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Abstract- Designing is very important activity in engineering
field. In this paper fixture assembly is designed for the Front
End Cover of Pump. We got sponsored project for our final
year diploma mechanical engineering students from Leena
Engineering, Solapur. We created three dimension and two
dimension of fixture assembly in AutoCad2010 software.
Dimension of the parts for the assembly are taken on the basis
of casting weight and cutting forces generated during actual
machining and by referring other fixtures of similar jobs.
Selection of material is done as per standard.

Keywords- Fixture, Location, Work piece , AutoCad
I. INTRODUCTION

A fixture is a work-holding or support device used in
the manufacturing industry. Fixtures are used to securely
locate and support the work, ensuring that all parts produced
using the fixture will maintain conformity and
interchangeability. Using a fixture improves the economy of
production by allowing smooth operation and quick transition
from part to part, reducing the requirement for skilled labor by
simplifying how work pieces are mounted, and increasing
conformity across a production run. A fixture differs from a
jig in that when a fixture is used, the tool must move relative
to the work piece, a jig moves the piece while the tool remains
stationary[1].

Il. TYPES OF FIXTURE

Though fixtures are predominantly used in milling
operation it is used in other operations like turning, boring,
welding and grinding. Fixtures are also made for inspection
and assembly works. Moreover fixtures are used for castings
and forgings which are rough and irregular in shape. With the
use of locators and proper clamps, handling of those jobs will
be made easy in fixtures than any other standard work holding
devices[2].

A. Adjustable fixture-An adjustable fixture is one which is
used in lathe where different cutting tools could be
accommodated in one set up, to turn work pieces of
different shape and length. The position of the cutting tool
is adjusted by different gages.
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B. Grinding fixtures-When extreme accuracy is required for
grinding parts like connecting rods, valve faces or bevel
gears, grinding fixtures are used and they hold parts
without any distortion. The positioning of the parts in the
fixture is very important and the clamping should be
designed to cover the parts for which machining is not
required.

C. Welding fixture- Welding fixtures are used to hold the
parts in the required shape and are used from smaller parts
to larger parts of a plane. Before welding the parts are
placed and positioned for the required shape. After
clamping the parts welding work will be carried out.

D. Assembly fixture-Large components in airplanes are
usually assembled with assembly fixtures. Pipelines and
other frames which are so lengthy will be placed in the
fixture and assembled. As the use of fixture will be more
with lengthy or large components the fixture material has
to be stiffer to avoid deflection. Some parts are required
to have simple operations like drilling or welding, after
aligning with the adjacent parts. An assembly fixture
should have to be constructed to accommodate such
situations.

E. Inspection fixture-The parts after getting finished with the
manufacturing operation have to be checked for its
accuracy in shape or in dimension. That will be performed
with inspection fixtures and they are extensively used in
automotive industries. The fixture will be the master in
shape and every part will be compared for its shape
conformity. For checking the dimension, the fixture is
prepared in such a way that it could accommodate the
correct dimensioned parts only.

F. Milling fixture- The use of fixture is oriented mostly with
milling operation and there are different types of fixtures
available with milling operation.

G. Reciprocating fixture- In a reciprocating milling fixture
twin fixtures are mounted on a sliding table with its base
fastened to the milling machine. It facilitates the operator
to unload or reload one work piece while the other one
will be under machining by moving the sliding table in a
straight line. The table movement will be achieved either
by compressed air or hydraulic fluid.

H. Indexing fixture- When the milling operation is required
to fall on a circular path indexing fixtures are used. For
milling gears indexing fixtures are used. With multiple
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indexing head more than one job can be milled at the
same time.

I.  Straddle milling fixture- Straddle milling fixture is used
where milling operation is required simultaneously on
either side of a component. This assures the parallelism of
the component. Also in taking heavy cuts during the
roughing operation two components could be loaded so
that this set up will save time.

J. Form milling fixture-For milling ordinary contours like
taking a slot or milling a side of a plate form milling
fixture is used. More than one component will be fixed in
a row and the operation could be done in a single stroke.
The work should always be secured in such a way the
thrust of the cutter is taken by the solid part of the fixture.

K. Multiple milling fixture- When milling two or more
surfaces of a same part which are in relation with each
other multiple head fixture are used. This is one type of
the special milling fixtures and is used in machining two
cylinder faces of a V-engine cylinder block at a same time
thereby saving more production time.

Fixtures must always be designed with economics in
mind, the purpose of these devices is to reduce costs, and so
they must be designed in such a way that the cost reduction
outweighs the cost of implementing the fixture. It is usually
better, from an economic standpoint, for a fixture to result in a
small cost reduction for a process in constant use, than for a
large cost reduction for a process used only occasionally.

Most fixtures have a solid component, affixed to the
floor or to the body of the machine and considered immovable
relative to the motion of the machining bit, and one or more
movable components known as clamps. These clamps (which
may be operated by many different mechanical means) allow
work pieces to be easily placed in the machine or removed,
and yet stay secure during operation. Many are also adjustable,
allowing for work pieces of different sizes to be used for
different operations. Fixtures must be designed such that the
pressure or motion of the machining operation (usually known
as the feed) is directed primarily against the solid component
of the fixture. This reduces the likelihood that the fixture will
fail, interrupting the operation and potentially causing damage
to infrastructure, components, or operators[3].

Fixtures may also be designed for very general or
simple uses. These multi-use fixtures tend to be very simple
themselves, often relying on the precision and ingenuity of the
operator, as well as surfaces and components already present
in the workshop, to provide the same benefits of a specially-
designed fixture. Examples include workshop vises, adjustable
clamps, and improvised devices such as weights and furniture.
Each component of a fixture is designed for one of two
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purposes: location or support. Following are the basic points,
which are required to be considered while designing the
manufacturing fixture[4],

A. Make your manufacturing fixture simple. Simple means
less cost to maintain and less opportunity to break.

B. Make it easy to use. They should not slow people down.

C. Make it have a purpose. Don’t fixture something just to
have a fixture. Make sure there is a problem you are
solving.

D. Make your manufacturing fixture as cheaply as possible.

E. Make it ‘strong enough’.

F. Make your manufacturing fixture as precise as required.
In a manufacturing fixture, precision might be needed for
alignment. In another, it may not be. Make sure the
precision of your device matches the need. Precision costs
money.

G. Be creative on where to use it. For example, you can build
a manufacturing fixture into a transport cart.

H. Build in reference points in your fixture. Account for
variance in the system-uneven floors, varying air pressure
in wheels, and variation in carts, for example, might make
a part on a cart and an installation fixture hard to match
up. If the fixture grabs onto a fixed point on the part, if
can make the installation process much easier than trying
to match the height independenly.

111. CONCEPT OF LOCATORS AND 3-2-1
PRINCIPLE OF FIXTURE DESIGN

To ensure accuracy and precision in any machining
operation it is essential that the work piece is properly
positioned. Jigs and fixture must be designed to use as
locators. Locators ensure work pieces are precisely positioned
and rigidly supported. Locators must be selected to ensure that
the work piece can be easily loaded and unloaded. A tool
designer must consider the following when designing jigs and
fixture:

Positioning and locating

Part tolerance

Fool proofing

Duplicate location

Locators must always contact a workpiece on
machined surface.

6. Locators should be positioned as far apart as possible.
This will ensure the use of fewer locators and permits
complete contact over the locating surface.

abrwbdneE

In jig and fixture design it is vital that part movement
is eliminated or restricted.
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Figure 1. Locators[5].

Jigs and fixtures are used extensively for mass
production. This concept will explain what the 3-2-1 principle
is and how it is important for jig and fixture design. One
method of reducing manufacturing cost per component is to
reduce machining cycle time. The manufacturing cycle time
can be reduced by reducing nonproductive time like loading,
unloading, and the placing of work piece onto the machine.
Here jig and fixture design has important role to play.
Productive time for a machine is the time required for metal
cutting operation by the machine. In short, the fixture is a tool
that ensures correct and quick clamping (or loading) of the
work piece with respect to the machine tool. For example, you
have a drill machine and want to make a 10mm diameter hole
at the point of intersection of the two diagonals of a square
plate. The hole should be inclined at 45 degree angle with the
surface. Now you have two choices, either you clamp the
work piece with the vice or use a arrangement like below.

DRILL AXIS

< | VWORK PIECE
N i
_—

Figure 2. Work piece with the vice[5].

FIXTURE

For a fixture designer, the major portion of design
time is spent deciding how to locate the work piece in the
fixture. You know that any free body has a total of twelve
degrees of freedom as below:

6 translational degrees of freedom: +X, -X, +Y, -Y, +Z, -Z
and 6 rotational degrees of freedom:

- Clockwise around X axis (CROT-X)
- Anticlockwise around X axis (ACROT-X)
- Clockwise around Y axis (CROT-Y)
- Anticlockwise around Y axis (ACROT-Y)
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- Clockwise around Z axis (CROT-2)
- Anticlockwise around Z axis (ACROT-2)

You must fix all the 12 degrees of freedom except the
three transitional degrees of freedom (-X, -Y and -Z) in order
to locate the work piece in the fixture. So, 9 degrees of
freedom of the work piece need to be fixed. But, how? By
using the 3-2-1 method as shown below. Rest the work piece
on three non-collinear points of the bottom surface (XY), and
you will be able to fix the +Z, CROT-X, ACROT-X,
CROT-Y and ACROT-Y degrees of freedom. Now, rest the
work piece at two points of side surface (XZ), and you will be
able to fix the +Y and ACROT-Z degrees of freedom. Now,
rest the work piece at one point of the adjacent surface (YZ2),
and you will be able to fix the +X and CROT-Z degrees of
freedom. So, you can successfully fixate 9 required degrees of
freedom by using the 3-2-1 principle of fixture design[5].

i
v

Figure 3. 3-2-1 Location principle[5].

IVV. DESIGN OF ACTUAL FIXTURE

All  required design principles are taken into
consideration for the design of fixtures and at the same time
actual component was also studied for deciding the proper
positioning it at various locations for restricting any
movement during actual machining. Actual drafting of fixture
is done in AutoCad2010 software. For deciding the
dimensions for the part of the fixture we referred other fixtures
of the similar types of jobs. Based on which optimum
dimensions are selected. Materials for the same are selected
from the referred fixtures. Figure shows actual two dimension
and three dimension sketches of the fixture.

Figure 4. 3D Drawing of fixture.
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Figure 5. 2D Drawing of fixture.

V. SELECTION OF MATERIALS FOR THE
FIXTURE

For selection of the material for the fixture parts
similar fixtures are observed based on which selection of
material is done, which shown in the following table.

Table 1. Selection of materials and their dimensions.

Sr. Name of Dimensions . .
No. Part in mm Material Quantity

1 Base Plate 440*232%25 | Mihld steel 1

2 Fest Pad 100*20%*20 Steel 4

3 Stopper N12*80 Mild steel 2

4 Clamp 200*38*20 Mald steel 1

5 | Clampmg M12*20 Mild steel 1

Stud
G Eoss MZIEG*2EE | Steel 2
7 Washer N14 +=NIT Steel 1
. Carbon
I117#

g8 Align Bolt M12Z*180 steel g8

o Nuts M19*11 Steel 1

10 | Pamt | —— | —— 200 ml

VI. DISCUSSION

In this paper simple steps are taken for designing a
such types of fixture. Though more things are considered for
the same. This design of fixture is finally discussed with the
sponsored company and after studying and observing all
parameters by them we got final approval and further work is
proceeded.
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VII. CONCLUSION

After carrying out this particular type of work, we
exactly understood the following things,

1. How to carry out any design activity i.e- Selection
of material, drafting or designing of any part and
necessary calculations.

2. Required important considerations for the design
work.

3. The 3-2-1 method is the fundamental principle for
all types of fixture design.

4. After designing this fixture we exactly understood
the work culture of the industry.
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