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[bookmark: _Toc92987632]Introduction 
Programmable logic controllers are a form of microprocessor-based controller that uses a programmable memory to store instructions and carry out functions such as logic, sequencing, timing, counting and arithmetic in order to control processes and machine equipment. PLC’s are offered in 3 design types, these are:
· Unitary PLC 
· Modular PLC
· Rack mounted PLC
Every PLC type has been designed to meet specific applications with respect to operational characteristics, system capacity, I/O functionality and potential expansion.

















Task 1 – Programmable Logic Controller types

[bookmark: _Toc92987633]Task 1.
a) Through your own research, describe in detail the two types of PLCs available. Include in your answer the specifications that define each type, possible applications and any considerations that need to be assessed when selecting a specific PLC type. 
A unitary PLC is the simpler type of logic controller and contains all of the systems components within a single unit. Due to their simplicity unitary PLC’s are commonly used in applications such as car park barriers, packaging machines and traffic light control. The components commonly used within these types of PLC’s include the processor, which runs the software program to the devices plugged into the ports for I/O connections. Unitary PLCs are usually attached directly to the device or application that is being controlled. The input/output capabilities are decided by the manufacturer and not by the user. Depending on the manufacture some Unitary PLC’s allow you to connect additional input/outputs for expansion of the system. A consideration to take in when selecting this type of PLC is that they are very basic meaning that if a larger more complex system needed PLC control then a unitary PLC may not be the best option as it would not be able to handle the information needed to run as the memory and program size is limited. They also have limited functions so some processes/stages may not be able to be carried out.
Rack mounted PLC’s are usually utilised in applications such as petrochemical, pharmaceutical, steelworks and other large industries that require many inputs and outputs. Rack mounted PLC’s are very similar to modular PLC’s, but is set up differently in the process racking room. With modular PLC’s each module connects directly to the base unit. With a rack mounted PLC these modules are separate and all extra modules are connected through a network where the modules are held in certain racks. This means that larger systems can be built without becoming too complexed and overly cluttered. Modules are well organized on the rack and can be removed and reinserted when needed. A consideration to take in when selecting the rack mounted PLC’s is that it is the most expensive PLC type and if only a simple system needed to be controlled then this type of PLC would be a waste of money when cheaper, simpler PLC’s are available. If a larger system was required then a rack mounted PLC would be ideal due to the fact that it is possible to expand the memory if there are racks available and if a certain module fails then only that needs to be replaced.

b) Explain with the aid of a diagram the main components within a PLC and show the appropriate connections to and from the outside world. 
One of the main components within a PLC is the Central Processing Unit. The CPU itself is usually one of the microcontrollers and also takes care of communication, interconnectedness among other parts of the PLC controller, program execution, memory operation, logic operators, arithmetic operations, overseeing input and setting up of an output. The CPU makes a number of check-ups of the PLC controller itself so eventual errors would be discovered early.



Another component within a PLC is the memory storage (Ram + Rom). RAM which stands for random access memory. RAM allows the user to access any byte of memory without touching the past bytes. The contents stored within the RAM memory can be written to and read an endless number of times. RAM memory however requires a power source to maintain the contents of its memory. RAM memory is maintained by an internal power supply only while the PLC is powered by an external source. When the power to the PLC is turned off the contents of the RAM memory are maintained by a super capacitor. If that super capacitor ever discharges, the contents of RAM will be lost. ROM which stands for read only memory, can be read an endless amount of times but there is a limit to the number of times it can be written to. ROM memory unlike RAM memory does not require a power source to maintain the memory contents and will retain the contents of its memory all the time. 

Another component to a PLC system is the input and output (I/O) Operation. On a PLC system there are many types of inputs and outputs that can be connected, and they can all be divided into two groups, analog and digital. Digital inputs and outputs are those that operate due to a discrete or binary change - on/off, yes/no. Analog inputs and outputs change continuously over a variable range. This can include pressure, temperature, flow, level. Input modules provide the electrical connection between field devices (pushbuttons, limit switches, float switches, reed switches) and internal process of the PLC. They differ in voltages and types of signals produced such as on/off or a variable voltage. Outputs are the devices that the PLC uses to send changes out to the world, these can include motors, lights, relays, pumps, solenoids and control valves.

One of the other main components in a PLC is the data buses. The memory (RAM and ROM), CPU and the input/output ports link together to form a complete system in which they communicate with one another and perform the PLC functions. In order to communicate properly a number of various signal wires known as buses are used to connect the system together. There are three types of bus in any PLC system which make up the system bus. The first type of bus is called the address bus, this is used to determine the location in the memory that the processor will read and write data to. The second type of bus is called the data bus, this contains the contents that have been read from the memory location or are to be written into the memory location. The third bus is called the control bus and this manages the information flow between components indicating whether the operation is a read or a write and ensures that the operation happens at the right time. An example of the buses can be seen in figure 2.

[image: ]
[bookmark: _Toc93576318]Figure 1 - Shows the components of a PLC



[image: ]
[bookmark: _Toc93576319]Figure 2 - Shows an example of the Buses linked with the PLC

c) Identify methods of protecting a PLC input/output interface from potential electrical overloads or fault conditions that may occur in the field devices and explain how they are incorporated into the input and output interface. 
An opto-isolator can be used to protect a PLC I/O interface from potential electrical overloads or fault conditions. Opto-isolators provide a very good amount of electrical isolation between the field device and PLC I/O interface. An opto-isolator uses light to couple signals from one system to another. An opto-isolator consists of an LED and a phototransistor to carry out the light signal transfer. Opto-isolators will also have a protection diode just in case the 24V supply is reversed to prevent revers voltage breakdown of the opto-isolator LED. An opto-isolator works when the LED gets current run through it which causes it to light up, the phototransistor will then pickup this light signal and send it to the PLC which will determine the logic.


Task 2 – Logic Diagrams and Truth Tables

[bookmark: _Toc92987634]Task 2.
a) Produce a truth table and the Boolean equation for the logic circuit shown below (figure 1). Comment on the circuit output with respect to the inputs, noting any issues that may arise when using this configuration of logic gates. 
[bookmark: _Toc92987635][image: ]
[bookmark: _Toc93576320]Figure 3 - Logic Gate Circuit

The Truth table for the logic circuit can be seen below in figure 2.
[image: ]
[bookmark: _Toc93576321]Figure 4 - Shows the Truth Table for the Logic Circuit
The Boolean equation for this truth table is:

The issues that may arise with this configuration of logic gates is that it is more complex than needed to be. This could cause the PLC programme to run slower than usual and have delays within the system.  There is more logic gates than needed causing it to become cluttered. Far less logic gates could carry out the same I/O task as this configuration.

b) Simplify the Boolean equation and produce the ladder logic diagram for the circuit and simulate using suitable software and confirm function.
The simplified Boolean equation is:

Figure Q shows the ladder logic diagram for the circuit, with the input and output circuit.
[image: Diagram, schematic

Description automatically generated]
[bookmark: _Toc93576322]Figure 5 - Shows the ladder logic and I/O circuit
[bookmark: _Hlk93437249]Figure Q shows that using the simplified Boolean expression when input 1 switch is closed output 1 lamp will turn on.
[image: Diagram, schematic

Description automatically generated]
[bookmark: _Toc93576323]Figure 6  - Shows that when I1 switch is closed O1 lamp will light
Figure Q shows that using the simplified Boolean expression when input 2 and 3 switches are closed output 1 lamp will turn on.
[image: A picture containing diagram

Description automatically generated]
[bookmark: _Toc93576324]Figure 7 - Shows that when I2 and I3 are closed O1 lamp will light

Task 3 – Timers
[bookmark: _Toc92987636]Task 3.
a) With the aid of suitable timing diagrams explain the operation of each timer type listed below:
· On-delay timer
· Off-delay timer
· Pulse timer.

[image: ]An On-delay timer as seen in figure 8, works on the basis of when started the timer will wait for a fixed delay period before turning on. The time delay is determined on how long the timer has been set for.[bookmark: _Toc93576325]Figure 8 - Shows an On-delay timer

[image: Diagram

Description automatically generated]An Off-delay timer as seen in figure 9, works on the basis of when started the timer will wait for a fixed delay period before turning off. The time delay is determined on how long the timer has been set for.[bookmark: _Toc93576326]Figure 9 - Shows an Off-delay timer

A Pulse timer works on the basis of when the timer receives an input, the timer generates a single pulse of a specific length of time. The length of the time of the timer is determined by what the timer has been set too. There are two types of pulse that can be used for a pulse timer, these are positive-going and negative-going. Pulse timers are typically used to reset counters. Figure 10 shows a pulse timer.
[image: Shape, polygon

Description automatically generated]
[bookmark: _Toc93576327]Figure 10 - Shows a Pulse timer
b) Explain how they can be used for sequences outputs and cascaded timers.
Timers are cascaded to give longer time delays than are possible using one timer. Timers are used in a cascade for certain applications such as that of pump motors turning on at different times to prevent overcurrent within the system that could cause the motors to trip.
[image: Diagram, schematic

Description automatically generated]
[bookmark: _Toc93576328]Figure 11 - Shows Cascaded timers
Task 4 – Programming Problems
[bookmark: _Toc92987637]Task 4.
a) For part of a washing machine cycle, a water supply pump is required to run for 40 seconds. It is then to be switched off and a heater switched on for 25 seconds. The heater should then be turned off and a drain pump run for 15 seconds to remove the water. The cycle should be started using a momentary ‘on’ switch, run automatically and terminate once the drain pump has stopped. Indicator lights should be used to inform the user of each stage of the cycle.
[image: Graphical user interface, diagram

Description automatically generated]As seen in figure 12, the program can be seen starting up.
[bookmark: _Toc93576329]Figure 12 - Shows the PLC program starting

[image: A picture containing diagram

Description automatically generated]As seen in figure 13, when the momentary switch has been activated the water supply pump will begin to run for 40 seconds with the supply pump lamp lit.[bookmark: _Toc93576330]Figure 13 - Shows the water supply sequence beginning

[image: Diagram

Description automatically generated]As seen in figure 14, once the water supply pump has ran for 40 seconds it will then be switched off and the heater switched on for 25 seconds as well as the heater on lamp to be lit for 25 seconds as well.
[bookmark: _Toc93576331]Figure 14 - Shows the heater and heater lamp activated for 25 seconds
[image: Diagram

Description automatically generated]As seen in figure 15, after the heater sequence has been completed the drain pump will then activate for 15 seconds to remove the water. The drain pump on lamp will also be on during the 15 seconds. The programme will then stop until activated again using the momentary switch.[bookmark: _Toc93576332]Figure 15 - Shows the drain pump and drain pump lamp activated



b) A coin counting system is required to determine the totals of 5, 10 and 20 pence coins. Each time a coin reaches the total of a pound a different colour light will come on for each coin total. Also a running total of every pound will be monitored and a final light will come on when the total has reached 10 pounds.

As seen in figure 16, the program can be seen starting up.
[image: Schematic

Description automatically generated]
[bookmark: _Toc93576333]Figure 16 - Shows the program starting up

[image: Schematic

Description automatically generated]As seen in figure 17, the coin counting system is ready to operate.[bookmark: _Toc93576334]Figure 17 - Shows the coin counting system ready to operate

[image: Graphical user interface

Description automatically generated]As seen in figure 18, each time the 5 pence button is selected this will get added within the counter block. After 20 times of the 5 pence being selected it will enable the 5 pence £1 lamp to turn on. This will reset after another 5 pence has been selected. [bookmark: _Toc93576335]Figure 18 - Shows the 5 pence coin sequence


[image: A picture containing graphical user interface

Description automatically generated]As seen in figure 19, each time the 10 pence button is selected this will get added within the counter block. After 10 times of the 10 pence being selected it will enable the 10 pence £1 lamp to turn on. This will reset after another 10 pence has been selected.[bookmark: _Toc93576336]Figure 19 - Shows the 10 pence coin sequence

[image: Schematic

Description automatically generated with medium confidence]As seen in figure 20, each time the 20 pence button is selected this will get added within the counter block. After 5 times of the 20 pence being selected it will enable the 20 pence £1 lamp to turn on. This will reset after another 20 pence has been selected.[bookmark: _Toc93576337]Figure 20 - Shows the 20 pence coin sequence

[image: Graphical user interface, schematic

Description automatically generated]Once a combined total from all of the individual coin sequences reach a total of £10 then the £10 lamp will turn on. This was enabled using a counter, a set reset block and an or gate. Figure 21 shows the £10 lamp lit after a combined total of 10 £1 coins have been counted.[bookmark: _Toc93576338]Figure 21 - Shows the £10 lamp sequence activated

Task 5 – Dual Fan Controller
[bookmark: _Toc92987638]Task 5.
To reduce the load on electrical supply system large motors are sometimes started in a delayed sequence. For this exercise you are required to develop a program to carry out the sequence starting procedure. In addition the motors have a cooling cycle to allow them to run off load and dissipate heat before shutting down. 

[image: Chart

Description automatically generated with medium confidence]Prior to operating any switches the fan motors should be stationary and the motor stop lamps on. This can be seen in figure 22.[bookmark: _Toc93576339]Figure 22 - Shows the programme upon starting up

[image: Graphical user interface

Description automatically generated]On pressing and releasing the start button the first fan motor starts. Once started the ‘stop’ lamp turns off and the ‘run’ lamp turns on to indicate the fan is operating. This can be seen in figure 23.[bookmark: _Toc93576340]Figure 23 - Shows the programme after pressing the start button




[image: Diagram, schematic

Description automatically generated]After 15 seconds has elapsed the second fan will run up with the associated ‘stop’ lamp turning off and the ‘run’ lamp turning on to indicate the fan is operating. This can be seen in figure 24.[bookmark: _Toc93576341]Figure 24 - Shows the second fan sequence running

[image: Diagram, schematic

Description automatically generated with medium confidence]On pressing and releasing the stop button the fan motors shut down in the same sequence with both fans operating a 10 second run down period. Once stopped each ‘run’ lamp will turn off and the ‘stop’ lamp turns on to indicate the fan is no longer running. As seen in figure 25, fan 2 will turn off with the green lamp indicating the 10 second run down period.[bookmark: _Toc93576342]Figure 25 - Shows fan 2 off with the run down lamp lit

[image: Schematic

Description automatically generated with medium confidence]Figure 26 shows that fan 2’s run down period has ended as the red lamp is lit.[bookmark: _Toc93576343]Figure 26 - Shows fan 2 run down period end and red lamp lit

[image: Graphical user interface

Description automatically generated]Figure 27 shows that as fan 2’s cooldown period ends, fan 1 will start its cooldown period with the green lamp still lit for 10 seconds.[bookmark: _Toc93576344]Figure 27 - Shows fan 1 end with cooldown lamp still lit

[image: A picture containing schematic

Description automatically generated]Figure 28 shows both fans off after both independent 10 second cooldown period. The off lamps are lit to show that the fans are no longer running.[bookmark: _Toc93576345]Figure 28 - Shows both fans offline with red lamps lit
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