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Abstract - This paper presents the design and fabrication of a
pneumatic-based multi-functional machine that performs both
drilling and grinding operations. Aimed at reducing power
consumption, increasing efficiency, and improving portability,
the system uses compressed air as the primary source of
energy. It is particularly suited for small-scale workshops,
educational training, and prototyping applications. The
machine integrates a pneumatic cylinder, rotary motor, and
interchangeable tooling, eliminating the need for complex
electric drives. Experimental tests validate its performance in
terms of energy efficiency, surface finish, and operation speed
across different materials.
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1.INTRODUCTION

The fabrication of a pneumatic-based multi-functional
drilling & grinding machine is a project aimed at developing
a compact and efficient tool that integrates multiple
machining functions into a single system. By utilizing
pneumatic power, this machine eliminates the need for
complex electrical systems, ensuring cost-effective operation
and ease of maintenance. Designed for small-scale industries,
workshops and prototyping applications the machine
combines drilling & grinding capabilities, making it a
versatile solution for various machining needs.

In traditional machining processes, separate machines are
required for drilling and grinding, leading to higher costs,
increased space requirements and more complex
maintenance routines. The proposed multi-functional
machine addresses these issues by integrating both
functions into a single streamlined unit.

Moreover, the eco-friendly nature of pneumatic systems
ensures that this machine reduces energy consumption,
making it a sustainable alternative to traditional machining
equipment. By developing a low-cost and highly efficient
machine this project aims to provide an innovative solution
for industries, educational institutions and small-scale
workshops that require multi-functional and high-
performance machining tools.

2 Objectives of Work

1. Design and build a dual-operation pneumatic
machine.

2. Reduce energy consumption by using compressed
air.

3. Create a cost-effective, portable and compact
solution.

4. Ensure user safety, ease of operation and low
maintenance.

5. Improve machining precision and efficiency.

3 Methodology
The machine was conceptualized using CAD models and

fabricated with mild steel frames and pneumatic
components. The system includes:

Fig -1: Conceptual view

e A pneumatic cylinder to actuate the tool head.

e Asolenoid-controlled circuit to switch between drilling
and grinding.

e A manuallever and detent valve for safety and operation
control.

e A rotary motor for abrasive wheel operation.be used.
Other font types may be used if needed for special
purposes.

The design phase begins with identifying the key functional
requirements of the machine, including drilling and grinding
capabilities powered by pneumatic systems, The machine
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frame is designed to provide stability, durability and ease of
access for tool switching. Engineering calculations are
performed to determine the required air pressure, torque
and speed for both drilling and grinding operations.

4. Components Used

Component Specifications

Pneumatic Cylinder Double-acting, 25-32 mm bore, 6 bar

Drilling Tool 6-10 mm chuck, 1000-2500 RPM
Grinding Tool 50-100 mm wheel, 1000-2500 RPM
Manifold 4-6 ports, 10 bar rating

Compressor 1.5 HP, 25-50 L tank, 100-150 L/min @

6 bar

Control System Hand lever valve, solenoid valve

Frame Mild steel, 600x400 mm base, ~25 kg

Table -1: Components Used

4.1Components Used

Fig -2: Pneumatic cylinder

A pneumatic cylinder is a device that uses compressed air to
create straight-line (linear) motion and force. It consists of a
cylinder barrel, a piston inside, and a rod that moves in and
out as air pressure is applied. Pneumatic cylinders are
commonly used in machines to push, pull, lift or move loads
in automation systems. they come in types like single-acting
(air moves the piston one way; a spring returns it) and
double-acting.

construction, mining and industrial settings because it is
powerful, durable and safe for use in wet or explosive
environments. The machine uses air pressure from a
compressor to move a piston or motor that drives the drill
bit into materials like rock, concrete or metal, this pneumatic
drilling machine features a 6-10 mm chuck, operates at
1000-2500 RPM, usesa 1/4" air inlet and consumes 0.3-0.5
m?/min of air at 6 bar.

Fig -4: Manifold

A manifold is a component in pneumatic or hydraulic
systems that distributes air or fluid from one source to
multiple outputs. It acts as a hub connecting several valves
and tubes, allowing controlled flow to different machine
parts. This manifold has 4-6 ports, 1/4" BSP size handles up
to 10 bar and is made of aluminum or brass.

Fig -5: Hand lever detent valve

A hand lever detent valve is a manual directional control
valve used in pneumatic and hydraulic systems to manage
the flow of air or fluid. These valves are commonly found in
industrial machinery like presses, lifts and cylinders. This
valve is a 5/2-way type with 1/4 BSP ports and operates
reliably up to 10 bar.

Fig -3: Pneumatic drilling & grinding

A pneumatic drilling & grinding machine is a tool powered
by compressed air instead of electricity. It is widely used in
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Fig -6: Compressor

A compressor is a mechanical device that increases the
pressure of a gas, usually air, by reducing its volume. In a
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pneumatic multi-functional drilling, grinding, and cutting
machine, the compressor provides the compressed air
needed to power the pneumatic motor and other system
components, This compressor delivers 6 bar pressure,
features a 25-50 L tank and is driven by a 1-2 HP motor. It
supplies airflow of 100-150 L/min and operates on 220V AC.

5 Experimental Setup and Testing

The fabricated prototype was tested on mild steel,
aluminum, and wood with the following outcomes:

Fig -7: Experimental setup of working model

e Drilling Time: ~12s (mild steel), ~8s (aluminum), ~5s
(wood)

e Grinding Finish: Achieved Ra 1.6-2.1 pm

e Tool Switching: ~30 seconds

e Air Consumption: ~0.8 m3/10 mins at 6 bar.

Fig -9: Aluminum testing

Fig -10: Aluminum testing

6 Results and Observations

Material Hole Time Surface  Finish
Diameter (s) (Ra pm)

Mild Steel | 6 mm 12 2.1

Aluminium | 6 mm 8 1.6

Wood 6 mm 5 ~

Table -2: Results and Observations
Power analysis: 1.5 HP compressor uses ~0.19 kWh
over 10 minutes, providing a cost-effective alternative to

electric systems.

7 working model

Fig -10: working model

The pneumatic-based multi-functional drilling and grinding
machine operates using compressed air supplied by an air
compressor. This compressed air is regulated through a
pressure control system and directed to the pneumatic
motor, which converts the air pressure into mechanical
motion. Depending on the mode selected, the motor either
rotates a drill bit for drilling operations or powers a grinding
wheel for surface finishing. The control valves facilitate
smooth switching between the drilling and grinding
functions by redirecting airflow to the respective tool. The
machine's design ensures precise control over speed and
torque, optimizing performance based on material type and
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required operation. The absence of electrical components
reduces the risk of overheating and electrical hazards,
making the system safer and more durable. Additionally, the
lightweight and compact design allows for efficient handling
and space-saving installation in workshops or industrial
environments.

The air compressor generates compressed air.

The air is directed through control valves to the pneumatic
cylinder.

The cylinder piston moves, driving the drill or grinding
wheel.

Manual controls allow switching between drilling and
grinding operations.

8 Advantages & Applications

Low maintenance and eco-friendly.

Easy to use with manual and semi-automated controls.
Ideal for remote or portable applications.
Dual-operation reduces space and cost.

Small-scale workshops and manufacturing industries.
Educational institutions for training and research.
On-site repairs and maintenance due to portability.
Prototyping and rapid machining operations.

9 Challenges and Solutions

Challenge Solution

Air pressure fluctuations | Added regulators

Tool switching time Quick-release setup

Initial cost Used low-cost, durable materials

10 Conclusions

The pneumatic-based multi-functional drilling and grinding
machine offers a reliable and economical solution for light
machining applications. Its dual-operation capability, low
energy usage, and compact design make it an ideal fit for
educational institutions, small workshops and portable
machining environments.
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