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[bookmark: _Toc115638705]Introduction
This paper describes the Factory control system designed to manufacture two parts, a base and a lid, which are then assembled using a two axis pick and place system and packaged within a shipping box before being shipped to the customer.
The Factory has been designed with Factory IO and a PLC ladder logic programme to control the system created within Siemens TIA using many mechanical Operations. Three screens have also been designed to provide the business owner with all of the functions required to operate and control the manufacturing line, ensuring a smooth and reliable system is in place.

[bookmark: _Toc115638706]Robotics in industry.
Robotics, automation, and artificial intelligence (AI) are poised to take over the global manufacturing industry as it enters its fourth revolution. The number of active industrial robots in the world is increasing by about 14% year on year, and automation is creating new types of robots with improved utility and function. (Gupta, 2020)
Human interaction and robotics both have their strengths, whilst we’re all too familiar with the faults of Information technology and programmed robotic systems, many researchers are working hard in the field of human-robot interaction and collaboration to combine human and robot abilities. (Odesanmi, et al., 2022) It is a value-added research area because it maintains a favourable invention cost and combines both human and robot skills, efficiency improvement, flexibility, and productivity while reducing ergonomic stress and workload of the human operator.
Industry leaders such as Amazon and Tesla are paving the way for human-robotic interaction. Whereas Amazon uses more basic robotic systems designed to pick and place objects based on their weight and size, Tesla uses a plethora of robotics. The Tesla factory, which is 5.3 million square feet in size, is saturated with robotics that work in tandem with humans. It has installed 700 robots, 160 of which are dedicated solely to the Model S, making them ideal for tasks requiring high accuracy, high speed, or heavy lifting. (Walker, 2022)
However, perfect automation without human interaction is a real challenge for business owners and entrepreneurs; while robots can outperform humans in some ways, they are less dextrous and cannot compete with humans' ability to comprehend what they see. Robots are frequently very expensive in terms of initial cost, maintenance, the need for additional components, and the need to be programmed to do the task.
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[bookmark: _Toc115637566]Figure 1 Factory layout
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[bookmark: _Toc115638709]Alarm & Warning Strategy
Alarms and warnings are essential for automating and managing a manufacturing line. Although warnings will not stop the line, they will provide operators/engineers with enough time to react and make necessary adjustments in order to avoid downtime. An alarm, on the other hand, immediately stops the line when the set point is reached.
An Alarm and Warning screen has been configured to provide the user with critical information about the Line's performance. Error counters have been set up for each part for monitoring purposes; rather than waiting for a warning/alarm to flag, operators can react to counters as they approach the set point.
Alarm and Warning Bytes have been programmed into the ladder logic; whenever an alarm or warning Bit is triggered, a signal is sent and the Alarm and Warning Flag light appears on the root screen.
If the user notices an alarm or warning on the root screen, information on the source of the problem is easily accessible. Six lights have been installed to direct the user's attention to the source of the problem. This can provide critical information about the line to support departments, allowing them to resolve issues faster and reduce downtime. The ladder logic explanation contains a detailed explanation of how the network was set up.
[image: ]
[bookmark: _Toc115637568]Figure 3 Alarm & Warning HMI Screen
The Engineer screen was designed with a number of functions to allow the business owner to specify the values they want to set for each error. These limits are linked to the error counters, and when the value is equal to or greater than the set point, the warning or alarm lights illuminate.
The Master reset button is also on the Engineer screen; whenever the alarm master is true, a master reset is required for the system to restart.
[image: ]
[bookmark: _Toc115637569]Figure 4 Engineer HMI Screen
Operator Root Screen 
Emergency stop buttons have been installed on the outside of the Manufacturing line and on the Operator Root screen, allowing the user to stop the entire line with the push of a button. Figure 1 represents the Operator Root screen.
If the Manufacturing line ever exceeds the Alarm or Warning set point, the Alarm or Warning Flag light on the Root screen turns red, alerting the user to a line problem. The user can easily investigate the fault by going to the Alarm & Warning screen.
[image: ]
[bookmark: _Toc115637570]Figure 5 Operator Root HMI Screen

[bookmark: _Toc115638710]Alarm & Warning Escalation Flow Chart

The warning and escalation flow chart, shown in Figure 6, instructs the user on what to do when an alarm or warning is detected on the system.
[bookmark: _Toc115637571]Figure 6 Alarm & Warning Escalation Flow Chart





[bookmark: _Toc115638711]Factory Control 2 Ladder Logic Program

Network 1
This network connects the system to the PLC to allow it to initiate.
[image: ]
[bookmark: _Toc115637572]Figure 7 Ladder Logic - Network 1

Network 2
The "Operate" tag is latched to the start button; when the start button's signal state is "1," a power signal is sent to initiate the "Operate" tag, which sends power to the system. The "Operate" tag will be widely used as an input to activate various areas of the line throughout the system.
When the stop button's Signal state is "1," the power signal to the Operate Tag is cut off.
When the signal state is "1," indicating that an alarm is present, the alarm master is normally closed, and the power to the Operate tag is turned off.[image: ]
[bookmark: _Toc115637573]Figure 8 Ladder Logic - Network 2

Network 3
The “siren” is used to notify workers that the line is about to start, when the signal state of “Operate” is “1”, power is sent to the “siren” following a 2 second delay programmed within the TP timer.
[image: ]
[bookmark: _Toc115637574]Figure 9 Ladder Logic - Network 3

Network 4
When the signal state of “Operate” is “1”, a power signal will be sent to simultaneously start both “CNC Machine Centres”.
[image: ]
[bookmark: _Toc115637575]Figure 10 Ladder Logic - Network 4

Network 5
This network controls all three emitters.
When either of the "CNC Machine centres" has a signal state of "1" - indicating that the machine is operational - a power signal is sent to activate raw material from the "Lid RM Emitter" and "Base RM Emitter."
When the signal state of "Operate" is "1," shipping boxes are also emitted.[image: ]
[bookmark: _Toc115637576]Figure 11 Ladder Logic - Network 5

Network 6
This network instructs the system to machine a lid or a base.
When the signal state of "Operate" is "1," power is sent to the machine centres to manufacture lids and bases.[image: ]
[bookmark: _Toc115637577]Figure 12 Ladder Logic - Network 6

Network 7
When the signal state of the "Operate" tag is "1," power signals are sent to the conveyors after a time delay from each On Delay Timer (TON). The time at which each conveyor will begin is specified by the Programmed Time (PT) Value, which in this network ranges from 2seconds to 3seconds.[image: ]
[bookmark: _Toc115637578]Figure 13 Ladder Logic - Network 7

Network 8
When "Diffuse Sensor 2" changes from a signal state of "0" to "1," power signals are sent to the On Timer, the PT value is set at 500ms, and when this time has elapsed, the "Right Positioner" will clamp and set (S).
If the signal state at input CU changes from "0" to "1," the Up counter is incremented by one, and the counter value is stored in the memory bit "Lid Errors."
The above theory can be applied to the "Left Positioner" and "Base Errors" Counts, with "Diffuse Sensor 1" as the input to both.
[image: ]
[bookmark: _Toc115637579]Figure 14 Ladder Logic - Network 8

Network 9
When "Operate" has a signal state of "1," power signals are sent to reset the "Left/Right clamp", memory bit "Both Clamped", and the Pick and place to its original position.[image: ]
[bookmark: _Toc115637580]Figure 15 Ladder Logic - Network 9

Network 10
The “Both Clamped” memory bit is set when both input tags “Left 1 & Right Position 2” have a signal state of “1”, this is following a pause of 2ms(PT) set by the Pulse Timer (TP).
[image: ]
[bookmark: _Toc115637581]Figure 16 Ladder Logic - Network 10

Network 11
The "Both Clamped" memory bit is now the network's input, controlling the choreography of the two-axis Pick & Place robotic arm. To set and reset the robot arm for the next items on the line, set and reset coils are selected for each axis.
When the tag "Both Clamped" has a signal state of "1," indicating that the lid and base are in place, the Z axis powers up and the arm lowers onto the lid after a 2ms delay from the "DB 6" Pulse timer.
When the input signal state of TON "DB 7" and TP "DB 9" is "1," the output "Two axis pick & place 1" robot will grab the lid after a 650ms & 2ms delay set by the controller (PT).
The Z axis and grab functions now have reset coils programmed, which means that when the time specified in the PT value for both TON "DB 9" and TP "DB 10" lapsed, both functions will reset.
The same theory is applied to the following X and Z axis movements: timers are set to allow the robot to smoothly place the lid on top of the base, and reset coils reposition the pick and place to its original home position.
The network's final two lines reset the memory bit "both clamped," and after 2.9 seconds, the output "Left position 1" raises to allow the fully assembled part to continue to the end of the line.[image: ]
[bookmark: _Toc115637582]Figure 17 Ladder Logic - Network 11

Network 12
The roller conveyor is controlled by this network; when Diffuse sensor 4 detects no object in front of it, the roller conveyor operates; when Diffuse sensor 4 detects a shipping box, the roller conveyor stops in place for the pick and place to pack finished goods.
A comparator is used to ensure that when counter DB 4 equals 2, the roller conveyor restarts after a 4 second delay from the On timer function. When Diffuse sensor 3 displays a signal state of "1," the 4m Belt conveyor comes to a halt
[image: ]
[bookmark: _Toc115637583]Figure 18 Ladder Logic - Network 12
Network 13
This network controls the final pick and place, with the input "Diffuse sensor 3," the details are very similar to the previous pick and place network.
When a fully assembled part arrives at the sensor, the sensor's signal state is "1," sending power to the Off timer. After a 5-second delay, power signals are sent to the Two axis pick and place to pick up the final part and place it in the shipping box.
[image: ]
[bookmark: _Toc115637584]Figure 19 Ladder Logic - Network 13
Network 14
When “Diffuse sensor 3” has a signal state of “1” power is sent to the Count up input (CU), the count value (CV) is incremented by 1 and held in the memory bit “Shipping box count”.
The reset input (R) will reset the count value when “Diffuse sensor 5” has a signal state of “1”. 
[image: ]
[bookmark: _Toc115637585]Figure 20 Ladder Logic - Network 14

Network 15
Within this network, the final part units are measured. When the signal state of "Diffuse sensor 6" is "1," power is sent to the Up count input (CU), the count value is incremented by one, and the count value is stored in the memory bit "Completed units."
When the signal state of "Reset counters" is "1," the count value is reset.[image: ]
[bookmark: _Toc115637586]Figure 21 Ladder Logic - Network 15

Network 16
Within this network, the number of shipping boxes completed is counted. When the signal state of "Diffuse sensor 5" is "1," power is sent to the Up count input (CU), the count value is incremented by one, and the value is stored in the memory bit "Shipping Boxes Completed."
When the signal state of "Reset counters" is "1," the count value is reset.[image: ]
[bookmark: _Toc115637587]Figure 22 Ladder Logic - Network 16

Network 17
This network's Up-Down Counter allows the user to count the number of lid errors.
When a lid passes through the line, the signal state changes to "1," the count value is increased by one, and the memory bit "Lid Errors" is stored. Each time a lid triggers "Diffuse sensor 2," the count value decreases by one.
When the signal state of "Reset counters" is "1," the count value is reset.[image: ]
[bookmark: _Toc115637588]Figure 23 Ladder Logic - Network 17

Network 18
This network's Up-Down Counter allows the user to count the number of lid errors.
When the lid reaches "Diffuse sensor 8," the signal state changes to "1," the count value is increased by one, and the memory bit "Base Errors" is stored. Each time a Base triggers "Diffuse sensor 1," the count value decreases by one.
When the signal state of "Reset counters" is "1," the count value is reset.
[image: ]
[bookmark: _Toc115637589]Figure 24 Ladder Logic - Network 18

Network 19
This network's Up-Down Counter allows the user to count the number of Finished part errors.
When a lid reaches "Diffuse sensor 6," the signal state changes to "1," the count value is increased by one, and the memory bit "Finished Component Errors" is stored. Each time a final part triggers "Diffuse sensor 3," the count value decreases by one.
When the signal state of "Reset counters" is "1," the count value is reset.
[image: ]
[bookmark: _Toc115637590]Figure 25 Ladder Logic - Network 19

Network 20
The "Alarms" tag has been set as a byte, which means that if any of the 8 Bits (Alarms) within the M201 address has a signal state of "1," the input will send power to the output "Alarm Master," effectively shutting down the line.
The "Alarm Master" is then used as the input, and its signal state is set to "1" power is sent to start the "Alarm Flag."[image: ]
[bookmark: _Toc115637591]Figure 26 Ladder Logic - Network 20

Network 21
This network warns the user of lid errors, and the value has been programmed to allow the user to choose the value that best suits the business.
To provide this information, the comparator function is used; if the memory bit "Lid Errors" value is equal to or greater than the value set in the "Lid Error Warning limit," the signal changes from "0" to "1" and power is sent to warn the user that the value has been exceeded.
All of the warnings listed below have an M214 bit address, and when either Warning has a signal state of "1," signals are sent to the Warning Byte and Warning Flag.
[image: ]
[bookmark: _Toc115637592]Figure 27 Ladder Logic - Network 21

Network 22
This network is equivalent to network 21, however it provides the user with base errors.[image: ]
[bookmark: _Toc115637593]Figure 28 Ladder Logic - Network 22

Network 23
This network is equivalent to network 21, however it provides the user with Finished part errors.[image: ]
[bookmark: _Toc115637594]Figure 29 Ladder Logic - Network 23

Network 24
This network provides an Alarm for lid errors; the value has been programmed to allow the user to choose the best Alarm value for the business.
To provide this information, the comparator function is used; if the memory bit "Lid Errors" value is equal to or greater than the value set in the "Lid Alarm set limit," the signal changes from "0" to "1," and power is sent to warn the user that the value has been exceeded.
All of the Alarms listed below have an M201 bit address; if any of them has a signal state of "1," the Alarm Byte and Alarm Flag are set, and the Line is immediately stopped.
[image: ]
[bookmark: _Toc115637595]Figure 30 Ladder Logic - Network 24

Network 25
This network is equivalent to network 24, however it provides the user with Base alarm.
[image: ]
[bookmark: _Toc115637596]Figure 31 Ladder Logic - Network 25

Network 26
This network is equivalent to network 24, however it provides the user with Finished part alarm.
[image: ]
[bookmark: _Toc115637597]Figure 32 Ladder Logic - Network 26

Network 27
The “Warnings” tag has been set as a byte, meaning that if any of the 8 Bits (Warnings) within the M214 address has a signal state of “1” then the input will send power to the “Warning Flag” and the light will appear on the root screen.
[image: ]
[bookmark: _Toc115637598]Figure 33 Ladder Logic - Network 27
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