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Abstract 

The traditional approach of designing good fixtures relies heavily on the experience of the tool 
designer. A good CAD system for fixture design helps in reducing the design time and also in 
producing quality designs by novice users. In this paper the development of a Computer Aided 
Design System for Milling Fixtures (CADSMF) has been presented. The system has been 
developed in a p/c environment under DOS operating system by using 'C' language and is 
interfaced with AutoCAD software. Additionally its necessary parametric programs for various 
standard components and assembly generation programs are coded in 'AutoLISP' and 
interfaced with the main system. The system is capable of generating part libraries for various 
standard fixture elements and also to guide a designer in an interactive mode towards the final 
design of fixtures. Its effectiveness has been tested with workpieces having different milling 
profiles. 
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1 INTRODUCTION 

Fixtures are commonly used to hold components firmly in position during manufacturing 
processes such as machining, welding or assembly. They essentially consist of three basic 
types of elements: locators, clamps and supports. Designing of fixtures is a highly complex 
and intuitive process and it is also a critical activity since substantial amount of time and cost 
are involved in designing and subsequent manufacturing of a fixture for a part and a chosen 
operation. Although the latest CAD/CAM technology and the use of CNC machines decrease 
the time involved in manufacturing a product, the need for a fixture can not be eliminated. In 
fact the use of latest manufacturing techniques and mass production systems increased the 
necessity of the usage of cost effective and good quality fixtures. Due to the requirement of 
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heuristic knowledge of experienced designers, development of computer aided fixture design 
systems has been attempted by few researchers in the past. Recent developments in 
CAD/CAM techniques, especially in the field of graphic interfaces, knowledge representation, 
feature recognition and extraction techniques have provided good opportunities to develop 
automated fixture design systems. 

An ideal milling fixture design system should reduce the time and cost in designing and 
fabricating special-purpose fixtures and should also reduce the time and cost associated with 
storing and retrieving the fixtures between different manufacturing operations. Since the 
parameters to be considered are many, it may not be possible to study different alternatives 
manually. To overcome such difficulties in fixture design, many researchers have attempted to 
develop automated fixture design systems by applying latest CAD/CAM and artificial 
intelligence techniques. Nee et al. (1989) have introduced artificial intelligence (AI) and 
Computer Aided Design concepts. In a later work, Nee and Senthil (1991) and Senthil et al. 
(1992) developed a rule-based expert system for automatic fixture design (AFD) in a flexible 
manufacturing environment by using a solid modeller. Nee and Zhang (1993) developed design 
interfaces between process planning and fixture design for prismatic parts. Pham et al. (1989) 
developed a fully-automated knowledge based system for jig and fixture design, in which they 
incorporated heuristic and analytical principles in the form of explicitly declared facts and rules 
as well as numerical procedures. Cabadaj (1990) has incorporated the influence of clamping 
and cutting forces on the setting up of workpiece in his fixture design system. Trappey and 
Liu (1989) and Huang and Trappey (1992) developed an automated fixture design system by 
making use of the Projective Spatial Occupancy Enumeration (PSOE) approach to simplify the 
representation of a general shape workpiece either prismatic or non-prismatic. Whybrew and 
Ngoi (1992) have employed a spatial representation technique in their modular fixture 
assembly system. They used this spatial representation technique to describe the geometries of 
the various elements of the fixture, workpiece etc. and their relative and absolute positions. 
Jerry et. al. (1993) have developed an integrated fixture planning system with an emphasis on 
the integration of computer aided fixture planning (CAFP) with computer aided process 
planning (CAPP). Even though most of the systems that have been reviewed are very efficient 
in terms of knowledge representation, effective fixture design and interfaces, these systems 
need the support of expensive software and workstation capabilities. In the present work a 
Computer Aided Design System for Milling Fixtures has been developed for use with a 
personnel computer under the most popular AutoCAD environment by incorporating features 
such as automatic location and positioning, automated assembly generation with an extensive 
database support for various standard elements. 

2 DESIGN METHODOLOGY 

The design of a fixture is dependent on a large number of inter-dependent factors such as shape 
and material of the workpiece, pre-machined surfaces and stipulated tolerances, machining 
operations and type of machine tools to be used, workpiece handling and safety considerations, 
and miscellaneous considerations such as chip removal, coolant flow, etc. It may be difficult to 
develop a fully automated system which can incorporate all the inter-linked factors mentioned 
above in order to generate a final fixture design. Safety for instance can not be incorporated in 
the system without due judgment from a skilled designer. 
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The present system is developed mainly for designing fixtures that are suitable for two types 
ofworkpieces, namely prismatic and cylindrical. There are a total of 12 (2 x 3 x 2) linear and 
rotational movements along the x, y and z - axes, including both positive and negative 
directions. By means of supporters and locators at least nine movements can be restricted, 
while the remaining three possible movements are constrained by clamps (Ruflley, 1989, 
Cogun, 1992, Noaker, 1992). For a prismatic workpiece, the 3-2-1locating principle is used 
to configure the external locating points. In the first stage, the three-point supporting principle 
is used to assign three supporting points on the first datum plane; these points will be located 
as far apart as possible in order to increase the workpiece stability. Five movements will be 
restricted by following the three point supporting principle. In the second stage, two points are 
assigned on the second datum plane and can restrict further three possible movements. In the 
third stage, one point has to be assigned on the third datum plane which can restrict one more 
movement. For cylindrical parts, external locating principles have been applied to restrict the 
possible movements of the workpiece. Several components are incorporated in the system for 
properly supporting and locating the workpiece by following the external locating principles. 
Some of the components are V -blocks for locating or supporting externally cylindrical parts, 
adjustable supports, and locators for supporting and locating non planar or rough surfaces. 

3 MODULAR STRUCTURE OF THE SYSTEM 

The modular structure of the Computer Aided Design System for Milling Fixtures (CADSMF) 
is shown in Figure 1. This design system mainly consists of seven modules, namely: Input 
Module, Calculation Module, Database Module, Automatic Selection Module, Positioning 
Module, Interference Checking Module, Assembly and Bill of Materials Generation Module; 
each module being responsible for some independent operation in the process of designing 
fixtures for milling operations. The input to the system consists of a series of prompting 
statements requiring user information about workpiece material, feed per tooth, diameter of the 
tool, number of teeth, etc. The system then calculates the forces involved in milling and selects 
a range of appropriate clamping elements. After which, it searches for the corresponding 
locating, guiding and base elements, and a 3-D graphical fixture will be displayed. The designer 
can modifY the drawing by selecting the elements interactively from the user menu or by using 
graphical commands. Important activities, processing and typical considerations involved in 
various modules are briefly mentioned below. 

The Input Module is mainly responsible for the extraction of information about the 
geometry of the workpiece and also the milling feature for which the fixture is to be designed. 
DXF file format has been used to transfer drawing data between AutoCAD and fixture design 
system. This extracted information will be transferred to the Force Calculation Module, in 
order to estimate the cutting and clamping forces. The cutting force that acts on the tool 
during milling operation depends on the specific cutting energy of the work material and the 
material removal rate. Once the cutting force is evaluated based on the above criteria, the 
system estimates the clamping force based on the cutting force, the safety factor incorporated 
and other relevant parameters. Based on the estimated clamping force and clamping capacity of 
different clamps, the system selects an appropriate type of the clamp from the database, with a 
consideration to optimize the number of clamps. 

In the Database Module parametric programmes are developed in AutoLISP language to 
build libraries of various standard elements used in the design of fixtures such as adjustable 
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Figure 1 Modular structure of the system for designing milling fixture. 
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locating buttons, locating pins, strap clamps, rest locators, V -block locators , edge clamps and 
base plates. The libraries are created for Misumi standard components, Japan, which are widely 
used in Hong Kong manufacturing industries. Based on the estimation of forces the Automatic 
Selection Module determines the size and number of standard parts required for each function 
and selects the standard parts from the Database Module based on a set of sample rules that 
have been incorporated for the selection of the type of the clamp and number of clamps. The 
system makes use of a set of heuristics that will aid in the selection of various fixture elements 
in a semi-automated manner. Fixture set-up functions, such as positioning and fixing, are 
created as major constraint rules for the refinement of fixture structure. Various generic 
elements (with definitions of function, principle of action and nature of contact) are chosen by 
a set of rules which specify the generic positioning and fixing element classes. Finally, the 
standard elements (specific fixture components) are selected for fixture assembly that are 
appropriate for simple prismatic workpieces. 

Once the various standard parts are accessed from the database the Positioning Module 
determines the position and location of each standard element depending on the dimensions of 
the workpiece and the force analysis. A workpiece must be accurately located and firmly 
clamped to ensure that there is no movement during machining and the cutting tools do their 
work quickly and efficiently. A suitable method of locating the workpiece is very important 
and will depend on many factors like geometrical shape of the workpiece, surface finish of the 
datum, features of the workpiece, and operation to be performed. After the DXF file is 
extracted, then the system identifies the information about the workpiece, profile to be 
machined from it. The rest locators will be positioned and oriented according to the size of the 
workpiece, following the 3-2-1 principle. Before finalizing the position of various standard 
elements, the Inteiference Checking Module checks for the interference between the various 
fixture elements and the milling area in order to ensure uninterrupted motion of the tooling 
elements during the entire milling operation for the chosen feature. If any interference is 
detected, then this module reorients the position of the fixture elements until no interference 
occurs. When a prior position of the fixture elements are blocked by the milling features, the 
system will reorient the position of each fixture element according to locating, clamping and 
supporting rules until the desired plan has been achieved. Figure 2 shows the typical approach 
used by the program to check and avoid the interference between the milling features and the 
fixture elements. 

Finally the Assembly and BOM Generation Module automatically generates 3-D graphic 
display of the final fixture along with the bill of materials. The system is capable of generating 
four major views such as plan, elevation, side view and the Isometric view of the designed 
fixture simultaneously for better visualization, and a bill of materials will be shown only in the 
plan view of the assembly. The AutoLISP programs in the system extracts the coordinates of 
the fixture elements from several data files. Then, the AutoLISP programs handle the graphical 
commands to assemble the fixture plan in a three dimensional view. After the final fixture 
display, the user can click the 'BOM' button on the menu bar to extract the parts list 
information for display on screen. The system has been implemented in an interactive manner 
by designing a user menu as shown in Figure 3. By making use of this menu, user can interact 
with 'C' and AutoLISP functions under AutoCAD environment. Users can also edit the plan 
view of final fixture by inserting the fixture components from the menu bar. Finally, the user 
menu also provides a 'VIEW DISPLAY' for the user to modify the isometric view to a 4-view 
display simultaneously or independently. An on-line 'HELP' function has been incorporated so 
that the user can obtain more information about the system at any stage of the design. 
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Figure 3 User menu of the CADSMF system. 
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4 CASESTUDY 

The fixture design capabilities of the system are demonstrated with the help of producing a slot 
by milling. The part for fixturing together with its raw material form and machining profile is 
shown in the Figure 4. The 3-D drawing of the component and profile to be machined are 
created in AutoCAD environment and necessary drawing information is extracted as a DXF 
file, which formed a part of the input to the system. Other relevant information such as material 
of the workpiece, tooling details (diameter of the cutter and number of the teeth etc.) are 
provided by the designer interactively. After calculating the cutting force and clamping force, 
following the heuristics, the system selected suitable locating and clamping points as well as 
locating and clamping elements. Suitable standard parts such as locating pins, strap clamps, 
supporting elements and base plate from the data base are selected. 

--Workpiece 
------- Mill slot 

Figure 4 Isometric view of a workpiece with a mill slot. 

The selected elements with reference to the workpiece are assembled automatically to give 
final fixture assembly. The isometric view of the fixture assembly is shown in Figure 5. With 
the help of the interactive user menu, four views of the fixture assembly can be generated as 
shown in Figure 6. It can be seen that the design solution generated by the system is similar to 
that of a design created by an experienced designer. 

Figure S Isometric view of the fixture assembly 
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Figure 6 Display of the fixture in 4 different views. 

5 CONCLUSION 

Details pertinent to the attempt made by the authors in the development of a computer aided 
design system for milling fixtures has been presented. The system has been developed on a 
personal computer by using 'C' programming language. The parametric programmes for 
various standard elements used in the fixture design are developed in AutoLISP language. 
Rules implemented for calculation of cutting and clamping forces and selection of fixture 
elements are discussed. Finally the fixture assembly generated, along with four views of 
assembly and bill of materials for the selected slot milling, is presented. 
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