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Executive Introduction
This assignment will cover the relevant calculations required to support the intended gear box design. The assignment will also show any assumptions that were made throughout the designing process and any research that was carried out. Actuator specification and electrometer specification will also be displayed to ensure completeness with the design. A thorough review of the calculation produced, and all relevant equations will be displayed to help support the design layout and the selected parameters. 




























Actuator specification
The actuator will be a lightweight flap actuator that has a maximum extension of 200mm. The operation life expectancy of the actuator is to be 8 years and operating 10 hours a day. The maximum force the actuator will be able to withstand is 11000N and when under load the power screw / actuator linear velocity is to be a maximum of 10.0mm/s. The actuator is to be made from aircraft grade aluminium; this will aid in the reduction of overall weight. 

For the design of the gear box, calculations and design of the power screw, gears and shaft needed to be carried out. See Figure 1 for the general layout of the gear box. 

Figure 1 
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This layout was chosen to keep the design as compact as possible but provide sufficient services to the attached actuator. With the design layout being small and compact the overall cost for parts is minimal. All parts are to be manufactured from aluminium to keep the cost minimum and keeping the overall layout weight minimal. The type of gears used are spur gears as they are perfect to help transfer motion from one shaft to another parallel one. The profile of the teeth on the gears are cut straight and when two adjacent gears mesh, they will spin in the opposite directions. This type of gear is used in many applications as they are easy to fabricate, they can me fabricated using a laser cutter or a water jet. Other types of gears require more precise machining techniques to be manufactured.  



Calculations

Firstly, the diameter of the power screw needed to be calculated. The maximum force was given, 11000N. The Youngs Modulus of the material being used for the power screw is 73.5GPa and the yield stress is 542MPa. The F.O.S (Factor of Safety) that will be used is 5. The working stress being applied to the power screw can be calculated by using the following equation. 


Once the working stress is known, the area of the power screw was calculated by dividing the force by the working stress. The diameter of the power screw was calculated by rearranging making d the subject of the formula. 

Figure 2
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Figure 2 is taken from Nisbett, K, (2011) Shigley’s Mechanical Engineering Design

As a safety precaution, the required force to cause the power screw to buckle needs to be identified. The Euler Buckling equation is used when ‘columns fail by buckling when their critical load is reached’ – Engineering Toolbox (2012). The equation is shown in Figure 3.


Figure 3
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Figure 3 is taken from Nisbett, K, (2011) Shigley’s Mechanical Engineering Design


The buckling force is derived from using parameters such as Young’s modulus, moment of inertia and shaft length. The Young’s modulus is given, and the overall length of the shaft is 0.2m. To finish the Euler buckling calculation, a constant value needs to be introduced, both end of the power screw will be fixed, therefore a constant value of 1.2 is used as recommended in Figure 4. The moment of inertia can be calculated using the diameter of the power screw. The maximum force the power screw can withstand before buckling is 170KN. 

Figure 4
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Figure 4 is taken from Nisbett, K, (2011) Shigley’s Mechanical Engineering Design

As the power screw is a threaded shaft, the torque required to overcome thread friction and to raise the load needs to be known. The raising torque was calculated by using Figure 5. 

Figure 5


[image: ]








Figure 5 is taken from Nisbett, K, (2011) Shigley’s Mechanical Engineering Design


As the power screw diameter is 20mm the screw is an M20 shaft, therefore the pitch used will be 3mm as stated in Figure 6.




Figure 6
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By using the equation in Figure 5, the raising torque was calculated, and the value was 16.25KN/M. Knowing the raising torque of the power screw, the applied shear stress was calculated using Figure 7.

Figure 7
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Figure 7 is taken from Nisbett, K, (2011) Shigley’s Mechanical Engineering Design


Where, T is the raising torque and d is the diameter of the shaft, both of these values are known and the shear stress on the power screw were calculated, the value was 10.3MPa. As the power screw is threaded, the bending stress on the threads was determined. It is known that the first engaged thread carries the most load and the load is reduced as the more threads are engaged. There is no applied load by the time the seventh thread is engaged. As a result, 0.38 was used for the F value and 1 was used for the nt value. Using these values is being conservative and allows for the largest level of stress on the engaged thread. The maximum bending stresses the power screw threads will encounter was calculated using the following equation in Figure 8.










Figure 8
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Figure 8 is taken from Nisbett, K, (2011) Shigley’s Mechanical Engineering Design

Once the power screw was designed, the information to support the gear designed needed to be proven. As stated in the specification the power screw has a maximum linear velocity of 10.0mm/s. Knowing this value the RPM of the gears were calculated by rearranging the equation shown in Figure 9. 

Figure 9
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Figure 9 is taken from Nisbett, K, (2011) Shigley’s Mechanical Engineering Design


After calculating the diameter of each gear, the number of teeth that gear hold is required to be known. The number of teeth required is calculated by dividing the gear diameter by the module. The module of a gear is ‘the unit size of the gear on the basis of the number of teeth present on the gear’ – Layosa, C (2015)
The torque being produced by the by each gear in the arrangement was calculated along with angle velocity for each gear. Knowing these values, the tangential force being applied to each gear was able to be determined. The tangential force for each gear was calculated by dividing the torque by the radius of the gear. The force was the same for gear one and gear two of 73.23N and gear 3 and gear 4 had the same tangential force of 216.69N. 
When designing gear, it is important to know what the maximum stress is each gear can withstand. Knowing these values will give confidence when designing the gear, by allowing It to work to its optimum efficiency before failure. The stress each gear will experience can be calculated by using the following equation. 





Where, 

Wt is the tangential force.
F is the face width of gear teeth,
M is the module.
Y is the Lewis form factor.

Once the gear is operational, they will produce noise, which is also known as dynamic effect. The dynamic effect is dependent on the shaped profile of the gear. To calculate the stress with dynamic effect the following equation is used. 


To find out the stress the Kv value needs to be known. The Kv value is the dynamic effect. The Kv value is worked out using the following, 



Where, v is the linear velocity.

After knowing the kv value the stress with dynamic effect was calculated. Knowing these values, the yield stress, the safety factor for each gear can be determined by dividing the yield stress by the dynamic stress value. 

As the gears are being mounted on either side of the shaft, this will cause the shaft to deflect and bend. A suitable shaft diameter needs to be selected to be able withstand the bending moments being applied. This can be done by using the equation in Figure 10. 
















Figure 10
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Figure 10 is taken from Nisbett, K, (2011) Shigley’s Mechanical Engineering Design



Before the diameter can be calculated the maximum bending moment needs to be known across the shaft. Figure 11 shows the free body diagram of the shaft of gear two and gear three.



























Figure 11
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The reaction force must be worked out to find the maximum bending moment. 









After knowing the reaction forces a shear force diagram can be drawn, the shear force diagram will show at what point of the beam experiences the maximum bending moment. 

Figure 12
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Figure 12 is a shear force diagram of the shaft for gear two and three. The diagram shows that the maximum bending moment occurs at 0.05m along the shaft. 

The bending moment need to be calculated at point across the beam. A moment is equal to the force multiplied by the distance. 






Figure 13
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Figure 13 is the bending moment diagram for shaft gear two and three. The maximum bending moment of 9.58N/M is located 0.05m along the beam. 
Calculations were done to know the defection of the shaft and whether it is sloping. This was figured out using equations in Figure 14.

Figure 14
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Figure 14 is taken from Nisbett, K, (2011) Shigley’s Mechanical Engineering Design



As the shaft will be rotating, it is important that the maximum operating speed does not exceed 75% of the critical speed. The critical speed can be calculated by using the equation below. 


Where, 




All these calculations need to be done to ensure the gear box is fully functional and there is confidence in the design. All the calculations have been carried out and are attached to the assignment for reference. 






















Electric motor selection

When selecting an electromotor, the application of it needs to be considered and the environment that it will operate in. The motor must be insulated and painted correctly to protect it from the elements. The life expectancy of the motor needs to be considered as the actuator is to operate for eight years. There are several types of electromotors that can be used, induction and synchronous motors. Synchronous motors are usually used for larger scale operations such as 
refineries. They have many safety features that are beneficial but would not be a reasonably practicable motor for this task. 
 Within an induction motor there are coil windings which are coiled around steel laminations. Once the coils are coiled around the laminations, they are placed within a steel frame and connected to a conductor inside the motor. This is the basic mechanical build-up of an induction motor. Once the motor is ready for use there will be a three-phase power supply placed into the metallic coils, one phase per coil. As the power enters the metallic coils this will cause separate magnetic fields. As there are three separate magnetic fields, they will coincide with each other and causes the fields to rotate, thus the motor rotates. Due to the basic configuration of an induction motor, this will be the type of motor that will be used to power the flap actuator. 
The motor required needs to produce 1000 RPM and have a shaft diameter of 9.1mm. After researching, the motor that will be used is a TEC IEI Electric Motor 0.06kW 3ph 4 Pole B3 Foot Mounted, 56 Frame which will cost £72.11 + VAT from Bearing Boys. This motor benefits from having a aluminium frame, thus making it a light weight component. 
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Appendices

Appendix 1 – Free-body diagram for shaft of gear one.
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The reaction force must be worked out to find the maximum bending moment. 







Shear force diagram
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Bending Moment Diagram 
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Simplified ASME code equation for shaft design *

Stress concentration factor = 0.2
« Ky = Fatigue factor due to bending
+ K, = Fatigue factor due to torsion

Combined shock and fatigue factors

Kb_| Kt

Gradually applied load | 15 | 1.0
With minor shocks. 1.5-2.0/1.0-1.5|
With heavy shocks 2.0-3.0/1.5-3.0|

* ASME Standard for Design of Transmission Shafting B106.1M-1985
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