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Introduction

Report entailing in detail the calculation process of designing a flap actuator. The report includes information on different types of actuators available. Full calculation working explained in detail for the power screw, 4 gears that operate to move the screw in a linear direction. Also a 3D drawing of the gears will be made on the computer software of fusion 360. 













What are actuators?
An actuator is a mechanisms that moves or controls a device such as a valve. An actuator reduces the need of a human operator to go to every valve that needs opening, closing, re-positioning; eliminating the need of operating the valve by hand. When actuators are used, valves can be re-positioned from a central remote location such as a control room. This is important in processes where there are several valves that need to be re-positioned accurately and quickly. In a different working environment actuators can be autonomous and left to do work. An example of an actuator at work would be at a supermarket. When the customer walks to the main entrance of a supermarket, the doors will either slide open or rotate open automatically without the need of the customers physical contact. Without the mechanical aid of an actuator present the door would not be able to open automatically. 
             An actuator must be given a source of energy to move a component. The actuator converts the energy into mechanical energy. There are three main types of energy used to move actuators. there are pneumatic control valves, electric actuators and hydraulic actuators. Pneumatic actuators/control valves use the pressure of air to produce motion to position a valve, these are the most common type of actuator used in process systems. A pneumatic actuator can utilise a cylinder air rotary vain or diaphragm design. Compressed air is acted upon a piston, which moves it in a single direction. A counter force, such as a spring or a second intake of compressed air can be used to push the piston back to its original position. Or the pressurized air can be used to maintain a specific position. Pneumatic actuators are the least expensive to purchase however, the maintenance and operation costs are much higher. This is because an air compressor is needed to produce the compressed air for the actuator. Maintenance costs would be high since the compressors would need servicing to make sure they are working correctly and efficiently.   Actuators that are energized by a pressurized liquid such as hydraulic fluid are known as hydraulic actuators. Comparing to pneumatic actuators, hydraulic actuators at the same size valve are usually more powerful. Hydraulic actuators operate using hydraulic oil. A hydraulic system would have a delivery pump that sends fluid from a reservoir, pumped through a control valve to the actuators piston cylinder. The high pressure produced by the hydraulic fluid has advantages. Being faster operating speeds, accurate actuator movement and higher thrusts. Hydraulic actuators are expensive to purchase. The maintenance of a hydraulic system is low, the maintenance would include periodic replacement of seals and o rings to stop hydraulic fluid from leaking out of the system. Other maintenance would be to check the condition/ viscosity of the hydraulic fluid.
 Electric actuators use electricity to produce motion, these usually fall under one or two general classifications. These are motor driven actuators or solenoid actuators. They utilise an electric motor and gear movement to produce a force. There are many technologies that can be used with designing an electric powered actuator system. The motor can be powered with single phase or three phase alternating current; direct current can also be used. The gearing system used for an electric actuator can vary from spur gears, worm gears or bevel gears.  An electric actuator is expensive to purchase however the maintenance and operating cost are low. The only operating cost would be the electricity needed to power the actuator. 

An aircraft’s mobility will depend greatly on the movement of coupled parts, also known as flaps. The flaps are located at the trailing edges of an aircraft’s wings. With the ability to carefully extend and retract the flaps with the use of a motor-controlled actuator, the aerodynamics of the wings can be altered to increase or decrease the lift created by the wings. The flap actuators are controlled with a handheld lever in the aircraft cockpit. When the pilot operated the lever, electrical signals are sent through wires into the flight control computer. this sends messages to adjust the positions of the flap actuators. 
The project to be completed is to design a flap actuator for an aircraft, torque from the motor needs to be transferred to the actuator to move it backwards and forwards. One way of doing this is with a pully system. a pully is secured to the motors shaft and then connected on to the rod of the actuator. when the motor is rotating the pully will turn the actuator to move it forwards and backwards. however, this is not an effective method for this application. Space would be needed for the pully that isn’t available, the assemble needs to be as compact as possible and the pully would need to be protected with some sort of housing. This will also be a draw back as if the pully breaks the housing would need to be taken apart. The more effective way of transferring the rotating power of the motor to the actuator would be with gears. The motor can be mounted to the exterior of a gearbox housing with the shaft of the motor going into the gearbox connected on with a gear which will turn another gear in turn will create linear motion to move the actuator back and forth. 























Calculations for the power screw. 
The maximum force given for the design was 9000 Newtons. Taking the young’s Modulus of the material as 73.5Gpa and the yield stress as 542Mpa. The factor of safety is to be in the range of 4 – 6. For this design a factor of safety of 5 was chosen. 
With these values, the working stress and the area of the material can be calculated. 







The area and the diameter of the material. 






Diameter 







10.2mm is the minimum diameter that can be used to cope with the force being applied. The diameter of the power screw cannot be smaller than 10.2mm. The diameter of the screw is going to be 20mm, this is well above the minimum and will not fail underload. With this information, it must be certain that the power screw does not buckle. 

[image: ]The buckling formula will determine the amount of force required to buckle the power screw. the formula in tales. 







C is the end condition value for buckling the recommended value for this type of design is 1.2. 
E is the young’s Modulus of the material 
I is the second moment of area which needs to be calculated. the formula for it is in the picture above.
L is the length of the power screw. From the design brief it is to be 200mm long or 0.2metres. 

r = 0.01 being the radius of the power screw. 


Now the buckling force can be calculated. 





Next the torque needed to lift the load and overcome thread friction.
[image: ]










L being the pitch of power screw from a chart, a 20mm diameter bar would have a 3mm pitch or 0.003metre.
F is the original force applied to the power screw. 




Now that the raising torque has been calculated, The Shear stress due to torque can now be calculated. 
[image: ]










Calculate the bending stress on the threads.
[image: ]





Tests have shown that the first engaged thread carries 0.38 of the load the second thread 0.25 the third 0.18 and the seventh thread becomes free of the load. It is recommended to Substitute 0.38F for F and setting nt to 1. This will give the largest level of stresses in the thread-nut combination.





Shear stress on the threads. 





Gears Calculations. 
Gear 1 will be driven by the electric motor, rotating the gear at 1000RPM 
The angular velocity of the last gear (gear 4) which will be moving the actuator, needs to be calculated. 


Need to find the RPM, rearrange equation. 



V is the velocity of the actuator. V = 10mm/s (1000 / 10) = 0.01m/s. 





The train value needs to be calculated, the train value is used to make sure that all the gear diameters is correct, so that the teeth of the gears collide smoothly. 






Now the diameter for each gear can be calculated. 3 gear sizes need to be created, gear 1 will be 90mm gears 2 and 4 will be 150mm. Gear 1 will be driving, gear 2 will be driven, gear 3 driving and gear 4 driven. The diameter for gear 3 needs to be calculated. 
[image: ]








Diameter of gears is correct.

 









Now the number of teeth on each gear needs to be calculated. 

[image: ]







Using a module of 2mm. 











All teeth numbers are even meaning the teeth are equally spaced going around the circumference of the gear. Now we need to turn the rpm to angular velocity. 





With the angular velocity and the raising torque that was calculated in the power screw section. The output torque for gear 4 can be calculated. 




Now the torque and angular velocity for gear 3 can be calculated. 

 = TG3
Rearrange formula for angular velocity 



Gear 3 and gear 2 are rotating on the same shaft 
[image: ]Angular velocity gear 2 = gear 3 









The torque for gear 2 is also the same. 
Torque g2 = 4.43N/m

Angular velocity and torque for gear 1 






Tangential Forces must be equal on the gears that are touching. 











The gears that interact are equal. Calculations are correct. 



Stress on gears. 












Stress with Dynamic effect. 
[image: ]






Shaped Profile. 








[image: ]Stress with dynamic effect. 





Now we can calculate the factor of safety with the yield stress and the dynamic stress. 
[image: ]















Calculations for the shaft holding gear 1 and the shaft holding gear 2 and 3. 

Using the pressure angle of 20 degrees 




With this the force on the gears can be calculated. 






[image: ]Yield stress of the shaft is  with a safety factor of 4. The diameter of the shaft needs to be calculated. 














For this formula, the maximum bending moment is needed. A shear force and bedning moment diagram needs to be done. 
[image: ]
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Now the diameter of the shaft can be calculated. 






[image: ]Now the second moment of area needs to be calculated for the shaft. 







[image: ]Now the deflection and slope of the shaft can be calculated. 
















Calculation to determine the critical speed of the shaft.
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[image: ]Now the same must be done for the shaft for gear 1. 

[image: ]
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Now the diameter of the shaft can be calculated. 






[image: ]Now the second moment of area needs to be calculated for the shaft. 







[image: ]Now the deflection and slope of the shaft can be calculated. 
















Calculation to determine the critical speed of the shaft.




[image: ]


Images of the completed gear assembly on the computer software fusion 360.  
[image: ]
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Reference Page.

All pictures of formulas provided by 
Mr Morgan Lewis Calculation work sheet found on Moodle Pembrokeshire college. 
20/04/2021

All other images provided by the student. 

Useful books  

Manuel Soler (2014). Fundamentals of aerospace engineering. .: CreateSpace Independent Publishing Platform

Steven Selikoff (2020). The COMPLETE BOOK of Product Design, Development, Manufacturing, and Sales . .: Independently published.

Society of Automotive Engineers (1990). Gear Design: Manufacturing and Inspection Manual (Advances in Engineering). .: Society of Automotive Engineers.

Tutorial Books (2019). Autodesk Fusion 360 For Beginners. .: Independently published
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