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Task 1 – Programmable Logic Controller Types
Part a) Unitary and Modular PLCs
Following international agreement (IEC 61131-1 (2003)), all programmable logic controllers (PLCs) must conform to standard forms of construction. The two most popular types of PLC to have been developed from these standards are the ‘unitary’ and the ‘modular’ PLC. Both forms of PLC contain as a minimum a number of hardware components, such as a processor, a memory unit, a power supply, an input/output (I/O) device, and a programming device (Kandray (2010), p387). The two forms of PLC therefore do not differentiate themselves on the basis of the hardware that they contain, but upon the method of arrangement of the hardware utilised to achieve the desired outcome.
The unitary, or “brick” PLC, as the name references, is a processing unit with a simple design and construction. The unitary PLC is characterised by all of the above listed components being contained within one small module. These PLCs will often only contain an input/output device with a limited number of contacts and will have been designed for applications that require a limited number of processes to be achieved.
[image: Simple Application Controllers ALPHA2]
Figure 1: Mitsubishi Alpha 2 PLCs, in both basic and expandable formats

The Mitsubishi product line known as the Alpha 2 is a prime example of the unitary PLC design concept. This product contains all of the basic components required of a PLC within a physically compact unit. The most basic of these units contains as few as six inputs and four outputs (RS Components, 2022), although this product has the flexibility of being specified with more inputs and outputs through an optional expansion module (RS Components, 2022). 
The number of inputs and outputs is an essential consideration when selecting the appropriate PLC for any given automated process. The fewer the number of inputs and outputs available, the PLC becomes limited in the number of processes it can marshal. For example, Mitsubishi describes the Alpha 2 PLC as being “the easy to use entry model controller for simple applications” (Mitsubishi, 2022), and further exemplifies “lighting, air conditioning, security systems, temperature, and water control” (Mitsubishi, 2022) as being ideally suited applications for this product. All of these systems have in common that they require a limited number of sensory inputs and control outputs to achieve the desired process.
Unitary PLCs are advantaged by creating only a small power demand (the Alpha 2 requires 4.9W) and are relatively inexpensive. They are limited in the number and kinds of inputs and outputs that they can process, and are limited in the electrical loads that they can process and produce.
In contrast, the modular PLC separates the various individual components of a PLC into separate modules. With the power, processing, memory, and I/O functions separated into discrete modules, the PLC can be tailored precisely to meet the needs of more complex systems. This can be achieved by simply adding or subtracting further modules to the PLC.
[image: See the source image]
Figure 2: Allen Bradley Guardlogix modular PLC
Figure 2 displays a number of the modules produced by the manufacturer Allen Bradley and arranged in a manner that would be consistent with its end use. Modules incorporated within figure 2 include a power module, two processor units, a number of separate input and output modules capable of receiving and transmitting both analogue and digital signals, an expandable memory unit, and an ethernet communications module which allows for remote access to other components within the system.
This form of PLC is necessarily more expensive due to its increased complexity. However, the ability to control complex and extensive processes (including secondary PLCs covering sub-processes within the overall process) makes these PLCs an invaluable additional tool to the process engineer. They also are able to process a much wider range of inputs and outputs than the unitary PLC.



Part b) PLC Components
[image: Diagram
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Figure 3: Plan diagram of hardware components of a PLC (Bolton (2015))
Figure 3 depicts the components and their arrangement relative to one another which is common to all PLCs. These components include:
Processor – this component contains a microprocessor that is capable of receiving signals from the input interface and producing instructions for the output interface according to the instructions contained within the program retrieved from the memory unit.
Power supply – this converts ac input voltage to a more utile low dc voltage. This can then be used to power the PLC components and, in smaller systems, be used to power external components such as sensors and cooling fans
Memory – this is where the operating program containing instructions for the system processes is stored
Programming Device – this is the interface between the PLC and the installation engineers hardware and software (the programming device), allowing for the communication of program instructions and updates
Input/Output Device – this allows the PLC to receive information from the system which it is monitoring, and to effect changes to the system by transmitting instructions to the output devices. These can be in the form of discrete digital signals or in the form of continuously variable analogue signals. The I/O device will also provide signal conditioning and electrical isolation to ensure that the electrically sensitive processor is not damaged from external inputs and is intelligible to the processor.


Part c) PLC I/O Protective Devices

Although the PLC power supply is carefully modulated to a low dc voltage, over-supply of harmful voltages are a risk posed to the PLC by its various external input and output devices connected to the PLC. In figure 3, the major components of the PLC are bounded by a hard-line rectangle to indicate the electrical isolation of these components. This isolation is required due to the electrically-sensitive nature of the components of the PLC.
[image: Diagram

Description automatically generated]signal conditioning is often provided by sensors to convert sensor outputs to data signals that are intelligible to the PLC. This often provides a level of protection to the PLC as the signal will not exceed certain parameters that may be harmful to the PLC. This is not, however, always the case. Further protection to the PLC is provided by passing the input and output signals through a protective device such as an optoisolator.
Figure 4: Sectional diagram of an optoisolator (Motorola (1993))
As depicted in figure 4, an optoisolator interrupts passing signals by introducing a high-resistance interruption to the signal. This is achieved by physically separating the input and output sides of the device. The connection is made by converting the electrical signal into a light signal via a photo emitting cell such as an LED. This is then received by a photo sensitive detector cell which is connected to the output leg of the device. 
In this way, no electrical signal can pass directly through the optoisolator, thus protecting any device downstream from inadvertent damage from over-voltage signals. This is most obviously an advantage in a PLC input device. It is also an advantage in an output device as an optoisolator will prevent the reverse flow of electrical signals, thus ensuring the total electrical isolation of the sensitive components of the PLC.
Fuses are also employed within a PLC to protect the components from an incident following the application of an excessive current. They are rated to a specific current rate and will rapidly trigger an open circuit event if this rate is exceeded (Floyd et al (2014), p50). The rapid reaction of the fuse is its greatest advantage but is a single use device as it is irreparably damaged by its operation. A circuit breaker achieves this same outcome but can be ‘reset’ and reused multiple times.
In addition to optoisolators and fuses, the PLC also contains devices for the output of signals which serve to prevent the reverse-flow of harmful signals. For example, relays are employed as a method of signal conditioning. The low amper low voltage signal carried within the PLC is converted into a more useful current and voltage range. The PLC signal voltage operates the relay to allow the flow of the larger voltage from a secondary power source (often the power module of the PLC). This separation of signal and power source prevents excessive loads being drawn from the PLC and prevents harmful power surges returning to the PLC as it is isolated from the output device. A relay is capable of handling a.c. or d.c. loads, large currents and large surges. It is , however, relatively slow in its switching function.
Transistors and triacs are used in the place of relays where rapid switching is required. A transistor can deal with d.c. loads only where a triac can only deal with a.c. loads. Both are sensitive to overloading and surging and require additional protection through additional optoisolation (Bolton (2015) p11).


Task 2 Logic Diagrams and Truth Tables
Part a) Truth Tables and Boolean Expression
[image: Diagram, schematic
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Figure 5: Logic Circuit with Gates and Outputs Labelled


As required, the above logic circuit has been labelled to indicate each logic function required by each gate. The outputs of these gates have also been labelled, this being necessary to produce the proceeding logic table.

	A
	B
	C
	D
	E
	F
	G
	H
	I
	Q

	0
	0
	0
	0
	1
	0
	1
	0
	0
	0

	0
	0
	1
	0
	1
	0
	0
	0
	0
	0

	0
	1
	0
	1
	0
	0
	0
	0
	0
	0

	0
	1
	1
	1
	0
	1
	1
	0
	1
	1

	1
	0
	0
	1
	1
	0
	1
	1
	0
	1

	1
	0
	1
	1
	1
	1
	0
	1
	0
	1

	1
	1
	0
	1
	0
	0
	0
	0
	0
	0

	1
	1
	1
	1
	0
	1
	1
	0
	1
	1




Utilising the information derived from column ‘Q’, where there is a logic position 1, it is possible to restate this logic table as a Boolean expression:



It should be noted that whilst many logic gates have been utilised, a simpler arrangement of logic gates could be used to derive the same outputs. In other words, the logic circuit is unnecessarily complex with too many redundant components.

Part b) Simplified Boolean Expression

As previously mentioned, a simpler form of logic circuit can be constructed to produce the same results. Using a Karnaugh map, the above Boolean expression can be further simplified:
	A \ BC
	00
	01
	11
	10

	0
	0
	0
	1
	0

	1
	1
	1
	1
	0




The cells containing the logic position 1 indicate a positive output for the circuit. Where they are grouped into pairs (lime green highlights and violet highlights) a Boolean expression can be derived:



Utilising this simplified Boolean equation, a ladder logic diagram can be formed:
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The accuracy of this simplified Boolean expression can be tested by using simulation software such as Multisim.

[image: Calendar
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The above image depicts a static representation of the ladder logic diagram when depicted using the Multisim software. Operation of the three switches (or logic gates) (A, B or C) sends signals to the processor (the combined units labelled 100 and 200) which in turn will operate the probe marked X1. Following extensive testing, the Multisim software established that the simplified Boolean equation was a fare replication of the operations indicated by the long-form Boolean expression.
Task 3 - Timers
Part a) Timing Diagrams
On-delay timers
[image: Box and whisker chart
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Figure 5: diagrams depicting on-delay timers (Bolton (2015) p226)

One part of Figure 5 depicts a representation of an on-delay timer according to the format described in the IEC 61131-1 standards. The label ‘IN’ indicates the Boolean input leg, the label ‘Q’ indicates the Boolean output leg, the label ‘ET’ indicates the time elapsed output leg, and the label ‘PT’ indicates the input leg used to define the time or pulse delay.
The second part of Figure 5 is a visual representation of the progression of time and its relation to the operation of the timer. As an on-delay timer receives an input Boolean signal the timer commences until the specified time period is achieved, at which point the signal is replicated at the output leg.

Off-delay Timer
[image: Diagram, schematic
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Figure 6: depiction of off-delay timer (Bolton (2015) p226)

The second part of figure 6 indicates that as the timer receives an input signal this signal is replaced simultaneously at the output. The timer commences once the input signal ceases. Once the time interval has been reached the output signal ceases.

Pulse Timer


[image: Chart, box and whisker chart
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Figure 7: depicting the function of a pulse timer (Bolton (2015) p226)

The second diagram in figure 7 depicts that once an input signal is received by a pulse timer, a signal is immediately produced at the output. The duration of this output signal is determined by the duration set by the timer.

Part b) Sequence Outputs and Cascaded Timers

Timers can be utilised in conjunction with one another to achieve more complex tasks than when used in isolation. In the case of cascaded timers, this is where the output of one timer is set to the input of the proceeding timer which triggers the second timer. This can be useful in instances where, for example, the time period of on timer is insufficient to achieve the interval required by the operation.
A sequence of timers can be connected to one trigger input signal. This can then initiate the counting down of multiple timers, each one having been set to produce an output signal after the other. This effect can be multiplied to the required number of times to render the required effect.



Task 4 – Programming Problems
Part a) Washing Machine Cycle

Utilising the Mitsubishi Alpha software, the following program was developed to replicate a washing machine cycle.

[image: A picture containing diagram
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The above diagram is a static representation of the washing machine cycle. A combination of functions were used, including a latch, pulse timer, off-delay timer, exclusive-or logic gate, not logic gate, and an and logic gate. These timers have been arranged to trigger one another in a cascading fashion.

[image: A picture containing graphical user interface

Description automatically generated]
The above diagram depicts how the first part of the cycle Is achieved. After the push button is depressed, the latch is engaged to ensure the continuation of the cycle. This in turn triggers a pulse timer that in turn triggers the first of three off-delay timers. The first being set for a 40 second interval, the output is sent to the water pump and water pump light to begin pumping water into the washing machine.

[image: A picture containing graphical user interface

Description automatically generated]

The above diagram depicts the second phase of the washing machine cycle. Once the first off-delay timer has concluded its interval, the signal to the exclusive or gate is switched off. With a continuing signal from the latch, this triggers a signal from the exclusive or gate to the next pulse timer, which in turn sets the second off-delay timer. This initiates a signal to the water heater and water heater light for the proceeding 25 second interval.

[image: A picture containing diagram

Description automatically generated]
The above diagram depicts the third and final sequency within the washing machine cycle. At the conclusion of the second time interval, the signal to the not gate is turned off. This in turn sends an output to the and gate which, in conjunction with the continuing signal from the exclusive or gate sends a signal to the third pulse timer. This then sends a signal to the final off-delay timer, which in turn sends a signal to the water pump and water pump light for the following 15 seconds, indicating the water being pumped out of the washing machine.


Part b) Coin Counting System


Utilising the Mitsubishi Alpha software, the following program was developed to replicate a coin counting machine.

[image: Diagram, schematic

Description automatically generated]

The above program utilised a combination of three switches (to represent the three different coin differentiating mechanisms), counters, not gates, latches, pulse timer and an or gate.

[image: A screenshot of a computer

Description automatically generated with medium confidence]

The above diagram depicts how, when the switch for the 20 pence coin mechanism is operated, one count is added to the counter.

[image: Graphical user interface, schematic
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When the 20 pence counter reaches the total of five (to indicate one pound has been collected), the counter sends a signal to the latch. This in turn powers the light to indicate that another pound has been collected and also sends a signal to the or gate which, in turn, sends a signal to the counter charged with counting up to 10 pounds. At the conclusion of the count to one pound, the latch associated with the 20 pence counter is reset by the operation of the not gate, thus resetting the light and signal to the pounds counter. The machine is ready to receive the next coin of any denomination. This process is replicated for each of three coin denominations, the only difference between the sub routines being the target total for the counters.

[image: Diagram, schematic

Description automatically generated]
The above diagram depicts the event when the pounds counter reaches a total of 10 pounds. At this point the pounds counter sends a signal to the lights to indicate that the total has been reached. A signal is also sent to the on-off delay timer. This is used to set an interval before the pound light is extinguished and the pound counter is reset.



Task 5 – Dual Fan Controller

This task requires the development of a functional block program capable of operating a dual fan system. Once again, the Mitsubishi Alpha software was used to test and develop the program.

[image: A screenshot of a computer
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The above diagram depicts the static version of the functional block program for a dual fan controller. Functions used in this program include latches, a pulse timer, on-delay timers, off-delay timers, or gates, and not gates.

[image: A screenshot of a computer

Description automatically generated with medium confidence]
The above diagram depicts the run-up sequence of the dual motors. On triggering the first switch the first latch is operated which, in turn, operates first fan and first fan on light. In addition, an on-delay timer is triggered which after 15 seconds engages the second fan and second fan light on.

[image: A screenshot of a computer

Description automatically generated with medium confidence]

The above diagram depicts the run-down sequence of the dual fans. On triggering the second switch it sets the second latch and resets the first latch. This in turn operates a pulse timer which in turn operates two off-delay timers. The first off-delay timer counts down to 10 seconds, at which point the fan and fan light switch off while the fan off light illuminates. The same process is repeated for the second fan following a further 10 second delay.
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