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[bookmark: _Toc104888783]Exercise 1)
[bookmark: _Toc104888784]A) An explanation of the general operation of the process identifying specific equipment and a review of the instrumentation.
The general purpose of this task was to start up a boiler. The system consists of a range of equipment, this includes a boiler, flare, control valves, control panels, pressure gauges and pumps which can all be controlled by the control panel BO101. The system uses a range of instrumentation equipment to be able to operate the boiler safely. These include speed, flow, pressure and analyser instruments which can be set up to control the operation of the boiler and make sure parts of the boiler cannot operate until certain parameters have been met.
[bookmark: _Toc104888785]B) A detailed standard operating procedure (SOP) to ensure safe and consistent start-up and operation of the boiler (ensure the SOP clearly states the operational steps)
Boiler start up.
[bookmark: _Hlk102552896]1.	OpenCV101 supply pressure
2.	Open CV 104 boiler feed water supply
3.	Open CV 105 boiler water feed supply
4.	Turn on pu101boilet water feed supply pump
5.	Open CV103 air draft
6.	Let level build to 50%
7.	Open cv 106 and cv 107 boiler steam pressure
8.	Open Flue damper (DM101)
9.	Turn on FD101 air draft pump
10.	Lock out reset
11.	Open CV 102 fuel gas pressure
12.	Burner ignition.




[bookmark: _Toc104888786][image: ]C) A timing diagram for the systems check process







[bookmark: _Toc104888787][image: ]D) An alarm and interlock matrix table 





[image: ]Low Low Alarm comes in at 10% level in boiler
Low Alarm comes in at 25% level in boiler
High Alarm Comes in at 80% level in boiler
High High Alarm comes in at 85% level in boiler

[bookmark: _Toc104888788]E) A fault-finding guide should the system lock out operate.    

Boiler flame cuts out: (Low Level in tank <25%)
1) Check boiler blowdown is closed.
2) Refill boiler through PU101 pump to level above 25%.
3) Turn on FD101 till it reaches 1412RPM
4) Lock out reset 
5) Open CV102
6) Burner Ignition.

Boiler flame cuts out: (High level in tank >80%)
1) Close CV105
2) Open blowdown CV108
3) Level is below 80% close blowdown CV108.
4) [bookmark: _Hlk103179708]Turn on FD101 till it reaches 1412RPM
5) Lock out reset 
6) Open CV102
7) Burner Ignition.

Boiler flame off: (Lack of fuel gas)
1) Check valve position of CV101 and CV102 should be open
2) If open, contact control room.
3) Turn on FD101 till it reaches 1412RPM
4) Lock out reset 
5) Open CV102
6) Burner Ignition.

Boiler flame off: (Flue damper failure)
1) Is flue damper open yes contact control room if no reopen flue damper
2) Turn on FD101 till it reaches 1412RPM
3) Lock out reset 
4) Open CV102
5) Burner Ignition.




[bookmark: _Toc104888789]Exercise 2 – Sequential control system

[bookmark: _Toc104888790]2a) 
[image: ]

[bookmark: _Toc104888791]2B)
What is a sequential control system? ‘In a sequential control system, a series of different events takes place one after the other. The finishing of one event in the sequence provides the signal for the next event to start’ (Scribd, n.d.)
The sequential control system drawn out above will allow the system to operate without any human interference and continuously fill bottles.  The system was designed to be operated in manual with a person having to control the system by pressing the buttons on the control panel. The system will now follow the new flow diagram and be able top operate without human interference as the system will operate after certain questions have been answered by the sensors in the system.  
The system operates by the bottle being loaded by the sensor noticing it and then piston A pushing it onto the conveyer belt. The system will then operate piston B to push the bottle round until it hits CP2 where it will stop. When the bottle is in the right location it will open Valve D and Piston C will push the fluid out of valve D and into the bottle. This bottle will then move on by Piston B turning the conveyer belt until the bottle hits CP3. At the same time a new bottle will be loaded onto the conveyer by Piston A. Once CP3 is active Piston G will push out a cap and then Piston E will screw the cap onto the bottle. After Piston E has retracted Piston G will retract and load up another cap. Piston B will then push the conveyor belt around till the newly loaded bottle reaches CP2 and then the system repeats itself.


[bookmark: _Toc104888792]Exercise 3. PLC programming

The ladder logic created will work to control the filling and mixing pf each tank with its set limits on place to make sure the tanks never get overfilled, and the mixer only operates for the correct period of time to make sure the product is correct.
The two options available was the:
· Mitsubishi Alpha AL2 PLC (function block) or
‘Function Blocks - They process information received from inputs or other sources, manipulate the data, and control the system Outputs’ (SOFTWARE MANUAL α SIMPLE APPLICATION CONTROLLER, n.d.)
· Mitsubishi FX PLC (ladder logic)
‘This Series Controllers provides supervisory control for use in the home, office, factory or wherever you need it. These series Controllers offers flexible I/O control for varied applications.’ (PROGRAMMING MANUAL α2 SIMPLE APPLICATION CONTROLLER, n.d.)
After looking in both manuals and playing with the software available the choice was to make the system using ladder logic.

The system starts filling of the left tank TA201 off on the first row. with and emergency stop this will allows the system to shut everything down if an emergency happened. The first row sees a normally closed contact which will close the valve at the top of the tank if the system gets too low. A push button is then installed once this is pushed it will start the system and power coil SV201. This coil powers a contact on the second row which next has a limit switch which will be bought in when the low level in the tank is reached which will in turn power the low level in coil. This will allow the tank to fill until it reaches the high limit switch, this will let power through to the High limit switch coil and then open the normally closed contact on row 1 and close the valve at the top of the tank to allow for no more liquid to pass. The high alarm coil with also power a high alarm normally open contact which will start the 60 second delay before power passes through and powers the bottom valve coil. Power to this coil will be sent to a normally open bottom valve contact, this then meets a normally open Low-level contact. So, when the low-level limit switch becomes deactive again it will also not allow the bottom valve to remain open. There will also be a normally closed contact linked to the high-level switch in the mixing tank so when the high limit is reached in that tank the top tank will not be able to let any more product into it. If all these factors are within limits, then the power will pass through and be able to power the valve to open and to fill the bottom tank.
This process will be followed exactly the same with tank TA202 the only change in the system would be that the delay would be for 30 seconds not 60seconds. 
The mixer stage will also start with an emergency stop to stop the system if required. It also copies the tank stages by having a start push button with a loop to stay on until the stop button is pushed. To turn the mixer on the power will go through a normally closed contact linked to a signal being sent to the mixer off coil to turn the mixer off. If this isn’t on though the power will pass through to the mixer on coil. This will power the mixer on normally open contact and then trigger a 30second delay, once this has been completed this will power the delay coil. This will power the normally open delay contact and pass through the low level normally closed contact. This will be open and not allow the mixer to start if there is a low level inside the tank. If the level is fine power will pass through and start the mixer for 30 seconds power will go through to the turn off mixer coil. This will then power the turn off mixer contact and power the mixer off coil, which will open the normally closed mixer off contact on the first line to turn off the mixer.
The diagram below shows the ladder logic drawn out, I struggled with learning the new equipment to be able to draw the circuit using the system provided as ladder logics are complex and allow a number of different equipment to all be able to operate together through the use of coils, contacts, and switches. The system drawn out isn’t too complicated with the use of mainly contacts, coils, switches and then the actual equipment that should now all work together and run the system with no risk if everything is working correctly that any tank can overfill or be operated when under filled. 

Ladder logic for the system.[image: Image preview] 
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image33.emf
Step Activity Gas Valve check complete Gas Pressure Check Complete FD Fan Vane Chack Complete Flue Damper Check Complete FD Fan Air Purge Complete Gas Flow Purge Complete Main Burner Ignition Complete

1Open CV 101

2Open CV 104

3Open CV 105

4PU101

5Open CV 103

6Level build to 50%

7Open CV 106

8Open CV107

9Open DM101

10Turn on FD101

11Lock out reset

12Open CV 102

13Burner Ignition
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image35.emf
Step Activity CV  102 LockedCV 103 LockedFD 101 LockedPU 101 Locked DM 101 Locked High High AlarmHigh Alarm Low AlarmLow Low AlarmFlame Off

1OpenCV101 supply pressure X X X X X X X

2Open CV 104 boiler feed water supply X X X X X X X X

3Open CV 105 boiler water feed supply X X X X X X X X

4Turn on pu101boilet water feed supply pump X X X X X X X

5Open CV103 air draft X X X X X X

6Let level build to 50% X X X X X X

7Open cv 106 and cv 107 boiler steam pressure X X X X

8Open Flue damper (DM101) X X X

9Turn on FD101 air draft pump X X

10Lock out reset X X

11Open CV 102 fuel gas pressure X

12Burner ignition.
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