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Introduction

The first task in this report will discuss PLC inputs and outputs explain examples of both kinds of
devices. These will be both analogue and discrete. This will be discussed in four parts; input
devices; analogue to digital conversion, output devices and output switching of relay and transistor
types.

The second task will discuss the SCADA system explaining the key features. It will explain how
PLC’s and interfaces are connected and integrated and also explain examples of SCADA systems
using in engineering environments.

The third task will be of a PLC programme for a Process Alarm Panel and a sketch of the Human
Machine Interface. For this task Mitsubishi Alpha will be used to build both the programme and the
Process Alarm Panel.

The fourth task will use the Do More Designer programme to design a PLC system for a tank filling
system. The system will be built using ladder logic and following the correct timings, inputs and
outputs. The system will then be simulated to be tested to make sure it works correctly and to fault
find any issues. This system will be attached to the report. | will then evaluate and conclude on the
system commenting on any issues and or improvements that could be made.
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Task 1 — PLC analogue and discrete 1/0O

A. PLC input devices detect and measure specific variables. One example is a
temperature sensor. These sensors can be RTD’s (resistive temperature devices) or
thermocouples. They will measure the temperature in the area and when the
temperature reaches or drops below a specific set point the input will output signal
throughout the PLC’s making the circuit.

Mechanical switch is another example of an input device. These rely on an outside
source to physically move the switch to either the open or closed position. These
switches are wired as Normally Open (NO) or Normally closed (NC) depending on the
type of circuit and output they are within. A NO switch will close the circuit when it is
moved the circuit is powered throughout.

Another example of an input device is a proximity switch. These switches work by only
detecting the presence of the object in the area surrounding the switch without
contacting it. When the object is met the PLC circuit will be closed and activate.

A fourth example of an input device is a liquid level sensor. These level switches will
be in for example a chamber/tank containing liquid. When the liquid reaches or drop
below the switch the switch will send the signal to the PLC and the output will work to
control the level in the chamber.

Figure 1.0 above illustrates 4 proximity switches as described in Task 1 A.
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B. Analogue to Digital Conversion

J

W. Bolton says ‘ Analogue to digital conversion involves a number of stages’.

W. Bolton uses the below diagram to illustrate the process of ADC.

Analogue Digital

input s Sl signal
’ San;zga . di HEIBQLH-E:-H ’

In form R AN

shown in Signal in form

Figure 2.68(a) shown in Figure 2.68(d)

In Binary there are two digits, 1 being the ‘high’ or ‘on’ signal and 0 being the ‘low’ or ‘off’
signal. When grouped together these bits create a word. When converting analogue to
digital binary is used to represent the analogue signal. This is because digital is either an
on or off signal the same as the binary digits. Three binary numbers make up the word for
example 000 = 0, 001=1, 011= 3. With 3 bits in the word there 8 possible outcomes.
These equal to 0-256 outcomes/values. The analogue inputs which create the digital
outputs are called quantization levels.

C. PLC Output Devices

One example of an output device is an alarm. These will sound when the input has
measured a certain level/temperature etc. When it does the PLC sends the signal to the
output to sound.

A second example is an indicating light. These will illuminate when the signalled to by the
PLC due to the state of the input device. For example when an operation has started or a
desired level is reached.

A third example is a solenoid. These are desirable over as they have more power than
electrical outputs and can perform the output task over and over again. Solenoids work by
creating a magnetic field which pulls the plunger down and venting the air to move
whatever they are connected to.
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Figure 1.1 illustrated the components of a solenoid.
A fourth example of an output device is a motor. When activated these motors will drive

whatever device they are connected to. For example the motor for a fan to cool the
product to a desired value.

D. PLC relays and transistors

The main difference between relay and transistor outputs is the power they can switch.
Transistors are used to output small loads of up to 24 volts and relays can switch larger loads
by incorporating magnetic fields and multiple circuits. The transistor works when the PLC
supplies the current closing the transistor output which closes the circuit so it is powered
throughout.

The main benefit of relays is that they can switch both AC and DC signals. However due to
switching larger loads relays are slower than the transistor and has shorter lifetime. Transistors
are quick and seem to last a lot longer leaving longer time between replacements.
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Task 2 — SCADA (Supervisory Control and Data Acquisition)

SCADA is a computerized system used to gather and analyse data from a process. They can
monitor the condition of the process and also control it by using PLC’s. The SCADA system can
analyse small processes and plants i.e. an office/workspace or a large more complex plant i.e. oil
refinery with multiple processes going on at once. SCADA systems work to help operators and
employees make important decisions and help to reduce process and instrument downtime. The
key feature of a SCADA system is that it has the ability to perform an action through a
computerised system and send it to the device. It takes away the operator having to go to the field
to view the process and monitor it.

An example of a SCADA system which is used on the Pembroke Valero Refinery is Delta V. this
system monitors the entire plant and is split between 3 control rooms. In each control room there
are multiple control panels with HMI’s for each process unit. Human Machine Interfaces (HMI’s)
are used to optimise the industrial process. For example the Cracking and Olefins control room
has 3 control panels with HMI’s. The panel consists of multiple computer screens of HMI’s so that
the operator can control the equipment when it is in manual control and monitor it throughout the
day. PLC’s control a lot of the equipment on the plant and send output signals to the panels
indicating alarms to the operator so that they can take the necessary action to control the plant.

/

Sensors PLCs or RTUs HMI/SCADA Panel View
Sends data to PLCs Feeds data to Supervise and control from
or RTUs SCADA system an operational terminal

J

/

Manual Inputs PLCs or RTUs HMI/SCADA Computer
Sends data to PLCs Feeds data to Supervise and control
or RTUs SCADA system from a workstation

Figure 1.2 illustrates a basic SCADA system with the main components and features.
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Task 3 Process Alarm Panel

For this task | used the Mitsubishi Alpha programme to design, test and simulate the required
process alarm panel. This is attached in the report file. The programme was constructed using
logic gates, delays, switches and other functions. The required inputs and outputs were used and
tested all alarms and lights to make sure all aspects of the programme worked correctly. 1 first set
out the inputs on the left of the screen and then assigned the correct outputs. For each alarm
there was an indicator light. All three were different colours so that they were easy to distinguish.
The colours were green, amber and red. When the inputs and outputs were assigned | then went
ahead and set out the set-resets. Next came the logic gates, timers and counters. Once this was
finished the last step was to add in the lamp test.

Once this was completed | went ahead and tested the simulation. When it | then used the sketch
window in the Mitsubishi programme to design the HMI panel to show the indicators for the inputs

and outputs. This is shown in the image below.
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Task 4 — Programming Problems

For this task | chose to use the Do More Designer to build the ladder logic to control the process.
The programme already had the ladders set out on its display page so | just went ahead and
added the correct inputs and outputs. | made sure my programme followed the sequence the task
set out. | used latches, on-delays and other logic functions to create the system. | tested the
system at each stage to make sure it was built and working correctly. This made it easier to fault
find. | was able to assign the correct addresses to the inputs and outputs so that the contacts
closes and or opens at the correct timings. Below are screenshots of the programme designed
and then simulated. | have also included screenshots of the timers which count down and up
before moving onto the next stage as requested in the task description.
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Evaluation

Overall | think my programme worked correctly and efficiently. It followed the correct sequence so
when applied to the process it would control the instruments, valves and pumps correctly. The Do
More Designer is user friendly programme. It is simple to navigate and | found creating the circuit
to be easier than other programmes | have used. | think an improvement would be to label each
step within the programme so that it is easier to see what is happening. | also think adding spares
would make it more efficient in the real world. This would allow technicians to reduce downtime as
they would be able to use the spare inputs when others become unusable or damaged.

Conclusion
In conclusion the programme worked the way it was meant to. It followed the correct sequence

and worked to correct timings with all the necessary inputs and outputs. The programme is user
friendly and easy to follow to see what is happening at each point in the system.
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