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[bookmark: _Toc164941434]Introduction
The task, detailed in this report, is to complete a design using Factory I/O and controlled by S7 Siemens PLC. The purpose of the design is to sort different packages by weight and size. The following elements must be included in the design:
· Four conveyor belts
· Two pushers
· One conveyor scale
· Two diffuse sensors
· One emergency stop
· Two buttons
· One siren
· One warning light
· Two stack lights
Considerations will be made for the current draw when starting up the conveyors in sequence. The system, designed using the above elements, also needed a HMI for operator interaction on a root screen, warning screen and engineering screen. Below are the requirements for the HMI:
· Buttons that are capable of start and stopping the system
· Counters that will have a warning if exceeded
· Reset button for counters 
· One emergency stop button
· Warning and fault indication
· A Replication of the stack lights in the system



[bookmark: _Toc164941435]Example of PLCs
[bookmark: _Toc164941436]Rack Mounted 
A rack mounted PLC (Programmable Logic Controller) is the most flexible out of the different types of PLCs. This is because the PLC is built from multiple modules that slot into a backplate. This allows easy expansion and customisation when removing or installing modules into the rack. A rack mounted PLC is made up of a rack, CPU, Power supply, inputs modules, output modules, communication modules and speciality modules. Figure 1 shows what this might look like. [1]
[image: ]






[bookmark: _Toc164698442][bookmark: _Toc164940311][bookmark: _Toc164940411]Figure 1 - Rack mounted PLC


[bookmark: _Toc164941437]Applications 
[bookmark: _Toc164696714][bookmark: _Toc164698426][bookmark: _Toc164940290][bookmark: _Toc164940460]Table 1 - Rack mounted applications
[image: ]

[bookmark: _Toc164941438]Advantages and disadvantages 
[bookmark: _Toc164696715][bookmark: _Toc164698427][bookmark: _Toc164940291][bookmark: _Toc164940461]Table 2 - Rack mounted advantages & disadvantages
[image: ]
[bookmark: _Toc164941439]Modular 
[image: ]A modular PLC, unlike the rack mounted PLC, is a PLC system that consists of separate and interchangeable modules that can be designed or configured in different ways depending on the specific application. This means that the make of the module can be different. The structure of the modular is similar to the rack mounted system, but the footprint of the modular PLC is smaller which can be useful on the shop floor next to the equipment or in limited space. Figure 2 shows what this might look like. [2][bookmark: _Toc164698446][bookmark: _Toc164940312][bookmark: _Toc164940412]Figure 2 - Modular PLC







[bookmark: _Toc164941440]Applications 
[bookmark: _Toc164696716][bookmark: _Toc164698428][bookmark: _Toc164940292][bookmark: _Toc164940462]Table 3 - Modular applications
[image: ]
[bookmark: _Toc164941441]Advantages and disadvantages 
[bookmark: _Toc164696717][bookmark: _Toc164698429][bookmark: _Toc164940293][bookmark: _Toc164940463]Table 4 - Modular advantages & disadvantages
[image: ]
[bookmark: _Toc164941442]Unitary
[image: ]A unitary PLC is also known as a compact PLC or an all-in-one PLC, unlike the previous types. This means that all the previous structure of the PLC is built in to the unitary PLC, such as the CPU, input/output I/O ports and power supply. Due to the smaller size of the unitary PLC, it has a greater ability to fit in tight spaces. The design of the system is simple, enabling easier installation and wiring. However there aren’t as many complex applications that it can carry out, especially when compared with the other types of PLCs that can be upgraded or have their components changed. If a unitary PLC is damaged or faulty then the whole unit will need to be changed. Figure 3 shows what this might look like.  [3][bookmark: _Toc164698450][bookmark: _Toc164940313][bookmark: _Toc164940413]Figure 3 - Unitary PLC








[bookmark: _Toc164941443]Applications
[bookmark: _Toc164696718][bookmark: _Toc164698430][bookmark: _Toc164940294][bookmark: _Toc164940464]Table 5 - Unitary applications
[image: ]
[bookmark: _Toc164941444]Advantages and disadvantages 
[bookmark: _Toc164696719][bookmark: _Toc164698431][bookmark: _Toc164940295][bookmark: _Toc164940465]Table 6 - Unitary advantages & disadvantages
[image: ]
[bookmark: _Toc164941445]Summary
In summary, each type of PLC have their own advantages and disadvantages depending on the application required. The key factors to consider when designing a system are space availability, budget constraints, scalability requirements and how complex the application is. 
When cost and simplicity is a concern then unitary PLCs would be the best choice. For medium scale applications with some flexibility or scalability, then modular PLCs would be ideal. For anything bigger, and more complex requirements a rack- mounted PLC is used due to it being the most versatility. 
For this report a modular Siemens S7 PLC is used. This can consist of various modules that can be configured and connected together based on the application on system design. This is a suitable chose for Factory I/O.

Example of PLCs in industry 
Within Tata steel, there are a number of different PLCs used in the industry. Below are some working examples. 
[bookmark: _Toc164941446]Allen Bradley - L23E-QB1
The Allen Bradley is one of the primary programmable logic controllers (PLCs) employed within the energy department to ensure standardisation across all PLCs utilised within the department, in regards to spare parts management. In this application, the PLC will monitor the main pumphouse substation 11Kv where it oversees the control of high voltage circuit switching and receives signals from the signal telecommunication (STC) system. The signals are 50Vdc signal over significant distances. By using a PLC and the implementation of fiber optic cable, there is a much higher signal speed and reliability which mitigates many potential issues, such as voltage drop, contact instability from relays and contactors ‘chattering’. The Ifix (HMI) screen seen in figure 4, allows remote operation of individual high voltage breakers; this mitigates any physical interaction with the circuit breakers themselves. This makes all switching operations in this substation safer.
When a high voltage circuit breaker trips without being operated by personnel, an alarm will be triggered which alerts the energy control room engineers. Due to the sensitive nature of production, this will need to be investigated as soon as possible. The PLC gives the energy controllers a fast response time, instantly telling the engineers something is wrong e.g.  a fault on the cable, transformer or circuit breaker.[bookmark: _Toc164698454][bookmark: _Toc164940314][bookmark: _Toc164940414]Figure 4 - Main Pumphouse Substation Ifix

[bookmark: _Toc164698458][bookmark: _Toc164940315][bookmark: _Toc164940415]Figure 5 - Main pumphouse control cubicle













In figure 5, the PLC itself has discrete inputs and outputs into it, expansion cards are inputs and analog inputs. The PLC provides telemetry of the high voltage switchgear e.g. circuit breaker open or closed. The PLC provides local control via a HMI of all circuit breakers, also providing remote control through SCADA / Ifix. 
[bookmark: _Toc164698462][bookmark: _Toc164940316][bookmark: _Toc164940416]Figure 6 - PLC software

Shown in figure 6, this is the view of the embedded and expansion I/O mentioned above. This can also be trended, meaning the energy controllers can see when the last time the circuit breaker was operated and if any faults have previously happened.


[bookmark: _Toc164941447]Factory I/O program
The factory I/O program is a simulation software that is used to learn and help train engineers in the setting of industrial automation. It simulates real-world industrial environments and allows the users to create a system that can be based on a real production line or sections of it. Factory I/O is mainly used for educational purposes, developing skills with PLC and industrial control.
Some advantages and disadvantages of Factory I/O are stated in table 7:
[bookmark: _Toc164696720][bookmark: _Toc164698432][bookmark: _Toc164940296][bookmark: _Toc164940466]Table 7 - Factory I/O advantages & disadvantages
[image: ]
From Factory I/O a design has been made, adhering to the outlined task criteria. Figure 7 shows the final design:









[bookmark: _Toc164698466][bookmark: _Toc164940317][bookmark: _Toc164940417]Figure 7 - Factory I/O layout 1




[bookmark: _Toc164698470][bookmark: _Toc164940318][bookmark: _Toc164940418]Figure 8 - Factory I/O layout 2

As can be seen from Figure 7, there are two pushers which each push a different sized box down the conveyor belt. The first is a large box, and the second is the medium sized box(es). The medium boxes come in two different weights, which are then sent down different conveyors. The small boxes have no pusher and carries down the conveyor. Within the compound there are three safety doors, each having access to different parts of the compound. There is also a walkway going over the compound to help with visual fault finding instead of going into the compound.



[bookmark: _Toc164941448]I/O addresses 
From figure 9 below, on the left are the input sensors and on the right are the output sensors. The inputs are the sensors, buttons, weight and safety doors. The outputs are lights, conveyors and pushers. The lights will flash when that piece of equipment is activated. Using the tag name, it is then used in the PLC ladder logic. [bookmark: _Toc164698474][bookmark: _Toc164940319][bookmark: _Toc164940419]Figure 9 - I/O addresses

[bookmark: _Toc164941449]Inputs
Following on from the I/O figure 10 shows the inputs, table 8 details the equipment used on the inputs:
[bookmark: _Toc164698478][bookmark: _Toc164940320][bookmark: _Toc164940420]Figure 10 - I/O addresses inputs












[bookmark: _Toc164696721][bookmark: _Toc164698433][bookmark: _Toc164940297][bookmark: _Toc164940467]Table 8 - I/O addresses inputs
[image: ]

[image: ]





[bookmark: _Toc164941450]Outputs 
Table 9 shows the breakdown of the equipment used for the outputs. These have different functions compared to the inputs. Figure 11 shows the outputs only.
[bookmark: _Toc164698482][bookmark: _Toc164940321][bookmark: _Toc164940421]Figure 11 - I/O addresses outputs





























[bookmark: _Toc164696722][bookmark: _Toc164698434][bookmark: _Toc164940298][bookmark: _Toc164940468]Table 9 - I/O addresses outputs
[image: ]
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[bookmark: _Toc164941451]Components & Equipment layout 
Figure 12-16 and table 10 shows the breakdown of the components and equipment used in Factory I/O to create the design:

[image: ][bookmark: _Toc164698486][bookmark: _Toc164940322][bookmark: _Toc164940422]Figure 12 - Factory I/O layout 1-14
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[bookmark: _Toc164698490][bookmark: _Toc164940323][bookmark: _Toc164940423]Figure 13 - Factory I/O 15
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[bookmark: _Toc164698494][bookmark: _Toc164940324][bookmark: _Toc164940424]Figure 14 - Factory I/O 16











[image: ][bookmark: _Toc164698498][bookmark: _Toc164940325][bookmark: _Toc164940425]Figure 15 - Factory I/O 16


[image: ][bookmark: _Toc164698502][bookmark: _Toc164940326][bookmark: _Toc164940426]Figure 16 - Factory I/O 17-23













[bookmark: _Toc164696723][bookmark: _Toc164698435][bookmark: _Toc164940299][bookmark: _Toc164940469]Table 10 - Components & equipment
[image: ]
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[bookmark: _Toc164941452]Alarm strategy 
For the alarm strategy, there are some key points that needed to be filled. Below are the alarms that the system will stop when activated:
· Emergency stop on the HMI
· Local emergency stop in the compound
· Overweight limit on the weight conveyor
· If any box is misses e.g. fallen off the conveyor, this will be counted when the box has entered the system
· Three safety doors on compound, these will trigger like an emergency stop
· Master alarm, this will latch if any of the alarms are tiggered (the master alarm can only be reset by an engineer not an operator)
The points above are the minimum requirement for the alarms, and there can be many more placed in the system if deemed necessary. Other systems might need the use of a safety PLC controller. This is a system that has redundancy installed. These measures are set out in the machinery regulations, machinery directive 2006/42/EC and provision and use of work equipment (PUWR) as examples. [4] There is also the use of alarm management, used for ongoing processes outlined in standards like ISA-18.2 and IEC 62682, involving distinct stages of management. This continues on through the life of the process, evaluating and adjusting depending on the operators/engineers handling of alarms. The performance evaluation and monitoring are crucial aspects of effective alarm management. This will continue until the line is no longer operational. [5]


[bookmark: _Toc164941453]Sequence of events & flow chart 
[bookmark: _Toc164941454]Sequence of events
The sequence of events (SSOE) is designed to give the order of the events with details of what occurs in what order. This helps the design of the system, and helps when the system does not follow the correct sequency, making this useful when operating the system on a daily bases. Table 11 is the order of the system that has been designed, starting with the start button and ending when the box has left the influence of the system. [6]
[bookmark: _Toc164696724][bookmark: _Toc164698436][bookmark: _Toc164940300][bookmark: _Toc164940470]Table 11 - Sequence of events
[image: ]
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[bookmark: _Toc164941455]Flow Chart
[image: ]The flow chart (figure 17)  shows a picture format of the separate steps in the process. If the flow chart and sequence of events are compared, it will show the same process that has occurred. The only difference is that the flow chart will show the decisions made along the sequence of events.[bookmark: _Toc164698506][bookmark: _Toc164940327][bookmark: _Toc164940427]Figure 17 - Flow chart

[bookmark: _Toc164941456]PLC Program in Siemens S7
A Siemens S7 is a series of programmable logic controller or PLC, manufactured by Siemens. There are a varied range of models such as the S7-1200 or the s7-400, and many more. The software used in the Siemens S7 can be STEP 7 or TIA portal; this is to create the logic and control algorithms. This example uses ladder logic and function block diagrams. When the logic is complete then it is uploaded to the PLC to control industrial processes, machinery or in this case Factory I/O. Below are the tags and ladder logic used in this design. [7] [8]
Tags
Tags are used in ladder logic to have unique variables such as inputs, outputs and counters etc. Tags are used a placeholders that store a memory location that have physical inputs and outputs, such as when a pusher is used to push a box down a conveyor belt. By doing this, the ladder logic is easier to understand and fault find on. The more accurate the information the better that tag is. As can be seen in figure 18-19, the most important information is the name, data type and address. [9]













[bookmark: _Toc164698510][bookmark: _Toc164940328][bookmark: _Toc164940428]Figure 18 - PLC tags 1

[bookmark: _Toc164698514][bookmark: _Toc164940329][bookmark: _Toc164940429]Figure 19 - PLC tags 3
[bookmark: _Toc164698518][bookmark: _Toc164940330][bookmark: _Toc164940430]Figure 20 - PLC tags 2












[bookmark: _Toc164941457]Ladder 
From the images below, each network is broken down into functions e.g. the tags for each network with have a name, explaining and what it is carrying out. This makes it easier to fault find. especially on large programs.


[bookmark: _Toc164698522][bookmark: _Toc164940331][bookmark: _Toc164940431]Figure 21 - Network 1

Network 1 (figure 21) is to enable the network/Siemens PLC and with Factory IO to communicate.
[bookmark: _Toc164698526][bookmark: _Toc164940332][bookmark: _Toc164940432]Figure 22 - Network 2
















Network 2 (figure 22) has all start, stop, emergency stop and safety door emergency stop. The network consists of normally open contacts, with normally closed contacts and assignments. When operating either the start button on the control panel or the HMI the operate will be triggered. When the stop button is not active and no alarm. Safety doors, when open, will trigger an emergency stop and trigger alarm 5. When the emergency stop on the control panel is triggered, alarm 4 will be activated.
[bookmark: _Toc164698530][bookmark: _Toc164940333][bookmark: _Toc164940433]Figure 23 - Network 3









Network 3 (figure 23) is for the scale conveyor, this confirms the amount of time that the conveyor will stop for a measurement to be taken. The only alarm is when there is an overweight item on the conveyor. This will activate alarm 6, when the weight exceeds 7Kg. These can be reset by the general / master reset.
Network 4 is the siren and all conveyors. The siren will sound for 2s before any conveyors start moving. This is to alert all personnel in the area that the line is about to start. The conveyors will start 500ms after each other, this is to make sure the current draw on the supply would not trip. 
TP – designed to send a pulse, in this case a 2s pulse to sound the siren.
TON – designed to wait for a set amount of time before energising the assignment. This is done through a preset timer.[bookmark: _Toc164698534][bookmark: _Toc164940334][bookmark: _Toc164940434]Figure 24 - Network 4a



























[bookmark: _Toc164698541][bookmark: _Toc164940335][bookmark: _Toc164940435]Figure 25 - Network 4b

Network 4 (figure 24 & 25) is all the factories conveyors and siren before start up. When the siren sounds, there is a 2 second delay before the conveyors start. This is done by a TP, when energised a pulse is sent for 2 seconds. Each conveyor will start in sequence 500ms apart. This is done using a TON timer. The maximum time for all conveyors to be energised is 8.250 seconds.  With the longest delay time being the furthest conveyor away from the starting point. 




[bookmark: _Toc164698542][bookmark: _Toc164940336][bookmark: _Toc164940436]Figure 26 - Network 5

Network 5 (figure 26) is the indication of the panel lights. The indication has two different colours. red and green. Depending on the operation of the line, the NO or NC contactors will be activated. when in operation the green indicator will be green. When on stop the indicator will be red.[bookmark: _Toc164698546][bookmark: _Toc164940337][bookmark: _Toc164940437]Figure 27 - Network 6










Network 6 (figure 27) is for the pushers in the system. these will be activated by a diffuse sensor located next to the pusher. There is a 200mS preset timer for pusher 0 and a 700ms preset timer for pusher 1. When there is no power doing to the pusher the arm will retract automatically. 



















[bookmark: _Toc164698553][bookmark: _Toc164940338][bookmark: _Toc164940438]Figure 28 - Network 7

Network 7 (figure 27) is for the counters in the system. There are 11 counters in this network, each counting something that passes a diffuse sensor. Every counter can be reset with the counter reset button on the HMI.
Counter 0 – This counts the large boxes entering the system.
Counter 1 – This counts the medium boxes entering the system.
Counter 2 – This counts the palletised boxes exiting the system.
Counter 3 – This counts the large boxes exiting the system.
Counter 9 – This counts the large medium box exiting the system.
Counter 10 – This counts the small medium box exiting the system.
Counter 11 – This counts the total boxes entering the system.
[bookmark: _Toc164698554][bookmark: _Toc164940339][bookmark: _Toc164940439]Figure 29 - Network 8






Network 8 (figure 29) is for the stop and start of the weighing conveyor, this is so that it will get an accurate reading of the box. This is for 1s (TON), so that other boxes don’t have time to reach the conveyor before the weight is recorded. After the weight is taken, the TP will give a 1s pulse to unbreak the sensor, this means that even if the sensor is broken within that 1s the conveyor will not stop.
[bookmark: _Toc164698558][bookmark: _Toc164940340][bookmark: _Toc164940440]Figure 30 - Network 9




Network 9 (figure 30) is for the digital display on the control panel. This is to have a visual of the weight so it can be monitored. 
[bookmark: _Toc164698562][bookmark: _Toc164940341][bookmark: _Toc164940441]Figure 31 - Network 10










Network 10 (figure 31) is the pop-up sorter direction, depending on the weight. This works by having a minimum and maximum value (weight). When the weight is in between 3.5Kg and 4.5Kg, the sorter will roll left. If the boxes weight is in between 4.75Kg and 5.75Kg the sorter will roll right. 









[bookmark: _Toc164940342][bookmark: _Toc164940442]Figure 32 – Network 11
















Network 11 (Figure 32) is for the creation of an error count for large boxes. If there are any faults within the line, such as falling off the conveyor or getting stuck, this will notice that. Counter 4 will count up (CU) and down (CD) when the pusher 0 and diffuse sensors 5 are activated. The error will then be live updated on the HMI screen. Due to the need for warning and alarms if the errors are too high, warning 3 and alarm 3 will be used. If the warning error limit is reached, a indication will be activated on the alarm and home screen on the HMI. When the alarm limit is reached the system will stop.















[bookmark: _Toc164698566][bookmark: _Toc164940343][bookmark: _Toc164940443]Figure 33 - Network 11

Network 12 (figure 33) is for the creation of an error for medium boxes. This is the same set up for large boxes. The main difference is that the medium boxes are sorted into L-medium and S-medium boxes, this means that there are two exits along the conveyor. This means that there are two diffuse sensors 7 and 6 at the two exits. Counter 5 will count up when the box enters the system, and count down when either sensor 7 or 6 are activated. There are also warning (2) and alarm (2) that will be activated with the limit is reached.




[bookmark: _Toc164698570][bookmark: _Toc164940344][bookmark: _Toc164940444]Figure 34 - Network 13





















Network 13 (figure 34) is for the warning and stack lights. The warning lights are activated whenever the system is in operation. This is to ensure there is a visual cue when the plant is in operation. Stack lights are slightly different, the lights have different uses, red means the line is not in operation. Yellow means the line is about to start up or in alarm. And green means the system is in operation. The stack lights will operate on when conveyor 0 is in operation. This means that it is the first bit of plant to either start or finish. 












[bookmark: _Toc164698574][bookmark: _Toc164940345][bookmark: _Toc164940445]Figure 35 - Network 14

Network 14 (figure 35) is for error counting, warning and alarm of palletised boxes, the same principle of the large and medium boxes. The palletised boxes has no pusher in its system. this comes down to two diffuse sensors, 8 and 4. Counter 6 will count up and down when the diffuse sensors are activated. Warning 1 and alarm 1 are used for the error upper limit. 


[bookmark: _Toc164698578][bookmark: _Toc164940346][bookmark: _Toc164940446]Figure 36 - Network 15














Network 15 (figure 36) is used for the total count. Counter 8 is used to count up the boxes entering the system when sensor 1 bream is broken, and then when sensors 7, 6, 5 or 4 beam is broken count down. This is to ensure, any box leaving the system is counted correctly. Alarm 7 and warning 0 are used when the limits are reached. Warning is triggered first and the alarm has a higher limit that will shut the system off.






[bookmark: _Toc164698582][bookmark: _Toc164940347][bookmark: _Toc164940447]Figure 37 - Network 16








Network 16 &17 (figure 37) is the check for the warning and alarm flags, these are the assignments. The “warnings” cover the eight warning assignments that are in place. The “alarms” cover the eight alarm assignments. When any of the warning or alarms are activated, the alarm / warning flags will be activated. 












[bookmark: _Toc164941458]HMI Screens
In this design, multiple HMI screens are required. HMI stands for Human-Machine Interface, a device or software application that allows an interaction between human and machinery. HMI has multiple uses: alarms, control or engineering fault finding. The screens can provide graphical representation of the systems status, and allow real time information such as counters, input commands or make adjustments. This can be advantages for operators and engineers for different applications. In the examples below, the HMI are touch screen interfaces. However, this can also be physical buttons or a mixture of both. HMI can also connect to other systems e.g. ERP, SCADA and MES systems. HMI is an excellent way to improve efficiency, safety, usability (not much training required), and can be used in a varied amount of applications such as energy management, automotive and manufacturing. [10] [11]
[image: ]In this application, there is a requirement for three screens. These are called a root, warning and engineering screen. These are shown in Figure 37.[bookmark: _Toc164698586][bookmark: _Toc164940348][bookmark: _Toc164940448]Figure 38 - HMI screens







[12]






[bookmark: _Toc164941459]HMI Tags
The HMI tags are used for the same purpose as the ladder tags, however this time they just relate to the picture form on the screen themselves. This can be a button, counter etc. The tags also give the option of adding comments, so in future if another engineer is going through the program, they can read the comments to better understand the program. Figures 39 and 40 shown below.














[bookmark: _Toc164698590][bookmark: _Toc164940349][bookmark: _Toc164940449]Figure 39 - HMI tags 1a















[bookmark: _Toc164698594][bookmark: _Toc164940350][bookmark: _Toc164940450]Figure 40 - HMI tags 1b


[bookmark: _Toc164941460]Root Screen
A root screen or a homepage is a screen that the operators would use the most. This give you an overall view of operations. This is designed in TIA Portal, and by using tags assigned to their own properties enables a connection to the main logic program. This means that all live data is shown on this screen from the Factory I/O simulator. All the screens are linked through the interface with home, left and right keys. Figure 41 shows the HMI in use in a live system. Figure 42 shows the root screen in maintenance mode where alterations to the layout, button selection, modification etc can be done. Table 12 is the breakdown of the uses of each button, light and counter.



















[bookmark: _Toc164698598][bookmark: _Toc164940351][bookmark: _Toc164940451]Figure 41 - Root screen HMI 1a













[bookmark: _Toc164698602][bookmark: _Toc164940352][bookmark: _Toc164940452]Figure 42 - Root screen HMI 1b


[bookmark: _Toc164696725][bookmark: _Toc164698437][bookmark: _Toc164940301][bookmark: _Toc164940471]Table 12 - Root screen breakdown
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Warning Screen
Warning or alarm screen is designed to show when the system is healthy or has a fault. The icon will show green for healthy or red for a fault. Depending on the application when a warning has gone into fault the machinery will not stop. This is just to notify the operator that something is wrong. When an alarm goes from healthy to fault, the machine will stop and the master alarm will be active. When this happens, only by using the engineer screen can the fault be cleared. This is to make sure that a competent person can fix the issue correctly without putting people in unknown danger. Figure 43 shows the warning screen in maintenance mode, where medication can be made. Figure 44 shows the HMI in operation. Tables 13-15 have the breakdown of the components on the HMI.

[bookmark: _Toc164698606][bookmark: _Toc164940353][bookmark: _Toc164940453]Figure 43 - Warning screen HMI 1a




















[bookmark: _Toc164698610][bookmark: _Toc164940354][bookmark: _Toc164940454]Figure 44 - Warning screen HMI 1b
















The buttons below are used to navigate the system.
[bookmark: _Toc164696726][bookmark: _Toc164698438][bookmark: _Toc164940302][bookmark: _Toc164940472]Table 13 - Warning screen navigate
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Warnings
Each of the lights will light up when the one of the warnings in the program is triggered (listed in table 14). This is to ensure the operator can see what warning is active, so the operator can fix the problem before it becomes an alarm and stop the system.
[bookmark: _Toc164696727][bookmark: _Toc164698439][bookmark: _Toc164940303][bookmark: _Toc164940473]Table 14 - Warning screen warnings
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Alarms 
Like the warnings, in table 15 below shows which one trigger for each problem. This will stop the system, meaning the prosses will stop. When an alarm is triggered, the master alarm will stay active until it has been reset on the engineering screen.
[bookmark: _Toc164696728][bookmark: _Toc164698440][bookmark: _Toc164940304][bookmark: _Toc164940474]Table 15 - Warning screen alarms
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Engineer Screen
The engineer screen is only for engineers or competent personnel. This screen contains the master reset, which must be used before any alarms can be reset. This screen also has a count of the amount of errors and alarms that have happened during normal operation. This will be reset when the machine is back in working order. In the field this screen would normally have a password, making it secure. Figure 45 shows the HMI in normal operation. In figure 46, this shows how you would edit the values for the alarms or warnings. This can be used in fault finding. Table 16 shows the breakdown of each button and counters.











[bookmark: _Toc164698614][bookmark: _Toc164940355][bookmark: _Toc164940455]Figure 45 - Engineer screen 1a
















[bookmark: _Toc164698618][bookmark: _Toc164940356][bookmark: _Toc164940456]Figure 46 - Engineer screen 1b

[bookmark: _Toc164696729][bookmark: _Toc164698441][bookmark: _Toc164940305][bookmark: _Toc164940475]Table 16 - Engineer screen breakdown
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[bookmark: _Toc164941461]Conclusion 
From the criteria that was set, the project has performed very well. The HMI screen also works well. There are some improvements that can be done visually on the HMI screens to make it more user friendly and a better layout with a password for the engineering screen. The control panel would also be moved outside the compound. The initial thought was that the HMI would be mounted on a panel outside the compound with the local panel inside. After looking through regulation such as PUWR (Provision and use of work equipment), the control panel must be in reach at all times with an emergency stop. In the initial design this is not the case due to moving machinery. [13]
S7 Siemens ladder has been easy to use with many ways of using the program, the only improvement that can be done is reducing the number of networks / number of commands used. This would streamline the program making it easier to fault find if an issue would arise. 
The program can be more complex, adding in additional warnings and alarms. This giving more safety measures and prevent damaging equipment or assets unnecessarily. A example of this would be adding in an alarm when one conveyor fails to start in the startup sequence. This would prevent a clog with boxes, and the adjacent conveyor pushing boxes off the conveyor damaging the boxes.  
The Factory I/O system that was designed could be designed smaller with less devices being used. This would mean the footprint would decrease overall and the expense of using less equipment would also decrease. This would also increase productivity as there would be less time taken for boxes being sorted. Below is an example of this design. This would be able to meet the purpose of the initial design.
[bookmark: _Toc164698622][bookmark: _Toc164940357][bookmark: _Toc164940457]Figure 47 - Factory I/O example 1a


[bookmark: _Toc164698626][bookmark: _Toc164940358][bookmark: _Toc164940458]Figure 48 - Factory I/O example 1b

Using 3 diffuse sensors at the start of the system would give a read of what shape of box enters palletised, medium or large. Then the pusher would push the large and small boxes off the conveyor, while the medium sized boxes would be weighed and sent down one of two destinations.[bookmark: _Toc164698630][bookmark: _Toc164940359][bookmark: _Toc164940459]Figure 49 - Factory I/O example 1c
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Number | Equipment Description

1 | Warning Light At each comer of the are location of each warning lights.

2 | Pusheri&2 The pusher 1 to the left, pushes the larger boxes off the
conveyor belt down to the off shoot. The pusher 2 to the
fight pushes the medium sized boxes down the centre
conveyor where it will get weighed

3 | Control panel The control panel is where the operator can control the
machine. This will have multiple buttons, lights and
display.

4 | Remover (Large) The remover simulates a box being taken away, this
remover will only take the large boxes.

5 | Remover (Small) The remover simulates a box being taken away, this
remover will only take the small boxes

6 | Remover (Medium The remover simulates a box being taken away, when the

Small) conveyor line splits into two. Each box is weighed, this

remover removes lighter medium boxes

7 | Remover (Medium The remover simulates a box being taken away, when the

Large) conveyor line splits into two. Each box is weighed, this

remover removes heavier medium boxes.

8 | Emitter An emitter is simulating the entry of new boxes to the

production line.
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13

Pop up sorter
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14

Rollers

These are to make sure the box smoothly around the
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15
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16

Diffuse Sensor

“The diffuse sensors are used for different functions, each
sensor could have multple functions. This could be
counting, errors or when to activate the pushers. These
use a beam of ight, that when broken sends a signal

17

‘Alarm Siren

“The alam siren is installed above the control panel this s
to make sure the operator is aware of the starting
machinery if it was started from the HMI that might not be
within the compound.

18

Green Start Button

The bution is used to operate the machinery fine /
production fine. This then brings an indicator on.

19

‘Green Indicator Light

‘After the start button is pushed, the green indicator will
operate. This is a visual indicator that the line is live.
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Weight Display The weight display is a live feed of the scale conveyor. This
can be used to see what the weight of the boxes are,
without walking away from the control panel.

Red Stop Button The red stop button is used when the need of the
machinery to stop is needed.

Emergency Stop Button | This is a button that will be pressed in an emergency. The

only way to reset this, is through the HMI engineering
screen. This is to stop the operator from resetting a safety
feature.

n Red Indicator Light The red indicator will be active when the line is on stop.
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Start / Stop button

A button that can start / stop the system from a remote
location.

System status

This gives a ‘live’ system status. Green — operational, White
— fault and Red - on stop.

Sensor & pusher
operation
indication

This is to monitor when the operation of a diffuse sensor for
each sized box and when the pushers are operating.

Warning & Alarm
indication

The indication will show when there is a change to normal
operation to the system.

Counter reset &
counter

The counters will be used when a box passes a diffuse
sensor, it is then counted in the total. There is also a reset
button to reset the counters on the screen.

Error Counter

This counter is to count the amount of errors in the system,
this is if any boxes don’t make it through the system. An
example is if a box falls of the conveyors.

Engineer screen /
Alarms Screen

With having more than one screen, a button able to go
between these screens are needed.

Stack Light

The stack light are there to let the operator know what state
the system is in. Green — in normal operation. Red — on
stop. Yellow — in fault.
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Arrow Button

This will guide the user to the engineering screen. In normal
operation this would be password protected.

Home Button

This will guide the user to the home screen (route screen).





image94.png
Total box
count error

This is used when the total count of the boxes doesn’t match up with
the singular box count. An error count is then inputted into the error
counter in root screen and engineering screen.

Palletised box

When the first sensor and the last sensor in the line doesn’t match up
then an warning is triggered. An error count is then inputted into the
error counter in root screen and engineering screen.

Medium box | When the first sensor and the last sensor in the line doesn’t match up
then an warning is triggered. An error count is then inputted into the
error counter in root screen and engineering screen.

Large box When the first sensor and the last sensor in the line doesn’t match up
then an warning is triggered. An error count is then inputted into the
error counter in root screen and engineering screen.

Warning 4 Unused

Warning 5 Unused

Warning 6 Unused

Warning 7 Unused
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HMI
Emergency
stop

When the Emergency stop button is pressed on the HMI screen

this alarm and the master alarm is triggered.

Palletised box

If the maximum errors for palletised boxes is met then the alarm is
triggered with the master alarm. The maximum alarm value is set

on the engineering screen.

Medium box If the maximum errors for Medium boxes is met then the alarm is
triggered with the master alarm. The maximum alarm value is set
on the engineering screen.

Large box If the maximum errors for Large boxes is met then the alarm is
triggered with the master alarm. The maximum alarm value is set
on the engineering screen.

Local When the emergency stop on the control panel is pressed, this

emergency alarm and the master alarm is triggered.

stop

Safety Door When any of the three emergency gates are open on the factory

emergency floor this alarm will be triggered.

stop

Overweight When the weight limit is reached for the scale conveyor, this alarm

limit will be triggered.

Master alarm

A Master alarm is triggered when any of the alarms are present.

This can only be reset from the engineering screen.
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Alarms

These alarm values can be set by the engineer working on the
equipment. This can be set for the alarm to be triggered/created.

Warnings These warning values can be set by the engineer working on the
equipment. This can be set for the alarm to be triggered/created.
Error Reset This is used to reset the errors on the previous pages. The warnings

are designed as a notification of issues. These can be cleared at
any time.

Master Reset

The master Reset is the only button that can reset all alarms,
however if the alarm is still activated like an emergency stop. Then
the master reset will not reset the alarm.
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Manufacturing Power generations and Transportation
distribution

Packing systems Monitoring and controlling Managing traffic signals

the operation of generator
and turbines
e opotons || raayomms |
Assembly lines Automated guided vehicles
(AGVs)
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Advantages Disadvantages
Faster operating speed More expensive than other PLC types
Complex applications Large power usage
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0Oil and Gas m Building Automation

Automating drilling rigs Monitoring and controlling | Managing HVAC systems
heavy machinery

Safety systems Conveyor systems Lighting control
Refining operations Ventilation systems Access control (hospitals)
Qil and gas exploration Safety systems Fire systems controls
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Advantages Disadvantages
Can be extended with modules More expensive than Unitary PLC

Less expensive than Rack mounded Not as expandable as Rack mounted
PLCs

Larger memory / programmability than Can have issues if the modules are
In the event of a fault, modules can be
T ——
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Retail automation Food and beverage Environmental control
Point-of-sale systems Mixing machinery
Security systems Packaging and filling Ventilation

Inventory management Standalone machinery Temperature and
humidity monitoring
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Advantages Disadvantages

Training for educational — no need for | Limited real-world experience — wear
physical equipment and tear, maintenance, environmental
factors

Cheaper due to no physical PLC Software limitatons — number of
_ devices, inputs and outputs

Realistic Simulation No physical interaction with equipment
B

Flexibility of design Can rely on updates
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