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processes such as food, beverage, plastic industries and many others. The

fault detection and control of sequential operation based on fluid power
Electro-pneumatics, actuators has always been challenging. This paper takes the case study of
Mechatronics, electro-pneumatic actuator role and its control in the sequential operation for
PLCs, automatically punching and placing the materials in the predefined states. The
Watchdog timer, controlling of sequential operation has been carried out using PLC as well as
Sequential control. relay, contactor, solenoid and watchdog timer. Also, in this paper the required
actuation system is designed and simulated using Automation studio and it
has been carried out experimentally with different fault detection cases.
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Introduction:

. . Electro-pneumatic Actuator and its Control:
Now a day’s plastics are being widely used for P

manufacture of a number of very important items such
as, smart ticket for metros, voter ID cards, pan cards,
packaging and many other products. These plastic have
to be cut or punched to specified dimensions to suit
individual requirements. It is therefore necessary to
design a machine where this can be done automatically.

Implementing the principle of electro-pneumatics
in plastics, food and beverage industries with a smart
control system is very important. It requires an
integration of timer, counter & watchdog timer in a
sequential control system for better safety and
control.[1]In this paper we propose to integrate double
acting cylinders and solenoid actuated 5/2 directional
control valves in the electro-pneumatic system for
cutting of plastics to required shape and size.[2] The
cutting process is also simulated using automation
studio [5]. The extension and retraction of the cylinders
are sensed using cylinder switches or reed switches [5,
7].
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Electro-pneumatics is a combination of electrical
and pneumatic systems, which helps to transfer energy
from electrical domain to mechanical domain using
pneumatic actuators driven by fluid under pressure [3].

Applying the principle of automation, we can
sequentially control the actuators using a PLC
(SIEMENS S7-1200). The program has been
successfully simulated as well as practically interfaced
with a physical pneumatic system, which consists of air
compressor, two directional control valves, two flow
control valves, two pneumatic pressure sensors, two
double acting cylinders (air cushioning type) as shown
in fig.1 & fig.2.

The sequential logic is developed using “TIA
Portal” (programming software for S7-1200 PLC) with
different languages such as LAD (ladder), FBD
(functional block diagram) and STL (statement list) as
shown in fig.4, fig.5& fig.6
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DOUBLE ACTING CYUNDER 1

Flg 1 Phy5|cal arrangement of pneumatlc sequentlal ckt
and interfaced with PLC

Fig. 2:Simulation diagram of automatic sequential
operation of pneumatic actuators

Fault Detection and Control:

For manual operation push button PB1 is used to
start the system and push button STOP is used to stop
the system. K is the starting contactor. T1 is the timer
relay which produces delay in the control of actuators.
Y1 and Y2 are the solenoid valves which help to
actuate the directional control valves resulting in the
extension and retraction of cylinder 1 and 2
respectively. LS1, LS2, LS3 & LS4 are the cylinder
switches or reed switches placed over the cylinders and
control the position of the cylinders. The concept of
Watchdog timer has been proposed for use in the
electrical circuit and this has been taken care of in the
corresponding program. T2 is the Watchdog timer relay
that helps to stop the operation during in case of any
fault as mention later. Al and A2 are the breaking
contacts of pressure sensors. CTU is the up counter
which counts the no of operation cycles [4, 6].

When PB1 is pressed and released, cylinder 1
extends and its end position is sensed by the cylinder
switch or the limit sensor LS2. This helps to place the
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work piece in working area. The limit sensor LS2 now
gives command to the timer relay T1 and after a delay
of 3 seconds cylinder 2 extends which helps to punch or
shear the work piece. After this action both cylinders
retract to their initial positions. This action continues
for 5 cycles after which the system resets itself for the
next cutting cycle.
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Fig. 3: Electrical circuit for automatic sequential
operation of pneumatic actuators

Two faults may occur during the cutting process:

Case 1: If cylinder 1 is not able to place the work
piece in proper position the watchdog timer activates
after a delay of 5 seconds. This helps to stop the
operation cycle and both cylinders return to their initial
positions without disturbing the entire process.

Case 2: Cylinder 1 places the work piece in
position but does not retract after the preset time. In this
case also the process will stop. After rectifying the fault
the process can be resume after the fault is rectified.

Both the cases are not only for the cylinder 1 but
also cylinder 2.

Simulation and Performance characteristics:

Simulation and physical interface have been
successfully done using PLC with 3 different language
shown in fig.4 ,fig.5 and fig.6 shows the translation of a
basic motion sequence into its equivalent ladder diagram
following the “A+ B+ B- A-“ sequence shown in
fig..(i/p position char) A+ & A- (cylinder 1 is in positive
and negative direction respectively). B+ & B- (cylinder
2 is in positive and negative direction respectively). The
structure showed the versatility of the algorithm from
electro-pneumatic into LADDER, FBD & STL.

[vetwork: 1
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Fig. 4: Sequential program in LADDER language
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Fig. 5: Sequential program in FBD language
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Fig. 6: Sequential program in STL language

The performance characteristics of the system have
been carried out with “input” versus “flow, pressure,
position of cylinders, torque” as shown in fig.7, fig.8,
fig.9 and fig.10.
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Export I Help J << Properties |
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Fig. 7: Input vs. positions characteristics of two cylinders
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Fig. 8:Input vs. differential pressure of two cylinders
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. 9:Flow characteristics of pipe line 1 & 2

Export | Help [ << Properties |
Component MName Plot Colour Sca;l
1-1v2 Sequence Yalve Output Pressure
1-1v2 Sequence Yalve Input Pressure E
1-1522 Proximity Sensor Output Pressure
1-1¥3 | 3/2'way NC - EL Coi Output Pressure [N 4‘
-

Fig. 10:Input vs. output pressure of sequence valve
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References:

Conclusion and Future Work:

This paper takes a case study of electro-pneumatic
applications in punching applications where the
sequential operation is controlled by watchdog timer
and PLC. Also, the system has been practically
implemented using SIEMENS S7-1200 PLC and it is
found that the material moves into predefined states and
the motion of electro-pneumatic actuators has been
controlled to the requirement of the present system.

In future we can improve the performance of the
actuator as well as flow control in the means of velocity
control and introduction of the PID or fractional PID to
the present system.
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