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6

Abstract7

Model of new fixture design is presented for cylinder liners honing operation to improve8

productivity and reduce the rejection rate on honing machine. In mass production of cylinder9

liners, the industrial honing involves abrasive finishing process, during that liners need to be10

fixed on honing machine, For that a new model of fixture setup relative to honing operation of11

cylinder liner is proposed, planned and modeled such that the liners can be held in form12

closure and totally immobilized.This paper uses newer and innovative design of present day13

manufacturing industries for locating, positioning, clamping, for uniforce clamping hydraulic14

clampings are used. Fixture design is one of the important factor that play a role in providing15

manufacturing processes with more productivity and have brought many benefits like reduced16

rejection.Fixtures are used in many manufacturing processes to locate, hold and support the17

work securely. While designing this paper, a good number of literature written on the subject18

by renowned authors are referred. The paper includes finished parts model and 3D assembled19

view of fixture using Pro/Engineer Wildfire.20

21

Index terms— honing fixture, cylinder liners, fixture planning and fixture assembly.22

1 Introduction23

he need for improved productivity and reduced time to market has been increased significantly in manufacturing24
processes in recent decades. Fixtures have a direct impact upon product manufacturing quality, productivity and25
cost hence there are many factors playing roles in manufacturing processes in order to improve productivity and26
reduce production time. Fixtures are one of the important tools that are widely used to achieve this goal.27

Fixtures are mechanism used to rapidly, accurately, and securely position workpiece during machining such28
that all machined parts fall within the design specifications. This accuracy facilitates the interchangeability of29
parts.30

Several designs and design methodologies associated with fixture design and their practical implementation,31
which have been addressed by many authors [1], [2], 3], [6], [9]. The most important work on design of fixture32
is discussed as, the fixture designing and manufacturing is considered as complex process that demands the33
knowledge of different areas, such as geometry, tolerances, dimensions, procedures and manufacturing processes34
[1], [3]. Generally, the costs associated with fixture design and manufacture can account for 10%-20% of the total35
cost of a manufacturing system. Approximately 35% to 40% of rejected parts are due to dimensioning errors [6].36

Therefore, with the increasingly intense global competition which pushes every manufacturer in industry to37
make the best effort to sharpen its competitiveness by enhancing the product’s quality, reducing the production38
costs and reducing the lead time to bring new products to the market, there is an strong desire for the upgrading39
of fixture designs with the hope of making sound fixture design more efficiently and at a lower cost.40

While designing this work, a good number of literatures written on the subject by renowned authors are41
referred. All findings and conclusions obtained from the literature review regarding the fixture design are used42
as guide to design the present work.43
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8 C) CLAMPING PRINCIPLES

2 II.44

3 Problem Statement45

Honing is a machining process for finishing internal cylindrical surfaces. In order to reduce engine oil consumption46
a high percentage contact area of cylinder liner is required and minimal dislocations in the boundary layer and47
the creation of a uniform and consistent surface over the whole cylinder bore. For guaranteed producibility48
with efficient productivity in mass production of cylinder liners, the industrial honing involves an interrupted49
multistage abrasive finishing process (fig. 1), for this cylinder liner must be fixed on fixture during honing50
operation [5].51

4 A Year52

The main problem in such operation is low productivity with high rejection. It is cumbersome process for the53
workers. The main task for it is to make the loading and unloading process simple, the time required should be54
minimized and operation should be easier one. By observing industrial problems and studying previous process55
of fixing cylinder liner on honing machining, there is need of designing new fixture to increase the productivity56
and reduce the rejection rate with the loading and unloading process simple.57

For this fixture and innovative design are considered. Various areas related to design of fixture are already been58
very well described by various renowned authors, this paper integrates all these research works and theoretical59
knowledge of fixture design to design this new fixture for component like cylinder liner.60

5 III. Design of Fixture -Methodology61

A fixture is a production tool that locates, holds, and supports the work securely so the required machining62
operations can be performed. A fixture should be securely fastened to the table of machine upon which the work63
is done. Fixtures are essential elements of production processes as they are required in most of the automated64
manufacturing, inspection, and assembly operations [16].65

In mass production fixture have five key aspects [12]: Fixture planning is conceptualize by a basic fixture66
configuration through analyzing all the available information regarding the specifications of the workpiece such67
as its shape, dimensions and tolerances, material and geometry of the work-piece, operations required, processing68
equipment for the operations, and the operator [7]. Other factors also influence the machining outcome including69
machining operations sequence, cost considerations, direction and strength of machining forces, capabilities and70
orientation of the machine tools.?71

Typically the design process by which such fixtures are created has major four phases (fig. 2) such as fixture72
planning, fixture layout, fixture element design, fixture body design [8]: Fixture element design is either to73
detail the design drawings committed on paper or to create the solid models in a CAD system of the practical74
embodiment of the conceptual locators, clamps and supports. It is possible to use standard designs or proprietary75
components. Fixture body design is to produce a rigid structure carrying all the individual fixture elements in76
their proper places.77

6 IV.78

7 Work Holding Principles a) Locating Principles79

A locator is usually a fixed component of a fixture. It is used to establish and maintain the position of a part in80
the fixture by constraining the movement of the part. For work-pieces of greater variability in shapes and surface81
conditions, a locator can also be adjustable.82

An unrestricted object is free to move in any twelve possible directions. Fig. 3 shows an object with three axis83
and planes, along which movement may occur [16]. An object is free to revolve around or move parallel to any84
axis in either direction. To illustrate this planes have been marked X-X, Y-Y, Z-Z, The directions of movement85
are numbered from one to twelve. ? Locating should be small and size.86

In general, three locating forms can be considered, namely plane, concentric, and radial. For plane locating87
form, locators are used to locate the workpiece on any surface such as flat, circular or irregular surfaces. For88
concentric locating form, pin-hole locators are used and for radial locating form, locators restrict the workpiece89
movement around the concentric locators [7]. The 3-2-1 principle is the most commonly method used. In this90
method, three perpendicular surfaces of the workpiece are used to define the locating position.91

8 c) Clamping Principles92

As the locating is important to restrict the movement of the workpiece, clamping is also important to resist the93
effects of cutting forces. The direction of clamps should be determined according to cutting force direction in94
order to perform machining operations securely. Clamping forces should be in the same direction of the machining95
forces which try to push the workpiece down onto the locators and supporters. The clamp should be large enough96
to hold the workpiece and small enough to stay away of the cutting tool path [7]. There are some other factors97
that should also be considered in use of clamps. These include machine tool vibration, loads and stresses, damage98
preventing of the workpiece, and improving loading/unloading speed.99
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A clamp is a force-actuating mechanism of a fixture. The forces exerted by the clamps hold a part securely in100
the fixture against all other external forces. In every machining operation, clamping of work-pieces is an essential101
requirement. A clamp can be defined as a device for providing an invariant location with respect to an external102
loading system. In other words, the process of clamping induces a locking effect which, through frictional or some103
other forms of mechanism, provides a stability of location which cannot be changed until and unless external104
loading is able to overcome the locking effect [11]. Hence, when a cutting force is producing a load or moment105
on the work-piece, it is necessary that a sufficient clamping force must be exerted to withstand such actions.106

It is also essential that the idle time involving loading, locking, unlocking and unloading of workpieces should107
be minimized as much as possible to reduce the overall set-up and non-machining time. Clamping elements may108
be either manually operated or actuated by pneumatic, hydraulic or a combination of other power facilities [14].109
They are also classified according to the mechanism by which a mechanical advantage is attained.110

V.111

9 Component Details112

In industries there are different types of cylinder liners are manufactured according to application requirement..113
For this fixture all input data explained in above design procedure is collected. MS material is selected for design114
and components are designed and modeled.115

Top and base plate locate the cylinder liner, four guide pillars are used to guide the top plate for clamping116
and unclamping, guide bush of Gun Metal material is used to avoid the wear between guide pillar and top plate,117
oil ring is used at top plate to provide oil at inside surface of liner for cooling and to remove fine particles of118
machining, bottom plate and fixture riser ring are used as fixture body base. For clamping hydraulic cylinders119
are selected according to clamping force requirement,Clamping force = P × ? 4 d 2120

Where, P = Hydraulic pressure N/mm 2 . d = Cylinder diameter in mm. Cylinder riser ring is used to get121
the required stroke length of hydraulic cylinder.122

Following figures shows the detailed 3D modeling of fixture components:123

10 Results and Discussion124

The flexibility of fixture plays an important role in reducing machining costs and the times in manufacturing125
industries.126

Fixture design explained in this paper can help to improve productivity and accuracy of machining significantly,127
lowering the time and skill level needed.128

i. Due to new hydraulic automated fixture cylinder liners are exactly located, supported and clamped which129
reduces the machine settings time, hence productivity increased by 20% and also increase in accuracy and Process130
control. ii. Rejection rate reduced to less than 2% in new set up in comparison to 10% in an old set up, because131
use of new hydraulic automated fixture gives uniform clamping and reduced vibrations. iii. For this new hydraulic132
automated fixture oil ring (fig. 13) is provided to supply oil as coolant for cooling the honing area and to remove133
very small metal particles of machining, which is very advantageous, uniform and easy method as compared to134
old one.135

11 Conclusion136

The machining fixture is a key contributor to the manufacturability of a component, and should be designed137
to optimize the performance of the overall machining process. However, at the present time, due to increase in138
competition in many industries, they are using automated fixture for their early product launch and to increase139
productivity and accuracy.140

The present fixture model development described in this paper includes the unique aspect of designing a141
hydraulic fixture is novel in that it enables the user to take account of machining strategy and all key interactions142
between fixture, component and other system elements at an early stage. By designing above automated fixture143
for honing machine, cylinder liners are exactly located, supported and clamped which reduces the machine settings144
time, hence productivity increased by 20% and which also increase the accuracy, improved quality of machining145
and process control. With less than 2 % rejection rate and 20 % increase in productivity, cost to build and146
maintain honing fixture set up can be recovered in less than a one year. 1 2 3147
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Figure 1: Figure 1
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Figure 3: Figure 2 :
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Figure 4: Figure 3 :
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Figure 5: Figure 4 :
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Figure 6: Figure 5 :
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Figure 9: Figure 8 :
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Figure 11: Figure 10 :
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Figure 13: Figure 13 (

11



11 CONCLUSION

12



[Zheng and Chew ()] ‘A geometric approach to automated fixture layout design’. Yu Zheng , Chee-Meng Chew148
. Journal of Computer Aided Design 2010. 42 p. .149

[Wang et al. ()] ‘A methodology for the development of machining fixtures for components with complicated150
geometry’. Y Wang , A Hodgson , X Chen , N Gindy . International Journal of Computer Integrated151
Manufacturing 2008. 21 p. .152

[Boyle et al. ()] ‘A review and analysis of current computer-aided fixture design approaches’. Iain Boyle , Yiming153
Rong , David C Brown . Journal of Robotics and Computer-Integrated Manufacturing 2011. 27 p. .154

[Krsulja et al. ()] ‘Assembly Setup For Modular Fixture Machining Process’. M Krsulja , B Barisic , & J Kudlacek155
. Journal of Advanced Engineering 2009. 3 p. 1.156

[Wang et al. ()] ‘Computer aided fixture design: Recent research and trends’. Hui Wang , Hua Yiming (kevin)157
Rong , Price Li , Shaun . Journal of Computer Aided Design 2010. 42 p. .158

[Cylinders Expandable Uniforce Clamp For Machining Earthing Terminal Block on CNC -VMC 430 ()]159
Cylinders & Expandable Uniforce Clamp For Machining Earthing Terminal Block on CNC -VMC 430, 2009.160
8 p. .161

[Nirav et al.] Design & Manufacturing With Modeling Of Multi Component-Single Hydraulic Fixture With 10, P162
Nirav , D P Maniar , Chetan M Vakharia , Patel .163

[Nirav et al. ()] ‘Design & Manufacturing With Modeling, Dynamic Balancing & Finite Element Analysis Of164
Rotary Fixture For CNC Turning Centre To Function As HMC’. P Nirav , D P Maniar , Chetan M Vakharia165
, Patel . ASME Early Career Technical Journal 2009. 8 p. .166

[Papastathis et al. ()] ‘Design Methodology for Mechatronic Active Fixtures with Movable Clamps’. T Papas-167
tathis , O Bakker , S Ratchev , A Popov . CIRP Journal of Manufacturing Science and Technology 2012. 3168
p. .169

[Farhan and Tolouei-Rad ()] ‘Design of modular fixtures using a 3D-modelling approach’. U Farhan , M Tolouei-170
Rad . 19th International Congress on Modelling and Simulation, 2011.171

[Amar Raj et al. ()] ‘Development of Gear Hobbing Fixture Design for Reduction in Machine Setting Time’.172
Singh Amar Raj , A P S Suri , Sethi . International Journal of Scientific and Research Publications 2012. 2173
p. .174

[Hoffman ()] Jigs and Fixture Design, Edward G Hoffman . 2004. USA: Thomson Delmar Learning.175

[Hunter et al. ()] ‘Knowledge model as an integral way to reuse the knowledge for fixture design process’. R176
Hunter , A Vizan , J Perez , J R?os . Journal of Materials Processing Technology 2005. 164 p. .177

[Sabri et al. ()] ‘Multiscale study of finish-honing process in mass production of cylinder liner’. L Sabri , S178
Mezghani , M El Mansori , H Zahouanic . An International Journal on the Science and Technology of179
Friction, Lubrication and Wear 2011. 271 p. .180

[Roy and Sun ()] ‘Selection of preliminary locating and clamping positions on a workpiece for an automatic181
fixture design system’. Utpai Roy , Pei-Liang Sun . Journal of computer Integrated Manufacturing Systems182
1994. 7 p. .183

[Pawlus et al. ()] ‘The study of cylinder liner plateau honing process’. P Pawlus , T Cieslak , T Mathia . Journal184
of Materials Processing Technology 2009. 209 p. .185

[Cabadaj ()] ‘Theory of Computer Aided Fixture Design’. J Cabadaj . Journal of Intelligent Manufacturing186
Systems 1990.187

13


