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[bookmark: _Toc104925950]Introduction
The following assignment will contain information regarding different practical process automation simulations and how to design, start up and test these systems. The practical simulations being simulate are a steam generation unit, bottle filling factory and a fruit blending scenario. These automation exercises are provided on the LabView, TSC simulation and Automation Studio software’s. 

[bookmark: _Toc104925951]Task 1

a) [bookmark: _Toc104925952]Explanation of the general operation of the boiler identifying specific equipment and a review of the instrumentation. 

A boiler is a piece of equipment which acts as a closed vessel to convert the feed water inside into steam. In order for this to happen chemical energy from a fuel source such as oil or gas is converted into heat by combustion (STI group, 2013). Steam is a vital component used for various functions across an oil refinery. These functions include being the main driving source of energy for centrifugal pumps, stripping steam inside of vessels to remove elements and for steam tracing used to heat up pipelines. Within this steam generation process, the natural gas supply line and the combustion air draft merge together into BN101 in order for combustion to occur, to heat the Boiler Feed Water. The BFW is pumped into the boiler possibly from an external tank not featured in the simulation. The flue damper is in place to remove and regulate the flow of air through a flue, a pipe which vents hot air and gases from the boiler into the flue stack. The flue stack is a vast structure through which flue gases are exhausted to atmosphere. Flue gases are produced when the natural gas is combusted within steam-generating boiler, the make-up is mainly carbon dioxide and water vapours. Once the boiler has been started up and is producing steam it exits through the top of the boiler into the main steam headers. The last feature is the boiler blowdown, this is in place to remove boiler feed water and reduce TDS levels within the BFW.
There are many different means of monitoring this boiler simulation using instrumentation. The boiler feed water levels are measured using a level indicator which bring in a series of high-level and low-level alarms, this alerts the operator of these dangerous scenario occurring to alter the system. The TDS levels are also continuously monitored in the boiler via a TDS meter. This will alert the operator of high concentrations of dissolved solids within the BFW which has potential to damage the boiler tubes. The system also features pressure indicators on the fuel gas supply and the steam exiting the boiler. The flue stack also has a fixed CO2 analyser which measures the caron dioxide levels venting to atmosphere. This is important to be monitored as it is analysed by the environmental regulators and large fines can be served if levels are too high. All of these instruments serve a purpose in ensuring that the boiler is ran as safely and efficiently as possible.

a) [bookmark: _Toc104925953]Start-up operating procedure
To ensure that the boiler system is started up in the same manner every time, the company would build a predetermined standard operating procedure (SOP). These documents ensure consistently high-quality work performance and results across an organization. (Gaskin, 21) This SOP will be a step-by-step guide on how to correctly operate the boiler in a Secure manner. Below is the SOP for the steam boiler simulation:
1. Open CV104, CV 105 and start PU101 to open the boiler feed water supply to B0101.
2. Build boiler feed water level to above low-level alarm but beneath high-level alarm in BO101.
3. Close feed water supply by closing CV104, CV105 and stopping PU101.
4. Open control valve CV 101 (Natural gas supply).
5. Open control valve CV 103 (Air draft).
6. Open control valve CV 106 and CV107 (Boiler steam pressure and Plant steam pressure).
7. Open flue damper DM101.
8. Turn on air draft fan FD 101.
9. Press Lock out reset.
10. Open control valve CV 102 fuel gas. 
11. Turn on burner ignition.

[bookmark: _Toc104925954][image: ]c) Timing Diagram
Above is a timing diagram to show the checks (interlocks) that have to be met before moving on to the next step in the process in order to successfully light the boiler to produce steam.

[bookmark: _Toc104925955]d) Alarm and interlock matrix
	
	Gas Valve Check Not Complete
	Gas Pressure Check Not Complete
	FD Fan Check Not Complete
	Flue Damper Check Not Complete
	High Level
	High, High Level
	Low Level
	Low
Low
level
	CV-104 Closed

	CV-102 Locked out
	x
	x
	
	
	x
	x
	x
	x
	

	CV-103 Locked out
	x
	x
	
	
	
	
	
	
	

	FD-101 Locked out
	x
	x
	
	
	
	
	
	
	

	PU-101 Locked out
	
	
	
	
	
	
	
	
	

	DM-101 Locked out
	x
	x
	x
	x
	
	
	
	
	x

	Alarms
	
	
	
	
	x
	x
	x
	x
	


The matrix table above shows the alarms and interlocks that prevent certain pieces of equipment from being used. These alarms and interlocks are designed into the system for safety reasons so that the boiler isn’t able to get into an unstable environment such as a fuel rich boiler or overfilling with boiler feed water.

[bookmark: _Toc104925956]e) Fault finding guide
This fault-finding guide allows the operator to have an SOP for them to follow, if any of the typical fault scenarios provided occur within the boiler.
Low level trip in boiler <25% (Boiler cuts out)
· Check boiler blowdown is closed (Close CV108)
· Reinstate boiler feed water supply system (Open CV104, Start PU101, Open CV105)
· [bookmark: _Hlk103765383]Fill boiler to between 25% and 80%.
· [bookmark: _Hlk103765396]Turn on FD101 till it gets up to running speed.
· Lock out reset
· Open CV101 and CV102
· Ignite burner

High level trip in boiler >80% (Boiler cuts out)
· Reduce boiler feed water level by opening CV108
· Reduce boiler to between 25% and 80%.
· [bookmark: _Hlk103765624]Turn on FD101 till it gets up to running speed.
· Lock out reset
· Open CV101 and CV102
· Ignite burner
Flame out (Fuel damper failed)
· Flue damper reopen
· Turn on FD101 till it gets up to running speed.
· Lock out reset
· Open CV101 and CV102
· Ignite burner
     Flame out (Lack of fuel gas)
· Reinstate fuel gas supply (Open CV101 and CV102)
· Turn on FD101 till it gets up to running speed.
· Lock out reset
· Open CV101 and CV102
· Ignite burner



[bookmark: _Toc104925957]Task 2
a) [bookmark: _Toc104925958]Flow diagram
Below is a flow diagram produced to show the sequential control operations of the bottle filling scenario. The flow diagram contains a series of consecutive steps that have to be followed in the process to ensure a smooth operation with no faults. Between these consecutive steps, the flow diagram also contains concurrent processes which allow for more than one bottle to be filled at a time making the process as efficient as possible. 
[image: ]





















a) [bookmark: _Toc104925959]The process and the application of the sequential control system.

The bottle filling process places empty bottles onto a conveyor belt from which they are then moved on to the liquid filling and bottle capping stations sequentially. The main components of the system are the conveyor belt, 5 pistons, liquid reservoir, liquid valve, a motor driven cap tightener and various motion sensors. In order for the process to be as effective and efficient as possible, the system needs to process more than one bottle at a time on an autonomous basis. A sequential control system is defined as “A control system in which the individual steps are processed in a predetermined order, progression from one sequence step to the next being dependent on defined conditions being satisfied” (CCPS, 2021). This sequential, autonomous system has many advantages over manual control from an operator processing one bottle at a time via the control panel, such as saving time and eliminating human error.
The autonomous sequential system created starts with a question which asks, if sensor A has been activated by a bottle if so, piston A can advance a bottle onto the belt and then retract. If it has not been detected, then the process cannot begin. Once the bottle is on the belt, the belt can then advance. In order for the sensor CP2 to be activated, piston B must advance the bottle so that it ready to be filled under the liquid reservoir. If CP2 hasn’t been activated, then piston B must be advanced again so that a bottle reaches the filling station to continue the process. Now that CP2 has detected motion, piston A can be advanced and then retracted to allow another bottle to enter the conveyor belt and follow the sequence. For the first bottle, valve D can now be opened, and piston C can be advanced to drive the liquid through valve D into the bottle. The bottle has now been filled so valve D is closed, and piston B is advanced therefore moving the bottle along the conveyor belt to CP3. If CP3 hasn’t been activated, then piston B must be advanced again, if CP3 has been activated then piston G can advance a cap over the bottle and then retract. Piston E then transfers the cap onto the bottle and then retracts, once this has been completed motor F can be turned on for 5 seconds to tighten the cap. Finally, piston B can be advanced and retracted in order for the finished bottle to be moved off the process line.

As it can be seen the correct operation of the motion sensors is key for the autonomous process to succeed in processing several bottles at once.  
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[bookmark: _Toc104925960]Task 3
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As the above images show, the task was to develop a program to control the fruit beverage blending operation.  Due to time constraints, it was not possible to create a fully developed program using Mitsubishi FX PLC (ladder logic). So, a hand drawn process was developed to aid with a description of what the logic would look like. Ladder logic is a programming language that is used to program a PLC. It is a graphical PLC programming language which expresses logic operations with symbolic notation using ladder diagrams (Ladder logic world, 2021). The first image shows the logic for the syrup tank filling and transporting. The first rung contains a 24V power supply with an emergency stop initially with a NC pushbutton, which is followed by a NC contact which opens when the high alarm comes in on rung 3. Then a NO momentary push button is used in parallel with a NC contact which latches the circuit in when the push button is activated. This latch activates the coil SV201. Currently the tank is now filling with water, the coil SV201 brings in a NO contact on the second rung, followed by a NO low-level limit switch when this is met LS201 coil is brought in. The third rung also has a NO high-level switch which when closed brings in the high-level alarm coil. This alarm closes a NO contact which in turn starts the 30 second delay keeping the water in the tank. Once this delay has completed a bottom valve coil is activated, this closes a NO contact on Rung 4 therefore emptying the water into the main tank to be blended. Once the NO low level contact has come in for the water tank, the bottom valve would then be closed. This process is exactly the same for the syrup only that the delay holding the liquid is 60 seconds instead of 30. The mixer process starts with the same NC emergency stop, NO start button and a latching NO contact with a NC mixer off contact which breaks the feed to this rung on rung 4. Followed by a mixer on coil which brings in a NO contact to activate the 30 second delay, when delay is complete the delay coil comes in. Rung 3 contains a low-level limit switch for the main tank in series with a low-level coil. Due to the delay coil being energised in rung 2 a NO contact comes in with a NC low level contact so if the level is to low within the tank it would break the circuit and not allow the pump to start. After the pump, a mixer off coil is powered which closes a NO mixer off contact and brings in a mixer off coil which breaks the circuit on rung 1.
[image: ]
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