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Module Learning Outcomes  
(from module syllabus) 

1. Demonstrate an understanding of the concepts of process control using an industry 

standard PLC. 

2. Undertake basic PLC system design and implementation processes, comparing theoretical 

expectations to actual outputs ensuring correct operation and consideration of maintenance 

and reliability. 

 
 
  



 

 

     STUDENT FEEDBACK FORM 

 
This section details the extent to which the assessment criteria are demonstrated by you, which in turn determines your 
mark. The marks available for each category of skill are shown. Lecturers will use the space provided to comment on 
the achievement of the task(s), including those areas in which you have performed well and areas that would benefit 
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1. Engagement with Literature Skills 
 

15 9 

Engagement with a wide range of literature sources, including sources retrieved independently.  Generally sound 
referencing, with very few inaccuracies. 

 

 

 

 

  

 

2. Knowledge and Understanding Skills 
 

30 18.5 

Task 1 achieved 55%. 

Task 2 achieved 70%, 

Task 3 achieved 60%. 

Generally excellent knowledge of the basic underlying concepts and principles of the work required for Task 2 and 3. 
Showed basic knowledge and understanding of the requirements of Task 1. 

  

 

3. Cognitive and Intellectual Skills 
 

5 2.5 

Good evaluation of the underlying concepts and principles applied to the construction of the auto drill system. 

 

  

 

4. Practical Application Skills 
 

40 32 

Task 4 achieved 80%. 

Task 5 achieved 80%. 

An excellent application of the software to produce fully functional programs to cover the requirements of Task 4 and 5. 
Required very little support in the development of these programs and was able to show full operation. 

 

  

 

5. Transferable Skills for Life and Professional Practice 
 

10 6.2 

Work is accurate, coherent, fluent, well-structured and organised.   

 
 

 

Assessment Mark (Assessment marks are subject to ratification at the 

Exam Board.  These comments and marks are to give feedback on module work 
and are for guidance only until they are confirmed. ) 

Late Submission Penalties (tick if 
appropriate) 

68% Up to 1 week late (40% Max)  

Over 1 week late (0%)  
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INTRODUCTION 

The following assignment will inform the reader about Programmable Logic Controllers 

(PLC’s), and their construction, various types, their application and how they can be 

programmed to a desired function or process. The document will cover the different types of 

PLC’s, logic diagrams, programming problems, logic gate and how timers can be utilised within 

programming and how automatic machinery/ processes can be programmed. The three 

programmes mentioned in the assignment have all been copied and submitted to the lecturer. 
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TASK 1 – PROGRAMMABLE LOGIC CONTROLLERS 

a) 

Programmable Logic Controllers (PLC’s) are a type of microprocessor-based controller, 

which uses a local memory to retain and act upon a set of functions, as desired by the user. In 

terms of build, there are two types commonly used: Modular (Rack) & Unitary (Brick). The 

main difference between the two types is that a modular PLC is expandable in relation to input 

and output modules, so can be adapted to suit applications requirements. Unitary PLCs are 

standalone units, with a fixed number of I/O’s, usually used in a stand-alone machine or 

application. Nowadays, you will find PLCs in all areas of industry, but historically they were 

originally produced for the automotive industry, “Originally intended as relay replacement 

equipment for the automotive industry, the PLC can now be found in some part of virtually every 

type of industry imaginable”, (Lipták, 1995). 

For the following assignment, programming has been for a Mitsubishi Alpha2 unitary 

PLC, see below for the specification of the unitary unit. 

 

As figure 2 shows, both the inputs and outputs are a 

fixed value, and cannot be increased. In terms of 

application, PLC’s such as this are best used in standalone 

machinery which do not require a lot of I/O’s. Unitary 

PLCs are the cheapest type to purchase and setup, they are 

small and 

easily portable. 

The main disadvantages are the limited capacity and 

the fact that should a feature fail then the whole unit 

has to be replaced, and this type of unit cannot 

communicate in terms of control so “I/O’s required 

for operator functions, status information etc. must 

be included in the I/O count when sizing the unit”, 

(Seal et al., 1998).  

Figure 3 shows the specification of the Mitsubishi Alpha2 modular expandable, and you 

can see the number of I/O’s can be increased with expansion modules. Modular PLC’s such as 

Figure 2 

Figure 3 
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this are best used in manufacturing and industries where there is a process to control, as the PLC 

can process multiple I/O’s.  

b)  

 There are many components within a PLC 

that make them function at rapid speeds, effectively. 

Figure 4 shows the overall internal build, with the 

various components/sections listed. The main basic 

function is achieved using a “processor unit, 

memory, power supply unit, input/output interface 

section, communication interface, and the 

programming device”, (Bolton, 2009).  

The CPU contains the processor, allowing this component to act upon input signals, 

based on the program stored, actuating via the output signals. The power supply component 

allows an AC mains voltage to be converted to the low (normally 12V/24V) DC voltage required 

for the microprocessor to operate. Buses are pathways that allow for communication within the 

PLC unit itself, transferring data in binary form. There are a couple types of memory storage 

within a PLC, such as data RAM, User program RAM and system ROM. A PLC requires access 

to the data being processed, and the program also, so it receives its instructions. Both are located 

in the PLC memory, easily accessible for processing. System ROM, or read-only-memory 

provides permanent storage for the PLC OS (operating software), and also fixed data required for 

the CPU. The user program RAM area is purely for the end users’ program/instructions for the 

PLC.  Data RAM, as the name suggest, is used to store the status of I/O devices, and other 

information such as counters and timers. 

c)  

As with any electrical device or equipment, you need to protect it electrically to ensure 

reliability and durability of the device. With PLC’s, because there are a vast number of external 

devices connected, such as sensors, valves, actuators etc, it is vital that the I/O components are 

suitably protected. 

 We can protect both the Input and Output channels, to protect the Input connections we 

can use the following. 

• Isolation- Use of Opto-Isolators to ensure electrical isolation between the main PLC input 

channel and input devices, such as sensors, switches, gauges.  

Figure 4 
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• Surge Protection- Fitting of surge protection devices (voltage suppressors / surge 

arrestors) to protect against any spikes in voltage, can protect against potential damage 

caused by adverse weather conditions.  

• Filtering- It is advisable to filter possible EMI (electromagnetic interference) and RFI 

(Radio Frequency Interference), by installing input filters. 

To protect the Output channels, we can do the following. 

• Short Circuit Protection- Install protection mechanisms like current limiting devices or 

output disconnection relays, to protect the PLC in case of a short circuit.  

• Overcurrent Protection- Basic electrical protection devices such as MCB’s (miniature 

circuit breakers) or fuses can protect against excessive current damaging internal 

components.  

• Correct output choice- Based on the output current, the correct type of output should be 

selected. Relay outputs are more durable and deal better with higher currents, while solid 

state outputs are quicker in switching, but prefer switching lower current loads. 
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TASK 2 – LOGIC DIAGRAMS & TRUTH TABLES 

a)  

Below is the truth table and Boolean equation from the logic circuit provided. The 

labelled logic circuit is below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

The truth table above, shows 4 output 1’s from the circuit provided, it is possible to 

represent this as an equation; 

𝑄 = 𝐴̅. 𝐵̅. 𝐶̅ + 𝐴̅. 𝐵̅. 𝐶 + 𝐴̅. 𝐵. 𝐶 + 𝐴. 𝐵. 𝐶̅ 

 

 

Inputs Gate Outputs Output 

A B C D E F G H Q 

0 0 0 1 1 1 1 0 1 

0 0 1 1 1 1 1 1 1 

0 1 0 0 1 1 0 0 0 

0 1 1 0 1 1 0 1 1 

1 0 0 0 1 0 0 0 0 

1 0 1 0 0 0 0 0 0 

1 1 0 1 1 0 1 0 1 

1 1 1 1 0 0 0 0 0 

This is the logic circuit provided, but each 

gate labelled D-H, the 3 inputs are A, B and 

C, and the output is labelled Q. 
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b)  

To aid representation of the outputs, it is possilbe to simplify the above Boolean equation, 

as per below; 

𝑄 = 𝐴̅. 𝐵̅ + 𝐴̅. 𝐶 + 𝐴. 𝐵. 𝐶̅ 

It is made possilbe to simplify, by using a karnaugh map. The Karnaugh map groups cells 

adjacent to each other cotaining 1. See below for the Karnaugh Map produced to simplify the 

Boolean Equation. 

 

 

 

 

 

 

Below is the simplified Boolean Equation, and from this the ladder logic diagram has 

been created. It is also worth noting, that now the Boolean equation has been simplified, the 

logic circuit can also be simplified. By doing so, would remove excess or not needed logic gates, 

not only saving time when programming, but saving cost on components! 

𝑄 = 𝐴̅. 𝐵̅ + 𝐴̅. 𝐶 + 𝐴. 𝐵. 𝐶̅ 
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This screengrab shows the overview of 

the ladder logic for the circuit above. All 
inputs are “X”, Y1 is output Q. The 

Output is represented by a LED just for 

the purpose of illustration.  

This figure shows the 
output 1, when input 

A and B = 0 and C =1  

Lastly, this screengrab shows the output 1, 

when input A & B = 1, and C = 0. 
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TASK 3 – TIMERS 

a)   

In programming, there are many functions or actions that can be incorporated that 

produce a desired output. An example of this is timers, a timer may be used to delay the start of 

an output, or to delay the stopping of the output. Using timers within programming is made 

possible as “PLC’s thus have timers as built in device” (Bolton, 2009). Also, using timers allow 

for a vast range of control as “Timers count seconds or fractions of seconds using the internal 

CPU clock” (Bolton, 2009).  

 There are varying types of timer configuration, such as an on-delay, off-delay and pulse 

timer. An On-delay, also referred to as TON, gives an output after a desired time set by the 

programmer. For example, a 15ms On-Delay would give an output after 15ms. In contrast, an 

Off-delay, also known as TOF, gives the desired output for a designated period of time before 

switching off, the time being set by the programmer. A pulse timer, or TP, varies from both of 

the above, as this type of timers gives the desired output for a fixed period of time, then returns 

to output 0 when the time has elapsed. This differs from the other two types mentioned, as the 

pulse timer returns to its original state before the initial energisation.  

 See below for the 3 varying timer diagrams. 

 

b)  

Timers such as those named above can be used within programming to produce a 

sequence of events, such as an input from one actuator will energise an ON delay to which 

energises another output after a set period of time, such as a motor, via the motor contactor. 

The possibilities of control are vast, and timers are used in sequential order to achieve delays 

or latches that isn’t possible from software programming. We also call this type of timing, 

cascaded timers. Cascaded timers are effectively a series of timers, for example, a conveyor 

Figure 5 Figure 6 Figure 7 
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belt system has 3 belts, the time for belt A is energised and it runs, it also sends an output 

signal to belt B and belt C, with conveyor B having an ON-delay of 5 seconds, and conveyor 

C having an ON-delay of 10 seconds. This cascaded timer set up, allows the conveyor belts 

to run before product fills each belt, improving the efficiency of the production line.  
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TASK 4 – PROGRAMMING PROBLEMS 

Below, you will find two programs developed using the Mitsubishi Alpha programming 

software. The first program shows a food blender process, and the second is a coin counting 

system that counts 10, 20 and 50 pence coins. Using a program such as Mitsubishi Alpha to 

program with Functional block is accessible, conforms to regulations and is user friendly; 

“The graphic languages that are defined in IEC 61131-3 is Function Block Diagram (FBD) 

(Figure 10.1). The definitions and the graphic symbols are in conformity with the IEC 

60617-12 1 standard”, (Hanssen, 2015). 

a) Food Processing Blending System 

 

The above screengrab shows an overview of the whole program, designed to blend 
food at 2 differing speeds. You can see 1 input and 2 outputs, start button, and 

slow/fast blending being the outputs.  

 

This is the first stage of blending process, 30 seconds of slow blending. An Off delay has 

been utilised to ensure this stage runs for 30s.  

This is the second stage of the blending process, with an On-delay of 30 seconds to allow 
the slow blending to finish, followed by an Off-delay of 20 seconds, for the fast blending 

process.  
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Upon simulation of the above program, it was evident that the program runs and works 

as indicated, though there are some minor changes that could be made to improve operation 

should it be re-programmed. For example, a sequence indicator for the user would be 

beneficial, such as an indicator LED or dot matrix display, just to inform the user of the 

current stage of cycle. Also, from a safety aspect, an integrated stop button would be useful 

for the user, allowing them to stop the cycle at any point in case of any issues. Lastly, to 

ensure efficient operation of each cycle, you could incorporate feedback from the blender 

motor after each sequence should be complete, to ensure each blending cycle finished before 

the next starts. This would ensure efficient and complete blending, and an improved end 

product for the user. 

  

This shows the fast-blending output active. You can see an OR gate, which 

allows either the first fast blending stage of 20s, or the 60s of intermittent fast 

blending.  

The above shows the sequence for 60s of 10s fast, 5s off blending. An On-delay of 60s 
allows the first two stages of blending to finish, followed by an Off-delay of 62s to allow 

for 60s of intermittent fast blending. To achieve the 10s on, 5s off output, a Flicker timer 

has been used, this allows control of 10s on, 5s off to the output. 



 

Page 15 of 22   Written by Samuel Davies 

 

PROGRAMMABLE LOGIC CONTROLLERS – PCEE4005 

b) Coin Counting System 

 

 

 

 

 

 

 

 

 

 

 

This screengrab shows the whole program, with the 3 inputs being a 10p coin, 20p coin 

and 50p coin, and the outputs being 3led beacons, 1 for £1 of 10ps, £1 of 20ps and £1 
of 50ps. There is also a 4th output which is a buzzer when the overall total reaches £10. 

There are counters, logic gates and delays also used in this program.  

This figure shows the three counters 
used, to count the three differing 
types of input (coins). Once the 

counter has reached the desired 

count, it will give an output 1. 

 

Here we can see the OR logic gate that all three input counters come 
to, the counter after this gate is used to count every £10 and 
energise the output. There is also a reset to clear the £10 count, to 

allow the system to recount The Off-delay is used to control the 
output buzzer, it will operate for 10 seconds to alert the user £10 has 

been counted. 
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Upon review of the program, again there are some adjustments that could be made to aid 

use of the system. For example, all the coin counting functions could have a display such as a 

dot-matrix, to show how many each counter has counted. And also, the £1 outputs for each coin 

type could have individual indication types, such as 1 flicker for 10ps, 2 flickers for 20ps and 5 

flickers for 50p for instance. This would help the user identify the ongoing count.  
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TASK 5- AUTOMATIC DRILLING SYSTEM 

 Below, there are screenshots showing the drilling system design by Samuel Davies, using 

Mitsubishi Alpha software. Here is the I/O table as per the assignment brief; 

PLC I/O Connection  

Input    Output  

1  Start button    1  Motor forward  

2  Stop button    2  Motor backward  

3  Proximity sensor 1    3  Drill servo up control  

4  Proximity sensor 2    4  Drill servo down control  

5  Proximity sensor 3    5  Clamp  

6  Safety Guard    6  Drill on  

7  Clamp sensor        

 

 

This screengrab shows the motor forward movement when the start button is pressed, where 

the motor moves until a proximity sensor is made. 

This screengrab shows the overall program designed for the 
drilling system. You can see the inputs and outputs on either 

side, with the main program in the centre. Below there are 
individual images showing different sections within the 

program.  
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During simulation of the program on multi-sim, it became apparent that if this system 

were to be re-designed, then there are definitely improvements to be made. These include an 

input device (proximity sensor), for the motor home/start position, this would allow more 

accurate control of when the motor moves backwards, and stop the movement when it reached its 

home point. Also, another improvement could be the use of position device such as an encoder, 

instead of the individual positioning proximity sensors. Also, as a safety feature, an indication 

LED beacon could be optimised to show the operator and surrounding others the status of the 

machine.  

 

 

 

 

This screenshot shows the drilling process, when a position sensors and the clamp 

sensor are both made, with the drilling process ran off timers. 

The above screengrab shows the motor returning to the start position if the stop 

button is pressed. The motor will also return to the start position after the 3rd 

proximity sensor drilling cycle is complete, as per the on delay seen in the centre. 
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APPENDIX 

Data Sheets 

Here are the data brochures for the Mitsubishi Alpha2 series, used in this assignment. 
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Figures 

Figure 1- Christensen, B. (2022) What is a PLC? Logimatic. Available at: 

https://www.logimatic.com/logimatics-explanation-what-is-a-plc/ (Accessed: 07 December 

2023).  

Figure 2- Components, R. (2019) Mitsubishi alpha 2 series Logic module, 100 → 240 V 

AC supply, relay output, 15-input, digital input, RS. Available at: https://uk.rs-

online.com/web/p/plcs-programmable-logic-controllers/4420795 

Figure 3- Components, R. (2019) Mitsubishi alpha 2 series Logic module, 100 → 240 V 

AC supply, relay output, 15-input, digital input, RS. Available at: https://uk.rs-

online.com/web/p/plcs-programmable-logic-controllers/4420795 

Figure 4- Bolton, W. (2009) ‘Chapter 1- Figure 1.7’, in Programmable logic controllers, 

5th Edition. Newnes, pp. 6–7.  

Figure 5- Bolton, W. (2009) ‘Chapter 9- Figure 9.3a’, in Programmable logic controllers, 

5th Edition. Newnes, pp. 165–165.  

Figure 6- Bolton, W. (2009) ‘Chapter 9- Figure 9.3b’, in Programmable logic controllers, 

5th Edition. Newnes, pp. 165–165. 

Figure 7- Bolton, W. (2009) ‘Chapter 9- Figure 9.3c’, in Programmable logic controllers, 

5th Edition. Newnes, pp. 165–165. 
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