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Task
To weld together sheets of thermoplastic, this will be between two heating elements. One is stationary and the other is mobile, the mobile element is attached to two double acting cylinders (A and B) which act simultaneously.  The sheets are to be held together for 12 seconds where the welding is to take place. This whole process is initiated by a guard being lowered. 
The design of this circuit will be done using the Classic 9-step method of circuit design.
Health and Safety
Current legislation that applies to the safety of pneumatic systems is “Pressure Equipment (Safety) Regulations 2016” and “Pressure Systems Safety Regulations 2000 (PSSR)”. These with the intention to prevent serious injury from the hazard of stored energy resulting from the failure of a pressure system or one of its component parts (HSE, 2020). It is worth noting that, before using any pressure equipment, a written scheme of examination (WSE) should be in place, and an examination undertaken, this goes for new or old equipment in use. Designers, manufacturers, suppliers, users etc. must comply with these regulations. 
During the practical elements of this task, all relevant PPE should be worn at all times.
Step 1: Write the statement of the problem
Let A and B be the two (double acting) cylinders that move the mobile heating element and let cylinder C (single acting) move the guard. First cylinder C extends bringing down the guard. Cylinders A and B then simultaneously extend, pressing together the thermoplastic sheets. This position is held for 12 seconds. Once complete, cylinders A and B simultaneously retract, cylinder C can only retract once A and B have retracted.
Step 2: Draw the positional layout 
[image: ]






Step 3: Represent the control task using notational form
Cylinder A advancing step is designated as A+
Cylinder A retracting step is designated as A-
Cylinder B advancing step is designated as B+
Cylinder B retracting step is designated as B-
Cylinder C advancing step is designated as C+
Cylinder C retracting step is designated as C-

Therefore, given sequence for the guard and pressing is C+A+B+A-B-C-
Step 4: Draw the Displacement – step diagram 
[image: ]





 



[image: ]Step 5: Draw the Displacement – time diagram 


Step 6: Analyse and Draw Pneumatic circuit
[image: ]
This being the first circuit that was designed, problems encountered were that I could not get the double acting cylinders to extend, they were stuck in the retracted position.  Soon after realised that the that the switching point for the feeler DCVs was set to 0% (Turner, 2002), when for this scenario the switching point we need is 100%. When the cylinders are fully extended is when the heating elements will meet and weld the sheets.
[image: ]After rectifying the initial issue of setting the switching point incorrectly, then went on to add the cylinder that controls the guard. This is a single acting cylinder that at 100% switches a feeler DCV that enables the two double acting cylinders to extend (Freestudy, 2020). 
This simulates the guard coming down before the mobile heating element can start its movement. 


[image: ]
This shows the completed pneumatic circuit that also includes the time delay in its operation. To get the 12 second time delay that is required, throttle valves and pressure switches were added. The throttle valves were opened to 35% and the pressure switches switching point was set at 2.5 bar.




Pneumatic circuit parts list:
[image: ]









Step 6.1: Analyse input and output signals
Input Signals
Cylinder A: 
· Limit switch at home position a1
· Limit switch at 2.5 bar a0
Cylinder B:
· Limit switch at home position b1
· Limit switch at 2.5 bar b0
Cylinder C:
· Limit switch at home position c1
Output Signals
Forward motion of cylinder A (A+)
Return motion of cylinder A (A-)
Forward motion of cylinder B (B+)
Return motion of cylinder B (B-)
Forward motion of cylinder C (C+)

Step 6.2: Using the displacement time/step diagram link input signal and output signal
1. C+ action generates sensor signal c1, which is used for A+ and B+ motion.
2. A+ and B+ action generates sensor signal a1 and b1 respectively, which increases pressure to 2.5 bar and is used for A- and B- motion.
3. A- and B- at 2.5 bar action generates sensor signal a0 and b0 respectively.
The illustration below represents the above information:

[image: ]








[image: ]












[image: ]Step 7: Draw the power circuit

Power circuit diagram alone.





[image: ]Step 8: Draw the control circuit 


Pneumatic circuit for C+A+B+A-B-C-

Step 9: Analysis of pneumatic circuit
1. When start button is pressed (switch 1S1), single acting spring return cylinder 1A1 is actuated and sent to the extension position. 

2. When cylinder 1A1 is fully extended, it makes contact with feeler DCV 1S2 which sends the signal that appears at port 14 on DCVs 2V1 and 3V1 (There is a T piece between in this link as double acting cylinder circuit 2 and 3 both act simultaneously throughout).
[image: ]







3. Cylinders 2A1 and 3A1 are sent forward to the fully extended position, where they make contact with feeler DCVs 2S1 and 3S1 respectively.
[image: ][image: ]







4. Then they both go through a throttle valve (2S1 and 3S1), which are set to 35% open.
5. [image: ]This then gets to port 12 of the pressure switches (2V3 and 3V3), these are set to switch when the pressure reaches 2.5 bar.


6. Once it reaches the switching pressure a signal is sent to port 12 of DCVs 2V1 and 3V1.
7. [image: ]This then sends the two double acting cylinders back to the retracted position, which completes the process. 
[image: ]











The image shown above is the constructed pneumatic circuit. It is worth noting that due to some component limitations on the rigs, a timing unit has been used instead of pressure switches as in the OFT2 simulation. 

[image: ]Redesigning our circuit with electro-pneumatic components
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The above shows the initial redesign of the circuit using electro-pneumatic components. Although this circuit does work and complete the task required, there are areas in which it could be improved or even simplified. For example, switch ‘S2’ could be eliminated, as it stands with this circuit there would be two push buttons the operator would have to use to initiate the process. Another flaw in this circuit is that the guard (1A1) retracts at the same time and speed as cylinders A and B (2A1 and 3A1), this would be very dangerous to the operator as they could be briefly exposed to the heat from the elements in the process. Thermoplastic welding temperatures usually range from 250°C to 500°C (Weldmaster, 2020). Although it is a cushioned double acting cylinder, the speed of retraction is still too fast and could jeopardize the safety of the operator. 
[image: ]












Above is the simplified construction of the electro-pneumatic circuit on OFT2. Changes include, the removal of relay and switch K5, as they were not necessary in completing the retraction of cylinder C (1A1). Instead, the solenoid ‘C Retract’ could be initiated by the time delay relay K1T, that also initiates ‘A+B Retract’. The problem faced previously of having the guard retract at the same time and speed as A and B was eliminated by the introduction of throttle valve (xhval, 2020) 1V3, this valve is 70% open and therefore the guard now retracts at a slower speed than the cylinders in the process, maintaining the safety of the operator at all times.
Throttle valve 1V2 was also added and opened to 95%, this was just to limit the speed that cylinder C extends, again for operator safety. The second push button ‘S2’ was also replaced by switch contact 2K1 and therefore, the operator only has one push button to use throughout the entire operation.
[image: ]What follows is the sequence in which the circuit takes.



This is the initial resting circuit, before the push button (S1) has been pressed to initiate the process.




[image: ]

Once S1 has been pressed relay 1K1 becomes energised, switching contacts 1K1 and 2K1. This activates solenoid ‘C Extend’ and sends cylinder 1A1 to the extended position.

[image: ][image: ]Once 1A1 reaches the 100% position, limit switch S3 is made, sending 2A1 and 3A1 both forward. During this travel period, in this model, S1 is required to be pressed again in order to de-energise relay 1K1, switching change over contact (James, 2008) 2K1 back to its resting position. Therefore, getting power to time response relay K1T, that is energised once S4 has switched after cylinders 2A1 and 3A1 have reached the 100% position. This starts the 12 second timer required for the thermoplastic welding to take place.

Finally, once the time limit has expired, all 3 cylinders will be sent back through solenoids ‘A + B Retract’ and ‘C Retract’, both are switched by contact K1T. For safety, 1A1 will return back to the retracted position considerably slower than 2A1 and 3A1, as it is cushioned (O'Neil, 2020) and due to throttle valves 1V2 and 1V3.


[image: ]


	
OFT2 electro-pneumatic circuit parts list.

[image: ]













[image: ]Here shows the final constructed and operational electro-pneumatic circuit. Throughout the process of the construction of this circuit and its testing, appropriate PPE was worn, in this case goggles.








The final cost of the redesign is displayed in the table, which shows that the total came to £2128.24.



[bookmark: _GoBack]
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2 Component Part No. Quantity Cost per unit(£) Overall cost (£)
3 Double acting cylinder M210007 2 131.39 262.78
4 |Double acting cylinder with adjustable cushioning M210008 1 154.9 154.9
5 |One-way flow control valve (throttle/check), double unit M210056 1 56.25 56.25
6 |3/2 way Roller valve for outstroke (right hand) actuation, N/O, N/C M210038 2 54.83 109.66
7| 5/2 way Solenoid/solenoid valve with LED's M220010 2 274.47 548.94
8 |Relay module M220023 1 127.17 127.17
9 Timer relay module M220024 1 198.11 198.11
10 Push button module M220021 1 93.82 93.82
11 |Electrical (+/-) distribution module M220027 1 98.38 98.38
12 Power supply unit, 24V d.c M220031 1 260 260
13 Cable set, RED (1 @ 1,000mm, 10 @ 500mm & 10 @ 250mm) M220029 1 147.85 147.85
14 |Cable set, BLUE (1 @ 1,000mm & 10 @ 500mm) M220030 1 70.38 70.38
15 |
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