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ABSTRACT Gear manufacturing in the current day employs processes like gear forming, broaching, hobbing and form
milling. These processes, though efficient, are not economic, flexible or easily accessible. This project intends provide a
solution that in the form of a custom machine tool for manufacturing of gears that is compact and can be used to produce
spur gears of various specifications. To achieve this, an auto indexing attachment which can index gear blanks of
different sizes at different intermittent angles and a pneumatic power tool are designed and fabricated. A mechanical
four bar linkage driven gear provides the indexed motion and this motion is synchronized with the ramming motion of the
pneumatic cylinder using electronics. Any spur gear with the number of teeth as a factor of that of the gear used in the
indexing can be manufactured using this prototype.
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INTRODUCTION
Gears trains are one of the most prominently used mechanical power transmission devices. In the present day,
various processes that use special tools like form milling, hobbing and broaching. Basic manufacturing
techniques like forming and casting can produce only raw parts and require post processing i.e. surface
finishing operations to get the final quality of the gear.

The above mentioned processes provide good productivity but when they are assessed on their economic
aspects and accessibility, their short comings can be seen. The cost of acquiring the special tools used for the
above mentioned processes is high and are not readily accessible. These special machining tools can only
manufacture only gears with single specification making the process inflexible. Also the machinery required
for these processes are very heavy and hence they have high weight to power ratios. Because of these reasons,
though the processes are efficient only large scale industries with high product demand have these employed.

In this project, a pneumatic shaper is fabricated and an auto indexing attachment is designed for it that can be
used to produce spur gears of various sizes and modules.

DESIGN AND SIMULATION
The design of the equipment is carried out in four stages. They are:

1. Pneumatic circuit

2. Electronic control system

3. Indexing mechanism

4. Positioning of the equipment

DESIGN OF PNEUMATIC CIRCUIT
In order to get the desired output, we require two actuators that operate in the sequence A+ A- B+ B-. This has
been achieved by designing an appropriate pneumatic circuit as shown below.
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Fig 1 Design of pneumatic circuit
In the circuit, one of the cylinder is used as the main cylinder that performs the cutting action and the other is
used to drive the indexing mechanism. There are two 5/3 direction control valves that are used to control the
pneumatic cylinders.

DESIGN OF ELECTRONIC CIRCUIT
The electronic system is used to control the timing and sequencing of the working of the direction control
valves. An Arduino UNO 3 micro controller is used in the circuit for this purpose. The below circuit
represents the electronic control system.

Fig 2 Design of electronic control system
The pneumatic circuit when combined with this control system, completes the pneumatic shaper. This can be
used to perform all the operations that a conventional shaper does.
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DESIGN OF THE INDEXING MECHANISM
In order to make the gear cutting attachment more flexible, a new mechanism has been devised and
synthesized. This uses a stencil gear and a four bar mechanism to index the gear blank that isto be machined.
The below figure depicts the schematic of the mechanism

Fig 3 Design of indexing mechanism

In the above mechanism, link 1 is connected to the pneumatic cylinder that drives the whole indexing
mechanism. The link 2 has two stoppers attached to it such that they are on either sideof link 1 and the link 3
has a tooth that can engage with the gear.

Fig 4 Working of the indexing mechanism
The above motion has been synthesized using displacement equations[1]. Further, to improve the flexibility of
the system a provision has been made to vary the stoppers’ distance from the center and the effective length of
the links can be changed by fixing the joints at any point on the adjacent link in the holes provided.

POSITIONING OF EQUIPMENT
It is important that the various elements of the equipment are to be positioned such that their axes lie in the
same plane to perform the cutting operation. The layout of the equipment is as shown below
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Fig 5 Positioning of equipment

SIMULATION AND FABRICATION
The pneumatic and electronic systems have been simulated using an equivalent ladder logic in Festo
FluidSim.

Fig 6 Simulation in FluidSim
The afore described designs have been fabricated and tested for functionality. The below figure shows the
fabricated model of the equipment.
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Fig 7 Fabricated prototype of the proposed model

CONCLUSIONS
1. An economic alternative for gear manufacturing has been put forth that is more accessible to medium and

small scale manufacturing industries

2. A new type of indexing mechanism has been designed that is more flexible compared to the existing
conventional models

3. A simulation of the pneumatic model as well as an equivalent ladder logic of the electronic circuit is done
in order to verify the working of the system

4. The size of the shaper machine has been reduced considerably using pneumatics as the drive system
instead of the conventional quick return mechanism

5. The equipment is made flexible in order so that gears of different specifications can be manufactured
using the same machine tool
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