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1 – Introduction
PLCs are a vital aspect of modern automation and can be found in almost all automated manufacturing facilities around the world. This report will contain a brief insight into some of the most popular brands on the market and the features their PLCs can offer. It will also display a factory layout and Siemens PLC ladder logic for a factory which has been designed and programmed to sort packages of 4 different sizes by dimensions and weight, which will also include the design and configuration of HMI screens. A set of criteria has been set by the client(Assignment spec) which must be met, the report will discuss and highlight in the ladder logic how these requirements have been met.


PLC’s
Programmable logic controllers (PLCs) were introduced in the late 1960’s by Modicon with their first PLC built being used by General Motors. “Before its introduction, automation control was configured using large relay banks which took up a large amount of factory space, were highly labour intensive to build and implement alterations/upgrades to” [1], so the introduction of PLCs was greatly received. “When introduced, their benefits were greater than anticipated and the programming language used, ladder logic, was an easily understood and followed symbolic language which is still used on modern PLCs” [2]. Since then, the evolution of PLCs was exponential and has led to a wide range of options depending on the desired application and chosen manufacturer. IEC 61131 was introduced in the early 1990’s as a means of standardising the way in which manufacturers were building their PLCs. Several of the leading PLC manufacturers which are currently on the market are Siemens, Allen-Bradley(Rockwell), Mitsubishi and Schneider. 
Siemens, which are arguably the largest PLC manufacturer, are highly regarded in the industry for their performance, reliability and flexibility to suit many different systems. Siemens offer a wide range of PLCs and are known for their powerful processing capabilities which provide fast and efficient execution of control tasks. These advanced processors and memory systems allow for high-speed data processing and excellent performance even in the most demanding industrial settings. Another selling point which Siemens offers to customers is that it supports a variety of programming languages such as ladder logic, function block diagram, structured text and statement list [3]. This range of languages offers programmers a choice to use their preferred language or most suitable language type to their application. Further to a range of programming language, Siemens also offer a wide range of communication options such as Profibus, Profinet, Ethernet/IP and Modbus [4]. This allows Siemens PLCs to integrate and efficiently exchange data with devices from other manufacturers. Furthermore, Siemens has TIA (Totally Integrated Automation) portal to offer to its customers, which is an engineering platform which allows for PLC programming, configuration diagnostics all in one system, TIA portal is the system which will be used on this project to design and configure a cardboard box separation system. 
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Figure 1 – Siemens PLC Pro’s and Con’s, Excel (2023)



Allen-Bradley, who are part of the Rockwool Automation group, are also a large player in the world of PLCs and are recognised for their scalability, allowing users to choose from various models based on their system needs. Their most popular PLC controllers and the ControlLogix and CompactLogix series, with ControlLogix being suitable for large scale projects with higher requirements for I/O and CompactLogix suited to smaller applications offering a more compact and cost-effective solution.  “These controllers use a common easy-to-use development environment. Tight integration between the programming software, controller and I/O modules reduces development time and cost at commissioning and during normal operation” [5]. Along with Siemens, these Allen-Bradley PLCs support a range of programming languages and communication methods which ensures compatibility and operability with a wide range of equipment. Configuring and programming can be implemented using the Rockwool Studio 5000 environment, which provides a platform to program, configure and diagnose. Allen-Bradley are the widely chosen choice of PLC for many industries such as automotive, manufacturing, petrochemical and Food.
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Figure 2 – Allen-Bradley Pro’s and Con’s Excel (2023)














Another of the large PLC manufacturers is Mitsubishi, who’s PLCs are designed to handle complex control tasks with precision and speed by providing integrated motion control functions, allowing for precise control of servo motors and other motion devices. They provide this through their MELSEC IQ platform which aims to” minimize TCO at all phases of the automation life cycle by improving development times, enhancing productivity, reducing maintenance costs, and making information more easily accessible across the plant” [6] . They support a range of programming languages which have been mentioned previous. Mitsubishi PLCs also offer various communication options and support commonly used protocols such as CC-Link(Control & Communication), Ethernet and Modbus. Programming can be completed using iQ Works, GX Works3 and GX Developer, these software systems provide users with a user-friendly programming and configuration software which offer simple to use interfaces and tools for efficient system setup. The MELSEC PLC series is respected in industry for their advanced motion control capabilities which makes them suitable for applications requiring precise positioning and co-ordinated motion control, for this reason they are widely used in industries such as automotive, manufacturing and petrochemical.
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Figure 3 – Siemens PLC Pro’s and Con’s, Excel (2023)


A final PLC manufacturer that will be looked at is Schneider Electric. Schneider offer a wide range of PLCs whilst using the Modicon brand. They are known for their robustness and flexibility and can range in sizes from very small uses with limited I/O requirements to larger units and safety PLCs. They offer multiple programming languages which include ladder logic, structured text and function block diagram whilst supporting industry standard communication protocols such as Modbus, Ethernet/IP and CANopen. Schneider provide Unity Pro and SoMachine software with their PLCs as means of programming, configuration and diagnostics.


Operation Flow Diagram
An operational flow diagram of the system has been created as can be seen in Figure 5. This displays a high level view of the process by indicating the steps of the system and the sequence in which these occur. The different shapes represent a certain aspect of the flow diagram, diamonds represent decision steps, rectangles represent actions and elongated circles represent the start or end.
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Factory Layout
[image: ]Figure 5 – Factory Overview – Factory IO (2023)
Figure 5 shows the whole factory layout which has been designed and configured. Parcels are emitted at the start of the process and then the large and medium parcels are removed from the main conveyor using two pushers which are activated when sensors are triggered, leaving the small parcels to continue traversing the main conveyor until exiting. When separated the two medium sized parcels are weighed using a scale conveyor, depending on the weight measured, they are then either sent left or right.

[image: ]Figure 6 displays the operator control panel which is on the factory floor. The panel contains a number of components such as:
· Alarm Siren which sounds for 2s at start of process
· Flashing Beacon which flashes for 2s at start of process
· Stack lights which operate depending on process events
· Push buttons to Start, Stop, E-Stop, Counter reset and Alarm reset
· 5 display screens which show the users Total Package count, Large Parcel count, Medium parcel count, Small parcel count and last parcel weight











Figure 6 – Operator Control Panel – Factory IO (2023)

[image: A screenshot of a computer

Description automatically generated]


Figure 7 – HMI Home Page – Factory IO (2023)
The HMI home screen is shown in Figure 7. Here you can see several functions which have been created to meet the specification such as stop, start and e-stop buttons, these can be used instead of the control panel buttons to control the process. There is also warning and alarm indicators to alert users of any errors, counters on the home screen also give indication as to how many parcels have entered and left the system.
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[image: ]8*The Engineer page on the HMI allows the user to input warning and alarm level presets for the system for each box size, this screen is shown in Figure 9.
Figure 9 – HMI Engineer Page (2023)


Alarm & Warning HMI page is displayed in Figure 8. Here you can see the number of warnings and alarms which can be activated on the system, whilst there are no active the pilot lights will remain green, as an alarm and/or warning is initiated the pilot light will turn red to indicate to the user what the error is on the system.
Figure 8 – HMI Warning/Alarm Page – Factory IO (2023)

[image: ]+
The medium parcels are of two different weights, these are then sent to different destinations using a scale conveyor and pop-up lifter. As the parcels enter the scale conveyor they trigger a proximity sensor as seen in Figure 10. When triggered, this stops the scale conveyor for 525ms to allow a weight to be measured and stored, depending on the weight measured the pop-up lifter will either direct the box left or right. Guide wheels have also been utilised to centralise the parcels on the outbound conveyors as they come off the pop-up lifter.
Figure 10 – Scale Conveyor, Factory IO (2023)


Alarm Strategy
For this system there will be a range of alarms and warnings. Warnings will be generated if either of the following occur:
· Large parcel has been detected as lost.
· Medium Parcel has been detected as lost.
· Small Parcel has been detected as lost.
· Large parcels have exceeded system preset level.
· Medium parcels have exceeded system preset level.
· Small parcels have exceeded system preset level.
System users can set the warning preset values on the HMI using the “Engineer” screen to values of their discretion, if this preset value is reached, for either of the size boxes in the system, an alarm will trigger. If these preset values are exceeded by greater than 3 boxes the warning will escalate to an alarm. The system will still run if warnings are initiated, the yellow stack light and the warning pilot light on the HMI will illuminate to indicate to users that an error has occurred. If the warnings increase, the warnings will be escalated to alarms, alarms will initiate under the following conditions:
· >3 Large parcels lost.
· >3 Medium parcels lost.
· >3 Small Parcels lost.
· Large parcel preset level exceeded. 
· Medium parcel preset level exceeded. 
· Small parcel preset level exceeded.
· E-Stop activated.
When an alarm is triggered the red stack light on the control panel and the alarm pilot light on the HMI will illuminate to indicate to users that an alarm condition has occurred. Whilst an alarm is active the “Alarm Master” bit will be set which will bring the whole system to a stop, this can only be reset by a user physically pressing either the alarm reset push button on the control panel, or the alarm reset push button on the HMI.


PLC Ladder Logic

Network 1 – PLC FUNCTION - Function used which connects TIA PLC and factory IO using PLC SIM
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Description automatically generated]Network 2 –  SYSTEM START - Controls the system start, start push button is latched using "Conveyor Flag" which is set when Stop and E-Stop buttons are not pressed and there is no alarm on the system.





Network 3 – RESETS - Alarm and Counter Resets are triggered here using either push buttons from the control panel or via push buttons on the HMI. 
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Network 4 – SIREN & WARNING LIGHT - Stack light beacons are controlled in this network. When the system is about to start a flashing beacon and alarm will sound for 2 seconds to alert people in the area the system is about to start. When the timer has elapsed, and the system is running the green stack light will be lit (if alarm master is healthy and n/c). When an alarm is active on the system the red stack light will be lit.
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[image: ]Network 5 – CONVEYOR STARTS -Conveyor starts are determined here, there is a 2s delay on start up to allow for the siren and warning beacon to alert people near the system it is about the start. After the alarm each conveyor starts with a 0.5s delay between conveyor starts to limit current draw on the system during startup.










Network 6 – PUSHERS -The two pushers in the system are controlled using this network. Each pusher is triggered by a proximity switch which detects a certain size box passing, Pulse timer and Timer on functions are then used to control the timing and duration of the pusher actuating.
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Network 7 – SCALE CONVEYOR DELAY - Scale conveyor control is managed here, if the system is running and conveyor flag control is set and scale conveyor control is not high the scale conveyor will run. scale conveyor control bit is controlled in the following network.



Network 8 – SCALE CONVEYOR CONTROL & WEIGH READY - When scale flag bit is set this will set "Scale Conveyor Control" which will be used to stop the scale conveyor for 500ms, this will be to allow the parcel on the scale to stabilise to take an accurate weight measurement. After 525ms "Weigh Ready" will be set for 350ms before both "Scale Conveyor Control" and "Weigh Ready" are reset.
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Network 9 – SCALE FLAG -Conveyor flag and Scale sensor inputs are used to set the scale flag bit when high with the use of a timer off function, so in this case the scale flag bit will be set high for 500ms.
Network 10 – BOX DIRECTION DECISION - Parcel weight is used to determine whether the parcel is a light or heavy medium parcel, the weight taken is multiplied to give a larger number and therefore easier to determine direction and minimise errors. If the weight measure is less than 9.0 then the pop sorter heavy direction will be reset and the pop sort light direction will be set. If weight measured is greater than 9.4 then the pop sorter light direction will be reset and the pop sort heavy direction will be set.
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Network 11 – WARNINGS - Warnings are determined using this network. If any of the warning bits are set high, the warning light will appear on the HMI and the yellow stack light will illuminate. Different warning lights are then triggered by different conditions, mainly to highlight lost boxes in the system or that preset levels have been reached, the alarm which is activated is shown in the Warning/Alarms page on the HMI.
[image: ]









Network 12 – ALARMS – These are configured like the warnings. If any of the alarm bits are triggered the alarm master bit is set high, this will stop the system and turn on the red stack light and HMI alarm light. Alarm master will have to be reset using the control panel PB or HMI PB. Alarms are triggered by either having lost too many boxes in the system, an e-stop has been pressed or exceeding the preset figures on the Engineer HMI screen. The alarms which are active are shown on the Warning/Alarm HMI page.
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Description automatically generated]Network 13 – BOX COUNTERS - A combination of all total boxes and separate box types are counted here, this is for both entering and exiting the system. These counters can then be used to determine if boxes which have entered the system have exited the correct path. Counter values are reset using a memory bit which is activated by either pressing the control panel counter reset or HMI counter reset PBs









Network 14 – WARNING OFFSETS - Due to parcels moving around the system at all times there will be a difference between the boxes detected entering and leaving the system, subtractions are made between the boxes detected entering and boxes detected leaving, the result of that subtraction is saved as a “WIP” bit then used in the warning network to determine if boxes are lost or not.
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[image: A diagram of a moving diagram

Description automatically generated]Network 15 – DISPLAYS - The control panel in the factory which has 5 displays are configured here. Move functions are used to move the counted totals for the boxes to the output displays on the control panel. Also, the parcel weight is converted to be able to move that figure onto the control panel display.









Conclusion
In conclusion, the PLC program developed for this assignment has successfully met its specifications and operates as expected. It has effectively controlled the various components of the system, ensuring smooth and efficient operation. The program has demonstrated its ability to handle set points, monitor warnings and alarms, and control the system to sort a variety of four different boxes.
However, there are potential areas for improvement to enhance the functionality and usability of the program. One such improvement could be the implementation of different levels of access on the HMI. By incorporating access levels, authorized personnel would be able to change set points and reset alarms, while preventing unauthorized users from making any unintended adjustments that could disrupt the system's performance.
Currently, the system set up to detect and separate the parcel sizes is completed using sensors at different stages of the process. First the large boxes are separated if a sensor is triggered, then medium boxes are separated leaving the small parcels. With the way the system is currently, small boxes are not detected and counted until near the end of the process and therefore if a small box was to be lost early in the process before it is detected it would not flag up a warning in the current set up. A change in counting each parcel size near the start of the process would benefit the warning/alarm system and create a more robust process.
Additionally, the program could benefit from the inclusion of speed control functionality for the conveyors. To obtain an accurate parcel weight the scale conveyor is briefly stopped, using speed control the other conveyors could be slowed down whilst the scale conveyor is stopped to read the parcel weight to maintain the same distance between the boxes. This enhancement would ensure a consistent flow of boxes throughout the system, minimizing the chances of congestion or collisions.
A further improvement which the system would benefit from would be the inclusion of an “Over-weight parcel detected” and “Under-weight parcel detected” alarms on the scale conveyor. The scale conveyor in this system is designed to receive parcels which will be one of two weights, if an unintended parcel was to travel along this path it would not be detected as currently the scale conveyor is simply looking at a set weight and the decision is made whether the parcel goes left or right. Tighter control could be implemented here by checking the measured weight is within an expected band of parcel weights, if too low or too high a weight is detected these parcels could take neither the right or left option but be traversed straight into a parcel weight warning zone which would alert system operators an anomaly has been detected and to inspect the parcel which has been weighed.
Overall, while the PLC program has achieved its intended goals and operates reliably, the suggested improvements in terms of access levels on the HMI and speed control on conveyors could further enhance its efficiency and user-friendliness. By implementing these enhancements, the program would offer more reliability and robustness. 
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