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Introduction

This assignment will give the reader an understanding of how a linear actuator works and the different types available in industry. A product design specification will be made for a flap actuator to fit on a light aircraft. 
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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. 
                    Furthermore, during the lift-off and landing processes of an aircraft. The position of the flaps of the aircraft are fine-tuned to enhance the upwards motion and the downwards motion of the wing’s properties. Without actuators operating the flaps. Moving them to the correct and optimum positions the aircraft would not work as effectively. The actuator that needs to be design is an important part for an aircraft to fly effectively.

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. 
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P.D.S (Product Design Specification) for the actuator. 
A P.D.S is a document which is made in the early stages of the design process. It defines all the activities and processes the component needs to be able to do to work effectively and to succeed at what it is designed to do.  

Performance
· The actuator must be able to withstand a continuous load of 9000N newtons of force. When the actuator is operational, it will move at a linear velocity of 10mm/s. 


Environment 
· The actuator will be for a light aircraft, the maximum altitude for a light aircraft is 10000 feet. The actuator must be able to cope with this altitude. The temperature range will need to be between 50 degrees and -10 degrees Celsius. Need to be able to withstand rain. Must be well secured on the plane due to plane vibrations. 

Life in Service
· The actuator will be designed to have a life expectancy of 8 years, with the assumption that the motor will operate for 10 hours a day at the top speed of 10mm/s. With the motor working for 10hours a day, 365 days in a year. 365 x 10 = 3650hours every year and for 8 years. 3650 x 8 = 29200Hours. At 29200hours would be the expected time for the actuator to fail.  

Size of actuator
·  The actuator needs to be as compact as possible, since there isn’t a large amount of space available on the plane. The actuators extension limit will be 200mm. this is an appropriate amount of travel to open and shut the flaps on the plane. the gear housing for the actuator will house 4 different gears. They are necessary as the actuator needs to be able to rotate clockwise and anticlockwise. The largest sized gear will have the maximum diameter of 150mm. The correct diameters for each gear will be calculated in the next assignment.



Maintenance 
· Once the actuator has been made, the maintenances checks would be to test that the actuator is operating correctly. That the screw moves smoothly with no unfamiliar noises. A visual check for wear and tear on the body of the actuator and the electrical wires powering the motor. 

Materials 
· The materials considered for the actuator’s gearbox housing, gears and screw. Three materials have been chosen these are steel, stainless steel, Aluminium and a polymer plastic. 
· Steel has high strength qualities; it can withstand high and low temperatures. Steel is extremely durable however it will corrode overtime if not maintained and its rather heavy. 
· Aluminium also has properties of high strength; it is extremely malleable can be shaped easily into different things. It is a light material, much lighter than steel. Aluminium has excellent corrosion resistant properties as it is chemically inert meaning it does not rust unlike steel. 
· Plastic polymers have medium to low strength compared with steel and aluminium, not great at withstanding different temperatures and different altitudes however it is extremely light material and can be moulded into any shape necessary. 
· For the gearbox housing and for the actuators screw, aluminium is the most appropriate material to use. as these parts will be exposed to the elements, there is a higher possibly of the material corroding so it is important for these components to have high corrosive resistant properties. Aluminium is the material to use. It is also machinable so an aluminium screw can be machined easily. Furthermore, with aluminium being a malleable material, a gearbox housing can be constructed out of aluminium. the gearbox will be sealed using stainless steel bolts and a rubber gasket to stop fluid leaking out of the gearbox. 
· The 4 gears that will sit in the gearbox will be spur gears. Spur gears are the better option compared with helical or bevel gears due to the fact that they have a compact and simple design which is exactly what is needed for this flap actuator as there is not much space available. spur gears are efficient, cost effective and reliable. 
· The material that will be used to make the spur gears is steel gears need to be strong and durable with appropriate heat treatment on the steel. It will provide the best material for the gears. As the gears will be sealed in the gearbox. The gearbox can be filled with lubricating oil to decrease the friction between gear transitions and keep them cool. The lubricant will also provide additional corrosion protection for the gears. 

Standards and Specifications.
· All drawings done for the flap actuator will follow the guidelines of the BS 9001 specifications. All materials used will be rated to the aircraft specifications.

Quality and Reliability 
· As the materials used will be to the highest standard and follow all aircraft standards and specifications. The quality of the flap actuator will be excellent, and the reliability of the component will also be excellent.

Testing 
· The flap actuator will be tested many times to make sure the component works correctly and will do what it was made for. Some will be tested until failure to see if the component will reach the life expectancy of 29800hours in running service. 
Customer 
· This flap actuator will be a crucial component for aircraft companies who fly smaller planes. Any person that owns a small aircraft will benefit greatly from this designed flap actuator. 
Ergonomics 
· The user will be able to manually control the flap actuator from the cockpit of the plane, using a level to adjust the flap actuator to the appropriate position needed. If there is a fault with the actuator a fault light will come up on the control console of the aircraft. 
Energy Requirements 
· The flap actuator works via an electrical motor, this means an electrical supple is needed to power the motor for the actuator to work.  
Disposal 
· Once the flap actuator has reached its maximum number of running hours and is showing signs that it could potentially fail, the old flap actuator must be removed from the aircraft and replaced with a new one. The old actuator must be taken to a recycling centre so the metal parts can be melted down and recycled to be used to manufacture other components. 
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