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Introduction

Programmable logic controllers (PLCs) have played a crucial role in manufacturing processes since they were developed. PLCs are industrial solid-state computers that monitor inputs and outputs and make decisions based on logic for machinery or automated operations (Sehr, Lohstroh and Weber 2021). Although this technology has been around for a long time, it is still an essential part of many contemporary businesses. PLCs are widely utilised in many industries because of their speed, usability, and purportedly simple programming. PLC’s can be programmed using ladder logic which is centred on electromechanical relays (Sehr, Lohstroh and Weber 2021). Most PLC’s today use ladder diagrams, function block diagrams, structured text and sequential function charts as their primary function languages (Group 2005).

This report will detail a factory control system for arranging boxes in size and weight controlled by a PLC. Ladder logic will be used to control the factory and Factory IO will simulate how it will run.
PLC’s used in Industry
The three main categories of PLC used in industry today are rack, fixed and modular.  (Bolton 2006)
By utilising modules, modular PLC’s enables system expansions. Additionally, it can complete more complicated tasks, making it more useful. Conversely, modularity in PLC’s reduce space, efficiency and raises configuration complexity. 
The fixed PLC cannot increase its module capacity because it only has an external I/O card, and a set number of I/O modules, in other words, every type of output or input is fixed and decided by the user. The number of inputs and outputs with this type of PLC also cannot be expanded. 
In a rack type PLC, each of the PLC’s components is installed as a separate module and then put together to make a single unit. Thousands of I/O’s can be supported by this PLC.
The market is huge for PLC’s, popular brands include Siemens, Honeywell, and ABB. (Francis 2020) When looking for PLC’s for a project there are tools that can be used for comparison, figure 1 below is an example of this. (online 2022)
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Figure 1 - RS components comparison table
From figure 1 a brief comparison of the PLC’s can be achieved . 
ABB AC500 
This PLC is the second most expensive PLC, however, it has the least amount of inputs and outputs, and limited languages for programming, conversely, it has the largest program capacity. 

The Siemens S7-1200 
This PLC is the lowest price unit, it has the most inputs and outputs and common languages to program. This unit does have the lowest program capacity though. 

Any of these PLC’s may be fit for purpose may for the project selected but when selecting it is advisable to check the data sheets for more in depth detail like CPU speed, scailability, data storage, enviormental requirements. 
Factory Process

Table 1 below is a breakdown of items used in the control of factory IO.
	ITEM
	QUANTITY

	Emergency Stops
	3

	Safety Door Interlocks
	2

	Electrical Cabinet
	1

	Package Emitter
	1

	Package Remover
	4

	Conveyor Belts
	13

	Conveyor Scale
	1

	Pop up Sorter
	1

	Diffuse Sensors
	8

	Stop/Start Buttons
	2

	Stack Lights
	2

	Siren
	1

	Pushers
	2


Table 1 - Item used in control
Below in Figure 2 is a bird’s eye view of the process layout in Factory IO with key functions identified. This process will sort four different types of boxes; Large, medium (4.5kg – 5.5kg) Small (3kg – 4.25kg) and Extra Small. There is an emitter at the start of the process which has been forced on, and also 4 package removers. 
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Figure 2 -Factory Layout

The electrical in Figure 3 cabinet houses one stack light and the siren.
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Figure 3 - Electrical cabinet

The process is controlled via a HMI which has three screens. Figure 3 shows the first HMI screen; this is the hub for the process. Within the Root Screen the user can control the operation with start/stop button whilst having a holistic view of the process. Warnings and errors are clearly displayed so the user can see how many errors have occurred. Moreover, the user can see the box count for each of the 4 boxes. A stack light indicator has also been placed in the screen for process status. As with all automated equipment an emergency stop is present for instant disablement. 
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Figure 4 - HMI Root Screen
Figure 4 shows the warning and alarm screen, this is a more in depth view of the alarms and warning in the process. Whilst Figure 3 will alert the user to an alarm or warning with one light, what it doesn’t do is alert the user to why the alarm or warning state has initiated this screen will tell the user where the root cause lies. The strategy around these alarms are set in the ladder logic and the engineering screen in Figure 5.
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Figure 5 - HMI Warning and Alarm Screen

The final screen in the HMI can be seen in Figure 5. This screen is an engineering screen which will be locked out to operators. The purpose of this screen is to set parameters for the alarm and warning limits. Depending on the user’s requirements, limits can be changed. This screen also incorporates a rest button for counters and a master reset, again, only users with passwords would enter this screen to ensure control.
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Figure 6 - HMI Engineer Screen
Alarm Strategy

The strategy around these alarms are set in the ladder logic and the engineering screen in Figure 5. Should any alarm become active, the alarm master within the ladder logic will stop the process. 

Firstly, there are 3 emergency stops in network 2, should any of these be activated the process stops. Besides, there are also 2 safety doors on interlocks in network 20, these are set at either end of the factory, should these be opened during production the process will stop. 

All limits for box error warnings are set in the engineering screen, should any warning reach the limit set by the user, the process will still continue, but in warning state. This warning state will be indicated on both the root screen and the warning screen.
All limits for box error alarms are set in the engineering screen, should any alarm reach the limit set by the user, the process will instantly stop. This alarm state will be indicated on both the root screen and the alarm screen.

Figure 3 below depicts an operation flow chart of the factory process. A legend has been added for clarification on box sizes. 
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Figure 3 - Operational Flow Chart
Brief Ladder Logic Overview

A pdf copy of all networks has been sent to Gary Jones along with Factory IO and TIA applications.
Network 1 

This will call up the PLC in operation. The PLC used here is the Siemens S7-1200.

Network 2
This logic is to essencially to start the factory. The operate output will initiate when the start button is pressed (normally open), it will let current through, this is dependant on alarm master being closed. If alarm master becomes open then the operation will stop. There are also 3 emergency stops in network two which are for safety, should any of these be pressed the process will stop.
Network 3
When operate goes from 0 to 1 state, the alarm siren will initiate for 2 seconds. This is possible because of the TP Time funtion. Below the TP Timer, there are numerous TON timers that will delay the output operations for numerous conveyors. All conveyors will start after the time delay in each TON Timer. The TON timers have all been set to 2 seconds which follows the siren stopping. It was decided that all conveyors will initiate at the same time to allow for stopping of the line. During the trial, if  the delays were different then the space between boxes may close and cause collisions. This was tested during the set up. Should the draw of current be too high, this can be adjusted.
Network 4

All stack lights are controlled here, there are two in the process set at opposite ends. While the alarm siren is active the yellow light will warn poeople that the factory is due to start. When the belt conveyor has started, the green light will initiate to show the lines are running. All red lights are controlled via the 2m belt conveyor, should this stop for any reason, whether it’s by an operator or emergency stops,  all red lights will illuminate. 
Network 5
While operate is true, if a warining light is also true the warning flag become an output to alert the operator on the root screen and the warning screen.
Network 6

If any alarms become true in the system, alarm master will engage and stop the conveyors, the cause of the alarm will also display in the alarm screen within the HMI.
Network 7
When pusher 1 sensor becomes true, pusher 1 will operate after a time delay of 500MS. 

Network 8
When pusher 2 sensor becomes true, pusher 2 will operate after a time delay of 500MS. 

Network 9
When the conveyor scale sensor is true the conveyor scale will initiate a time off function within 500MS to allow the conveyor to weigh the box, then a time on will start following a delay of 320M. The output from the weight will then be fed in to the digital display as an output.
Network 10

When the weight is set from the conveyor scale it will be used to set the pop up wheel sorter in network 11.
Network 11
The in range blocks will dictate which way each box will be distributed on the pop up wheel sorter. If the boxes fall within 3kg – 4.25kg the pop up wheel sorter will set to left, should the box weigh 4.5 kg – 5.5 kg  then the pop up wheel sorter will set right. Please note, this is under the assumption factory IO distributes boxes in 0.25 kg increments and the minimum weight is 3kgs, maximum weight 5.5kgs, weights can be changed as required. 

Network 12
When the total count sensor is true the count up function will add 1 to the total count displayed on the HMI.

Network 13

To track the large box counter errors the CTUD function will count up when pusher 1 activates, then subsequently count down with the large box count up sensor. The large box total count on the HMI is set by the CTU function. 
Network 14
On the HMI engineering screen the user can set the box error limit for the warnings and alarms. If the limits are reached for warnings then the warning limit will alert the operator, should the alarm limit be reached then the limit alarm will activate and stop the line.
Network 15

Small and medium errors are initiated with pusher 2, this counts up the errors. The conveyor scale sensor will be utilised as a count down. Any difference is displayed on the HMI screen. 
Network 16
On the HMI engineering screen the user can set the box error limit for the warnings and alarms. If the limits are reached for warnings then the warning limit will alert the operator, should the alarm limit be reached then the limit alarm will activate and stop the line.

Network 17

As with other boxes, extra small error counters and count up are complete with the CTUD and CU functions. Again, alarm and warning states will be initiated should the limit that’s set in the engineering HMI screen be reached.

Network 18
When the small count up sensor is true, the count will increase on the small box count which is displayed on the HMI screen.

Network 19

When the medium count up sensor is true, the count will increase on the medium box count which is displayed on the HMI screen.
Network 20

There are two safety doors on the factory, should these be opened the lines would stop.
Future Improvements

To fully automate this process, a palletiser would be recommended as depicted in Figure. This would allow a reduction in manual labour on the current process. Moreover, set limits could be added to the engineer screen to allow the user to select weight limits for small and medium, in the current process these are set within the ladder logic.
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Figure 7 - Palletiser Improvement
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