ACMA6001

Barrie John

1811176


Control Technology


Dr. Gary Jones




Contents.
1. Figures and table list.....................................................................................................................
2. Introduction..................................................................................................................................
3. Task 1 - what is a PLC?...................................................................................................................
4. Task 1 - Types of PLC.....................................................................................................................
5. Task 1 - Pros and Cons of different types of PLC...........................................................................
6. Task 1 - Conclusion........................................................................................................................
7.Task 2.............................................................................................................................................
8. Task 3.............................................................................................................................................
9. Task 4............................................................................................................................................
10. Task 5..........................................................................................................................................
11. Task 6..........................................................................................................................................
12. References..................................................................................................................................


1.Figures and table list.
1 Typical PLC.
2. Compact PLC.
3. Modular PLC.
4. Flowchart for the factory IO layout.
5. Screen shot of factory layout.
6. Screen shot of PLC tags used.
7. Screen shot of ladder logic programme.
8. picture of a typical HMI device.
9. picture of the HMI Root screen.
10. Picture of the HMI Warning screen.
11. Picture of the HMI Engineer screen.


2.Introduction.
This report prepared by Barrie John looks at the control technology used in Programmable logic controllers (PLCs). The report looks at what PLCs are and what they are used for. It also includes a simulation of a factory set up along with the ladder control used to operate it. An HMI device set up is also included in this report.

Task 1 includes a literature review prepared by Barrie John looks at the different types of PLCs, what they are used for and their pros and cons. It will also look what industries rely on PLCs to make the processes reliable and function correctly.

3.What is a PLC?

A PLC (Programmable logic controller) is a tiny computer that is able to receive data via inputs and then send operating instructions to a piece of equipment via outputs. A PLCs primary job is to use internal logic that has been programmed into it to control a systems function.  PLCs are used all around the world by many types of businesses to automate their processes.
PLCs use inputs taken from automated data points or from human inputs which can be buttons and switches. depending on the programming a PLC will then decide whether or not the output needs to be changed. A PLC is capable of controlling many different types of equipment. These include lights, motors, safety switches and many more. (Polycase, 2022)

Figure 1 below shows a typical PLC.
              [image: ] (Alton, 2016)
                                                                                                                                             Figure 1.

4.Types of PLC.

Types of PLCs
The two main types of PLC are compact PLC and modular PLC.

Compact PLC

Within a single case, there would be many modules. It has a fixed number of I/O modules and external I/O cards. So, it does not have the capability to expand the modules. Every input and output would be decided by the manufacturer.

Modular PLC
This type of PLC permits multiple expansion through “modules”, hence referred to as Modular PLC. I/O components can be increased. It is easier to use because each component is independent of each other.
PLC are divided into three types based on output namely Relay output, Transistor output, and Triac Output PLC. The relay output type is best suited for both AC and DC output devices. Transistor output type PLC uses switching operations and used inside microprocessors. (Vidya Muthukrishnan, 2021)

There are several manufactures of PLCs these include:
Siemens. 
Rockwell Automation / Allen Bradley. 
Mitsubishi Electric. 
Schneider Electric. 
Omron. 
Hitachi Industrial Equipment Systems.







Figure 2 below shows a typical compact PLC.

                  [image: ] (Panasonic Industry, 2022)                                                                                            Figure 2.





Figure 3 below shows a typical modular PLC.

            [image: ] ( EUROICC, 2021)
                                                                                                                                 Figure 3.
5.Pros and cons of different types of PLCs

There are pros and cons of each type of PLC depending on the requirements of the process.

Compact PLC.

Pros.
Are cheaper than Modular PLCs.
Good for basic functions.
Small. Allowing for use in compact areas.

Cons.
Will only store so much information. 
Not able to handle complex processes.
Trouble shooting can be difficult.
Unable to keep some functions running while trouble shooting others.


Modular PLC.
Pros.
Modular PLCs have far more memory and can store more information.
Modular PLCs are capable of more complex processes.
Allow operations to expand.
Easy to trouble shoot.
Can keep some systems running while working on others.

Cons.
Modular PLCs are more expensive.
Can be complex to configure.
Units can take up a lot of room depending on size.


6.Conclusion.
Programmable logic controllers (PLCs) are used in all walks of life, whether it be the touch screen used to order food in a restaurant or a complex manufacturing production line. They allow a manufacture to control inputs and out puts of a system and set boundaries to ensure errors are minimalised. 
PLCs allow automation of a wide range of processes making them safe and repeatable. This is done by programming the PLCs with a set list of variables allowing for a machine to carry out a specific task. Control limits can be set to ensure warnings and alarms that are built into the system that identify faults and prevent the system from malfunction or damage.



7.Task 2.
Task 2 is a Factory IO set up of a box sorting conveyor system. This system allows for boxes of four sizes to be sorted and palletised into the correct location. It does this by sorting boxes by both size and weight.

Figure 4 below shows a flow chart of the factory.

[image: ]                                                                                                                                                                     Figure 4.


Figure 5 below shows the factory layout.
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                                                                                                                                                                   Figure 5.
Key points of the factory layout are that there is a main conveyor that delivers all size boxes which has sensors to sort between all box sizes. These are then transferred via pushers to the required conveyors. In terms of the medium and small boxes there is a weighing scale that sorts between the two.  They are then offloaded in the desired locations.

8.Task 3.
Task 3 looks at the ladder logic used to programme the factory. This logic is used to ensure that the factory follows a strict list of commands that allow the operation to flow correctly.
Safety features are also built into the programme to protect the operator and limits built in to avoid machine breakdowns.



Figure 6 below shows the PLC tags used in the programme.
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                                                                                                                                                                     Figure 6.


Figure 7 below shows the ladder logic programming used for the factory.
[image: Diagram, schematic
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                                                                                                                                                                     Figure 7.



There are several steps to the programming, these include:

· Start / Stop command.
· Timers to control the starting of the conveyors.
· Sensor commands to activate pushers to separate boxes by size.
· Programming to sort boxes by weight.
· Programming to count the boxes on the conveyor.
· Programming to track for error counting should boxes fall off the conveyor.
· Re-set functions.
· Safety functions (E-Stop).



9.Task 4

Task 4 is to include an HMI programme into the PLC programming.

What is an HMI?
While PLCs are used to control motors, valves, pumps, and many other machines used in modern day processes operator interaction with the PLC can be done using an HMI (Human Machine Interface). This allows the operator to adjust the machine safely by working within the programme’s controls.

The Advantages of HMI Programming are.
A user-friendly interface and colour coding allows for easy identification on an HMI. Other benefits of HMI include:
Reliable Messaging
Better Communications
Easy Overall Management
(Syscon Automation, 2022)






Figure 8 below shows a typical HMI.
                        [image: ]
             (Controls, drives automation., 2022)                                                                   Figure 8.


10.Task 5.
Task 5 looks at the screens developed for the factory setup.
There were three HMI screens used to achive this. They were:

The Root (home) screen. The key features of this screen are listed below.
· Start / Stop buttons.
· E-Stop.
· Counter re-set buttons.
· Navigation button to the warning screen.
· Counters for all size boxes.
· Counters for box errors (Lost boxes) of all sizes.
· A total box count.
· A traffic light system to signal the start of the factory line.
· Warning and fault lights to visualise a fault has occurred.

Figure 9 shows the Root screen of the HMI.
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                                                                                                                                                                Figure 9.


The warning screen. The key features of this screen are listed below.

· Warning lights to show dropped boxes of all sizes
· Alarm lights to show the dropped boxes had reached the set maximum amount
· Alarm light to signal the E-Stop had been activated.







Figure 10 below shows the warning screen of the HMI.      
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                                                                                                                                                     Figure 10.


The Engineering screen. These key features include.
· An engernier re-set (this can be locked out so only approved people can access).
· Counter re-set button.
· Function to set limits for warning and alarm quantities for all size boxes.






Below figure 11 shows the engineering screen of the HMI.
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                                                                                                                                                                   Figure 11.

11.Task 6.

This report looks at all aspects of tasks 1-5. 

Task 1.
A literal review was carried out to look at what PLCs are, the different types and manufactures that are in the market. It also looks at the pros and cons of each type of PLC.
It ws found that there were two main types of PLC, Compact and modular.
It was found that the main pros and cons were based on the size of memory, process capability, Cost and ease of trouble shooting.
The review found there were several manufacturers of PLCs altough Siemens would be considered one of the market leaders of PLC manufacturing.



Task 2.
The factory IO programme was used to design a factory layout that was capable of sorting four different sizes of boxes. This included sensors, pushers, conveyors and scales that allow for the boxes to be sorted accordinly.  
The programme allowed for the selection of different components to assemble a production line that would complete the sorting task.
A process fow chart was created to map out the flow of the factory.
A key aspect of factory programme is its ability to link to Seimens TIA which would allow for the factory to be programmed via a PLC to follow a designated set of commands to complete the required objectives.

Task 3.
Using the Seimens TIA programme a ladder logic programme was written to complete the factory sorting task. Aspects of the programme included:
· Start / stop function.
· Timers to control conveyors.
· Sensors to determaine heights and weights of boxes.
· Safety commands to detect errors and warnings.
· Counters to track different size boxes.
This was done by writing step by step commands that tell the factory to follow a specific process to sort and dispense the boxes to the correct locations. Part of this was to include commands that started the conveyors at timed intervals, activate pushers should certin sensors be made, boxes to be diveted to the desired conveyor depending on weight and error functions to detect if boxes are lost off the conveyors.

Task 4.
A HMI programme was also written to allow for operators to operate the production line. This was done by linking the HMI to the PLC. PLC tags were used to link to the HMI that when made would activate a command on the HMI. By doing this it enables key functions to be visuallised such as warnings, alarms and counts.

Task 5.
Screens were developed to allow for operators to see counts, warnings faults, Alarms and were also fitted with safety functions such as an E-Stop and engineer function.
Buttons were added to the screens that were then linked to tags in the HMI programme that when pressed would execute a desired command.
Counters were added to the screen and linked to the counts in the programme so the box counts for each size were visualised.
Error counters were included in the programme should any boxes fall off the conveyor. These too were added to the screen. Warning and alarm signals were also included on the screen and linked to the programme which would then change coluor should a faut occour.
An engineer screen was developed with a master re-set and a function to determine the number of boxes that were allowed to fall off before a warning or alarm would be activated. This was done by adding a retain funtion to the warnings and alarms in the PLC programme. These were then linked to the counters added to the HMI screen. The ladder logic programme was then linked to these tags which allows for the change in settings to be done without the need to access the main PLC programme.

Conclusion.
After reviewing the previous tasks it can be seen that PLCs and HMIs are a part of everyday life and used in a wide range of functions, not just manufacturing.
PLCs are a ideal way to ensure a process can be programmed and is followed in a specific way and all work is done within a set boundry.
Programming of a PLC can be as simple or complex as required and will always follow a logical approach (step by step).
HMIs are a great way for humans to interact safely with machinery as they only allow for changes to be made within a pre-programmed set of peramiters. 
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Flow Chart For Factory IO Box Line.
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