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Exercise 1 - Steam generation plant operation

General Operation and Instrument Review
This system consists of a gas burner that produces steam for a plant. The burner in the boiler uses fuel gas to heat the water. The fuel gas is then controlled by a series of valves, valves CV101 and CV102. In order for operation, it is important the burner maintains a consistent air supply. This is supplied from CV103 and FD101. In order to produce steam, water is obviously needed, this is supplied from CV101 and CV105. The steam is supplied using the two outlet flow valves which are CV106 and CV107, the boilers level is controlled using CV108. 
There are different instruments used within the process, the instruments used are as followed:
· Pressure. This is used in the system to check the pressure of the boiler steam. This is done using a transmitter located between CV106 and CV107. The pressure before CV106 is used to measure the boiler steam pressure and the pressure after CV107 is used to measure the overall plant steam pressure. Pressure is also measured on the fuel gas line, to detect the level of pressure of the supply and the pressure measurement fuel gas pressure entering the boiler. 
· Level. This is used to measure the level throughout the process. It is important the level transmitter and gauge are present as they monitor the level and detect if the level is too high or low. If the level is not regularly monitored then it could mean that hazardous occurrences occur within the system and furthermore damage the system. For example, if the level is too low then the TDS of the boiler feed water will not be pure enough to use. 
· CO. This is used to measure the carbon monoxide exiting the flue into the atmosphere. This is important for environmental purposes and ensure pollution is not occurring. It also acts as proof for environmental regulators/agencies.
· Temperature. This is used to measure the temperature of the boiler. A transmitter is used to input signals to the control room, who can detect if the temperature exceeds what it is required, or minimises to a dangerous level which could cause a boiler trip. 

Standard Operating Procedure (SOP)
1.Open CV101. First interlock
2.Open CV 104 and CV105, Start PU101.
[image: ]

3.Open CV106 and CV107
4.Fill BO101 to appropriate level (around 50%), Stop PU101 at appropriate level. Second interlock
5. Open CV103. Third interlock
6.Open DM101.  Fourth Interlock
7.Start FD101, wait for FD fan to reach appropriate RPM. Fifth interlock 
[image: ]

8.Press lock out rest. Sixth Interlock
9. Open CV102 and wait for the gas purge check, 
[image: ] 
[image: ]
10. Ignite system
[image: ]

11. Control level while in operation with PU101.
*If overfilled open CV108 to drain the system*

High level 80%- shut down of gas supply 
High High level 90%- Shut down of PU101
Low level- 25%- shut down of gas supply 
Low low level- 10% 
*Reset of interlock needed before boiler restart*


An Alarm and Interlock Matrix Table 
[image: ]
The image above shows an Alarm table of the process. The Interlocks are mentioned in the Standard Operating Procedure (SOP).






Fault Finding Guide
Within the boiler system, that are certain scenarios where the boiler can fail, due to high levels or low levels. The interlocks are in place, to ensure that the system does not run on minimal water supply. Minimum water supply will mean the boiler is over working, or working to an inefficient level, thus causing damage and an inefficient boiler. 

High/High High Level
[image: ][image: ]
If the level in the boiler alerts that it is high or even worse high high, then it is important that the level is drained. This is done in the blowdown valve CV108. 
[image: ]
The level needs to be analysed to around 50%. This is to allow for the process to restart. There is an interlock on this system, which cuts out the gas supply, ignition and pump when the levels reach the high/high high margins. 


Low/Low Low Level
 [image: ][image: ]
It is also important to recognise that the system can have a low and low low level. This is when the levels of water reach a dangerously low level, thus meaning the boiler could trip, become inefficient and effectively damage. As the image above shows the low level is actually 25% and the low low level is 10%. These send an alarm signal to the control operators on the panel. The interlock shuts of the gas supply and ignition to the boiler, to ensure no damage is caused and the boiler does not trip. 
In order to overcome the low level, it is important that PU101 is started up, to pump more water into the boiler and maintain that 50% level inside. 
Whilst operating the boiler, CV102, the inlet for the fuel gas supply valve, would not operate, thus not supplying fuel gas. The reason for this, was that the ‘LOCK OUT RESET’ button needed to be pressed. This is so that the fuel gas supply can be reset and purged, ready to be supplied to the boiler.When CV102 wont open, press the lock out reset and then press CV102 again. 

[image: ]
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Figure 2a
2b) Figure 2a is illustrating a flow chart of the process of filling bottles on a conveyor belt system. The flow chart is intended to ensure simplicity and clear instruction upon how to fill each bottle to the required amount and the steps required to fill consecutive bottles on a continuous loop. 
B1 is the button pressed that activates Piston A, Piston A is the piston that loads the bottle onto the conveyor belt. B1 is required at the start of every bottle loading cycle, the sensor on the loading tray is set off when a bottle is in place, allowing for the piston to activate and load a bottle on to the conveyor system. B2 is then pressed to retract piston A. If B2 is not activated this means that the piston will not retract, thus not allow bottles to refill on the cycle. The next part of the process is B3, this advances the belt through the use of piston B. Piston B advances and lights up ‘B_IN’ which signals the piston is advanced. Once B3 is activated and the bottle is beneath the filling chamber, CP2 will light, signalling the bottle is in the correct location. From here B4 must be pressed to retract piston B. When piston B is retracted this signal ‘B_OUT’. The inclusion of the second bottle can now be introduced. This is done by activating B1 which will load the bottle, B2 to retract the piston back into place. 
B5 is then pressed which is piston C, this piston is a latched valve, which allows the chamber to fill with the required amount of liquid for the bottle. There is a non-return valve between the main chamber and the pre-fill chamber, which means no liquid can pass back into the main chamber, thus meaning the bottle level is consistently filled to the required amount. B7 is a valve that opens. This allows the liquid to flow into the bottle and fill it up. B6 is then pressed which retracts Piston C and fills the chamber up, ready for bottle number 2. B3 must then be activated to advance the conveyer belt forwards, moving the bottle in between the chamber and the cap system. This means that the second bottle can now go through the filling process just mentioned. 
The third bottle can then be introduced to the cycle. The same steps must be introduced as the previous ones:
· B1 to advance piston A, load up the bottle onto the conveyor belt
· B2 to retract piston A
· B3 which advances the conveyor system to move the second bottle below the chamber
· B4 which retracts the piston.
· B5 Piston C which activates the latch to fill the chamber ready to insert into the bottle
· B7 which fills the second bottle to the required level
· B6 which retracts piston C and fills the chamber back up
· B3 which advances the conveyor belt. This moves the first bottle to the cap system (Piston E) this also lights up CP3, meaning the sensor detects a bottle and moves the second bottle below the chamber and cap system. 
· B4 to retract Piston B.
This stage of the process means that the first bottle is ready for the cap, the second bottle is on the stage of the conveyor system where it is waiting to have a cap screwed on and third bottle is beneath the chamber. The process must be repeated, for the continuous loop of the bottle to be ensured.
Sequential Control System
The sequential control system, is used in this process to ensure that the correct steps are carried out in a ‘sequence’ to ensure each piston attracts and retracts. This is done to ensure the bottles fill up at a consistent and efficient manor every loop. A extract taken from a global chemical process safety site states that a sequential control system is ‘A control system in which individual steps are processed in a predetermined order, progression from one sequence step to the next being dependent on defined conditions being satisfied’. This application is vital for the process to work. From the simplest step of retracting piston B (B4) to enable the piston to move forward for the next step of the process to be achieved. If this step is not carried out then the system will not progress. 
  


Exercise 3 – PLC Programming
A ladder logic is a programme that is used to program a PLC (Programming Logic Controller). Ladder logics use symbols which represents operations that occur within the diagram. A ladder logic is a fast and simple solution for creating logic expressions for a PLC in order to automate repetitive machine tasks and sequences. A ladder logic resembles an electrical schematic drawing. The graphics are easy to understand and the interface is easy to use. 
In order for a ladder logic to be successful it is important for them to have the following parts:
· Rails, Rails within a ladder system are important as they are the vertical lines running down the sides of the ladder logic. These are represented as the volts on the ladder logic.
· Rungs, Rungs are drawn as horizontal lines and connect the rails to the logic expressions. These are represented as the wires that connect the power supply to the switching and relay components.
· Inputs, Inputs are external control actions, such as a push button, which is pressed or a limit or level switch that has been triggered due to an alarm. They are indicated as normally open (NO) or normally closed (NC) on a ladder logic 
· Outputs, Outputs are external devices that are being turned on and off, such as an electric motor or a solenoid valve. The outputs are also hardwired to the PLC terminals and are represented in the ladder diagram as a relay coil symbol.
· Logic Expressions, these are used in combination with the inputs and outputs to formulate the desired control operations.
· Address Notations and Tag Names, the address notation describes the input, output and logic expression memory addressing structure of the PLC. The tag names are the descriptions allocated to the addresses. 
· Comments, Comments are an extremely important part of a ladder diagram, comments are displayed at the start of each rung and are used to describe the logical expressions and control operations being executed in that rung or groups of rungs.
An example of a ladder logic is a pressure of a process vessel. Such as columns on the ULSG (Ultra Low Sulphur Gasoline). The pressure in this vessel is measured by 3 differential pressure transmitters that are linked to a PLC. A PLC is a small computer that automatically controls various processes and components in an industrial system. The PLC is a controller which configures various other processes within a system. It makes processes occur and stops a process when required. They will be used when an emergency shutdown is in service and for the shutdown action to occur, two of the three transmitter much read the same value or indicate a low or high alarm has reached. 
Unfortunately, I was unable to complete a ladder logic in the timescale provided, as access to the software was limited.  
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Exercise 2. Container Filling Operation
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