IJIRST —International Journal for Innovative Research in Science & Technology| Volume 2 | Issue 08 | January 2016
ISSN (online): 2349-6010

A Realistic Approach of Fixture for Unloading of
Control Valve Assembly using Pneumatic
Cylinders

Harshal A.Dalvi Dr. C.C.Handa
PG Student Professor & Head
Department of Mechanical Engineering Department of Mechanical Engineering
KDK College of Engineering, Nagpur, R.T.M. Nagpur KDK College of Engineering, Nagpur, R.T.M. Nagpur
University, Maharashtra University, Maharashtra
Abstract

Fixture is essential equipment generally utilize in production and mechanical industries simply for safety of production and to
eliminate the accidents and hazardous cause. This paper concentrate to develop and design loading and unloading model for
handling assembly of valves and intention behind this is to provide a safety to human and to reduce the human fatigue require
unloading the valve assembly from assembly line. To complete this model there is need to have knowledge of design,
mechanism, pneumatics, fabrication and some electronics devices thus one can gain the knowledge on same. On the other hand,
production rate and also the efficiency of worker will increase due to effortless operation.
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I. INTRODUCTION

A fixture is a special purpose tool for holding or handling, supporting, guiding and locating work piece in proper manner in a
production process. By using fixtures setting and positioning time can considerably be reduced during production process, thus,
in this way productivity gets increases and reduce production time. Fixture is most widely utilized in the production and
mechanical industry because of its merits and features. The developing of this model involves the basic knowledge of design,
fabrication, pneumatics, mechanisms and also basics of electronics, due to involvement of all these, model becomes little more
complex to develop. Development of this fixture will play a vital role at the shop floor. For getting a quality product of valve
assembly, the fixture must develop as per the design. In existing design the fixture requires human effort for setting it up, so the
objective of developing this model is to reduce human efforts and to save time for loading and unloading of component by using
pneumatic system. Pneumatic system provides flexibility in holding forces and to optimize design for operation. The weight of
valve assembly is considerably high which is in the range of 25 kg to 60 kg, to unload this Control valve assembly from
assembly line which requires heavy effort by worker, this involves hazardous risk for operator to unload this control valve
assembly. So there is required to develop such an automatic unloading fixtures which will pick this control valve assembly from
assembly line and place on the outside assembly line without any requirement of human efforts. This involves the design and
development of the fixture to unload the control valve from assembly line solely with the objective of safety of the worker and to
reduce the human fatigue. This model is all about designing and development of fixture carrying valve assembly. On completion
of this model anyone may gain the enough knowledge about design, mechanism, fabrication and pneumatics.

1. BACKGROUND

[2]This machine is basically works on the principle of Shailesh S. Pachbhai, Laukik P. Raut[1] publishes a paper on “A Review
on Design of Fixtures” explains about the importance of fixtures and also the factors which are to be considered while designing
of the fixtures. The aim behind to develop the fixture was to reduce the cycle time required for the operation i.e. for loading and
unloading of product and thus by reducing cycle time, increase the productivity and to maintain the quality of product. Also it
briefs about the cost of the product, principals of location, methods used for location, types of clamps and also the software used
generally for design of fixtures.

Xueping Wang, Lei Wu, Mingwang Dong [2] publishes a paper on “Modeling and Accomplishment of Loading-and-
Unloading Equipment Optimum Allocation System at Bulk Terminal” in which the algorithm of the mathematical model has
been developed for loading and unloading of the equipment at the cargo terminal. This model has developed to make the
complex handling system at cargo terminal easier and to increase the working efficiency. The algorithm is working according to
the working condition at the cargo terminal i.e. it follows the practical limitations and system analysis. This system has
developed to optimize the handling equipment of terminal.
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Komal Barge, Smita Bhise [3] publishes a paper on “Design & Development of Hydraulic Fixture for VMC” which briefs
about the vital role of fixtures in an industries and may helpful to maintain the quality of the components by avoiding manual
handling and reduce the human fatigue and safety of worker. In this the automatic hydraulic fixture has developed to save time
for loading and unloading of components. This paper also briefs about design of fixture and the basic elements of fixture.
Finally, the purpose behind developing this fixture was to reduce the cycle time and to increase the productivity.

U. Farhana and M. Tolouei-Rad [4] publishes a paper on “Design of modular fixtures using a 3D-modelling approach” which
is about to use of Modular Fixture to improve the productivity and reduce production time. This modular fixture consists of
number of various elements to hold the component i.e. it is assemblage of number of fixtures to perform various operations. To
analyze the performance of fixture the use of CAD based 3D modeling and simulation has done. This paper also focuses on the
methodology of Modular Fixture design, also explains the relationship of supports, locators and clams by using this software.
This paper thoroughly briefs about the importance of software and the principles of locators, clamps etc

Sridharakeshava K B, Ramesh Babu. K [5] publishes a paper on “An Advanced Treatise on Jigs and Fixture Design” which
briefs about the fixture’s requirement in an industry, design fundamentals, design procedure etc., by considering situation of
minimizing lead time and make it cost effective an automation in fixture design has been implemented which is largely based on
the concept of modular fixtures. Along with the need of fixture it also briefs about the need of jigs. It tells about the importance
of automation in an industry simply to ease in production process and for reduction in operation time

S.D.V.V.S.B.REDDY, P SATISH REDDY, V SUBRAHMANYAM [6] publishes a paper “Design and Analysis of
Machining (Hydraulic) Fixture for AVTEC Transmission Case Component” in this the discussion is about the real situation of
the working place where the components has to face many operations, i.e. there is interchangeability of the parts in the
production process. Relevant to this a fixture is developed by considering the cutting forces, clamping forces and other relevant
important parameters. This paper gives idea about the fixture elements, fixture assembly, design of all the elements, all the
required forces involved in the different operations, analysis of the different elements i.e. fixture body, required components and
reasons for requirements etc.

111.PROBLEM FORMULATION

The problems related to unloading the control valve assembly from the assembly line will be discussed in detail. In handling the
Control Valve assembly on assembly line the following problems has been observed:

—  The main problem is to handle the Control Valve assembly due to its weight.

— The pick & place and tilting of control valve assembly is very tedious due to its heaviness and at present it is done

manually.

—  There are chances of part damage.

—  For pick & place and tilting control valve assembly requires more time for manual operation

— Also this process of unloading and placing valve assembly is unsafe for the operator.

So, to overcome these problems, it is proposed to design & develop a fixture which will possibly reduce all the above

problems.

‘ Fig. 1: Control Valve Assembly Line

Considering the above problems, it is proposed to design, develop and fabricate such a fixture that will eliminate most of the
above problems, most effectively it will reduce human efforts as it is manually operated in existing condition.
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Fig. 2: Modeling of Fixture

1V.PROJECT METHODOLOGY

In designing and fabricating fixture for unloading of valves, a flow of methods has to be used. First of all, a process planning has
to be charted out. This acts as a guidelines that has to be followed so that, the final model meets the requirement and time could
be managed. This would determine the efficiency of the project to be done. Regulating and analyzing these steps are very
important as each of it has its own criteria to be followed.
As the existing process is completely manual so, by developing such a fixture to provide a means for automatic operation
which will reduce the human efforts, there is need to follow the following methodology:
— Collecting the initial data for design & developing the fixture.
— Analyzing the data.
— Design of Fixture.
— Modeling the fixture by using CAD Software.
— Testing & Result analysis.
For designing and developing the fixture certain parameters such as lifting load, Bending load and various geometric
parameter in order to evaluate failure stresses deformation, contact pressure and geometries.
Valve has following dimensions that have to carry on assembly line.
Height = 240 mm
Length = 230 mm

Width = 150 mm

Weight = 20 kg
=20%9.81
=196.2N

According to the assembly line of the valve, height of the structure should be 500 mm from ground.
Thickness of the platform assuming to be 20 mm

Fig. 3: Dimensions
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Corresponding to the valve dimensions platform must have dimensions as shown in figure below:

Fig. 4: Platform for carrying the valves

As in a valve carrying structure there is four supports two on either side of the platform, so, the load of 196.2 N will equally be

carried by all four.

Therefore, considering only two supports for calculating the reactions offered by supports as shown in figure.

Fig 5: Loading condition of fixture

By applying condition of equilibrium.
Resolving all the forces vertically,
EFy =Ra+Rp

=98.1N

Taking moment about point ‘A’

Re x 330 =98.1 x 115
~Rg=34.19N

and Ra=63.91 N

A. Bending Moment and Shear Force Diagram

We have,
Rs=34.19N
Ra=63.91N

B. Shear Force Calculations,

S.F. at left of B is equal to Rg,

FBL = RB =34.19N

S.F. at right of C,

Fcr=34.19 N (as there is no other force between the span BC)
S.F. at left of C,

FcL=34.19-98.1

=-6391N

S.F. atright of A,
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Far =-63.91 N (as there is no other force between the span BC)
C. Bending Moment Calculations,

As the beam is simply supported, so, at the end support the bending moment is always zero.
ie,BM.atA, Ma=0
and B.M.atB, Mg =0

B.M. at C,
Mc = Ra x 115
Or
Mc =Rg x 215
=63.91 x 115
=7.35 N-m
P= 981 N
A C B
e 115mn—]
330mm
3491 N /
A < B
S.F.D.
6391 N
7.35 N-m| C
B
B.M.D.

Fig. 6: Shear Force and Bending Moment Diagram

D. Stresses in Beam

Section of the beam or platform is rectangular having dimensions as shown in figure.
Width of beam, b = 250 mm
Thickness/depth of beam, d =20 mm

250MM

20MM
1

Fig. 7: Cross Section of Beam

E. Maximum bending stress in beam

It is a simple rectangular section,

So, for calculating bending stress, there is need to calculate x and y of the rectangular section
Where, X = Distance of centre of gravity from X-axis

y = Distance of centre of gravity from Y-axis
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Now, using bending moment relation,

M oy
1Y
Where,

M — Maximum bending moment

I — Moment of inertia

Oy, - Bending stress

Y — Distance of extreme fibre from Neutral axis (N.A.)
3

Moment of Inertia, | = ——
12

_250x 203

12
=1.67 x 107" m*
Distance of N.A. from top surface of beam,
d
Y==

20

2
=10 mm

=0.01m
Bending Moment,
M =Rg x 215
=63.91 x 215
=7.35 N-m
MxY

Op =
_ 7.35 X 0.01

T 1.67 x 1077
= 440.12 x 10% N/m?

F. Shear Stress in a Rectangular Beam

f 250MM |
| |

Vi |

oMM

‘v

Fig. 8: Shear Stress in Beam Section
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By considering the above shaded region having area ‘a’, which is cut off by a line parallel to the N.A., and ¥ is the distance of

the centroid of area ‘a’ from N.A.
Max. shear stress is given by equation,
Pay

T=—

Ib
Where,
T = Max. shear stress in beam section
P = Shear force
A = area of section of beam
y = Distance of C.G. of a beam from N.A.
| = Moment of Inertia
b = width of beam

d d
a:be—Yand72Y+(E—Y)/2
. d
SO, y —E(2+Y)

bd3
12

0
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Substituting these values in equation. (1)
We get,
2
. :ep{(%)Z -5
o . . bd’ o
This equation shows that if the value of Y is vary, then there will be a parabolic distribution of shear stress, also less the value
of Y more will be the shear stress i.e. at Y = 0 shear stress will be maximum.
So, at the extreme ends shear stress will be zero.
So, put Y =0, we get
6P d?

4bd3
6P

" 4bd

Tmax =

3P
2bd

i.e. Tmax =

3 x98.1

s S 250 x 20

Typay = 0.02043 N/ mm?
Tes=2043 X 10° N/m?

This project has various futuristic technologies and uses also which needs R&D because there are so many areas which are to
be taken into consideration to make this machine more durable and more efficient. Such a system can be implemented especially
where loading and unloading operations are performed frequently. So, workers safety point of view a development of such a
machine is a need of time.

— Timer can be implemented to determine the time required for one valve to unload from assembly line.
— Different colour light signals to indicate proper or improper working of machine.

V. CONCLUSION

From the above study it has been observed that, fixture is an important device through industry point of view which may
considerably reduce the time required for production and increase the productivity. From above reviews different methods has
implemented to develop the fixture for different specific purposes. So, here on the basis of available situation a fixture for
loading and unloading of the components has planned to develop, to reduce the time required to manually operate the
components and for safety of the operator, again the purpose behind is to get the product damage free by avoiding its manual
handling.
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