consideration
in MF design. Different approaches were appliedardigg cutting forces

calculation. Isakov described the dynamics of mglliby using formulas for
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cutting force, torque and machining power and ohiced “Tangential cutting
force theory” based on the dynamics of milling @ [62]. Other formulas
were introduced for calculating tangential, radaad feed cutting forces for
milling operations [63]. The calculation approach €utting forces in this study
iIs based on calculating the tangential force).(Hhe other two forces are
estimated from the following formulas based onRhealue:

The feed force: = Ke tanisFr [63]
The radial force: i=Kgr Fr [63]

Wherelsis the helix angle of the cutterKs the feed force coefficient, and

KR is the radial force coefficients [63, 64].

Form these three forces the resultant force caraloalated as follows:

F=|F2+F2+F.’

Figure 6-17 shows the three forces for the end milling procelg
considering F, an approach was illustrated by Carrlane baseda otwo-
dimensional static mechanics concept [38].

Fr

Fe

Figure6-17. The three cutting forces for end milling [63].
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This approach was used to estimate the clampinge fom the following

formula:

cutting force

x safty factor [38]

Clamping force =
ping static friction coefficient

In this study, the maximum clamping forces are kndwm the specification
of the pivoting clamps (Appendix 11). Therefore,3® body diagram is
considered for the semi-circular workpiece for resting the maximum

tangential force fvalue.Figure 6-18 shows the 3D force analysis approach for

the selected workpiece.

FC1
End milling cutter x/

Figure 6-18. The 3D body diagram for the semi-circular workgier is in the positive

Y direction.

FC is the horizontal clamping force while FG the vertical clamping force
acting on the workpiece. The values of these clagforces are 8900 N and 980
N, respectively. The workpiece’s weight (W) is 18§ = 156 N (Appendix 8).
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R; and R are the reaction forces, whilge &d F, are the friction forces on the
contact surfaces between the V-block and the wedgi The pivoting clamp
applies a horizontal force F@n one side with two vertical forces £6n both
sides. However, the direction of the cutting fofegis considered to be in
opposition to Fg therefore the other K ignored on the right side as there is
no chance that the workpiece can lift. Now, by ging the three equations for

the sum of forces in the three directions (X, Y @jd

S F=0:-R-F+F-FC =0 (1)
Y Fz=0: - W — FG + RiSin 45 + RSin 45 = 0 )
Y Fx=0:-R Cos 45 + RCos 45 = 0 (3)

Where FG=8900 N, FG=980 N, W =156 N, F=Ry 4, and =R 4, as
W is the friction coefficient and is equal to OBable 1), and k = tangential
cutting force. The friction coefficient is consiédr for cast iron on cast iron
contact surfaces as both the workpiece and theodklhre made from the grey

cast iron. The 45°angle is the V angle for the Weklas shown ifrigure 6-19.

Steel on steel 0.15 0.12
Steel on cast iron 0.19 0.1
Cast iron on cast iron 0.3 0.19

Table 1. Friction coefficients for steel and cast iron][38
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By solving the above three equations:
From equ.2 we get: 0.7:R 0.7 R = 1136
From equ.3 we get: - 0.7:R 0.7 R =0

Therefore 1.4 R= 1136, and thusf&= 811.5 N

Figure 6-19. The contact surfaces between the workpiece andthiock.

By substituting in equ.2:
R; =811.5 N, therefore;/=F, =811.5x.3=2435N
By substituting Fand R in equ.1 we get: = 9387 N

This is the maximum value fortHn the positive Y direction that can be
applied under the maximum clamping forces for taise. As the direction of the
cutting forces changes, the same approach is appleconsidering in the

positive X direction, as shown Figure 6-20.

From this figure, the clamping force F(S eliminated because it does not act

against the cutting force. In addition, the reactiorce R and the friction force
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F, are also eliminated becausgi$-not acting in their direction. The direction of
F, is parallel to the contact surface between the piede and the V-block and
perpendicular to the reaction force. Rlow, by applying the same equations for

the sum of forces:

End milling cutter

Figure 6-20. The 3D body diagram for the semi-circular workier is in the positive

Y direction.
YF=0: -W-FG;-FG+ R;Sin45-FSin45=0 4)
> Fx=0: F-RyCos45-FCos 45=0 (5)

F1 = Ry |, therefore from equ.4 we get: - 2116 + 0.4 R, Then R =
4318.4 N, and by substituting in equ.5 we get:

Fr—0.91R =0, then: F=3929.8 N
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6.4.2 Cutting and Clamping Forces Simulation

The finite element simulation for this system ismgbeted by the
SimulationXpress tool in SolidWorks. This simulatias applied on the
workpiece under maximum clamping forces to ensumat tthere is no
deformation that could occur within the workpiedggure 6-21 shows the
workpiece under the simulation process. In thiscess, the semi-cylindrical
surface of the workpiece is chosen as the fixetufimg point because it is
located on the V-block. The horizontal clampingctars applied on the right side
face of the workpiece, while the vertical clampiogces (two vertical clamping
forces) are applied to the rectangular surfacet(iphdace of the workpiece). The
process includes the displacement and deformatimolation beside the stress

distribution.

After estimating the maximum cutting forcer, Fanother simulation is
conducted on the V-block under the estimated vabfii¢ise reaction forces;Bnd
R, (Figure 6-22). This process is important for estimating thendiag ability of
the V-block under machining operations. In thisgess, the rectangular surface
(the bottom face) of the workpiece is selectedhasfixed face as it located on
the baseplate. The reaction forces estimated fren8D body diagram approach
(Section6.4.1) are applied on the V-shaped faces of thdo¢kb The process
also includes the stress distribution, displaceraadtdeformation simulation.
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Figure 6-21. The stress distribution of the workpiece undexrimam clamping forces.
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Figure 6-22. The stress simulation of the V-block under reacforces.
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6.5 Results and Discussion

Using the DriveWorksXpress approach results in ¢gemeration of new
models and configurations for the MF layouts. Altgb the building of the
knowledge base with SolidWorks is a powerful apphodor automating the
design and assembly process for MF design, thisoaph experienced minor
errors during the knowledge base building process when performing the
generation process. This is related to the linotatof DriveWorksXpress in
terms of generating new configurations for the ioag model. This limitation
could be overcome by employing a professional wversf SolidWorks with
DriveWorksSolo, an improved version of DriveWorksgsgs, in order to obtain

the maximum benefits from this approach.

Regarding updating the feature library, the useyukh follow the correct
sequence. This sequence begins by creating neersofdr the new elements in
the Modular Fixtures folder, where the names os¢hilders should be unique.
That means no folders should be created with sinmémes to those already

created in the feature library.

From the results of the cutting force for both the X and Y directions, it is
clear that the fvalues are changed. In addition, the values ofé¢hetion force
R1 also change with respect to the direction-ofTHhis proves that the magnitude
of the cutting force changes with direction durithgg machining operations.
From the simulation process, the results showttteatmaximum stress within the
workpiece is 2760176.8 N/nunder the maximum clamping forces. This value is
within the limit of the maximum values of the wor&pe’s material stresses,
which for grey cast iron is151658000 Nfnfor the tensile strength and
572165000 N/rhfor the compressive strength. The same resultioarel for the
V-block under the reaction forces with a maximumess of 31946.9 N/fm
which is below the maximum limits as the V-block nsade from the same

material.
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6.6 Summary

An approach for automating the design and asseprbolgess in SolidWorks
is illustrated. This approach includes applying veworksXpress and is
discussed in terms of generating new models fofixingre components and their
assembly layouts. The importance of the featumaribfor gathering the fixture
components is highlighted. The feature library amstructed in two ways. The
first way is with the DriveWorksXpress tool itselis the feature library is
generated automatically by capturing the fixtureemednts and their
specifications. The second way is by using theatiprdesign features in
SolidWorks. The feature library contains the stadditure components that are
derived in SolidWorks file format, as well as compats that are newly designed
for the purposes of this research. The estimatrongss of the cutting forces is
developed and finite element simulation is appiiedrder to ensure that the

fixturing layout is under the safe consideratiomsrhachining operations.
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7. Conclusions and Future Work

Developing an integrated modular fixture design assembly system is the
major objective of this thesis. The integration qass includes the
implementation of four main components; an expgstesn, SolidWorks, Visual
Basic 6 and a feature library of modular fixtureereénts. SolidWorks is
considered as the core of the developed systemihaendim is to integrate the
other components with this software. The use ofdSébrks as a powerful CAD
software, is due to its excellent 3D modelling daliges for design and
assembly processes. Similarly, in this study VisBabkic 6 is attractive as a
programming language because of its specific céipabito integrate with other
software. The expert system has been employed telae the selection
approach for the appropriate fixture elements &tdring methods (locating and
clamping methods). The VisiRule expert system tbotkimplemented for this
purpose by creating the knowledge base in an IFNIHEes format. VisiRule is
selected due to its capability to create flowchartsomplete the decision process
involved in selecting fixture elements and relatedthods. Establishing the
selection decision process allows the completiothefassembly simulation; for
this purpose SolidWorks APl is employed with VB6 toeate menus in

SolidWorks in order to automate the assembly psoces

7.1 Research Outcomes

In order to highlight the outcomes of this thesis important to address the
issues related to the research topic and explainthese issues are addressed in

the developed system. These issues are:

* The importance of SolidWorks and how its role oaftect the design
and assembly processes of the workpiece and thediglements.

CAD software was used in the design process foMResystems. AutoCAD
is the most common CAD software used in previousliss, as explained in
Chapter 2. However, most of these studies used @Ailb with a 2D design
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approach and for prismatic parts. Moreover, for ellaty purposes they applied
separate tools for user graphic interface, sudb@sl. Therefore, SolidWorks is

employed in this study because of its excellentd&@Bign environment that can
meet the requirements for MF design and assemibiiz makes SolidWorks a
powerful CAD software that can enhance the desighassembly processes of
MF for the semi-circular workpieces that are coased in this research. The
implementation of this software significantly sinfigld the verification of the

geometric and machining features of the workpiece.

* Implement the expert system in order to automate ghlection
process for the locating and clamping methods Wffs to achieve

feasible layouts.

Many approaches have been used for selecting tteding and clamping
methods and the fixture elements (Chapter 2). Thppeoaches include the use
of Al technology such as GA, fuzzy logic and exparstems. However each of
these tools can be used so that specific requirenemeeds can be integrated
with other tools to solve complex cases. Therefameprder to simplify the
selection process, a knowledge base for the sefegtiocess has been created
and the VisiRule expert system toolkit is used &mtomating this process.
VisiRule has been successfully implemented due tto dapabilities for
automating the decision making process based oldihgiflowcharts with
different features and structures. The knowledgsebe built to meet the
requirements for the workholding system for a semuular workpiece,
including side clamping and V-block locating method

Based on this knowledge base, flowcharts are dpedlan VisiRule to
generate the programming code for the selectiowgs This code can be
converted to other programming languages such ak,X¥id can be used with
several applications such as Visual Basic. Accalginthe knowledge base
developed can be applied to other kinds of desiftware. Therefore, VisiRule

is considered a comprehensive tool for obtaining appropriate decision for
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selecting the locating and clamping methods and twmponents in order to

achieve feasible fixturing layouts for MF.

e The implementation of Visual Basic in terms of améding the
assembly process of MF and how integration withid$@brks could

improve this process.

The integration of a programming language with C#dtware was used for
automating the design and assembly processes oMMRy methods have been
applied for this purpose (Chapter 2). The integrativas completed by specific
languages and with CAD software such as C++ and@AD. Some studies
applied other CAD software such as SolidWorks v@th+. Since SolidWorks is
employed as a powerful CAD environment with suppgrtAPI functions and
methods, Visual Basic 6 is applied for programmpuogposes in this study. This
is because VB has the capabilities to build masr@ny Microsoft software and
can access many functions of API in terms of deuaelp graphical user
interfaces. Moreover, VB is considered a flexiblegzamming language that can
be integrated with different applications, andstriot expensive compared to
other languages. Therefore, the integration ofdddbrks and VB enhances and
simplifies the automation process for determining lslyouts.

For assembly automation purposes, a knowledgeibdmelt for inserting the
fixture elements and assembling them in the Solid&/cenvironment. The
knowledge base contains the necessary commandguantions in terms of
automating the assembly process. Macro functioress adlso employed for
simplifying this process. The results of this ingn can be listed as:

1- building new menus in the SolidWorks environment foodular fixture

systems;

2- creation of user interfaces for each fixture eleimen improve the
selection and insertion of these elements in Sotidkd/ and

3- automation of the assembly of these elements foreaing a feasible

fixturing layout.
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« The importance of the feature library for complgtithe integrated

system.

For any design and assembly system and procesgedire library is a
necessary component and a crucial factor for caimgleéhese processes. The
feature library can be constructed in different svalyn this study, SolidWorks
library features are employed for building the featlibrary for MF elements.
The feature library is classified in a way that eslkhe selection of the fixture
components uncomplicated, rapid and efficient, #n significantly enhances
the flexibility and efficiency of the integrated ssgm. The feature library is
divided into several classifications, such as tlgpet of clamps, locators,

baseplates, supporters and other accessories.

Another approach is investigated in SolidWorks &utomating purposes
involving the use of the DriveWorksXpress tool. 3h$ used to automate the
design and assembly process for determining MF utayan SolidWorks.
Moreover, other SolidWorks tools, such as interieee detection and finite
elements simulation, are applied in the estimatibthe cutting forces, and thus

complete the requirement of an integrated system.

7.2 Future Work

The work presented here contributes towards dewejopn automat CAFD
system. Yet, the approach presented in this tloesikl be further enhanced and

extended by considering the following goals:

* Undertaking a direct and full integration betweenlid®Vorks and
VisiRule.

One of the limitations of the integrated approashhie direct integration of
VisiRule with SolidWorks. This could be overcome byploying VisiRule
functions and features in the SolidWorks API. Thanincluding these functions
in the knowledge base, the expert system couldaatomatically in SolidWorks.

User interfaces can be also created for this petpos
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* Extending the knowledge base for the selection gg®do include
more MF configurations and elements, other kindswvofkpieces,

several setups for the selected workpieces anerdift MF layouts.

The selection approach in this study is completed $emi-circular
workpieces to build a workholding system for glasstainer moulds. However
the knowledge base for the selection approachilsibwa flexible way and can
be extended to other types of workpieces. In thsec other fixture elements
should be considered with the appropriate locating clamping methods. Extra
IF-THEN rules could be constructed for this purpas®d more flowcharts could
be completed in the VisiRule toolkit to generate frogramming code and

automate the selection process.

* Creating extended Visual Basic codes in order tekenthe assembly

process more comprehensive and more automated.

More programming codes could be generated to makeassembly process
fully automated. The codes can include determiniregpositions of the fixture
elements, the position of the workpiece, and maagfythe existing positions of
the elements. Moreover, extra codes can be dewkldpe controlling the
elements during rotation and movement to meetdhairements of the fixturing

layout.

The approach presented in this thesis helps enginge design and
manufacturing fields to simplify the design taskMiFs and achieve appropriate
layouts in a way that saves production time andtscdsr the machining

operations of variety of workpieces.
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Appendices

9. APPENDICES
Appendix 1: The Knowledge Base Rules for the

Selection Process

Rule 001

If the workpiece is semi-circulaand the size of the part is within specified
limits, thenmodular fixture design is used for defining theating, clamping and

baseplate elements.
Rule 002

If the workpiece is semi-circular and modular fixtdesign is usedhenthe
active locating surface is defined. This kind ofrlgece has four surfaces;
rectangular surface, semi-cylindrical surface amw tsemi-circular surfaces.
Defining the active locating surface is importaot fletermining the locating

method and completing the rest of the process.
Rule 003

If the active locating surface is the semi-cylindrexaface of the workpiece,
thenthe V-Blocks are used for locating. In this cabe, rectangular surface will
be machined and two clamping methods can be caesidéop clamping and

side clamping.
Rule 004

If the locating surface is not the semi-circular acefof the workpiecehen
the other surfaces will be considered as activatiog surfaces. This depends on
which machining operations will be applied to therkpiece. In this research,
the rule 3 is applied for the integrated systeme Tikturing system for other

surfaces could be considered for the future work.

126



Appendices

Rule 005

If the workpiece is semi-circular, and the locatingtimd is V-Blocksthen
the workpiece’s radius is calculated. This is imt@ot in order to identify the
kind of V-Blocks that needed for locating.

Rule 006

If the workpiece’s radius is more than or equal tor® amd smaller than 25.4
mm, thensmall mini V-Blocks are used. These V-Blocks guprapriate for this

range of diameters, and they have two holes forntiog them on the baseplate.
Rule 007

If the workpiece’s radius is more than 14 mm and sn#ilan 50.8 mnthen
large mini V-Blocks are used. These V-Blocks arigable for this range of parts,

and they have four holes for mounting on the badepl
Rule 008

If the workpiece’s radius is more than 14 mm and lemtdian 102 mmthen
standard V-Blocks are used. These V-Blocks are grdpr small and large

diameters, and they have two holes for mountintherbaseplate.
Rule 009

If the workpiece’s radius is more than 102 ntimena V-Cast section is used.
In this research, a V-Cast section was designedsdidWorks to meet the
requirements of the specific workpiece and allgpecifications were considered

according to Carrlane catalogues.
Rule 010

If the workpiece is semi-circulaand the rectangular surface is machined,
thenthe machined area of this surface is calculatéis & important to define
the clamping method.

127



Appendices

Rule 011

If the whole rectangular surface is machirteénthe side clamping is used.
This clamping method allows holding the workpiecghvwkeeping the surface
clear for machining.

Rule 012

If the machined area is equal to 50% or less tharwti@e area of the
rectangular surfacéhentop clamping could be used. This depends on thpesh

and the location of the pattern which should behmaez on the surface.

Rule 013

If the side clamping is usethenthe kind of clamp is identified. For side
clamping, three kinds of clamps can be used basedCarrlane company
catalogue, pivoting edge clamps, cam edge clanmassarrated edge clamps. In
this research, pivoting edge clamps were considered

Rule 014

If the top clamping is usedhen different kind of clamps is used. Top

clamping and its related clamps could be considerefiiture work.

Rule 015

If the pivoting edge clamps are ustdtnthe workpiece height is calculated.
For semi-circular workpiece with the machined regtdar surface, the height

will be equal to the radius of the side surfacéhefworkpiece.

Rule 016

If the workpiece height is equal to or less than 10, and the baseplate is
standardthen standard pivoting clamp and downthrust are usdtl nwo riser.

Else heavy pivoting clamp and downthrust are used.
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Rule 017

If the workpiece height is between 100 mm and 125 amtithe baseplate is
standardthen standard pivoting clamp and downthrust are usdd 25.4 mm
riser.Else heavy pivoting clamp and downthrust are used.

Rule 018

If the workpiece height is between 125 mm and 150 amtithe baseplate is
standardthen standard pivoting clamp and downthrust are usdd %0.8 mm

riser.Else heavy pivoting clamp and downthrust are used.
Rule 019

If the height is not equal to the radius of the wagkpithenthe process is
stoped and a different set-up of clamping is u3dak specification of pivoting
clamps, downthrust, and the risers were considasedrding to the Carrlane
catalogue.

Rule 020

If the modular fixture (MF) design is usdtien the kind of MF system is
defined. There are two MFs systems, Hole-dowel &ssdot. In this research,
Hole-dowel was considered.

Rule 021

If the Hole- dowel system is usethdthe side clamping is applied with using
pivoting edge clampghenthe area of the rectangular surface which shoald b
machined of the workpiece is calculated.

Rule 022

If the machining area is less than or equal to OndQ4ndthe mini V-blocks

are usedthen400 mm mini baseplate is used.
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Rule 023

If the machining area is less than or equal to Orf34nd the standard V-

blocks are usedhen400 mm standard baseplate is used.
Rule 024

If the machining area is between 0.094 m2 and 0.6®4&ndthe standard V-

blocks are usedhen500 mm standard baseplate is used.
Rule 025

If the machining area is between 0.094 m? and 0.03%4&nd the heavy V-

blocks are usedhen500 mm heavy baseplate is used.
Rule 026

If the machining area is between 0.0146 m2? and 0.623and the standard

V-blocks are usedhen630 mm standard baseplate is used.
Rule 027

If the machining area is between 0.0146 m2 and 0.623a@nd the heavy V-

blocks are usedhen630 mm heavy baseplate is used.
Rule 028

If the machining area is between 0.0232 m? and 0.6%7&nd the standard

V-blocks are usedhen800 mm standard baseplate is used.
Rule 029

If the machining area is between 0.0232 m? and 0.687&nd the heavy V-

blocks are usedhen800 mm heavy baseplate is used.
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Appendix 2: VisiRule Chart for Locating Method
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Appendix 3: VisiRule Chart for Clamping Method
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Appendix 4: VisiRule Chart for Baseplate
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Appendix 5: The Developed Flex Code for the

Selection Process

do ensure_loaded( system(vrlib) ) .

relation 'Locating'( Conclusion ) if
'q_Define the workpiece locating active surface'

relation 'q_Define the workpiece locating active su
Conclusion) if

the answer to 'Define the workpiece locating act
and

check( 'Define the workpiece locating active sur
and

'g_Rulel '( Conclusion) .

relation 'q_Define the workpiece locating active su
Conclusion ) if

the answer to 'Define the workpiece locating act
and

check( 'Define the workpiece locating active sur
and

Conclusion = 'Different surfaces are used' .

relation 'qg_Rulel '( Conclusion ) if
the answer to 'Rulel 'is _and
check('Rulel’, =, 'Yes') and
Conclusion = 'Samll mini V-Blocks ' .

relation 'qg_Rulel '( Conclusion ) if
the answer to 'Rulel 'is _and
check('Rulel’, =, 'No') and
g_Rule2( Conclusion ) .

relation g_Rule2( Conclusion ) if
the answer to 'Rule2'is _ and
check('Rule2?', =, 'Yes') and
Conclusion = 'Large mini V-blocks' .

relation g_Rule2( Conclusion ) if
the answer to 'Rule2' is _ and
check('Rule2', =, 'No' ) and
g_Rule3( Conclusion ) .

relation g_Rule3( Conclusion ) if
the answer to 'Rule3'is _ and
check('Rule3', =, 'Yes') and
Conclusion = 'Large standard V-Blocks' .

relation g_Rule3( Conclusion ) if
the answer to 'Rule3'is _ and
check('Rule3d', =, 'No' ) and
g_Rlue4( Conclusion) .

relation g_Rlue4( Conclusion ) if

( Conclusion) .
rface’(
ive surface'is _

face', =, 'Yes')

rface’(
ive surface'is _

face', =, 'No')
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the answer to 'Rlue4d' is _ and
check( 'Rlue4’, =, 'Yes') and
Conclusion = 'V-Cast sections' .

relation g_RIlue4( Conclusion ) if
the answer to 'Rlue4d' is _ and
check( 'Rlue4’, =, 'No' ) and
Conclusion = end2 .

relation start( Conclusion ) if
'g_The kind of the workpiece'( Conclusion ) .

relation 'q_The kind of the workpiece'( Conclusion
the answer to 'The kind of the workpiece'is _ a
check( 'The kind of the workpiece', =, 'Yes') a
'g_The kind of fixtur design'( Conclusion ) .

relation 'q_The kind of the workpiece'( Conclusion
the answer to 'The kind of the workpiece'is _ a
check( 'The kind of the workpiece', =, 'No') an
Conclusion = 'Use different set-up ' .

relation 'q_The kind of fixtur design'( Conclusion
the answer to 'The kind of fixtur design'is _ a
check( 'The kind of fixtur design’, =, 'Yes') a
'‘Locating'( Conclusion) .

relation 'q_The kind of fixtur design'( Conclusion
the answer to 'The kind of fixtur design'is _ a
check( 'The kind of fixtur design’, =, 'Yes') a
'‘Clamping'( Conclusion ) .

relation 'q_The kind of fixtur design'( Conclusion
the answer to 'The kind of fixtur design'is _ a
check( 'The kind of fixtur design’, =, 'Yes') a
'‘Baseplates'( Conclusion ) .

relation 'q_The kind of fixtur design'( Conclusion
the answer to 'The kind of fixtur design'is _ a
check( 'The kind of fixtur design', =, 'No') an
Conclusion = end1 .

relation 'Clamping'( Conclusion ) if
'g_Define the value of the machined area'( Concl

relation 'q_Define the value of the machined area’(
the answer to 'Define the value of the machined
check( 'Define the value of the machined area’,
g_Rule5( Conclusion ) .

relation 'q_Define the value of the machined area’(
the answer to 'Define the value of the machined
check( 'Define the value of the machined area’,
‘Top Clamping '( Conclusion ) .

relation g_Rule5( Conclusion ) if
the answer to 'Rule5'is _ and

) if
nd
nd

) if

) if
nd
nd

) if
nd
nd

) if

nd

) if
nd

usion ) .

Conclusion) if
area'is _and
=, 'Yes') and

Conclusion) if
area'is _and
=,'No') and
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check('Rule5', =, 'Yes') and
'q_Rule6 '( Conclusion ) .

relation g_Rule5( Conclusion ) if
the answer to 'Rule5'is _ and
check( 'Rule5’, =, 'No' ) and
Conclusion = end3 .

relation 'g_Rule6 '( Conclusion ) if
the answer to 'Rule6 'is _ and
check('Rule6 ', =, 'Yes') and
g_Rule9( Conclusion) .

relation 'g_Rule6 '( Conclusion ) if
the answer to 'Rule6 'is _ and
check('Rule6 ', =, 'No') and
g_Rule7( Conclusion) .

relation g_Rule9( Conclusion ) if

the answer to 'Rule9'is _ and

check( 'Rule9’, =, 'Yes') and

Conclusion = 'standard pivoting clamps and Downt
riser' .

relation g_Rule9( Conclusion ) if
the answer to 'Rule9' is _ and
check( 'Rule9’, =, 'No' ) and
Conclusion = 'Heavy pivoting clamps and Downthru

relation g_Rule7( Conclusion ) if
the answer to 'Rule7' is _ and
check('Rule7', =, 'Yes') and
g_Rule10( Conclusion) .

relation g_Rule7( Conclusion ) if
the answer to 'Rule7' is _ and
check('Rule7', =, 'No' ) and
g_Rule8( Conclusion ) .

relation g_Rule10( Conclusion) if

the answer to 'Rulel0'is _ and

check('Rulel0', =, 'Yes') and

Conclusion = 'Standard pivoting clamps and Downt
riser' .

relation g_Rule10( Conclusion) if

the answer to 'Rulel0'is _ and

check('Rule10', =, 'No') and

Conclusion = 'Heavy pivoting clamps and Downthru
riser' .

relation g_Rule8( Conclusion ) if
the answer to 'Rule8'is _ and
check('Rule8', =, 'Yes') and
g_Rulell( Conclusion) .

hrus with no

st with no riser'

hrust with25.4 mm

st with 25.4mm
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relation g_Rule8( Conclusion ) if
the answer to 'Rule8' is _ and
check('Rule8', =, 'No' ) and
Conclusion = end3 .

relation g_Rulel1( Conclusion) if

the answer to 'Rulell'is _ and

check('Rulell’, =, 'Yes') and

Conclusion = 'Standard pivoting clamps and Downt
mm riser' .

relation g_Rulel1( Conclusion) if

the answer to 'Rulell'is _ and

check('Rulel1l’, =, 'No') and

Conclusion = 'Heavy pivoting clamps and Downthru
riser' .

relation baseplates( Conclusion ) if
'g_The kind of fixturing system'( Conclusion ) .

relation 'q_The kind of fixturing system'( Conclusi
the answer to 'The kind of fixturing system' is
check( 'The kind of fixturing system’, =, 'Yes'
'g_The kind of MFs system'( Conclusion ) .

relation 'q_The kind of fixturing system'( Conclusi
the answer to 'The kind of fixturing system' is
check( 'The kind of fixturing system’, =, 'No')
Conclusion = end4 .

relation 'q_The kind of MFs system'( Conclusion ) i
the answer to 'The kind of MFs system'is _ and
check( 'The kind of MFs system’, =, 'Yes') and
'g_Rule 12'( Conclusion ) .

relation 'q_The kind of MFs system'( Conclusion ) i
the answer to 'The kind of MFs system'is _ and
check( 'The kind of MFs system’, =, 'No' ) and
Conclusion = end5 .

relation 'q_Rule 12'( Conclusion ) if
the answer to 'Rule 12'is _ and
check('Rule 12', =, 'Yes') and
'g_Rule 13'( Conclusion ) .

relation 'g_Rule 12'( Conclusion ) if
the answer to 'Rule 12'is _ and
check('Rule 12', =, 'No' ) and
'g_Rule 14'( Conclusion ) .

relation 'g_Rule 13'( Conclusion ) if
the answer to 'Rule 13'is _ and
check('Rule 13', =, 'Yes') and
Conclusion = '400 mini baseplate' .

relation 'g_Rule 13'( Conclusion ) if

hrust with 50.8

st with 50.8mm

on)if
_and
) and

on)if
_and
and
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the answer to 'Rule 13'is _ and
check('Rule 13', =, 'No' ) and

Conclusion = '400 standard baseplate' .

relation 'g_Rule 14'( Conclusion ) if
the answer to 'Rule 14'is _ and
check('Rule 14', =, 'Yes') and
'g_Rule 15'( Conclusion ) .

relation 'g_Rule 14'( Conclusion ) if
the answer to 'Rule 14'is _ and
check('Rule 14', =, 'No' ) and
'g_Rule 16'( Conclusion) .

relation 'g_Rule 15'( Conclusion ) if
the answer to 'Rule 15'is _ and
check('Rule 15', =, 'Yes') and

Conclusion = '500 standard baseplate' .

relation 'g_Rule 15'( Conclusion ) if
the answer to 'Rule 15'is _ and
check('Rule 15', =, 'No' ) and
Conclusion = '500 heavy baseplate' .

relation 'g_Rule 16'( Conclusion ) if
the answer to 'Rule 16'is _ and
check('Rule 16', =, 'Yes') and
'g_Rule 17'( Conclusion ) .

relation 'g_Rule 16'( Conclusion ) if
the answer to 'Rule 16'is _ and
check('Rule 16', =, 'No' ) and
'g_Rule 18'( Conclusion) .

relation 'g_Rule 17'( Conclusion ) if
the answer to 'Rule 17'is _ and
check('Rule 17', =, 'Yes') and

Conclusion = '630 standard baseplate' .

relation 'g_Rule 17'( Conclusion ) if
the answer to 'Rule 17'is _ and
check('Rule 17', =, 'No' ) and
Conclusion = '630 heavy baseplate' .

relation 'g_Rule 18'( Conclusion ) if
the answer to 'Rule 18'is _ and
check('Rule 18', =, 'No' ) and
Conclusion = end5 .

relation 'g_Rule 18'( Conclusion ) if
the answer to 'Rule 18'is _ and
check('Rule 18', =, 'Yes') and
'g_Rule 19'( Conclusion) .

relation 'g_Rule 19'( Conclusion ) if
the answer to 'Rule 19'is _ and
check('Rule 19', =, 'Yes') and
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Conclusion = '800 standard baseplate' .

relation 'qg_Rule 19'( Conclusion ) if
the answer to 'Rule 19'is _ and
check('Rule 19', =, 'No' ) and
Conclusion = '800 heavy baseplate' .

group groupl
'Yes', 'No' .

question 'Rlue4’
'is the radius more than 102mm?' ;
choose one of groupl
because " .

question 'Rule3'
'is the radius between 14 and 102mm?'
choose one of groupl
because " .

question 'Rule2’
'is the workpiece radius between 14 and 50.8mm? ' ;
choose one of groupl

because " .
question 'Define the workpiece locating active surf ace'
'Is the semi cylindrical surface is the active | ocating surface?'

choose one of groupl
because " .

question 'Rulel’
'Is the workpiece radius between 9 and 25.4 mm? ' ;
choose one of groupl
because " .

question 'The kind of the workpiece'
'Is the workpiece semi-circular?' ;
choose one of groupl
because " .

question 'The kind of fixtur design'
'Is Modular fixture is used? ';
choose one of groupl
because " .

question 'Define the value of the machined area'’
'is the all rectancular surface is machined?' ;
choose one of groupl
because " .

question 'Rule5’
'is pivpting edge clamps are used ? ' ;
choose one of groupl
because " .

question 'Rule9’
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'is the baseplae used standard? ' ;
choose one of groupl
because " .

question 'Rule6 '

'is the workpiece height is equal or less than 100mm?’'

choose one of groupl
because " .

question 'Rule11’
'is the baseplate standarad?' ;
choose one of groupl
because " .

question 'Rule8'

'is the the height between 125mm and 150mm?'

choose one of groupl
because explanation .

question 'Rule10’
'is the baseplate standard?' ;
choose one of groupl
because " .

question 'Rule?7’
'is the workpie
choose one of groupl
because " .

question 'Rule 19'
'Is the V-blocks are standard ?';
choose one of groupl
because " .

question 'Rule 15'
'Is the V-blocks are standard ?';
choose one of groupl
because " .

question 'Rule 14'

'Is A between 0.094m2? and 0.0146m?2

choose one of groupl
because " .

group group?2
‘No', 'Yes'.

question 'Rule 18'

'Is A between 0.0232m? and 0.0375m?

choose one of group2
because " .

question 'Rule 17
'Is the V-blocks are standard ?';
choose one of groupl
because " .

ce height is betwwen 100mm and 125mm?'’

’
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question 'Rule 16'
'Is A between 0.0146m? and 0.0232m? ?'
choose one of groupl
because " .

question 'The kind of fixturing system’
'Is MFs system used?' ;
choose one of groupl
because " .

question 'The kind of MFs system'
'Is the Hole-dowel system used?' ;
choose one of groupl
because " .

question 'Rule 12
'Is the rectangular surface area(A) =
choose one of groupl
because " .

question 'Rule 13'
'Is the V-blocks are mini?"';
choose one of groupl
because " .

0.094m?

?

’
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Appendix 6: The Baseplates Specifications

Gray Cast Iron, ASTM CLASS 40

FOR M DA,
'y, FIXTURE KEY
FOR P DIA 1.I I Hgt;ngRPDEE
FIXTURE KEY —, J/
", f M6 TAPPED
% W HOLE
" ‘\ |
T \ H
M ",
A
A : \
T N
S+.0015 s 884 71
o ||
1 v—gpl
5 — - 00
. MOUNTING HOLES
HJIS) JDIN) KIUSA)
//| 0008 |A]
47| 0004 L= __/— M18 TAPPED HOLES
———— '—f—l .l
709 V A0 T C +.0008
—A— lgBp —
STANDARD
PART NO. CL-MF40-0301 CL-MF40-0202 CL-MF40-0503 CL-MF40-D504*
PALLET SIZE 400mm S00mm 630mm &00mm
THREAD 12"-13
MULTIPURPOSE 1D S000¢
HOLES SPACING 2 0000
PATTERN BxB 10x10 12%12 14x14
A NOMIMAL 400mm S00mm 630mm 00mm
ACTUAL J2Bmm 436mm G18mm Taemm
C 2.0000" 2.0000" 2.3750"
E (JI5) almm 100mm 125mm 160mm
F (DIM) S0mm 100mm 100mm
G [(USA) 3.000" 4.000" 5.000" | 6.000"
H (JI5) M16
J (DIN) M12 M16
K (USA) 548"-11 or M16
L 55mm 75mm | 100mm 135mm
N DIA I0mm
P DA 20mm 25mm
5 200mm 250mm F15mm 400mm
WEIGHT (KG) 53 g2 132 255
(& 7

MANUFACTURING ©C0O
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Appendix 7: The Designed V-Block Specifications

101

UNLESS OTHERWEE SPECIFIED:
DIFENSIONS ARE IN MILLIMETERS

SURFACE FINKH:

TOLERANCES:
LINEAR:
ANGULAR:

NAME
DRAMN
CHE'D
APPVD
MFG

QA

101

170

©
250

FINISH:

SIGNATURE

MATERIAL:

WEIGHT:

DEBUR AND
BREAK SHARP
EDGES

V-Block
- Gray Cast Iron.

- Designed tor modular fixture
system.

DO NOT SCALE DRAWING REVEIGHN

TITLE:

WG HO. V-BLOCK FOR RESEARCH A4

SCALES SHEET 1 OF 1
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Appendix 8: The Selected Workpiece

Specifications

150

250

Semi-Circular workpiece

Material : Gray Cast Iron

Density = 0.01 grams per cubic millimeter

Mass = 15904.31 grams

Volume = 2208932.33 cubic millimeters
Surface area = 114076.32 millimeters”2
Center of mass: ( millimeters )

X =75.00

Y =-31.83
Z=125.00

TOLERANCES:
LINEAR:
ANGULAR:

UNLESS OTHERWISE SPECIFIED:
DIMENSIONS ARE IN MILLIVETERS
SURFACE FINISH:

EDGES

FINISH: DEBUR AND
BREAK SHARP

DO NOT SCALE DRAWING REVISION

HAME

SIGNATURE DATE

TILE:

DRAWN

CHK'D

|APPV'D

MFG

QA

MATERIAL

Part 1

Ad

WEIGHT:

SCALELS | SHEET 1 OF 1
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Appendix 9: The Riser Blocks Specifications

MATERIAL: 1041 steel, black oxide finish

For C Mounting Screws
C Tapped Hole

/C Tapped Hole
‘ P r,

m
i e 1S
N 2—-
- B-50Q .~ - A
C SOCKET-HEAD
SIFE PART NO. A B DIA CAP SCREW
(2 REQD)
CL-MF40-1501 1" . . CL-1/2-13x1.50-SHCS
STANDARD CL-MF40-1602 2 21518 1213 CL-1/2-132.75-5SHCS
CL-MF50-1601 1" CL-58-11x2.00-5SHCS
HE&AW B 3-aE" 5a 11
CL-MF50-1602 2 CL-58-11x3.00-SHCS
MAMNMUFACTURING CO
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Appendix 10: Downthrust Back Stop

Specifications

MATERIAL: Body > Grey cast

iron, ASTM class 40, black

oxide finish. Jaw > 1045 steel, —
heat treated Rc 40-45, black

oxide finish.

Va 816 1.0. WASHER

-

3-9M16
= 2-38 =
2-15/16
(1N | | |
SOCKET-HEAD
CAP SCREWS REPLACEMEMNT
SIZE PART MO, (2 OR 4 REQD) JAW
STANDARD | CLMFA0-1104 |{4) CL-1/2-13x2 25-5HCS CL-MFAD-1414
HEAVY CL-MF50-1104 ((2) CL-58-11x3.00-5HCS CL-MFAD-1111

MANUFACTURING C O

4y
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Appendix 11: Pivoting Edge Clamp Specifications

MATERIAL: Body > Grey cast iron, Vs 9/16 1.0. WASHER
ASTM class 40, black oxide finish. i

Jaw > 1045 steel, heat treated Rc T

40-45, black oxide finish. Clamping 9162 3-918
screw > High-carbon steel, heat '
treated, black oxide finish. T

=

= T1 5M6 |
=T E-g{g L 2-3/8
\— IBEP

MAX. CLAMPING SOCKET-HEAD
SIZE PART NO. FORCE (N) CAP SCREWS “EPL‘jfﬁHE”T

HORIZONTAL | VERTICAL (2 OR 4 REQD)
STANDARD | CL-MF40-1001 5900 ga0 (4) CL-1/2-13%2.25-5HCS CLMEA0-1011
HEAWY CL-MF50-1001 19000 3200 (2] CL-5/3-11x3.00-5HCS _—

(4

MANUFACTURING C O
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Appendix 12: The Developed VB Codes for
Adding the Fixture Elements

Dim swApp As Object

Dim Part As Object

Dim boolstatus As Boolean

Dim longstatus As Long, longwarnings As Long
Sub main()

Set swModel = objSolidWorks.ActiveDoc

Dim CompNames(0) As String

Dim vComps As Variant

vComps = swModel.AddComponents((CompNames), (Taansf))
swModel.ViewZoomtofit2

End Sub

Dim swApp As Object

Dim Part As Object

Dim boolstatus As Boolean

Dim longstatus As Long, longwarnings As Long
Sub main()

Dim swModel As SldWorks.ModelDoc?2

Set swModel = objSolidWorks.ActiveDoc

Dim CompNames(0) As String

148



Appendices

Dim vComps As Variant

vComps = swModel.AddComponents((CompNames), (Taansf))
swModel.ViewZoomtofit2

End Sub

Dim swApp As Object

Dim Part As Object

Dim boolstatus As Boolean

Dim longstatus As Long, longwarnings As Long
Sub main()

Set swModel = objSolidWorks.ActiveDoc

Dim CompNames(0) As String

Dim vComps As Variant

vComps = swModel.AddComponents((CompNames), (Taansf))
swModel.ViewZoomtofit2

End Sub

Dim swApp As Object

Dim Part As Object

Dim boolstatus As Boolean

Dim longstatus As Long, longwarnings As Long
Sub main()

Set swModel = objSolidWorks.ActiveDoc

Dim CompNames(0) As String

Dim Transforms(15) As Double

Transforms(0)=1
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Dim vComps As Variant

vComps = swModel.AddComponents((CompNames), (Taansf))
swModel.ViewZoomtofit2

End Sub

Dim swApp As Object

Dim Part As Object

Dim boolstatus As Boolean

Dim longstatus As Long, longwarnings As Long

Sub main()

Set swModel = objSolidWorks.ActiveDoc

Dim CompNames(0) As String

Dim vComps As Variant

vComps = swModel.AddComponents((CompNames), (Taansf))
swModel.RotateComponent

boolstatus = swModel.Extension.SelectByID2("", "FAC -0.4037392805095, 0.191491914306,
0.3452716403103, False, 0, Nothing, 0)
swModel.ClearSelection2 True

swModel.ViewZoomtofit2

End Sub
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Appendix 13: The Developed VB Codes for

Automating Fixture Elements Assembly

Sub main()

Dim boolstatus As Boolean

Dim longstatus As Long

Set objSolidWorks = New SldWorks.SldWorks

objSolidWorks.Visible = True

Dim swModel As SldWorks.AssemblyDoc

Set swModel = objSolidWorks.ActiveDoc

boolstatus = swModel.Extension.SelectByID2("", "HRC0.1491769570417, 0.2389194294356,
0.2222602258129, True, 1, Nothing, 0)

boolstatus = swModel.Extension.SelectByID2("", "HAC0.03054176525694, 0.07545823474305,
0.2199692013458, True, 1, Nothing, 0)

Dim myMate As Object

(", "FACE", 0.0922756090352, 0.179857158362, a£¥72606054, True, 1, Nothing, 0)
boolstatus = swModel.Extension.SelectByID2("", "HAC0.123321758926, 0.05932175892599,
0.1038717492195, True, 1, Nothing, 0)

Set myMate = swModel. AddMate3(4, 1, False, 0.0932030358, 0, 0, 0.001, 0.001,
0.5235987755983, 0.5235987755983, 0.523598775%388¢, longstatus)
swModel.ClearSelection2 True

swModel.EditRebuild3

End Sub

Sub main()

Dim boolstatus As Boolean

Dim longstatus As Long

objSolidWorks.Visible = True

Dim swModel As SldWorks.AssemblyDoc

Set swModel = objSolidWorks.ActiveDoc

boolstatus = swModel.Extension.SelectByID2("", "HAC0.17, 0.005273173233036,
0.1540452557745, True, 1, Nothing, 0)

swModel.ClearSelection2 True

boolstatus = swModel.Extension.SelectByID2("", "EPG0.1702380237501, -0.000184875798368,
0.09706913104702, True, 1, Nothing, 0)

boolstatus = swModel.Extension.SelectByID2("", "EPG0.3933062959771, -2.860597430185E-
04, 0.1728420469362, True, 1, Nothing, 0)

Dim myMate As Object

Set myMate = swModel.AddMate3(5, -1, False, 0.28900.29, 0.001, 0.001, 0, 0.5235987755983,
0.5235987755983, False, longstatus)

swModel.ClearSelection2 True

swModel.EditRebuild3

boolstatus = swModel.Extension.SelectByID2("", "EPG0.10168002521, 4.238525435198E-04,
0.2447120408373, True, 1, Nothing, 0)
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boolstatus = swModel.Extension.SelectByID2("", "EPG0.1560793621731, -4.820820115015E-
04, 0.3932655194037, True, 1, Nothing, 0)

Set myMate = swModel.AddMate3(5, -1, False, 0.29900.29, 0.001, 0.001, 0, 0.5235987755983,
0.5235987755983, False, longstatus)

swModel.ClearSelection2 True

swModel.EditRebuild3

swModel.ViewZoomtofit2

End Sub

Sub main()

Dim boolstatus As Boolean

Dim longstatus As Long

objSolidWorks.Visible = True

Dim swModel As SldWorks.ModelDoc?2

Set swModel = objSolidWorks.ActiveDoc

boolstatus = swModel.Extension.SelectByID2(", "EBPG0.01839843730374, 0.2752110322098, -
0.01201256999275, True, 1, Nothing, 0)

boolstatus = swModel.Extension.SelectByID2("", "EBPG0.04972361978395, 8.729106634178E-
04, 0.3676702442841, True, 1, Nothing, 0)

Dim myMate As Object

Set myMate = swModel.AddMate3(1, 1, False, 0.00D,®.001, 0.001, 0.5235987755983,
0.5235987755983, 0.5235987755983, False, long3tatus

swModel.ClearSelection2 True

swModel.EditRebuild3

End Sub

Sub main()

Dim boolstatus As Boolean

Dim longstatus As Long

objSolidWorks.Visible = True

Dim swModel As SldWorks.AssemblyDoc

Set swModel = objSolidWorks.ActiveDoc

boolstatus = swModel.Extension.SelectByID2("", "HAC0.1246340732295, 0, 0.3737372818263,
True, 1, Nothing, 0)

boolstatus = swModel.Extension.SelectByID2(", "HAC0.07353852785116, 0.25,
0.3239059690717, True, 1, Nothing, 0)

Set myMate = swModel. AddMate3(0, 1, False, 0.2%,®.001, 0.001, 0, 0.5235987755983,
0.5235987755983, False, longstatus)

swModel.ClearSelection2 True

swModel.EditRebuild3

swModel.ViewZoomtofit2

End Sub

Sub main()

Dim objSolidWorks As SldWorks.SldWorks
Dim boolstatus As Boolean

Dim longstatus As Long

Set objSolidWorks = New SldWorks.SldWorks
objSolidWorks.Visible = True

Dim swModel As SldWorks.AssemblyDoc

Set swModel = objSolidWorks.ActiveDoc
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boolstatus = swModel.Extension.SelectByID2("", "EPG0.0631230626239, 0.274745133787, -
0.055454482855, True, 1, Nothing, 0)

boolstatus = swModel.Extension.SelectByID2("", "EPG0.1021572791724, -5.732665542837E-
04, -0.1416418810753, True, 1, Nothing, 0)

Dim myMate As Object

Set myMate = swModel. AddMate3(1, 1, False, 0.000,®.001, 0.001, 0.5235987755983,
0.5235987755983, 0.5235987755983, False, long¥tatus

swModel.ClearSelection2 True

swModel.EditRebuild3

End Sub

Sub main()

Dim boolstatus As Boolean

Dim longstatus As Long

Dim swModel As SldWorks.AssemblyDoc

Set swModel = objSolidWorks.ActiveDoc

boolstatus = swModel.Extension.SelectByID2("", "HAC0.2675137701884, 0, -
0.06124025063497, True, 1, Nothing, 0)

boolstatus = swModel.Extension.SelectByID2("", "HRC0.05637241961307, 0.25, -
0.1006806557063, True, 1, Nothing, 0)

Dim myMate As Object

Set myMate = swModel.AddMate3(0, 1, False, 0.2%,®.001, 0.001, 0, 0.5235987755983,
0.5235987755983, False, longstatus)

swModel.ClearSelection2 True

swModel.EditRebuild3

swModel.ViewZoomtofit2

End Sub

Sub main()

Dim boolstatus As Boolean

Dim longstatus As Long

objSolidWorks.Visible = True

Dim swModel As SldWorks.AssemblyDoc

Set swModel = objSolidWorks.ActiveDoc

boolstatus = swModel.Extension.SelectByID2("", "EPG0.1223676941368, 0.275610948425, -
0.04466233385068, True, 1, Nothing, 0)

boolstatus = swModel.Extension.SelectByID2("", "EPG0.09542145898138, 0.02510347609086, -
0.1329716473293, True, 1, Nothing, 0)

Dim myMate As Object

Set myMate = swModel. AddMate3(1, 0, False, 0.000,®.001, 0.001, 0.5235987755983,
0.5235987755983, 0.5235987755983, False, long¥tatus

swModel.ClearSelection2 True

swModel.EditRebuild3

End Sub

Sub main()

Dim objSolidWorks As SldWorks.SldWorks
Dim boolstatus As Boolean

Dim longstatus As Long

Set objSolidWorks = New SldWorks.SldWorks
objSolidWorks.Visible = True
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Dim swModel As SldWorks.AssemblyDoc

Set swModel = objSolidWorks.ActiveDoc

boolstatus = swModel.Extension.SelectByID2(", "HAC0.09780215089165, 0.02539999999999,
0.1234941552973, True, 1, Nothing, 0)

boolstatus = swModel.Extension.SelectByID2("", "HAC0.06505125074682, 0.25, -
0.08787559227693, True, 1, Nothing, 0)

Dim myMate As Object

Set myMate = swModel.AddMate3(0, 1, False, 0.224®, 0.001, 0.001, 0, 0.5235987755983,
0.5235987755983, False, longstatus)

swModel.ClearSelection2 True

swModel.EditRebuild3

swModel.ViewZoomtofit2

End Sub

Sub main()

Dim boolstatus As Boolean

Dim longstatus As Long

objSolidWorks.Visible = True

Dim swModel As SldWorks.AssemblyDoc

Set swModel = objSolidWorks.ActiveDoc

Dim myModelView As Object

Set myModelView = swModel.ActiveView
myModelView.RotateAboutCenter 0.00385584136326, 0

Set myModelView = swModel.ActiveView

, -0.04544669051117

Set myModelView = swModel.ActiveView
myModelView.RotateAboutCenter 0.0231350481795@)9846782944087
Set myModelView = swModel.ActiveView
myModelView.RotateAboutCenter 0.02699088954282, 702123136262
Set myModelView = swModel.ActiveView

= swModel.ActiveView

myModelView.RotateAboutCenter 0, -0.03787224209264

Set myModelView = swModel.ActiveView
myModelView.RotateAboutCenter 0, -0.06817003576676

Set myModelView = swModel.ActiveView
myModelView.RotateAboutCenter 0.007711682726521580211389297
Set myModelView = swModel.ActiveView
myModelView.RotateAboutCenter 0.0038558413632&)6817003576676
Set myModelView = swModel.ActiveView
myModelView.RotateAboutCenter 0.0038558413632&)580211389297
Set myModelView = swModel.ActiveView
myModelView.RotateAboutCenter 0.00385584136326)1514889683706
Set myModelView = swModel.ActiveView
myModelView.RotateAboutCenter 0.0077116827265212P72334525559
Set myModelView = swModel.ActiveView
myModelView.RotateAboutCenter 0.0192792068163,984% 782944087
Set myModelView = swModel.ActiveView
myModelView.RotateAboutCenter 0, -0.01514889683706

Set myModelView = swModel.ActiveView
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myModelView.RotateAboutCenter 0, -0.007574448418529

Set myModelView = swModel.ActiveView

myModelView.RotateAboutCenter 0, -0.03787224209264

Set myModelView = swModel.ActiveView

myModelView.RotateAboutCenter 0.00385584136326)1514889683706

Set myModelView = swModel.ActiveView

myModelView.RotateAboutCenter 0, -0.01514889683706

Set myModelView = swModel.ActiveView

myModelView.RotateAboutCenter 0, -0.007574448418529

Set myModelView = swModel.ActiveView

myModelView.RotateAboutCenter 0, -0.007574448418529
swModel.ViewZoomTo2 0.0212181493487, 0.1251350780851.529657559701,
0.1094381314061, 0.0034138369785, 0.1529657559701

boolstatus = swModel.Extension.SelectByID2("", "HAC0.1433363482482, 0.1158232641093, 0,
True, 1, Nothing, 0)

boolstatus = swModel.Extension.SelectByID2("", "EPG0.08927657952108, 0.08405116105402, -
0.002495254901532, True, 1, Nothing, 0)

Dim myMate As Object

Set myMate = swModel.AddMate3(0, -1, False, 0.0@&382402813, 0, 0, 0.001, 0.001,
0.5235987755983, 0.5235987755983, 0.5235987755383%, longstatus)
swModel.ClearSelection2 True

swModel.EditRebuild3

swModel.ViewOrientationUndo

swModel.ShowNamedView2 "*Trimetric", 8

swModel.ViewZoomtofit2

End Sub
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