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Task 1: 

A double acting cylinder with stroke length of 250mm must raise a load of 100kg up an 

inclined surface of 30 degrees. The coefficient of static friction is 0.19 and the coefficient of 

sliding friction is 0.13.  The operating pressure of the production compressed air supply is 

0.7Mpa. An operator uses a normally closed 3/2 push button switch to raise the load which is 

held until the load is dispatched. The button is then released allowing the cylinder to retract. 

 

Fluid Sim Design 

 

Figure 1: Design of Basic Double Acting Cylinder While Retracted 

 

Figure 2: Design of Basic Double Acting Cylinder While Extended 
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Figures 1 and 2 show a simple pneumatic setup using a 3/2 way normally closed pushbutton 

valve to control a double acting cylinder. In Figure 1, the cylinder is retracted because the 

pushbutton valve blocks airflow to the pneumatically operated valve, which stops the valve 

from turning to the “on” position, thus not allowing any airflow to the piston. When the 

pushbutton is pressed (Figure 2), it shifts to send pressurised air to the pneumatically operated 

valve, pushing the valve into the “on” position, thus allowing air flow to the piston, extending 

the piston while the rod end air exhausts. This basic circuit shows how directional airflow can 

be controlled to move the cylinder in and out using minimal components, with the pushbutton 

providing the signal to switch airflow paths. 

 

Components Used 

Double Acting Cylinder: 

- A double acting cylinder is a pneumatic actuator that uses compressed air to move a 

piston in both directions. It has two ports for air supply, one for extension and one for 

retraction. This makes it suitable for lifting, pushing or pulling applications where 

both push and pull forces are required. 

 

 

Figure 3: Chosen Double Acting Cylinder Specifications 

The figure above shows the double acting cylinder specifications, namely the 250mm stroke 

length, external mass of 100kg, mounting surface of 30 degrees, sliding coefficient of 0.13, 

and a static coefficient of 0.19 for the design in figure 2 and 3. 
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3/2-way valve pneumatically operated: 

- A 3/2-way pneumatical valve has three ports and two positions, hence the 3/2 label. It 

is used to control the flow of compressed air to the actuator. When activated by a 

pneumatic flow, it allows air to flow through, enabling the movement of the cylinder. 

 

3/2-way valve with pushbutton normally closed: 

- This valve is manually operated using a push button. In the default state, the valve 

stays closed, blocking the airflow. When pressed, it opens to allow airflow through 

the valve. Once released, the valve returns to the closed position, blocking airflow. 

 

Manifold: 

- A manifold is a component that distributes compressed air from a single source to 

multiple outputs (8 in this case). It simplifies the overall pneumatic system by 

reducing the need for multiple air supply lines. 

 

Start-up valve with filter control valve: 

- A start-up valve ensures a controlled pressurisation of the system during start-up. It 

prevents pressure surges that could damage system components. The filter control 

valve removes any foreign elements from the air supply, ensuring clean and efficient 

operation. 

 

Compressed air supply: 

- The compressed air supply provides the necessary air to power the pneumatic system. 

It operates at a maximum pressure of 0.7 MPa and is essential for the double-acting 

cylinder to lift and lower the load. 
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Calculations 

 

Figure 4: Formula for Forces from Fluid Sim Didactics 

The force required to move the mass when the mass is static: 

𝐹𝐵 = 𝑆𝑡𝑎𝑡𝑖𝑐 𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑛𝑡  ⋅  𝑀𝑎𝑠𝑠 (𝑘𝑔)  ⋅  𝐺𝑟𝑎𝑣𝑖𝑡𝑦  (
𝑚

𝑠2
)   ⋅  𝐶𝑜𝑠 (∅) 

𝐹𝐵 = 0.19 ⋅ 100 ⋅ 9.81 ⋅ cos(30) 

𝐹𝐵 = 161.42𝑁 

 

The force required maintain motion: 

𝐹𝐶 = 𝑆𝑙𝑖𝑑𝑖𝑛𝑔 𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑛𝑡  ⋅  𝑀𝑎𝑠𝑠 (𝑘𝑔)  ⋅  𝐺𝑟𝑎𝑣𝑖𝑡𝑦  (
𝑚

𝑠2
)   ⋅  𝐶𝑜𝑠 (∅) 

𝐹𝐶 = 0.13 ⋅ 100 ⋅ 9.81 ⋅ cos(30) 

𝐹𝐶 = 110.45𝑁 

 

The force due to gravity along the incline: 

𝐹𝑔 = 𝑚𝑔 ∙ 𝑠𝑖𝑛(∅) 

𝐹𝑔 = (100 ∙ 9.81) ∙ 𝑠𝑖𝑛(30) 

𝐹𝑔 = 490.5𝑁 
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The total force with the highest friction factor: 

𝐹𝑡 = 𝐹𝑔 + 𝐹𝐵 

𝐹𝑡 = 490.5 + 161.42 

𝐹𝑡 = 651.92𝑁 

 

Minimum piston diameter: 

Formulas gathered from the didactics and online show that: 

𝐹𝑃𝑖𝑠𝑡𝑜𝑛 = 𝑃(𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒) ∙ 𝐴(𝑝𝑖𝑠𝑡𝑜𝑛 𝑐𝑟𝑜𝑠𝑠 − 𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝑎𝑟𝑒𝑎) 

 

If the formula is rearranged for the piston cross-sectional area (A), it becomes: 

𝐴 =
𝐹𝑝𝑖𝑠𝑡𝑜𝑛

𝑃
 

This formula will be known as formula 1 

A separate formula for the cross-sectional area of the piston is: 

𝐴 =
𝜋 ∙ 𝐷(𝑝𝑖𝑠𝑡𝑜𝑛 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟)2

4
 

If we rearrange the formula above for the piston diameter (D), it becomes: 

𝐷 = √
4 ∙ 𝐴

𝜋
 

This formula will be known as formula 2 

Subbing formula 1 into formula 2 gives: 

𝐷 = √
4 ∙ 𝐹𝑝𝑖𝑠𝑡𝑜𝑛

𝜋 ∙ 𝑃
 

The 𝐹𝑝𝑖𝑠𝑡𝑜𝑛 in this case, is equivalent to 𝐹𝑡 which is 651.92N. 
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𝐷 = √
4 ∙ 651.92

𝜋 ∙ 0.7
 

𝐷 = 34.43𝑚𝑚2 

The minimum diameter required is 34.43mm, or 35mm rounded up. 

 The diameter of the rod chosen is 40mm, this is due to the increased diameter increasing the 

speed of the piston opening and closing for ease of use. 

 

Choosing suitable pistons: 

 

 

Figure 5: Possible Choice of Chosen Piston 

 

Figure 5 shows one of the possible choices of pistons (Festo, 2025) for the real-world 

equivalent of the pneumatic circuit. As the minimum piston diameter required is 34mm, and 

there is no 34 to 39mm piston diameter to choose from, the minimum piston diameter must 

be rounded up to 40mm. 
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Figure 6: Possible Choice of Chosen Piston 

Figure 6 also shows one of the possible choices of pistons to choose from (Festo, 2025), 

however this piston has a piston diameter of 50mm in comparison to the previous 40mm. 

Increasing the piston diameter boosts the cylinder’s available force at the same supply 

pressure because a larger bore area produces a greater output force (F = P × A). However, that 

larger bore also requires more air per stroke, so the system’s air consumption goes up. If 

flow-control valves or the supply flow rate remain unchanged, the cylinder may move more 

slowly because more volume needs to fill and exhaust. In other words, a bigger diameter 

provides greater force but demands higher airflow capacity to maintain speed and can 

increase overall energy use and costs if the system frequently cycles. 
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Figure 7: Comparison of the 2 Chosen Pistons 

Figure 7 (Festo, 2025) shows the comparison of the 2 selected piston datasheets; the notable 

points of difference is theoretical force at 6 bar (retracting), which is 989.6N for the 50mm 

piston and 633.3N for the 40mm piston. The theoretical force at 6 bar (retracting) value is the 

value to be used when calculating the operating pressure of the chosen pistons. 

 

Operating Pressure Calculations: 

The operating pressure can be calculated using the formula. 

𝐹𝑃𝑖𝑠𝑡𝑜𝑛 = 𝑃(𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒) ∙ 𝐴(𝑝𝑖𝑠𝑡𝑜𝑛 𝑐𝑟𝑜𝑠𝑠 − 𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝑎𝑟𝑒𝑎) 

The formula above is then rearranged for P (pressure) 

𝐴 =
𝐹𝑃𝑖𝑠𝑡𝑜𝑛

𝑃
 

With this, we can then sub the formula above into the formula below: 

𝐴 =
𝜋 ∙ 𝐷(𝑝𝑖𝑠𝑡𝑜𝑛 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟)2

4
 

Subbing in and rearranging for (P) gives us: 

𝑃 =
4 ∙ 𝐹𝑃𝑖𝑠𝑡𝑜𝑛

𝜋 ∙ 𝐷(𝑝𝑖𝑠𝑡𝑜𝑛 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟)2
 

 

For the 40mm piston: 
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Introducing the values gives 

4 ∙ 633.3

𝜋 ∙ 402
= 0.5𝑀𝑃𝑎 

For the 50mm piston: 

Introducing the values gives 

4 ∙ 989.6

𝜋 ∙ 502
= 0.5𝑀𝑃𝑎 

 

The calculations show that both the 40mm and 50mm have an operating pressure of 0.5Mpa, 

which is as expected, as both of their standard operating pressures according to their 

datasheets, is between 0.1MPa and 1MPa. 
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Task 2: 

Methodology/ Introduction  

A pneumatic circuit is to be created with three double acting cylinders and is to have the 

following actuating sequence and operating requirements.     

The control system must have a pneumatic solution to meet production requirements.   

• The Sequence is to be: A+  C+  B+  B-  C-  A-  

• A time delay of 2 seconds after B+  

• C & B are to extend rapidly and take between 1.5 to 2 seconds to retract  

• A is to take between 3 to 3.5 seconds to extend and retract rapidly.  

• The sequence is started using a latch switch and the system must run continuously 

until the latch is switched.  Once the latch is switched back, the circuit must continue 

and finish its cycle and stop.  

Using the previous task design as a basis, the current task is to explore methods to create 

accurate time delays with proper sequencing. 

 

  



14 | P a g e  
 

Bailey Armin 

Design 

 

Figure 8: Pistons Controlled in Circuit (Closed) 

 

Figure 9: Pistons Controlled in Circuit (Open) 

Figures 8 and 9 present the finished circuit: Figure 8 shows airflow in the idle state, Figure 9 

shows airflow during activation. The accompanying timing chart on the right confirms the 

sequence runs accurately. 

 

 

Figure 10: Timer Component Showing 2 Second Time Delay 

 

Figure 10 shows the timer valve set to a 2-second delay—once pressurised, it waits 2 s before 

opening to pass air. 
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Analysis 

he Task 2 circuit reuses the manifold, start-up valve, air supply, and double-acting cylinders 

from Task 1 but adds normally closed 3/2 roller valves. Each valve is “labelled” to a piston 

position, e.g., it switches when the rod is fully in or out, so A1 and C1 regulate overall 

supply, while A2, B1, C2, C3 steer their respective cylinders. 

A throttled reservoir was first tried for timing, but it lacked fine adjustment and caused cycles 

to speed up as it filled, so it was replaced by a precise timer valve. 

A state diagram now plots piston positions versus time, giving an exact visual check of 

sequence and timing. 

 

Process 

• Latch ON = main 5/2 to extend = A extends slowly (throttled). 

• A halfway = C2 opens = C extends fast. 

• C halfway = B1 opens = B extends fast. 

• A full out = A1 cuts extend signals; B full out = C1 starts 2 s timer. 

• Timer expires = main 5/2 to retract. 

• B retracts slowly (exhaust throttled). 

• B near home = C3 opens = C retracts slowly. 

• C near home = A2 opens = A retracts fast. 

• All home = repeat if latch ON, else idle. 

 

Conclusion 

Switching from a reservoir to a timer valve, and adding a state diagram, made the circuit both 

reliable and precise. The timer delivers uniform delays, preventing the reservoir’s 

accelerating cycles, while the diagram links each roller valve to its piston position and 

verifies the A C B extend / B C A retract sequence. The time graph confirms every transition, 

and exhaust throttles fine-tune stroke speeds, so the system now runs steady, repeatable 

cycles that meet all timing demands. 
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