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The present work addresses the development of a pneumatically driven manufacturing cell for low cost automation applications.
This cell can be used in innovative applications as a low cost alternative to increase production and quality in industry. The state
of the art shows that technological advances in computing have made possible a drop in equipment prices, making them more
accessible.The aim of this work is to develop automation through a classicmethodology for amanufacturing cell tominimize errors
and facilitate the sequential logic conception.This experimental prototype has been developed at theUNIJUI with financial support
by public organizations and companies. Pneumatic actuator used in bench driven has the following advantages: its maintenance
is easy and simple, is of relatively low cost, self-cooling properties, and good power density (power/dimension rate), and is fast
acting with high acceleration and installation flexibility. However, there are difficulties of control logic due to the complex systems.
The sequential controller strategy design considers the pneumatic system, experimental results, and performance of the proposed
control strategy.

1. Introduction

The present work addresses the development of a pneumat-
ically driven manufacturing cell for low cost automation
applications when compared with other high-cost automa-
tion technologies such as pneumatic servo position applica-
tions [1–5]; for example, Festo has an industrial pneumatic
servo solution in the delivery range being very efficient but
however expensive [6]. In our current society, the capacity
of performing tasks with higher efficiency and precision
is increasingly sought by automation [7]. In this way, the
productive systems must ensure competency, considering a
market that is increasingly more demanding and competitive
[8]. The main advantages of automation are the replacement
of the manual operations, increased productivity, decreased
cost, and more consistent and uniform final product [9]. It
is in that scenario that the pneumatic systems application on
industrial automation has stood out, due to its simplicity and
low cost of its basic components [10].

With the introduction of solenoid actuated valves, relays
and their digital command techniques started to be used, in

order to achieve the logic of the command system signals.
This combination of technical resources from pneumatics,
microelectronics, and informatics is called pneutronics [10],
which is an analogy to mechatronics, a harmonious integra-
tion of mechanical and electronic engineering and computer
controlling. In Figure 1, there is a generic representation
of a mechatronic system, showing the interaction between
sensors, controlling system, and actuators [9].

Having that in view, this paper describes the automation
system development with pneumatic actuation to feed, fix,
and remove a part after a given operation. Posteriorly, the
employed methodology to conceive the system functioning
will be presented, showing the techniques and methods
utilized, the results obtained, and the final conclusions.

2. Methodology

As quoted, with the advances of pneumatics, aided by elec-
tronics, the construction of high complexity systems becomes
viable. For that, scientific methodologies are used for each
type of project. For this paper, a project of sequential logic
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Figure 1: General representation of a mechatronic system.
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Figure 2: Typical path-step diagram form [10].

will be discussed, which begins by the verbal description
of the problem, to the formulation of graphic diagrams,
whereas the diagrams minimize errors and make program-
ming easier. Two types of graphic representation were used,
for the presented problem’s sequential command, a path-
step diagram (PSD) and a functional diagram (FD), followed
by a microprocessor platform programming. These steps are
described as follows.

2.1. Elaboration of the Path-Step Diagram (PSD). Accord-
ing to [10], the path-step diagram (PSD) represents the
position of the pneumatic cylinder’s piston rods, extended
or retracted, being applied to every step of the sequential
command. For each pneumatic cylinder, a line is set, where
the logic is inserted on the “state” column, which can be
extended on the upper part and retracted on the lower part
or an inverted logic. The transition of a step to the other is
given by the extension/retraction of a pneumatic cylinder’s
piston rod or through external signals.

In agreement with [10], fields B, C, and D of Figure 2
describe the pneumatic cylinders that compose the system,
whereas they inform, respectively, the type of cylinder, the
notation, and the adopted convention to identify the state
of the piston rod as extended or retracted. Fields E, F,

and G are subdivided as columns according to the number
of sequential steps, where E eventually indicates the step
time and F shows the beginning and end of each step,
since the G field represents the status of each cylinder of
the sequential command. Field A only lists the rows. This
method is used traditionally in electropneumatics, for being
easy to elaborate and representing the pneumatics cylinders’
sequential commands sufficiently well.

2.2. Elaboration of the Functional Diagram (FD). As stated
by [10], the functional diagram, also known as operation
scheme, represents the sequential command divided by
steps, the actions associated with each step, and the logical
conditions related to the transition of each step. Figure 3
presents the basic set of rectangles that feature a step of a
sequential command, according to theDIN40719-6 standard,
where (a) indicates the identification number of the step and,
optionally, a brief description of it, (b) indicates some signal
property that creates the action, (c) designates the action, (d)
indicates the signal element that confirms the fulfillment of
the action, and (e) indicates logical condition associated with
the transition of a step to the next one.

As stated in [10], it is still important to consider that the
functional diagram refers to the sequential command as a
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Figure 3: Basic block of the functional diagram, in agreement with the DIN 40719-6 standard [10].

whole, that is, to the signal processing and to the commanded
actions by the signals originated from this processing.

2.3. Implementation in the Microprocessor Platform. The sys-
tem sequencing graphic diagram is necessary to program the
steps of the sequential command into a device that receives
the data, processes them, and acts on the system according
to the preestablished parameters; for the solution of this
paper, an Arduino microprocessor platform that utilizes a
programming language similar to C/C++, with some specific
commands, will be used. According to [11], the biggest advan-
tage of Arduino over other microprocessor development
platforms is the easiness of use, where people that are not
on its technical field can, quickly, learn the basics and create
their own projects in a relatively short time period. Arduino
microcontrollers are already established for use in low cost
high-quality scientific and engineering equipment [12, 13].

Still, mentioned by [14], the Arduino’s IDE open software
is used to program, where we write the codes, and it allows
you towrite a computer program (sketches), which are a set of
instructions, step by step; thenwe can load the program to the
Arduino platform, an then, it will execute these instructions
to whatever is connected to it.

3. Results and Discussion

As a result, a pneumatically driven manufacturing cell proto-
type was built and tested as shown in Figure 4(b). The tests
were performed using a wooden parts box, where the last
step provides the fixation of the wooden part to a possible
manufacturing operation (such as drilling and milling). In
Figure 4 the previously quoted methodology to automate the
pneumatically driven manufacturing cell will be presented.
The prototype design also is shown in Figure 4(a).

Later, the utilized pneumatic circuit’s diagram for the
functioning of the equipment at matter will be shown,
followed by the verbal formulation of the problem with
illustrations demonstrating each necessary step for the cor-
rect functioning of the equipment. With the previous items,
it will be possible to build the path-step diagram and the

function diagram, so that with them the programming of
the sequential logic of the problem on Arduino will be
accomplished.

3.1. Conception of the Pneumatic System. For the construction
of the equipment described in this paper, it was necessary
to develop a pneumatic circuit shown in Figure 5, presented
with symbols according to ISO (International Organization
for Standardization) 1219-1 and 1219-2 fluid power systems
and components, graphic symbols, and circuit diagrams.

The ISO 1219-1:2012 standard [15] establishes basic ele-
ments for symbols. It specifies rules for devising fluid power
symbols for use on components and in circuit diagrams.

And the ISO 1219-2:2012 standard [16] establishes the
main rules for drawing pneumatic circuit diagrams using
graphical symbols drawn in accordance with ISO 1219-1.

The circuit is composed of three double-acting pneumatic
cylinders, where each one has its own magnetic sensors of
position to indicate if it is either extended or retracted. For
the activation of the pneumatic cylinder, three five-port/four-
way directional valves are arranged, with solenoid and spring
return.

The application demands that each pneumatic cylinder
has individual speed control, and because of that, three flow
control valves were applied, and the controlling is manual.
The system functioning is given by feeding with compressed
air provided by a compressor that is not part of the equipment
developed in this paper.

3.2. Logical Formulation of the Problem. For the logical
formulation of the problem, illustration aid was utilized on
each step. The process begins with the manual activation of a
button named “start,” and the infrared part presence sensor
on the magazine is verified. In case there is a part on the
magazine, pneumatic cylinder A extends, removing the part
from the magazine and placing it in the process.

The activation of the magnetic sensor of piston rod posi-
tion for pneumatic cylinder A extends pneumatic cylinder B,
fixing the part to perform an operation that can be drilling
or milling. When pneumatic cylinder B’s piston rod reaches
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Figure 4: Pneumatically driven manufacturing cell for low cost applications: (a) design; (b) prototype.
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Figure 6: (a) Illustration of the first (a) and second (b) step.
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the magnetic sensor, the countdown begins. In Figure 6, the
previous description is illustrated.

At the end of the operation, a signal is emitted, indicating
the end of it. In this way, pneumatic cylinders A and B retract,
activating the retracted piston rod magnetic sensor.

The activation of the retracted piston rodmagnetic sensor
of pneumatic cylinders A and B removes the part by the
activation of pneumatic cylinder C, with its retraction. In
Figure 7, the previous description is illustrated.

The process ends when pneumatic cylinder C extends
and returns to the initial position. In Figure 8, the previous
description is illustrated.

3.3. Path-Step Diagram of the Pneumatically DrivenManufac-
turing Cell. For the construction of the path-step diagram,
a table of logical correspondence was generated, with the
objective of creating names for the system’s components and
presenting the logic of the state of them, found in Table 1.

According to the presented methodology, a path-step
diagram was developed for the correct functioning of the
pneumatically drivenmanufacturing cell. Observe the occur-
rence of the seventh step, as shown in Figure 9, where time
for each cylinder was not calculated. An important point to
highlight on this diagram is that, on pneumatic cylinder C,
the logic is inverted; in other words the pneumatic cylinder C
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Table 1: Table of logical correspondence.

Notation Match logic
Input variable

Manual actuation button I1 Activated button—I1 = 1
Part presence sensor in the magazine I2 Activated sensor—I2 = 1
Extended position sensor pneumatic cylinder A I3 Activated sensor—I3 = 1
Retracted position sensor pneumatic cylinder A I4 Activated sensor—I4 = 1
Extended position sensor pneumatic cylinder B I5 Activated sensor—I5 = 1
Retracted position sensor pneumatic cylinder B I6 Activated sensor—I6 = 1
Extended position sensor pneumatic cylinder C I7 Activated sensor—I7 = 1
Retracted position sensor pneumatic cylinder C I8 Activated sensor—I8 = 1
Signal I9 Operation end

Output variables
Pneumatic cylinder A O1 Extended pneumatic cylinder 1—O1 = 1
Pneumatic cylinder B O2 Extended pneumatic cylinder 2—O2 = 1
Pneumatic cylinder C O3 Extended pneumatic cylinder 3—O3 = 0
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Figure 9: Path-step diagram for pneumatically driven manufacturing cell.

returns immediately after arriving to its extended final course,
but its logic value will be 1.

Through the diagram, it becomes easy to observe the
entries that activate the next step, where they are indicated
with arrows, being its main function to identify the position
of each cylinder’s piston rod, on every step.

3.4. Function Diagram of the Pneumatically Driven Man-
ufacturing Cell for Programming. Being a sequential logic,
Arduino’s IDE programming was important to facilitate the
problem, where the function diagram built with aid from
methodology on the last chapter, presented on Figure 10,
represents a sequence of “while” loops. When a program
enters this loop, the lines of code contained in it are executed,
so at the end, an equality is tested, and if it is true, the latter
lines of code will be followed, or if it is false, the loop is
executed again.

It is noted that, in the function diagram, in each step a
task is executed, and to signalize the end of it, a signal is
activated, and in this way the equality to the “while” loop will
be the signal of a task ending, and the lines of code from the
loop will be the task execution, and with that, while a step is
not finalized, it will not proceed to the next one. To start the

process, the “if” command will be used and it will make the
logic test as shown between the start and the first step.

4. Conclusion

The rise of industrial automation seeks to optimize pro-
ductive processes to raise quality of manufacture, decrease
production time, and minimize risks of accidents and
ergonomics. This paper presented the development of a
pneumatically driven manufacturing prototype for low cost
automation. It is intended to contribute to future applications
of mechatronic systems that attend the needs of increasing
productivity, reducing costs, and improving work safety.
Moreover, the pneumatically actuatedmanufacturing cell can
be easily integrated into robotic cells and its programming
can be synchronized with the planning, modeling, and
control of robotic manipulators [17–19] in Flexible Manufac-
turing Systems (FMS) [20].

Through the development of an automated pneumatic
system, beginning by the expository way presented for the
logical formulation of the problem, and posteriorly creating a
pneumatic system aided by ISO 1219-1 and 1219-2 standards,
it was possible to properly control each cylinder. For the



Journal of Industrial Engineering 7

Start

1
Part input

2
Part fixation 

3
Operation

4
After operation

5
Part output

Retracted
pneumatic 
cylinders 
A and B

I4
I6

Extended
pneumatic 
cylinder 

A

I3

Extended
pneumatic 
cylinder 

B

I5

Temp for 
operation I9

Retracted
pneumatic 
cylinder

C

I8

&
I1
I2

I3

I5

&
I4
I6

I9

= 1

Figure 10: Function diagram for pneumatically driven manufacturing cell.

elaboration of the sequential logic, with the objective of
doing the feeding, fixing, and removing the part tasks, a
classicmethodology in the field of pneumatic automationwas
used, elaborating path-step diagrams to observe the position
of each pneumatic cylinder on each step and function
diagrams to elaborate a programming according to the signals
generated in the processes. With this methodology, errors
were minimized and mechanisms were elaborated, so that
there are no errors during the process.

The proposal of a pneumatically driven automated man-
ufacturing cell for low cost applications is important to the
technological industrial development. In future research, it
is intended to develop the operation of this system, which
may be drilling or milling, and to apply the methodology
into other pneumatic systems integrated with the design for
manufacturing methodology [21], as the correct application
of pneumatics resulted in an easyway of developing industrial
automation.
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