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Abstract 
In this paper, the development of an Information Intensive 

Function Model (IIFM) of fixture design activities is dis- 
cussed. This function model was developed using the IDEF- 
0 (Integrated Definition) methodology and was built primarily 
after interacting with expert fixture designers. In addition, 
knowledge from fixture design, tool design, and metalcutting 
handbooks and from journal papers was used to lend a holis- 
tic flavor to the developed IDEF-0 model. An IDEF-0 model- 
ing software tool, AI0 Win@, was used to build this model at 
various levels of decomposition. This paper also discusses 
the importance of IlFMs in the current and future design of 
Computer Aided Fixture Design (CAFD) systems. 
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Introduction 
Fixture design is a complex task that has been 

viewed by industrial practitioners and researchers as 
a vital link between design and manufacturing activ- 
ities (Sakurai 1990; Senthil Kumar, Subramaniam, 
Seow 1997). Computer Aided Fixture Design 
(CAFD) is a crucial task whose realization will 
enable the integrated accomplishment of computer- 
aided design (CAD) and computer-aided manufac- 
turing (CAM) activities in modern manufacturing 
environments. There have been numerous efforts to 
automate fixture design activities and develop 
CAFD methods for rotational and prismatic parts 
manufacturing (see references l-22, 24-39, 41, 42, 
45, 46). However, there has been a lack of effective 
CAFD techniques to fill the void between CAD and 
CAM, and automated fixture design techniques con- 
tinue to be the focus of manufacturing research 
efforts. There is a need to better understand the com- 
plex tasks and subtasks within the fixture design 
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activity by developing a function model of overall 
activities. Such a model would not only help the 
understanding of the complex functions and task 
accomplishments within fixture design but would 
result in a model of what was being accomplished by 
the various functions. In general, a function model 
can be described as a representation of activities 
(within a target focus area or system) and the rela- 
tionships between them. A function model can also 
enable understanding of the impact and role of vari- 
ous information inputs and controls in the accom- 
plishment of activities. 

Past efforts have not emphasized the use of for- 
mal models or representations as a basis for design- 
ing and developing CAFD systems. The research 
activity discussed here explores the role of informa- 
tion intensive function models (IIFM), which can be 
a valuable tool in obtaining a better understanding of 
complex activities and tasks in a domain such as fix- 
ture design. Further, these models provide a struc- 
tured basis of communication to concurrent engi- 
neering (CE) teams, who will be impacted by (and 
who impact) the activities within fixture design. 
Function models can also be used as a requirements 
definition map by software engineers who support 
the implementation of software systems that accom- 
plish CAFD. A formally structured model can more 
effectively convey the complex relationships and 
dependencies among subactivities. Other engineers 
(such as product designers or machinists) involved 
in the life cycle of a product, and who are not famil- 
iar with fixture design activities, can get a better 
understanding of the interrelationships and the need 
for feedback (and timely communication) among 
their respective CE teams before an infeasible 
design idea progresses toward other downstream 
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activities. The power of IIFMs lies in their ability to 
describe what can or will be accomplished by a sys- 
tem, human team members, and other resources. 
IIFMs explicitly capture intricate relationships 
between information sources, bottleneck-oriented 
constraints (for example, availability of data or some 
other internal attribute), and the software or hard- 
ware mechanisms that work together to accomplish 
a given activity. In today’s information technology 
oriented manufacturing environment, the design of 
manufacturing-related software systems must be 
accomplished taking into consideration such infor- 
mation attributes (that are captured in IIFMs). 
Fixture design is a complex task , and understanding 
the relationships explicitly and building an IIFM of 
these attributes lays the foundation for implement- 
ing effective CAFD approaches. It also provides a 
common language for reasoning a specific 
approach, enables CE team members to understand 
and communicate potential problems (in informa- 
tion availability) more effectively, and proposes 
ways to accomplish a core set of activities in a more 
integrated manner. Using the function model of fix- 
ture design activities, a preliminary version of a 
CAFD system called TAMIL (Towards A 
Manufacturing Integration Link) has been devel- 
oped (Cecil 2001). The IIFM provided a fundamen- 
tal basis to understand and map complex relation- 
ships, study information flow, and then design and 
build a system to automate fixture design activities. 

IDEF-0 methodology was.used to build the IIFM. 
The IDEF-0 model resulting from the use of this 
methodology provided a foundation for understanding 
the complex activities in fixture design and facilitated 
the definition of activities and information surround- 
ing these functions. In other initiatives, the IDEF-0 
method has been used as a powertil modeling tool for 
analysis, specification, and design of manufacturing 
and other systems (Cecil 1995; Mayer, Keen, Blinn 
1990). The four basic attributes modeled for each 
activity (and subtasks) include inputs, controls, out- 
puts, and mechanisms (termed ICOMs, see Figure I). 
The IDEF-0 method includes a graphical language 
that enables the user to describe the activities being 
modeled in a powerful hierarchical manner. The root 
or highest level in this hierarchical structure has lower 
level, or children, nodes that detail the fUnctiona 
activity being modeled. A traversal of this hierarchy 
unfolds the details of the children activities and the 
objects that form the relations between these activities. 

INPUT 

CONTROL 

MECHANISM 

OUTPUT 

Figure I 
ICOM Attributes Illustrated in an IDEF-0 Model 

Function Model Development 
and Descriptions 

The IDEF-0 function model discussed was built 
after studying the accomplishment of fixture design 
activities by expert fixture designers and process 
planners. Knowledge and information from fixture 
design, tool design, and metalcutting handbooks and 
from journal papers has also been used to develop a 
more holistic IDEF-0 model. Additional discussion 
of the information represented in an IDEF-0 model 
is provided in the section entitled IDEF-0 Function 
Model of Fixture Design. 

Domain experts included a process planner 
(expert A), a tool engineer (expert B), and an engi- 
neering instructor (expert C). Expert A works in a 
machine shop and has more than 20 years of experi- 
ence performing process planning, fixture design, 
and machining in a job shop, which produces both 
rotational and prismatic parts. Expert B is a tool 
engineer in the automobile industry with a decade of 
industrial experience who designs jigs and fixtures 
for parts used in th.e production of cars and trucks. 
Expert C is a mechanical engineering instructor who 
teaches fixture design-related courses and had pre- 
viously worked as a fixture designer in the automo- 
bile industry. 

Verbal Protocol Analysis was used as the 
method of acquiring detailed knowledge from the 
domain experts. After being given a product 
design and designing the fixture, each expert pro- 
vided explanations of a list of possible designs (or 
conclusions). After the experts completed the nec- 
essary explanations, the model developer reviewed 
the description of the protocol (or steps used to 
arrive at the fixture designs) and added more 
details if necessary (Cecil 2000). 
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Another protocol used in knowledge acquisition 
for the fixture design activity was blind problem dis- 
cussion (Tuthill 1990). Fixture designs from another 
knowledge expert, as well as from books and papers, 
were used in the discussion. Each fixture design 
expert was presented with a part design (design A) 
and asked to design a fixture for that part design. 
Each expert’s organization of knowledge, the 
hypotheses considered the influence of various fac- 
tors during analysis, and the determination of the 
overall detailed design were recorded. This recorded 
approach was compared with the approach 
described by other fixture design experts for the 
same part design. By comparing and contrasting the 
approaches of these fixture designers, a better 
understanding of the fixture design activity was 
obtained. This technique was repeated with 
approaches detailed in books and manuals. 
Numerous questions were asked to clarify why cer- 
tain tasks were performed and what role specific 
factors or inputs played in the fixture design. The 
intent was to obtain an understanding of analysis cri- 
teria in fixture design. Typical questions explored by 
the model developer included: what types of infor- 
mation were required to determine problem bound- 
aries; what level of detail in the solution (or design) 
was required; how to decompose a problem into sub- 
problems; and what types of analytical and heuristic 
rules were typically used or required to validate the 
final design solution (without having to build an 
actual fixture of the developed fixture design). 

The domain experts’ conclusions were analyzed 
further by posing ‘what-if’ scenarios to understand 
more about the problem solution. A follow-up post- 
session discussion helped explore each factor and 
attribute that seemed to influence development of 
the problem solution. This discussion helped estab- 
lish individual contributions of the various inputs or 
factors (such as tolerances, feature attributes, etc.) to 
the overall fixture design activity. 

IDEF-0 Function Model of 
Fixture Design 

In this section, the IDEF-0 model of fixture design 
is presented and a brief discussion of each activity 
performed in fixture design is provided. In general, 
an IDEF-0 model includes a summary (purpose, 
viewpoint, context), decomposition diagrams, 
descriptions of the modeled activities, and a glossary 

Fixture dyign principles/concepts 

Product desiqn data ) 

Initial (raw) workpiece 
specifications 

Tentative machining sequences 

Develop fixture designs 

t Fixture designer 

Figure 2 
A-O Level Diagram of Fixture Design Activity 

of the ICOM attributes captured in the model. In this 
paper, the top level and decomposition diagrams are 
illustrated in Figures 2, 3, 4, 6, 8, 9, and 13. 

The purpose of building this IDEF-0 model was 
to provide a better understanding of the various 
activities (and subactivities and tasks) performed 
within fixture design and capture the complex inter- 
relationships among these activities and their 
decompositions. This function model was used to 
build an automated fixture design system to serve as 
a link between CAD and CAM activities. The mod- 
eling viewpoint was from an industrial engineer 
with a strong background in both design and manu- 
facturing who has performed fixture design activi- 
ties and is familiar with fundamental fixture design 
tasks. The context for building any IDEF-0 function 
model is provided in a diagram referred to as a con- 
text diagram (shown in Figure 1). The specific con- 
text-level diagram for the modeled fixture design 
activities is shown in Figure 2. For the fixture design 
activities, inputs assumed to be available to the fix- 
ture designer include product design information 
(such as design drawings/CAD models, tolerance 
specifications, etc.) and workpiece material. Inputs 
can be real objects or data needed to perform a l&c- 
tion. Information such as the process sequence, 
machining tool path information, and manufacturing 
resources capabilities (that influence the fixture 
design task) are modeled as controls. The fixture 
designer begins the fixture design task with a tenta- 
tive process plan. Outputs from the fixture design 
task include the validated fixture design and feed- 
back to the process planner and the designer. The 
complete model, along with illustrated examples, is 
discussed in the following sections. 
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Context Diagram for ‘Develop Fixture Designs’ 
The A0 level diagram, which served as the con- 

text diagram for the modeling task (pertaining to 
developing fixture designs), is shown as Figure 2. 
This activity has five major subactivities (Al, A2, 
A3, A4, and A.5) (Figure 3). Each of these activities 
is described in detail in the following sections. 

Study the Product Design (Al) 
The first activity (Al in Figure 3) performed by 

fixture designers is to study the part drawing. This is 
a crucial activity that enables the fixture designer to 
understand the design. This understanding has a 
major influence on each of the remaining activities 
performed by the fixture designer. 

Analyze the Machining Requirements (A2) 
Using the assimilated information about the given 

product design, the fixture designer then proceeds to 
analyze the machining requirements involved (activ- 
ity A2 in Figure 3). This enables the fixture design- 
er to identify machining constraints, such as special 
chip removal considerations and aspects related to 

support and locator design. Another output from this 
activity is the generation of setups to machine the 
given part design, taking into consideration its 
design, process sequence, and the available machin- 
ing capabilities. 

Develop Skeletal Fixture Design (A3) 
The third activity (A3) is the evolution of the 

skeletal fixture design where the fixture designer 
produces an outline of the overall fixture design 
(Figurye 3). Such an outline includes tentative sup- 
port, location, and clamping approaches. Any con- 
flicts between these three approaches are resolved 
before the next activity (detailing and consolidating 
the fixture design) is performed. Interestingly, some 
experienced fixture designers occasionally skip this 
task (performing preliminary fixture design). Their 
experience enables them to perform detailed sup- 
port, location, and clamping designs that are usually 
feasible. 

Detail and Consolidate Fixture Design (A4) 
In this activity (Figure 3), the fixture designer 

Figure 3 
Decomposition of ‘Develop Fixture Designs’ Activity 
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performs the support, locator, and clamp design. At 
the completion of this activity, the support, location, 
and clamping faces on the workpiece are deter- 
mined. The associated support, location, and clamp- 
ing devices selected to perform their respective 
functions are identified (including the material and 
dimensions of each of the selected devices). Finally, 
the fixture designer performs a cursory check to 
ensure that the overall design of the support, loca- 
tors, and clamps are compatible. This latter activity 
is performed to identify and rectify situations such 
as when a clamp is positioned over a flat plate loca- 
tor butting against an additional locating face, etc. 
The fixture designer also ensures that for every loca- 
tor used against the primary (plf) and secondary 
locating faces (slf), there is a clamp or locator used 
on another face (called the additional location face 
and is parallel to the locating face [lfJ) to ensure that 
the workpiece is restrained along the X, y, and z axes. 

Validation of Fixture Design (AS) 
The fixture design is reviewed in this final 

activity of validation (A5 in Figure 3). The issues 

addressed include ensuring feasibility of the loca- 
tion surfaces used, ensuring that chip accumula- 
tion does not affect the stability of the workpiece, 
and making sure the machine tool path does not 
intersect with the clamps used in the fixture during 
the actual manufacture of the part, etc. If the fix- 
ture design is invalid, the factor (or aspect of the 
design) causing the invalidation must be addressed 
(this is modeled as a feedback loop to A3 and A4). 
Based on the nature of the invalidation, an alter- 
nate design may be produced. If an alternate 
design cannot be produced, the fixture designer 
informs the process planner about the problem (for 
example, being unable to perform location, or 
unable to identify a feasible clamping point on the 
workpiece, etc.) 

Decomposition of Activity Al (‘Study given 
product design’) 

In this activity, ‘study given product design’ 
(Figure 4), the geometry and topology of the part 
design are studied (All), the features occurring 
on the part design are identified (A12), and toler- 

Figure 4: Decomposition of ‘Study Given Product Design (Al) 

Decomposition of ‘Study Given Product Design’ Activity Al 
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ante specifications are analyzed (A13). The gen- 
eral shape and size of the part design are 
reviewed, and the fixture designer forms a mental 
picture of the difficulty or ease of the fixture 
design task ahead. The types of features on the 
part design are then identified and the physical 
occurrence (or geometrical positions) of the vari- 
ous features on different faces of the part design 
is carefully observed. Occurrences of feature 
intersections are also noted (mentally). Next, the 
fixture designer studies the given tolerance speci- 
fications for various features on the part design; 
the fixture designer identifies the tolerance planes 
or datum reference planes for each feature. (This 
activity is a precursor to identifying the datum or 

face f2 

Figure 5 
Example of a Part Design 

Decomposition of Activity A2 (‘Analyze 
machining requirements’) 

reference planes in each setup, which is per- Under the category ‘Analyze Machining 
formed later.) Figure 5 illustrates an example of a Requirements’ (Figure 6) the first activity involves 
part design with tolerances (units in mm) and two identifying machining requirements (A2 1). The fix- 
features-step and a blind hole. The datum planes ture designer studies the machining requirements of 
given are faces f5, f7, and fl. each feature in the given part design. Any machining 

Ml 

Decomposition of ‘Analyze Machining Requirements Activity A2 
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constraint that may influence the design of the fix- 
ture is identified. The machining constraints influ- 
encing fixture design depend on the type of feature 
being machined. An example of this would be 
whether the machining of a feature (such as a 
through-hole or slot) influences the design of a sup- 
port or locator. Machining a through-hole requires 
that care be taken while designing a support. A key 
aspect to be addressed is ensuring that the machine 
cutting tool (such as a drill) is able to drill through 
the bottom face (and ‘clear’ the bottom face in ref- 
erence). This would require that the support device 
used be designed to provide a relief for the drill tool 
to clear the bottom face while machining the 
through-hole in reference. The machining of a slot 
or any other feature that straddles two faces (or 
occurs across two faces) also needs to be studied. 
Machining of slots necessitates a side height clear- 
ance to allow the milling cutter to machine the 
entrance of the slot. The face possessing the 
entrance of a slot can be used as a locating or addi- 
tional locating surface as long as the locating device 
does not obstruct the machining of the slot (Figure 
7). Issues related to the machining of features are 
identified in this activity and are useful when the 
fixture designer performs detailed locator, support, 
and clamp design in the later stages. 

The next activity, ‘Identify chip removal require- 
ments’ (as indicated in Figure 6), is closely related to 
activity A21. The accumulation of chips during 
machining of features such as through-holes needs 
to be addressed. The type of machine tool used also 
influences the chip accumulation problem. For 
example, if a machine tool such as a gun drill is 
used, chip accumulation is not a problem because a 
gun drill collects the chips with the used coolant 
during drilling and disposes them using a suction 
mechanism. When other drill tools are used, the fix- 
ture designer has to incorporate a relief design in the 
support device to minimize the accumulation of 
chips during machining. 

Another activity relates to grouping possible 
operations (A23 in Figure 6). The major machining 
constraint addressed by the fixture designer is in the 
generation of setups; the goal in this activity is to 
enable the machining of as many features as possi- 
ble in a setup. The major constraint is the capability 
of the machines available on the shop floor (tenta- 
tively specified by the process planner; see Figure 
2). Various setups to machine the features on the 

Horizontal 

Dimensions of locator should allow for machine tool 
clearance to machine the slot. 

Figure 7 
Analyzing Machining Requirements 

given part design are generated based on the direc- 
tion of machining, the process sequence, and the 
machining capabilities of available machines on the 
shop floor. The fixture designer identifies the 
machining directions to produce each of the features 
on a given part design. Features that possess the 
same machining direction (that can be machined on 
an assigned machine per the process sequence pro- 
vided) are grouped together and form one setup. For 
the part design shown in Figure 5, both of the fea- 
tures can be machined in the same setup. 

The last activity of A2 (see Figure @) is to identi- 
fy potential reference planes (A24). After determin- 
ing the various machining setups, the fixture design- 
er attempts to identify reference planes (or features) 
for each setup. The guiding theme in this activity is 
to accurately locate various features to be machined 
in a setup. In general, fixture designers prefer the 
use of pre-machined (or pre-existing) through-holes 
and a pair of adjacent perpendicular faces. Dowel 
pins inserted into through-holes position the work- 
piece accurately and hold that position well during 
machining. A pair of flat plate locators butting 
against a corresponding pair of right-angled surfaces 
rigidly ensures accurate work-piece location during 
machining. For the features to be machined in 
Figure 5, faces 1, 5, and 7 can serve as potential ref- 
erence planes. 

Decomposition of Activity A3 (‘Perform skeletal 
fixture design’) 

The activity ‘performing a skeletal fixture design’ 
(activity A3 in Figure 3) can be decomposed as shown 
in Figure 8. The term ‘skeletal fixture design’ refers to 
the general design idea to support, locate, and clamp a 
workpiece in a setup. For instance, a fixture designer 
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Figure 8 
Decomposition of ‘Perform Skeletal Fixture Design’ (A3) 

may initially decide on: (1) using a support against the 
bottom face of a part; (2) using a pre-machined hole to 
locate all features to be machined in that setup; and (3) 
adopting a side clamping method to hold a workpiece. 
This initial design is based on the fixture designer’s 
understanding of the features to be produced, the 
datum planes in that setup, and the nature,of the base 
and side faces (that is, are they planar and do they pos- 
sess enough area for a clamp to be used, among other 
issues). As mentioned earlier, experienced fixture 
designers usually focus on the detailed fixture design 
without developing a skeletal fixture design. The 
domain experts opined that during their initial years 
they performed skeletal fixture design before detailing 
the design; however, as their experience increased 
they became more skilled at producing a feasible fix- 
ture during their first attempt and gradually stopped 
developing the skeletal fixture design altogether. 

As indicated by activities A3 1, A32, and A33 in 
Figure 8, other fixture designers prefer a more orga- 
nized approach. They initially form a mental picture 

of each of the supporting, locating, and clamping 
techniques they think are feasible to hold, support, 
and locate the workpiece during machining (Cecil 
2000, Cecil 1995). A general outline of the fixture is 
produced after discarding infeasible designs or 
resolving conflicting design problems (as in A34). 
Conflicting design problems include issues such as 
determining whether the tentatively selected down 
clamping method (in A33) agrees with the location 
approach (in A32), such as using a radial location 
technique. If they are infeasible, then this conflict is 
resolved iteratively as indicated by the feedback 
loop (‘analysis feedback’) from activity A34. As 
indicated in activity A3, one of the controlling influ- 
ences is the term ‘fixturing design principles’. This 
refers to the embedded fixturing knowledge of the 
designer (including heuristics and expertise gained 
in this area) when performing the fixture design 
task. Knowledge of the fundamentals of fixture 
design, coupled with the heuristic base, is an impor- 
tant influence (or controlling factor) during the 
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rgure Y 
Decomposition of ‘Detail and Consolidate Fixture Design’ (A4) 

accomplishment of the fixture design. Such knowl- 
edge includes identifying the preferred choice of 
locating surfaces and whether there is a need for 
radial location, familiarity with different clamping 
methods (ranging from down clamping to side 
clamping), and so on. 

Decomposition of Activity A4 (‘Detail and 
consolidate fixture design’) 

Activity A4, which is to detail and consolidate the 
fixture design, is decomposed into four subactivities 
(as in Figure 9). 

Perform Support Design 
In the first subactivity (establish support plane 

and select support [A41]), the fixture designer deter- 
mines the support face in each setup and selects the 
type of support device to be used in the fixture. 
Influences on this activity include part design, type 
of feature to be machined in that setup, and machin- 
ing constraints. If machining is to be performed 

along a z-axis, then the fixture designer prefers to 
use a flat surface whose outer geometrical envelope 
along the x-y axis contains geometrical profiles of 
the features to be machined in that setup (Figure IO). 
This increases the stability of the workpiece during 
machining (which is a support design heuristic). If a 
through-hole needs to be drilled in that setup, then 
the machining constraints information will influence 
the fixture designer to select a flat plate with a relief 
incorporated in it. In Figure 10, a support block with 
a relief enables tool clearance during the drilling of 
a through-hole. 

Perform Locator Design 
The second subactivity in A4 (Figure 9) is to 

establish location planes and select locators (A42). 
The fixture designer uses the identified reference 
plane, part design information, and location design 
heuristics (gained from his or her experience) to 
determine a feasible location face on the workpiece. 
The location device is then selected based on the 
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Figure 10 
Machining Constraints Taken into Consideration 

Top View Secondary 
Locator 

Figure II 
, 

Using Locators for Part Design Shown in Figure 5 

nature of the locating faces, features to be machined 
and material of the workpiece. Flat plates (or three 
locating pins) are usually selected to serve as sec- 
ondary and tertiary locating faces. If any machining 
constraints exist for features such as blind slots, the 
flat plate size must not hinder the path of the cutting 
tool. By selecting a flat plate whose height does not 
overlap the entrance of the slot (to be machined), 
collision of the machine tool against the locator is 
prevented (see Figure 7). A V-block is commonly 
used when a pair of adjacent, perpendicular faces 
are identified as additional locating faces. For the 
part design shown in Figure 5, a V-block can be used 
to perform location as indicated in Figure 11. 

Perform Clamp Design 
The third subactivity in A4 is to perform the clamp- 

ing design (A43 in Figure 9). In this step, the machin- 
ing forces involved are considered and a clamping 
face is selected to apply clamping force. The fixture 
designer’s goal for this activity is to ensure that the 
machining forces do not lift or move the workpiece 
from its position with respect to the cutting tool. 
Clamping assists in the location task. In general, the 
fixture designer uses a clamp on a face that is parallel 
to a location or support face. The intention is to hold 

Tertiary Locator 

Secondary Locator 

Front View 

Figure I.2 
Clamp Positions with Respect to Locator Positions and Feature 

Occurrences 

the workpiece against the locator. The workpiece posi- 
tion, with respect to the machine tool, is maintained by 
holding the workpiece against fixed solid supports. 
The part design is analyzed to ensure that the clamp- 
ing region on the clamping face neither contains nor 
overlaps any features. This ensures that the machine 
tool does not collide with the clamp on the fixture. In 
Figure 12, the clamp face is parallel to the support 
face and the clamp position does not overlap any fea- 
ture locations. The size of the clamp depends on the 
magnitude of the machining force and the type of 
clamp material. Different clamp materials have differ- 
ent tensile strength values to withstand cutting forces. 

Consolidate Detailed Fixture Design 
The last subactivity (indicated in Figure 9) is to 

consolidate the detailed fixture design (A44). The 
fixture designer reviews the design generated after 
the detailed support, locator, and clamp design have 
been completed. Fixture designers (like most 
humans) are prone to committing mistakes. For 
instance, the selected support plate may not be large 
enough to also position the clamps and locators; thus, 
a support plate of a larger size would be required. In 
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Decomposition of ‘Validate Fixture Design’ Activity A5 

certain cases (where the part size is small and there 
is not enough region to use a clamp), the fixture 
designer may change the type of clamping approach. 
For example, side clamping may be preferred to the 
(original) down clamping design. The feedback loop 
‘design conflicts’ (in A44) reflects this occurrence. 
Based on such feedback, changes to the overall fix- 
ture design can be performed. 

Decomposition of Activity A5 (‘Validate fixture 
design’) 

After the detailed fixture design has been pro- 
duced, the fixture designer critically evaluates and 
validates the generated design (A5 in Figure 3); the 
decompositions of this activity are shown in Figure 
13. The first issue addressed is to ensure that the tool 
path approach does not intersect or overlap with 
clamp and locator positions (A5 1). The feasibility of 
location surfaces (or features) is analyzed with 
respect to the features to be machined in each setup 
(52). The fixture designer studies the tolerance spec- 
ification of each feature to determine whether it can 

be located accurately in relation to locating surfaces. 
In activity A53, the support design is studied to 
ensure relief designs have been incorporated, espe- 
cially when multiple through holes need to be 
machined in a given setup (Cecil 2000). The clamp- 
ing faces are studied to ensure they are planar in 
nature and do not overlap any features to be 
machined in that setup (A54 in Figure 13). If any 
validation criteria are not satisfied, the fixture 
designer reexamines the design problem for the 
associated criteria and makes the necessary design 
changes. The feedback loop to skeletal design and 
detailed design activities from each activity in A5 
reflect this action. Based on the redesign, the valida- 
tion task is performed again until all validation cri- 
teria are satisfied. The final output is a validated fix- 
ture design (the fixture shown in Figure 12). If the 
fixture designer is unable to determine a feasible 
clamping or locating face despite repeated attempts, 
the process planner is informed of this predicament. 
The resolution of such problems is beyond the scope 
of this model and is not addressed in this paper. 
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Conclusion 
In this paper, an IDEF-0 model was discussed 

that describes the major activities performed by 
expert fixture designers while designing a fixture 
for a given part design. The developed function 
model illuminates the complex activity of fixture 
design and provides a better understanding of the 
functional activities accomplished during fixture 
design. Further research efforts can extend the 
findings described herein by building more 
detailed decompositions of the fixture design 
activity that were not addressed in this research 
effort. In addition, while the IDEF-0 model pro- 
vides an understanding of what was being accom- 
plished it would be beneficial to develop other 
models that focus more on the temporal prece- 
dence of tasks and activities within fixture design 
(which cannot be explicitly captured in an IDEF-0 
model). The use of languages such as the 
Enterprise Modeling Language (EML)’ will help 
facilitate the capture of such time-based sequences 
of tasks and subtasks being modeled as well as 
provide an information-rich functional description 
of tasks and activities (VET1 2001). 

Based on the developed function model, some 
important observations can be concluded. The given 
product design and related machining requirements 
must be analyzed prior to performing the actual fix- 
ture design. These activities can be viewed as a set 
of preliminary design tasks performed by fixture 
designers (see Figures 3 and 4). Activities such as 
machining analysis (which have not been adequate- 
ly addressed by most CAFD-based techniques) are 
important activities performed by fixture designers 
to ensure that proper allowance is given for tool 
clearance and approach. To help facilitate early iden- 
tification and communication of such issues and 
problems in a CAFD context, virtual prototyping 
based analysis techniques can be beneficial. Using 
virtual prototyping, automated fixture design tech- 
niques (employed by cross-functional product 
/process design teams in a factory) can highlight 
problems long before a fixture design/process plan 
is released to downstream operations, such as 
machining or fixture assembly. Virtual prototyping 
will enable the identification of collisions between 
tool and fixture components, enable better under- 
standing of tool path issues, and identify the need 
for tool clearances during machining (which may 
otherwise be overlooked). Geometric reasoning 
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methods, automated feature extraction techniques, 
and tool path generation techniques can support the 
design of such virtual prototyping based approach- 
es, which can be viewed as the next generation of 
CAFD techniques. 

After the product design and associated machin- 
ing requirements are analyzed in preliminary design 
tasks, the second major activity is performing the 
support, locator, and clamp design for the fixture. 
The design of supports, locators, and clamps can be 
automated by using vector calculus, studying (cut- 
ting) force-balancing relationships (especially for 
clamp design), and using geometric reasoning meth- 
ods (to identify the most feasible areas to clamp, 
support, and locate a workpiece). Other researchers 
have also arrived at similar conclusions regarding 
the role of tolerances (Nee et al. 1992; Sakurai 1990; 
Senthil I&mar, Subramaniam, Seow 1999). 
Tolerances play an important and strategic role in 
locator design. The identification of datum surfaces 
and features for locating workpieces during machin- 
ing is critical. This task can be automated using a 
variety of techniques that enable analysis of rela- 
tionships between features to be machined and the 
existence of datum planes in each setup. 

Based on the model developed the third major 
theme-oriented activity is the validation of the 
designed fixture (prior to handing it over to the 
process planner or chief process engineer, in some 
cases, for review). Detection of profile intersections of 
clamp areas and feature locations, validation of the 
feasibility of location faces, and other issues can be 
automated using geometric reasoning algorithms and 
analysis techniques (to perform tasks that answer 
questions such as “does the clamp area profile overlap 
with the tool path profile?” and others). 

In conclusion, the fixture design task can comprise 
several phases, namely: a preliminary phase in which 
the focus is on studying the given product design; a 
functional analysis phase in which the support, locator, 
and clamp design is performed; and a final phase 
whereby the designed fixture is validated. Based on 
the understanding of fixture design activities from 
studying this model, a preliminary system TAMIL 
(Towards A Manufacturing Integration Link) has been 
implemented that accomplishes the fixture design 
tasks in distinct phases (Cecil 2001). 

Information intensive function modeling (IIFM) 
will continue to play an important role in understand- 
ing complex manufacturing-related domains, as well as 
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Figure 14 
Internet-Based Framework for Distributed Fixture Design 

serving as a basis for communication among concur- 
rent engineering teams who may be collocated or dis- 
tributed. In the rapidly emerging scenario of distributed 
virtual manufacturing, the need to build IIFMs for all 
life cycle activities at various levels of abstraction will 
become a necessity Computer-aided fixture design 
may no longer be performed by a single system; rather, 
the various activities and subactivities will be per- 
formed by distributed resources or modules that are 
heterogeneous (implemented in a variety of program- 
ming languages) and running on heterogeneous com- 
puting platforms (ranging from Unix’ to Windows@). 
The Internet can be a communication mechanism to 
link various bctions (and the associated software 
entities accomplishing those tinctions) at geographi- 
cally distributed locations around the world. Figure 14 
illustrates a distributed framework in which heteroge- 
neous software and information resources will collab- 
orate with each other in an integrated manner. A soft- 
ware-based fixture design manager will interact with a 
software-based life cycle product development manag- 
er to guide the accomplishment of fixture designs for 
proposed part designs. Then, this fixture design man- 
ager communicates those results to the distributed 
enterprise team members and other associated software 
components. In such an evolving virtual scenario, 
IIFMs will serve as a communication map that enables 
distributed teams to functionally model: 

. what activities will be accomplished by which 
software entity (or concurrent engineering team 
member); 

. the influencing constraints to accomplishing a cer- 
tain subtask. Some issues will become critical to 
developing the overall approach. For instance, 
access to information relating to the availability of 
fixture components, such as clamps or locators, by 
a virtual customer located in a distant country will 
become important, as will the nature of the data 
format in which this information is available; 

. which outcomes or decisions need to be com- 
municated to which software entity or team 
member, among others. 

IIFMs can then be viewed as a basis to conceptu- 
alize and detail ‘AS IS’ or ‘TO BE’ collaborative 
activities involving distributed teams and their 
resources. IIFMs also can be used for modeling 
other life cycle activities ranging from product 
design, process planning, and manufacturing control 
(among others), which can be used as a basis for 
accomplishing virtual enterprise oriented activities. 

To support better communication and cross-func- 
tional understanding among fixture designers, tool 
designers, process planners, and other manufacturing 
personnel, virtual prototyping based techniques can 
be developed that allow candidate fixture designs to 
be proposed, analyzed, modified (if necessary), and 
validated. This will enable earlier identification of 
problems before a part design is released to down- 
stream operations. It is important to realize that for 
CAFD to serve as an integrator between CAD and 
CAM it must be performed in a manner where 
upstream and downstream participants can under- 
stand problems and communicate effectively; the use 
of visualization and imersive virtual reality based 
environments (supported by virtual prototyping tech- 
niques) will facilitate effective communication 
among distributed cross-functional team members. 

Insights gained from the function model described 
in this paper can be used to explore the design and 
development of future CAFD methodologies. This 
model can serve as a basis for building advanced fix- 
ture design systems in the context of today’s evolving 
distributed manufacturing environments. 
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