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Abstract: Mass production is intended for a very high 

production with ease operations and reduced cycle 

times to increase productivity to meet the demand. To 

achieve this production, fixtures play a vital role in 

manufacturing process. A fixture is a special tool 

designed for specific purpose and for specific 

component for operation. The main purpose of fixture 

is to locate the work quickly and accurately, support 

it   properly and hold it securely, thereby ensuring the 

parts produced in the same fixture will come out in 

specified limits. 

Due to the big industrial revolution and great 

advancement, industrial inspection does not simply 

mean the fulfillment of the specifications laid down 

by the manufacturer, rather inspection in real sense is 

concerned with the checking of a product at various 

stages in its manufacturing right from the raw 

material received from the company, to the finished 

product manufactured by the company and even the 

assembled parts.  

In this work machining fixtures for CAM 

Shaft and CRANK Shaft which consist of many 

machining operations i.e. Drilling, tapping, spot 

facing, boring, chamfering etc. and inspection 

fixtures to check different parameters i.e. bearing 

runout, face run out, hole dimensions, slot position, 

cam profile etc. To reduce operator fatigue and 

reduce operating time fixtures are designed by using 

manual clamping.  

           This topic gives a brief and exhaustive 

description on fixture literature, design concepts and 

force calculations. For better visualization and 

understanding 3D models are presented  
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1. Introduction:                  

Fixture design can be classified as a part of process 

planning. The task wise description of process 

planning specifically states that fixture design for 

each work piece set-up is an integral planning task. 

However, the automation of fixture design has been 

overlooked in most research into automated process 

planning. In this report, a wide range of fixture-

design literature is studied in order to reveal the 

progress in the field and the significant contributions 

to it in the 1980s.  

 

Jigs and fixtures are provided to convert standard 

machine tools into specialized machine tools. They 

are usually associated with large-scale production by 

semiskilled operators, but they are also used for small 

scale production when interchangeability is important 

and by skilled machinist when the work is difficult to 

hold without special equipment. Inspection fixtures 

are used when the position of holes and faces etc. are 

to be checked. Assembly and welding fixtures are 

provided to hold parts so that the operator will have 

both hands free. Special tools are used when 

complicated shapes are to be produced. Jigs are 

machine shop devices that include means of tool 

guiding. They only applicable to operations 

performed on drilling machines. Fixtures are holding 

devices that do not include means of tool guiding, but 

they may include means of setting the cutters and 

tenons. Fixtures are used for milling turning grinding 

and similar operations.  

The main object of using jigs and fixtures is the 

reduction of the cost of machines or machine details 

made in great numbers. This reduction of cost is 

obtained in consequence of the increased rapidity 

with which the machines may be built and the 

employment of cheaper labor, which is possible when 

using tools for interchangeable manufacturing. 

Another object, not less important, is the accuracy 

with which the work can be produced, making it 

possible to assemble the pieces produced in jigs 

without any great amount of fitting in the assembling 

department, thus also effecting a great saving in this 

respect.  

If cost of the component is important, the allowable 

cost must usually be related to the reduction in cost as 

a result of using the equipment, and to the quality of 

the work pieces to be produced. Special equipment is 

sometimes provided for small quantity production, if 

interchangeability is demanded, or if the work piece 

is difficult to hold. The cost of the equipment must be 

related to the value of operations. The main aim of 

using jigs fixture to reduce the cycle time, fatigue of 

operator by easy loading and unloading of the 
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component and to achieve interchangeable parts. 

These are possible in case of mass production only. If 

the component to manufacture is in fewer amounts 

then the cost of the fixture may create problem i.e. the 

cost of the product will increase. Thus the number of 

component must be more than the break even 

quantity. In some cases where interchangeability of 

the component is important, for lesser number of 

products fixture is also used. But this will increase the 

cost of the component. 

 

2. Literature Review: 

T. Papastathisa, O. Bakkera, S. Ratcheva, A. 

Popova- In this research a new fixture layout design 

methodology for a novel concept of adaptive 

machining fixtures, with both actively controlled 

clamping forces and a dynamically adjustable layout, 

is proposed. The aim of Author is minimizing the 

deflection of the workpiece due to the dynamic 

machining forces. The methodology is based on a 

finite element model of the workpiece, coupled with 

closed-loop controlled actuators, acting as adaptive 

clamps of the fixture. The methodology is applied on 

a theoretical test case of a thin plate workpiece. 

Results show a reduction by 84.2% of the maximum 

deflection of the workpiece compared to a traditional 

fixturing approach. [1] 

Prathap Kairanand P.V. Srihari - Fixtures are the 

work holding devices utilized in industries for 

manufacturing, inspection and assembly operations. 

This paper describes about designing an assembling 

fixture for mounting circlip to the groove provided in 

the piston pin hole. After careful study of assembly 

components, a few concepts of fixtures were 

designed. Among these concepts the best concept is 

developed by using concept scoring technique. The 

detail design of the selected concept is done by using 

3D software, Pro-E wildfire. Based on the detail 

design, 2D draft drawings are generated and supplied 

for manufacturing of the fixture. The implementation 

of the fixture is able to assemble 2160 number of 

pistons with the circlip in a day. [2] 

Shasha Zeng, Xiaojin Wan, Wenlong Li, Zhouping 

Yin, Youlun Xiong - The machining vibration of the 

flexible workpiece is a major factor that greatly 

affects the machining accuracy of the final part. 

Improper fixture layout is apt to generate the 

machining vibration, which will seriously affect the 

machining quality of the surface, especially for the 

flexible workpiece. This paper is concerned with 

suppressing the machining vibration of the flexible 

workpiece by designing appropriate fixture layout 

scheme. A dynamic model on the workpiece–fixture–

cutter system is built, where the cutting force is used 

as the disturbance input, and the fixture element is 

used as the control input. On the basis of this model, 

an approach to fixture design is proposed and 

introduced, for the first time, to suppress the 

machining vibration of the flexible workpiece 

originating from the cutting forces. It is worth noting 

that the location, the applied forces and the number of 

fixture elements can be simultaneously optimized. 

The effectiveness of the proposed method is verified 

by a machining example. [3] 

U. Farhana and M. Tolouei-Rada- The need for 

improved productivity and reduced time to market 

has been increased significantly in manufacturing 

processes in recent decades. There are many factors 

that play a role in providing manufacturing processes 

with more productivity. One is the use of modular 

fixtures (MFs). MFs have brought many benefits to 

manufacturing industries including reduced costs and 

times of production. An MF can be defined as a 

complete system that consist different elements for 

effectively and securely holding the workpiece in 

place for performing various machining operations. 

Generally an MF is made by assembling a number of 

fixture elements in a feasible sequence that is 

properly determined. Traditionally, the most common 

method of determination of fixture elements and 

assembly sequences are making use of 2D drawings 

and physical models. Obviously these are not 

efficient methods in the world of advanced 

manufacturing technologies and there is a vital need 

for developing more efficient methods. A solution to 

this is developing a CAD-based 3D-modelling and 

simulation system to determine the types and of 

feature elements and the sequence of assembly. Such 

a system can help fixture designers find the proper 

MF designs by defining the relationships between 

fixture elements and workpieces by the Author. [4] 

Hui Wang, Yiming (Kevin) Ronga, Hua Li, Price 

Shaun - Widely used in manufacturing, fixtures have a 

direct impact upon product manufacturing quality, 

productivity and cost, so much attention has already 

been paid to the research of computer aided fixture 

design (CAFD) and many achievements in this field 

have been reported. In this topic, a literature survey of 

computer aided fixture design and automation over the 

past decade is proposed. First, an introduction is given 

on the fixture applications in industry. Then, 

significant works done in the CAFD field, including 

their approaches, requirements and working principles 

are discussed. Finally, some prospective research 

trends are also discussed by the Author. [5] 

R. Huntera, J. Rios, J.M. Perez, A. Vizan - The 

design of machining fixtures is a highly complex 

process that relies on designer experience and his/her 

implicit knowledge to achieve a good design. In order 

to facilitate its automation by the development of a 

knowledge-based application, the explicit definition of 

the fixture design process and the knowledge involved 

is a prior and a fundamental task to undertake. 

Additionally, a fundamental and well-known 

engineering principle should be considered: the 
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functional requirements and their associated 

constraints should be the first input to any design 

process. Considering these two main ideas, this paper 

presents the development undertaken to facilitate the 

automation of the fixture design process based on a 

functional approach. In this context, the MOKA 

methodology has been used to elicit fixtures 

knowledge. IDEF0 and UML have been used to 

represent the fixture design process. A methodology 

based on the function concept and aiming to formalize 

such design process is proposed. Fixture functional 

requirements have been defined and formalized. 

Functional fixtures elements have been used to create a 

functional design solution, the link of these elements 

with the functional requirements and with typical 

commercial fixture components has been defined via 

tables and rules mapping. [6] 

Nirav P. Maniar, D. P. Vakharia, Chetan M. Patel - 

Jigs and fixtures are the special production tools which 

make the standard machine tool, more versatile to 

work as specialized machine tools. They are normally 

used in large scale production by semi- skilled 

operators; however they are also used in small scale 

production by, when interchangeability is important. 

Manufacturing industries have brought lot of 

revolutions in manufacturing technology, as a 

consequence of which several developments like CNC 

lathes, CNC machine centre, flexible manufacturing 

systems, fabrication centre, transfer machines, robotics 

etc. took place. Even with these advancements in the 

manufacturing industries, there is a continued use of 

jigs and fixtures in some form or the other either 

independently or in combination with other systems. 

Various areas related to design of fixture are already 

been very well described by various renowned authors, 

but there is a need to couple and apply all these 

research works to an industrial application. This paper 

integrates all these aspects and the evolutionary 

functional approach of designed fixture is proved from 

the fact that a real industrial component is considered 

for fixture designing. The component is Flow TEE 

body of petroleum refinery. The operations to be 

performed are front facing, outside diameter turning, 

grooving, boring and back facing. The research work 

of this paper is proved from the fact that 10 million 

rupees are saved in installation cost as now these 

operations can be performed on CNC turning centre 

instead of HMC using the designed fixture. The paper 

presents the integrated approach of design for 

manufacturing. The research work includes the 3D 

assembled & exploded view of fixture using 

Pro/Engineer Wildfire 4.0. Fixture is mass balanced 

using Pro/Mechanism. Finite element analysis of 

fixture using Pro/Mechanica is also covered. The 

present volume of the paper also couples the research 

work and manufacturing. The real time application of 

the research reflects from the fact that a fixture is not 

only designed 

but mass 

balanced and 

manufactured 

also. [7] 

 

3. Problem Statement: 

i)  To design work holding fixture for drilling, 

tapping and spot facing M-12 hole on horizontal 

machine hn-100 for cam shaft intake. 

a) Drilling b) Tapping c) Spot facing 

 

Component: 

 

 

Specification   

Component  : - Cam Shaft (Intake)  

Tensile strength  : - 25 Kg/mm2 

Hardness  : - 180-230 H  

Bearing load  : - 1000 Kg   

Material   : - Chilled Cast Iron 

Project   : - SAFARI 2.2L DICOR 

 

ii) To design inspection fixture to check the 

following parameters for both intake and exhaust 

cam shaft. 

a)  Runout of bearing diameter 

b)  Face runout of intake cam shaft 

c)  Oil seal dia runout for intake cam shaft 

d)  4ФH7 hole position with respect to 4.5 slot-

for exhaust camshaft 

e)  Cam lobe position angle 146.95 degrees 

with respect to 4.5 slot for exhaust camshaft 

f)  Cam lobe position angle 49.85 degrees with 

respect to 4ФH7 hole for intake camshaft 

g)  Dimension of 14 +/-0.1 for exhaust camshaft 

and 3.2 degree 

h)  Dimension of 5.5 +/-0.1 for intake camshaft 

 

Component: 

Specification: 

Component : - Cam Shaft (Exhaust) 

Tensile strength : - 25 kg/mm2 

Hardness : - 180-230 HRB 

Material  : - Chilled Cast Iron 

Project  : - SAFARI 2.2L DICOR 
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iii) To design work holding fixture for 3L crank 

shaft for the following machining operations 

a) Flange holes 

b) M8 x 1.25 - 3 no’s 

c) Shank holes 

d) Slot 10 x 12 

Component:         

Specification: 

Component  : - Crank shaft 

Tensile strength  : - 870-1000 N/mm2 

Hardness  : - 255-302BHN 

Bearing load  : - 1000Kg   

Material   : - 38Mn Si VS 5 

Project   : - 3.0L NEW GEN 

 

iv) Inspection fixture to check the following 

parameters for crank shaft 

a) Runout of main bearing diameter  

b) Runout of main bearing face 

 

 

Component: 

 

 

 

 

 

 

 

 

 

 

 

 

 

Component : - Crank Shaft (basic model) 

Tensile strength : - 25 kg/mm2 

Hardness : - 180-230 HRB  

Material  : - Micro Alloyed steel 

Project  : - X3 (TATA NANO) 

 

 

4. Proposed Methodology 

 
 

 

Phase -I 

The examinations of all information pertinent to the 

product as given by engineering and manufacturing 

drawings, process sheet. 

  

Phase-II 

From the analysis of all information obtained in 

phase-I, some general design concepts are arrived at, 

as related to design considerations. 

 

 

 

Phase-III 

The examination and evaluation of criteria associated 

with the operation further determines or modifies 

some design concepts which were previously reached 

in phase-II. During this phase, some design concepts, 

tentatively proposed and based exclusively on 

product analysis, are retained and others are 

eliminated. 

 

Phase-IV 

This phase consists of the examination of all 

accumulated design concepts and their possible 

change because of operator considerations, which 

consist of the elements of time, fatigue and safety. 

 

Phase-V 

This final phase is the evaluation of the tentative 

design for lowest cost per part, which includes fixture 

design and fabrication costs of fixture. 
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Conclusion: 

 

An integrated approach to the design process of work 

holding & inspection fixture of cam shaft & crank 

shaft has been adopted in this report. While designing 

the basic aim was the important aspect in designing 

the fixtures are-  

- To reduce non production time i.e. setup time. In 

the design fixtures process there is 50% 

reduction in setup time than previous fixture 

setup. Since it is common for both intake & 

exhaust cam shaft. 

- The unique feature of both the inspection fixtures 

is that they can be used for two different variants 

of Cam shaft and Crank shafts. 

- Operator conformability has prime consideration 

in fixture design. In this fixture design 

ergonomic aspects have studied carefully 

reducing operator fatigue to minimum. Rigid 

clamping and proper loading sequence has 

achieved the total assembly accuracy within 

prescribed limit. 

- The self-alignment of components will be 

achieved by designed loading sequence. & also 

unloading of finished component will be 

achieved successfully without any hindrance of 

designed groups. 

- These designs are simple, safe and reduce the 

manpower requirement, location and clamping of 

the component is perfect and is also loading and 

unloading of the component is easier. 

-  
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