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Abstract — This paper explains the why and how of making a fixture in such a way that
its concept can be utilized anywhere else. The project addresses the problem of efficient
work holding of a particular part (actuator), and makes its machining a lot easier by
developing a fixture which allows machining of all operations in a single setup. This
project results approx. 30% decrease in total production time. Fixtures make workpiece
steadier which in turn allows for use of higher feed which in turn results in reduction in
cycle time with better quality of product.

Introduction.

The fixture allows for high-speed machining with accuracy and better results. It
eliminated the need of locating each workpiece individually and is very lucrative in mass
production of any kind of workpiece. It’s made up of material that can sustain a good
amount of pressure like mild steel, cast iron, die steel, carbon steel, nickel-chrome steel.
Basically, the material should be such that it can resist wear up to a high degree. Fixtures
also eliminates the need of a skilled operator needed to operate the machine, which
reduces the labour cost on the product. Although the fixture has an initial basic
development cost which includes the research cost, designing costs, material costs,
machining costs, but all these costs can be easily covered by the fixture in the long run.

Literature Review.

This paper is written after researching many research papers that have been published in
relevant journals and conferences. Which are related to automation in fixture design to
achieve cost reduction by means of automation and flexibility of the production. The
current condition of the market is everchanging. To constantly adapt to the uncertain
conditions, we also need to be flexible to survive in the market. A research paper was
done on Flexible Fixtures for Manufacturing Processes ! which opened up a new field
for development of flexible fixtures. While reconfigurable fixtures are extremely in
demand due to its flexible nature and use in any form of production, it is also important to
consider the cost of production parallelly. In the paper Ensuring economic efficiency of
flexible fixtures in multiproduct manufacturing 2! talks about optimal fixture development
in reasonable costs. Making an efficient fixture that suits our needs is important at lower
costs to sustain our quality with quantity . Another option was to go for Flexible
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Manufacturing Systems, to deal with flexibility and automation [“. The fixture
classification is done according to its flexibility. They can be classified as dedicated
fixtures and general-purpose fixtures. A fixture that is designed poorly may result in over-
clamping and excessive vibrations, which leads to reduced surface quality, dimensional
inaccuracies, and separation between the workpiece and fixture thereby causing the part
to be released, ultimately damaging the machine, halting the production and even has a
chance of injuring the operator [,

Research Methodology.

This research paper includes the observed data and its analysis. Followed by the
calculations that define the feasibility of the fixture structural integrity and cost wise. It
also includes a detailed report on the benefits of using the fixture and its after effects. So
first is the observational phase. | jotted down the machining process and the time it took
for each operation individually. Understanding the operation sequence and the feed rate
and spindle speed is the key factor here. Analyze the data to see if you can still cut down
on the cycle time even a bit. As even a few seconds make up a massive difference at the
end of the day.

So, after that | started on the tentative design of the fixture. Made a list of all the points
important for the fixture to work as efficiently as possible. Decided on the locating and
clamping mechanisms. Identified the material of the fixture. Calculated an approximate
costing of the total budget of the project. Revised the design as per the observed points &
removed a few unused areas to reduce the weight of the final product. Finalized the
design and started to gather the materials. After that is the Design Calculations stage.
There should be “proof” that the design will actually, hold up during actual process. So, |
calculated the force exerted during the operations and compare it with the yield strength
of the fixture, stacked up the data in a 3D modeling software which also allowed for
Simulation of Structural Analysis (Like Solidworks/Ansys).

Once this was cleared next was the machining stage. Using manual machines and not
Computerized ones like CNC and VMC will be more cost effective. I used milling
machine and lathe machine for my project. After machining is done all that left is getting
the results phase. | Observed, took notes, readings, and compared it with previous ones.
And then compiled them in a clear visual and easy to understand manner.

Data Analysis.

Given below is the raw data | got from observing the machining process. Categorized and
analyzed into smaller chunks. First was the machining time or cycle time of each

operation.
Operation Time Taken (Sec.) Operation Time Taken (Sec.)
1 620 5 121
2 620 6 159
3 548 7 137
4 121

And converting that data into a visually appealing graph I got,
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Its the data observed without the fixture. The total machining per piece took 38 mins and
46 seconds. Fortunately, all operations could be performed by rotating the part on a single
axis. So then | made a tentative or a rough design. It was just a copy of the outline of the
part and clamped it from all four sides. Leaving out the areas that need to be machined.

Tentative Fixture Design

The two pins on the fixture were for the locating purpose of the workpiece. That makes it
easy to load and locate the workpiece accurately each time. Then | removed some extra
parts which weren’t needed to achieve the usability of the fixture.

This is the Chuck Side Fixture Jaw. Both the top and
bottom views are shown. The middle parts of the fixture
have been removed to reduce the weight but still provide
enough clamping force to sustain the workpiece while
machining.

30 VIEW
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Similar to the Chuck side jaw, the dead center jaw
also has some areas removed and some holes to
reduce the weight even more. it only works to
support the work piece while rotating and provide
back support while machining.

3D VIEW

Now the main point to focus on here is that the fixture is made up of EN-8 Grade mild
steel material. Its yield stress is 465 N/mm?. And the material we need to cut is aluminum
material. Which won’t provide a lot of resistance while being cut. So, we can remove a
lot of the portions of the fixture.

Calculations.

Torque (Ts) that is applied to the spindle, and therefore to the milling cutter, is generated
by the tangential cutting force (Ft) and can be calculated by the formula:

Ts=FtxR «««.(Edmund Isakov, 2012)

Where,
R is the radius of the milling cutter.

Parameters used-

1. Ultimate tensile strength (o) 4. Engagement factor of a workpiece

_ _ material (Er),
2. Cross-sectional area of the uncut chip

(A), 5. Cutting tool wear factor (Ty).

3. Number of teeth engaged with a
workpiece (Z¢),

» The following tangential cutting force formula was developed in accordance with these

relationships:
Where, [Ft=GXAXZcXEfXTf ]

«  6=290 N/mm? (Aluminum)
° A=fx Ap
where f = feed rate per tooth

Ap= Axial depth of cut

« S0,A=0.15x2=0.3 mm?
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* The number of teeth engaged with a workpiece (Z¢) depends on the number of teeth in the
cutter (Z) and the engagement angle (a)). The formula for calculating Zc is:

_ Zxa
[ZC_ 360° ]

Here, Z=6 and a is 180 °
Therefore Z¢ =3

* The engagement factor of a workpiece material (Es) is a dimensionless coefficient which
correlates tangential cutting force with the ratio of the radial WOC to the cutter diameter

(W = D).
_ W _54 _
[Ef—;—§—0.675J

» The cutting tool wear factor (Ty) is a dimensionless coefficient which correlates tangential
cutting force with increasing wear of the cutting inserts when milling. Its 1.10 when
taking a light cut of 0.2mm.

e Ft=oxXAxZxEfxTs
=290x0.3x3x0.675x1.10
=193.79 N

* Ts=FxR
=193.79 x 0.04
=1.75Nm

» As the tangential cutting force is less than the yield strength of the fixture
material, we can say that the design of fixture is acceptable.

Results

The final results of the fixture are as shown below.

Result Graph

700
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Tota
|
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The new data observed after using the fixture are shown, from the above graph we can
see that the time of operations goes down by a total of 30%. The total cycle time which
was 38.77 mins now has gone down to 27.14 mins. A reduction of 11.63 mins. So we can
say that the new fixture is a success.
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The cycle time which was 38.77 mins has now been reduced to 27.14 mins while using
the fixture.

Result Chart SS316

800

600 —,

400 \\
200

1 2 3 4 5 6 7 Total
e=Time Taken (Sec.) 651 651 575.4127.05127.05166.95143.8561.06
With Fixture 434 | 434 383.6 84.7 84.7 111.3 95.9 40.705

0

= Time Taken (Sec.) With Fixture

After the fixture was tested as intended, | also tested the fixture on other materials, like
Stainless Steel. Usually only these two materials are being used for actuator Production.
The result is as shown. The material grade of the actuator being SS316, the machining
time gets reduced by a lot. But it’s still faster and more precise than using the vice and
clamp fixture.
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