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   Abstract-Fixture is used for machining of stator case frames. 

It is required to change the fixture for the machining of the 

different stator case frames of different sizes. This change of 

fixture is time consuming process and requires more material 

handling. It will leads to the problem of misalignment & 

inaccuracy. And also there is no provision for avoiding the 

misalignment & inaccuracy in operation. Inaccuracy will 

increase the rejection of frames. If it is need to rework the 

rejected frames, then it becomes essential to design the special 

purpose machine. This new machine will increases the 

machining cost of stator case frames. So this paper presents the 

solution in the form of special purpose ‘First Operation 

Machining Fixture’, which can be useful for machining more 

than one stator case frames with less work setup time & 

reduced material handling also. In this research work the 

fixture consists of different spigots which are provided on spigot 

plate to accommodate different stator case frames. Thus there is 

no need to change the fixture for every stator case frame of 

different size. As the single fixture is used for different stator 

case frames, the manufacturing cost of fixture is reduced. The 

productivity is increased and required manpower for 

manufacturing is reduced. 
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I. INTRODUCTION 

A fixture is a device for locating, holding and 

supporting a work piece during manufacturing operation. 

Fixtures are essential elements of production processes as 

they are required in most of the automated manufacturing, 

inspection, and assembly operations. Fixtures must 

correctly locate a work piece in a given orientation with 

respect to a cutting tool or measuring device, or with 

respect to another  component, as for instance in assembly 

or  welding. Such location must be invariant in the sense 

that the devices must clamp and secure the work piece in 

that location for the particular processing operation. 

Fixtures are normally designed for a definite operation to 

process a specific work piece and are designed and 

manufactured individually. Fixtures are widely used in 

large batch production to ensure the easy setup and 

achieving the desired accuracy. Fixtures vary in design 

from relatively simple tools to expensive complicated 

devices. Fixtures also help to simplify metalworking 

operations performed on special equipment. It can be used 

in a variety of machine tools such as Lathe, Milling,  

Grinding, etc., though the milling fixtures are the most 

widely used in view of the complex requirements for the 

milling operation. Fixture design has received considerable 

attention in recent years. However, little attention has been 

focused on the optimum fixture layout design. 

Dimensional and form accuracy of a work piece are 

influenced by the fixture layout selected for the machining 

operation. Hence, optimization of fixture layout is a 

critical aspect of machining fixture design. Nowadays the 

quality of product must be very high but beside this we 

should not forget the rate of production as well as golden 

mean between the quality and productivity. In order to 

obtain the satisfactory results, one should think to solve the 

problems like change of fixture, misalignment, inaccuracy, 

& should reduce the time required for material handling. 

This paper provides the solution for the problems occurred 

in industry by introducing ‘First Operation Fixture’. This 

paper consists of a manufacturing of fixture which can be 

used for different stator case frames without changing the 

fixture. Because of this it becomes possible to reduce work 

piece setting time. And a single fixture can be used for 

fixing different frames; therefore the cost of fixture is 

reduced. 

 

II. LITERATURE REVIEW 

A research has been done in the past to solve the 

problems. In the paper of ‘modular fixture machining 

process’ a model of modular fixture setup relative to 

cutting forces is proposed, planned and assembled. 

Positioning is discussed and the best solution is offered. 

Tool movements influence the final quality of work piece, 

and fixture influences tool movements. An example is 

presented as a possible solution. Modular elements make 

jigs and fixtures elements interchangeable and reusable, 

their design then becomes a task of selecting and 

assembling the proper elements together. Primary criterion 

used for grouping the manufacturing features to form 

setups is usually tool approach direction. For load/unload, 

for pin placements etc. tool carries the main forces that 

later form the final shape of the work-piece. 

The paper of ‘machining fixture design’ presents 

development of an expert system for machining fixture 

design. System provides new fixture construction design 

for specified input parameters on the basis of adequate 

production guidelines. Paper provides applied 

methodology, basic structure, specific systems, segments 

review, and example of systems implementation in 

industrial production. In closing, there are conclusions, 

developed systems advantages and disadvantages, and 

directions for future research. 

The paper of ‘machining fixture using Genetic 

Algorithm’ presents that the deformation of the work piece 

may cause due to dimensional problems in machining. 

Supports and locators are used in order to reduce the error 

caused by elastic deformation of the work piece. The 

optimization of support, locator and clamp locations is a 
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critical problem to minimize the geometric error in work 

piece machining. In this paper, the application of genetic 

algorithms (GAs) to the fixture layout optimization is 

presented to handle fixture layout optimization problem. A 

genetic algorithm based approach is developed to optimize 

fixture layout through integrating a finite element code 

running in batch mode to compute the objective function 

values for each generation. Case studies are given to 

illustrate the application of proposed approach. 

Chromosome library approach is used to decrease the total 

solution time. Developed GA keeps track of previously 

analyzed designs; therefore the number of function 

evaluations is decreased about 93%. The results of this 

approach show that the fixture layout optimization 

problems are multi-modal problems. Optimized designs do 

not have any apparent similarities although they provide 

very similar performances. Dimensional and form 

accuracy of a work piece are influenced by the fixture 

layout selected for the machining operation. Hence, 

optimization of fixture layout is a critical aspect of 

machining fixture design. This paper presents a fixture 

layout optimization technique that uses the genetic 

algorithm (GA) to find the fixture layout that minimizes 

the deformation of the machined surface due to clamping 

and machining forces over the entire tool path. The 

advantages of the GA-based method over previously 

reported nonlinear programming methods for fixture 

layout optimization are discussed. Two GA-based fixture 

layout optimization approaches are implemented and 

compared by applying them to several two-dimensional 

example problems. 

 

III. PROBLEM STATEMENT 

A Frequent Changing of Fixture 

The old fixture provided by the manufacturer of 

machine is not having the arrangement for machining 

frames of different diameters on the same fixture. Fig.  

Shows the old fixture. It is having spigot plate with only 

one spigot. Thus, we need to change the spigot plate and 

all other components on the spigot plate for every new 

frame. Assembling and disassembling of fixtures becomes 

a time consuming process, thus there is a loss of 

productivity.  

 
Fig. 1 Spigot plate of old fixture 

B Misalignment 

The old fixture is not having the arrangement for 

avoiding misalignment while mounting the frame on 

fixture. Operator has to do the trial and error method for 

proper alignment. This is also a time consuming process 

and possibility of misalignment is more. 

 

IV. ELEMENTS OF FIXTURE 

A. Locator 

A locator is usually a fixed component of a fixture. It is 

used to establish and maintain the position of a part in the 

fixture by constraining the movement of the part. For work 

pieces of greater variability in shapes and surface 

conditions, a locator can also be adjustable. 

B. Clamp 

A clamp is a force-actuating mechanism of a fixture. 

The forces exerted by the clamps hold a part securely in 

the fixture against all other external forces. 

C. Support 

A support is a fixed or adjustable element of a fixture. 

When severe part displacement/deflection is expected 

under the action of imposed clamping and processing 

forces, supports are added and placed below the work 

piece so as to prevent or constrain deformation. Supports 

in excess of what is required for the determination of the 

location of the part should be compatible with the locators 

and clamps. 

D.  Fixture Body 

Fixture body, or tool body, is the major structural 

element of a fixture. It maintains the spatial relationship 

between the fixture elements mentioned above, viz., 

locators, clamps, supports, and the machine tool on which 

the part is to be processed. 

 

V. REQUIREMENTS OF A FIXTURE 

In order to maintain the work piece stability during a 

machining process, an operational fixture has to satisfy 

several requirements to fully perform its functions as a 

work holding device. The following constraints must be 

observed while designing a variable fixture: 

A.  Deterministic Location 

A work piece is said to be kinematically restrained when 

it cannot move without losing contact with at least one 

locator. The work piece is constrained by a set of 

appropriately placed locators so that it is presentable for 

the machining operation. Locating errors due to locators 

and locating surfaces of the work piece should be 

minimized so as to accurately and uniquely position the 

work piece within the machine coordinate frame. 

B. Total Constraint 

A work piece should be fully constrained at all times to 

prevent any movement. Clamps should provide locking 

forces to hold the work piece in place once it is located. A 

totally restrained part should be able to remain in static 

equilibrium to withstand all possible processing forces or 

disturbance. 

 



 

 

ISSN: 2277-3754 
    ISO 9001:2008 Certified 

International Journal of Engineering and Innovative Technology (IJEIT) 

Volume 2, Issue 4, October 2012 

 152 

C. Constrained Deflection 

Work piece deformation is unavoidable due to its 

elastic/plastic nature, and the external forces impacted by 

the clamping actuation and machining operations. 

Deformation has to be limited to an acceptable magnitude 

in order to achieve the tolerance specifications. 

D. Geometric Constraint 

Geometric constraint guarantees that all fixture elements 

have an access to the datum surface. They also assure that 

the fixture components do not interfere with cutting tools 

during a machining operation. In addition to these 

requirements, a fixture design should have desirable 

characteristics such as quick loading and unloading, 

minimum number of components, accessibility, design for 

multiple cutting operations, portability, low cost, etc. 

 

VI. FIXTURE DESIGN FUNDAMENTALS 

Fixture design consists of a number of distinct activities: 

fixture planning, fixture layout design, fixture element 

design, tool body design, etc. They are listed in Fig.2 in 

their natural sequence, although they may be developed in 

parallel and not necessarily as a series of isolated activities 

in actual execution.  

Fixture design deals with the establishment of the basic 

fixture concepts: 

 Fixture layout is an embodiment of the concepts 

in the form of a spatial configuration of the fixture, 

 Fixture element design is concerned with the 

concrete details of the locators, clamps and supports, 

 Tool body design produces a structure combining 

the fixture elements in the desired spatial relationship with 

the machine tool. 

 

VII. FIXTURE DESIGN 

Fixture planning is to conceptualize a basic fixture 

configuration through analyzing all the available 

information regarding the material and geometry of the 

work piece, operations required, processing equipment for 

the operations, and the operator.  

The following outputs are included in the fixture plan: 

 Fixture type and complexity 

 Number of work pieces per fixture 

 Orientation of work piece within fixture 

 Locating datum faces 

 Clamping surfaces 

 Support surfaces, if any 

Generation of fixture layout is to represent the fixture 

concepts in a physical form. The following outputs are 

included in the fixture layout: 

 Positions of locators 

 Positions of clamps 

 Positions of supports, if any 

 Type of locators 

 Type of clamps 

 Type of supports 

 Clamping forces and sequence 

Fixture element design is either to detail the design 

drawings committed on paper or to create the solid models 

in a CAD system of the practical embodiment of the 

conceptual locators, clamps and supports. It is possible to 

use standard designs or proprietary components. The 

following outputs are included in the fixture element 

design: 

 Detailed design of locators 

 Detailed design of clamps 

 Detailed design of supports, if any 

Tool body design is to produce a rigid structure carrying 

all the individual fixture elements in their proper places. 

[1] 

 
Fig. 2 Aspects of Fixture Design 

 

VIII. FIXTURE DESIGN CRITERIA 

The following design criteria must be observed during 

the procedure of fixture design: 

 Design specifications 

 Factory standards 

 Ease of use and safety 

 Economy 

 

IX. FIXTURE DESIGN PROCEDURE 

In the design of a fixture, a definite sequence of design 

stages is involved. They can be grouped into three broad 

stages of design development. Stage one deal with 

information gathering and analysis. These include product 

analysis such as the study of design specifications, process 

planning, examining the processing equipment and 

considering operator safety and ease of use. In this stage, 

all the critical dimensions and feasible datum areas are 

examined in detail. 

Stage two involves the consideration of clamping and 

locating schemes. A clamping scheme is devised in such a 

way that it will not interfere with the tools or cutters and 

are fully compatible with proposed locating surfaces or 

areas. The locating scheme, using standard elements such 

as pins, pads, etc. is designed to be consistent with 

clamping and tool-guiding arrangements. Stage three is the 

design of the structure of the fixture body frame. This is 

usually built around the work piece as a single element 

which links all the other elements used for locating, 

clamping tool-guiding, etc. into an integral frame work. 

The above procedures are quite general and can be 
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modified depending on the relative importance of the 

various elements in providing for the required accuracy of 

the work piece to be located and secured into the fixture 

device. With the popular adaptation of modular fixture 

elements, the fixture body frame is usually a standard 

block with fixed arrays of locating and fixing holes or 

slots. It becomes a matter of selecting the most suitable 

body frame to accommodate the various elements, provide 

good support of the work piece and access to cutters and 

tools. 

 

X. CONSTRUCTION & WORKING OF FIRST 

OPERATION FIXTURE 

A. Fixture Plate 

It is square in shape and cuts are provided on the all 

corners to reduce the weight. It is mounted on the machine 

table. Two holes are provided along the Y-axis to locate 

the spigot plates. Four holes are provided for mounting of 

guide block. It is support spigot plate and other parts 

firmly with perfect resistance to deformation. 

 
Fig. 3 Fixture plate 

B. Spigot Plate  

It is circular in shape and mounted on the fixture plate. 

Two spigots of different sizes are provided on the spigot 

plate for mounting of stator case frames having different 

sizes. It is having a linear cut on bottom side to identify the 

orientation. Three holes are provided at an angle of 120° to 

mount three base plates. Five holes are provided for fixing 

it on the fixture plate. Two holes are provided for eye bolt. 

A center hole is provided to locate the spigot plate on the 

fixture plate. 

 
Fig. 4 Spigot plate 

C. Base Plate 

Base plate is rectangular in shape. It is used to support 

the height block. A horizontal rectangular slot is provided 

on the base plate for mounting of height block .Four holes 

are provided to fix it on spigot plate and a center hole is 

provided to locate it on spigot plate. Two holes are 

provided to mount the height block. 

 
Fig. 5 Base plate 

D. Height Block 

It is a vertical block having two holes on bottom and 

two holes on top. It is bolted as well as welded to the base 

plate. The two top holes are provided for stud and heel pin. 

The height blocks of different lengths are provided to use 

with stator case frames of different lengths. 

 
Fig. 6 Height block 

E. Stud 

A stud is a circular rod of small diameter on which 

threads are provided to adjust the height. 

 
Fig. 7 Stud 
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F. Heel Pin 

It is circular shape rod used to support the clamp on 

other side of stud. 

 
Fig. 8 Heel pin 

G.  Clamp  

It is used to fix the stator case frame with the hexagonal 

nut. A slot is provided for using different diameter of 

stator case frames. 

 
Fig. 9 Clamp 

H. Setting Block 

The two setting blocks are provided on the left and right 

side of the fixture plate. Column of setting block is 

mounted on the fixture plate with the help of Allen screws. 

The column has a slot on the upper portion and two blind 

holes are drilled in the slot. Beam is mounted on the slot 

and screwed to the column of setting block. Beam has 

horizontal hole on front side through which adjustable 

screw is inserted. These are used to align the stator case 

frame perfectly 

 
Fig. 10 Setting Block 

XI. CONCLUSION 

As a result of this work, the machining on number of 

stator case frames without changing the fixture is possible, 

hence it reduces work in progress, material handling time, 

work piece setup time and non-productive time. By using 

this fixture the misalignment occurring during mounting of 

stator case frame is effectively avoided, hence the 

accuracy of machining increases. 
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