Darren Thomas	 Control Technology	1905425

[image: ]
University of Wales Trinity Saint David
School of Engineering

Control Technology
Factory Control 2
 ACMA6001

Darren J Thomas
1905425
23/05/2022







Table of Contents
1	Introduction	3
2	Flow Chart	4
3	Alarm / warning strategy	6
4	Ladder Logic Programme	7
4.1	Network 2	7
4.2	Network 3	7
4.3	Network 4	7
4.4	Network 5	7
4.5	Network 6	7
4.6	Network 7	7
4.7	Network 8	7
4.8	Network 9	7
4.9	Network 10	7
4.10	Network 11	7
4.11	Network 12	7
4.12	Network 13	8
4.13	Network 14	8
4.14	Network 15	8
4.15	Network 16	8
4.16	Network 17	8
4.17	Network 18	8
5	Conclusion	9
	


[bookmark: _Toc104153678]Introduction
It is necessary to operate a manufacturing system that produces two pieces, a base and a lid, for this report. FactoryIO's mechanical operation will be designed to manufacture the base and lid from raw material and stack them two high in a shipping box when finished.
Each conveyor/machine will be started in succession after a siren warning of impending operation to minimise current demand at start-up. For operator contact, the system will require a HMI. On the root screen of the HMI, the following controls and displays will be available: -
Start and stop the Buttons. 
Emergency stop button 
Button to reset all operations 
Counters to count the completed bases and lids and the number of shipping boxes filled. 
Fault and warning indicators 
Alarms and warnings will be displayed on a fault and warning screen, with the following cautions: 
Over/under production of any part.
Warning indicating the total number of pieces bundled is approaching the required quantity.
Alarms must include:- 
An order complete indication 
Any errors capturing you have designed into the process. 
Emergency Stop activated 
An engineering screen which has data entry points for: 
Pre-setting counter Warning numbers and order numbers. 
Pre-setting counter Alarm numbers. 
A manual reset of alarm signals once the alarm issue is corrected 
	


[bookmark: _Toc104153679]Flow Chart
To enable a programme to be written it is good practice to use a flow chart to highlight the operations required to carry out the relevant options.
Below is the flow chart used for this programme.
		Start
Machine '0' Starts
Machine '1' Starts
Mechanical arm  '0' collects and places material in the machine
Machine '0' Completes process
All conveyors start at separate intervals to prevent surge
Mechanical arm removes Lid from machine and places on conveyor bellt
Machine '0' sends signal to release another raw material
Mechanical arm  '1' collects and places material in the machine
Machine '1' Completes process
Mechanical arm removes Lid from machine and places on conveyor bellt
Machine '1' sends signal to release another raw material
Lid & Base fabrication
Lid transferred to positioner '0'
Sensor '0'  sends message to positioner and clamps in place
Sensor '0' sends message to pick and place arm
Lid transferred to positioner '1'
Sensor '1'  sends message to positioner and clamps in place
Lid placed on base
Pick and place releases lid
Pick and place arm lifts retracts in 'Z'
Pick and place arm retracts in 'X'
Pick and place sends signal ready for next lid process
Lid & Base assembled

	


Pick and place arm moves in 'X'
Pick and place arm grabs lid
Pick and place arm lifts lid in 'Z'
Pick and place arm extends in 'X'
Pick and place arm places lid in 'Z' on top of base

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	


Table 1 Flow Chart

		
	Positioner 1 raises after  3 seconds
Completed box travels on convery
Completed box stops at positioner '2'
Sensor send message to positioner - clamps box in place
Emitter emits shipping container
Sensor '0' sends message to pick and place arm
Pick and place arm moves in 'X'
Pick and place arm grabs box
Pick and place arm lifts box in 'Z'
Pick and place arm extends in 'X'
Pick and place arm places box in 'Z' in the shipping container
Container stops at the stop blade directly under pick and place '1' arm

	



	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	Sensor '3' acts as a counter and counts 2 boxes
Container has 2 boxes, signal sent to stop blade and resets to allow complete container to be shipped
Stop blade resets to prevent empty shipping container passing

	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


Table 2Flow Chart Continued



[bookmark: _Toc104153680]Alarm / warning strategy
Alarms and alerts are a crucial part of PLC programming. It notifies the operator of any irregularities in the operation, such as a missed process, lost product, or malfunction. This method will allow the operator to safely stop the machine. This report's alert and warning technique is based on 'best practises.' The faults and warnings will be on a distinct rung of the ladder according to the ladder logic. This makes it easy for the coder to spot the reasoning. After the errors and warnings have been generated and the problem has been found, they will need to be reset. The alarms will have several notifications, such as yellow flashing lights for a warning and red lights with a siren for problems, as well as the system stopping. Before a manual reset can be conducted, the problem must be identified and resolved after the fault has occurred and the automatic system has shut down. This report's alert approach stops anybody from accessing the area while the conveyors are running. The plant is located behind a walled border to keep the operators secure. There are alarms on the safety gates, so if the door(s) are opened during the cycle, the factory will shut down and sirens will sound to alert the staff.
1. Warning: This is used to notify the operator when the number of boxes is approaching the limit.

2. Error: Used to bring the factory to a halt when the safety gates open, the boxes reach their maximum capacity, or the emergency stop is engaged.

There is a warning siren at the start of the operation to tell personnel that the factory has begun; however, the conveyors are delayed and do not begin until the siren has ended.The HMI will display the warnings, which will trigger stack lights and warning lights in the plant. The region of the warnings/errors will be shown on the HMI panel, allowing the operator to pinpoint the problem. If a mistake has been detected, red lights and sirens will be activated. There are various lights and sirens to inform anybody in the vicinity of the plant that there is a serious problem.
Within the ladder programme every rung starts with ‘Operate’. This is to ensure that as soon as the factory has stopped, whether in an emergency or only stopped, that there are no signals getting to the function of the factory. This prevents the moving parts from moving during or after the stop has been activated. 

[bookmark: _Toc104153681]Ladder Logic Programme
Below is the description of the logic used to enable the factory to perform the required task.
[bookmark: _Toc104153682]Network 2 
Start up. Machines, Positioners, 2-axis arms activated.
[bookmark: _Toc104153683]Network 3 
Green start button selected on panel or HMI to start factory. Alarm siren and warning lights activated to notify staff of the start up process
[bookmark: _Toc104153684]Network 4
Conveyor belts start intermittently to prevent power surge. Machines, positioners and 2-axis arms activated.
[bookmark: _Toc104153685]Network 5 
Machine centre 0 activated, emitter 0 activated and emits raw material
[bookmark: _Toc104153686]Network 6 
Machine centre 1 activated, emitter 1 activated and emits raw material
[bookmark: _Toc104153687]Network 7 
Operate normally closed which stops machine to enable raw material to be loaded. 
[bookmark: _Toc104153688]Network 8 
Operate normally open command sent and machine 0 starts machining lid, machine 1 starts machining base. Once machine has completed process, machine doors open and the arm removes the completed product and places them on the conveyor.
[bookmark: _Toc104153689]Network 9 
Lid and base pass through a sensors on each conveyor. When activated the sensors sends signal to positioner 0 and 1. Clamps activated to put lid and base in correct position for the 2-axis operation. Sensor also used to activate counters to count the quantity of lids and bases 
[bookmark: _Toc104153690]Network 10 
Signal sent to positioners to clamp lid and base in place.
[bookmark: _Toc104153691]Network 11 
Logic used to start the pick and place sequence.
[bookmark: _Toc104153692]Network 12 
Pick and place 0 detects signal that the lid is clamped and in place. Pick and place is set in Z and moves down to the lid. Pick and place grab activated. Lid is lifted in ‘X’ and moves in ‘Z’ to the opposite conveyor. Arm moves in ‘X’ to place lid on the base. Lid is released and arm resets in ‘X’ and ‘Z’ back to its home position ready for the next lid. 
[bookmark: _Toc104153693]Network 13 
Counter 3 is activated to increment at each pass to show quantity of completed boxes.
[bookmark: _Toc104153694]Network 14 
Completed box travels down conveyor and activates sensor 3. Sensor 3 activates positioner which clamps and positions the box in place. Sensor also send signal to pick and place ‘1’ which starts its operation in moving it ‘Z’, ‘X’, grab the box, lifts in ‘Z’ and down in ‘X’ to place box in the shipping container.
[bookmark: _Toc104153695]Network 15
Sensor 3 used as counter to count 2 completed boxes. Comparator option used to send message that 2 boxes have been placed in the container, this signal is sent to the stop blade that sets and allows the container to be delivered. The stop blade resets after 2 seconds to stop the next empty container from passing and allowing it to remain in position for the next 2 boxes.
[bookmark: _Toc104153696]Network 16
Sensor 2 activated for counter 4 – container count.
[bookmark: _Toc104153697]Network 17
Errors and warnings ladder, if activated will send signal to activate warning signal and alarm
[bookmark: _Toc104153698]Network 18
Converter used to convert real signal to an integer to enable the counters on the control box to show the lid, base and container quantities.








[bookmark: _Toc104153699]Conclusion
It essential when writing a ladder logic programme, it is good practice to start with a flow chart. This will enable you to write down the process required to successfully complete the factory requirements. 
When collating the ladder logic it is essential to programme systematically. If not done this way it will create problems and confusion (with the programmer and the software).
Timings are essential also. If timings are not accurate it can prevent the process operating in sequence. When designing a programme it is a necessity to involve safety systems especially an emergency stop that also activates warning lights and sounds.
This exercise has given a great understanding how factories are automated, and the time taken to programme each individual component within milli-seconds. The use of sensors and coordinating each procedure is a necessity in automated factories, the main problem with using a lot of sensors for many jobs is the potential of malfunction that has the potential of stopping the whole process so it is required to sensibly use these sensors and incorporate the error and warning procedures and the uses of a fail safe system.
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