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Introduction 

In this report I will be displaying all formulas, final calculations, and configurations that I have used. To create the actuator, I will be going over things such as Youngs Modulus, Safety factors, Buckling, shear stress, Power and torque. These were all factors needed for me to design a safe and reliable actuator along with the correct gear ratios for my given max force of 500KN.
 
Specifications

We were given a certain specification that I needed to follow. These factors are given so the actuator can be standardised for the whole aerospace industry. These would be conjoined with safety standards for the actuators and then also follow aerospace design factors and processes such as AS.9100 is a general standard of practice in which any component that will be used on an aircraft must follow.

The specifications I was given for this were as follows.

1. Max force: The max force I was assigned was 5000 KN. So my whole design process would have to follow this as being it designed max force on the actuator.
2. Power screw/actuator linear velocity under load: 10.0 mm/s: The speed of the actuator will be calculated and designed accounting for these factors in its gear ratio or the rpm of the electric motor.
3. Reliability 95%: To calculate a reliability of 95% the most simple and reliable method is to just stress test them and calculate its reliability from the success rate of the tests 
4. Factor of safety (FOS) 4-6: For all aircraft they must meet a FOS of 1.5 but in this cases the factor FOS was 5 this can be due to unsuspected forces on the part. So for this case of the actuator the nominal designed force was 5000 KN but this will be multiplied by 5 to 25000 KN in which it will meet the FOS.
5. The actuator should be a s compact as possible: to keep the actuator compact we can look at keyed gears with shafts going through to the next gear thus keeping the size of the gear box to a compacted size.
6. Maximum extension of actuator 200 mm: To stop this from exceeding its limits of 200mm there are two way in which it can be designed. One being a digital limit where there is a program where the electric motor is designed to rotate a certain number of times also with a stop switch at each limit. Having a digital stop is good as it stops mechanical wear on the parts but it these digital parts can fail over time therefor, I believe it is essential to have a mechanical stop for when all else fails.
7. Life 8 years assume the motor works 10 hours per day at top speed: There are multiple way in which the life span can be calculated. With regards to the motor this will already been tested by another company and will tell us the life span of it in its data/specs sheet. For the gear box we are able to take assumptions that other similar gear boxes will last the length of time I will borrow the materials and possesses used to create the gear box.
8. Maximum temperature: 50° C: Simply check that all parts are able to function at these temperatures. This can be found out by using available data sheets or by simply testing the product to failure.
9. The gearbox can accommodate any type of Bevel, Spur or Helical gears but not Worm gears.
10. Screw actuator material should be aircraft grade aluminium: there are plenty of suppliers in which what grade of aluminium is best for each part of the actuator.
11. Gears and shaft can be steel or aluminium: with this I will need to calculate to toque in the shaft and then figure out which material I can use 
Maximum size of large gear 150mm

Research and development  

I have completed a full research and basic development document in the first assignment, so I am carrying all that knowledge and information into this section.

Configuration

The Configuration of the gear was designed to have two gears at the maximum gear diameter of 150mm then one gear at 90mm and 50 mm.
	Gear Diameter 
	
	

	Gear 2
	150
	Driven

	Gear 4
	150
	Driven

	Gear 1
	90
	Driving

	Gear 3
	50
	Driving

	
	
	



Initial assumptions

There were a few factors I had to assume like the temperature range as in the specification we were giving a max temp of 50 C but no minimum temperature. This would be the same for the force would this fluctuate as it would move.
Other assumptions we the size of the gearing as if the gear was to big it would not fit in the designed gear box the rest of the calculations will be shown later on in the assignment.

Key Design analysis outputs 

Firstly, starting with the motor, the output of the electric motor device must’ve been in given value of 5000kN then throughout the calculations given I was able to figure out the Power, Final Torque and the angular velocity as shown below. I will also have to apply this to my FOS. 
	Power
	154.71347
	W

	Torque  Out (G4)
	7.3870241
	Nm

	Ang Vel out (G4)
	20.943951
	Rad/s



To find the power I simply multiply the total torque multiplied by the angular velocity. This will give me my final output

Power screw Calculations

	Force (KN)
	5000

	E (Youngs Modulus)
	73.5E+9

	Yield Stress (Pascal)
	542.0E+6

	Factor of Safety
	5

	Working Stress 
	108.4E+6

	Area of Screw 
	46.1E-6

	Min Dia (m)
	7.7E-3

	Min Dia (mm)
	7.6635

	Diameter used (mm)
	20



I was given the force at the start of the assignment of 500KN. I was then able to calculate the Youngs modules but using the equation.
[image: young modulus equation 1]
The yield strength formula is as follows:
ymin × a = syield
The working stress will be the maximum stress before failure which is the FOS / Yield stress. Then I was able to Calculate the area of the screw which is the Force/ Working stress. From this I am then able to calculate the Diameter by just taking the area are rearranging the equation for the area of a circle to find the diameter.
[image: Text

Description automatically generated]Buckling in the screw
	Buckling 
	

	c
	1.2

	Length (m)
	0.2

	Second moment of area (I)
	

	I
	7.9E-9

	Buckling Force (N)
	170922.10


To Calculate the Second moment of area (I) and the buckling force I can use these two equations.
[image: Text

Description automatically generated]Raising toque
	Raising Torque
	

	Friction 
	0.1

	Pitch (l)
	3

	TR
	7.387024146


Raising torque is the torque required to overcome threaded friction and to raise the load. I is the same as the pitch and for this case friction will be at a constant of 0.1. Above is the equation that is needed to find TR.
Shear Stress due to Torque

	Shear Stress due to Torque
	4.7E+6

	Bending Stress on Threads 
	60.5E+6


To find out Stress on the screw and the threads I used these two equations.
[image: Text

Description automatically generated with medium confidence]To find the shear stress due to torque.
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Description automatically generated] To find the bending stress on the thread.
Gear and Shaft analysis
Firstly to work out the linier velocity was 10 I used this equation below as I knew the pitch was 3 and the output RPM was 200.
[image: ]
With this I Can work out the Train Value which is simply the Output RPM / Input RPM= 200/1000= 0.2=e
Gear Teeth
To calculate the amount of teeth needed I had to choose the module in which I decided that 2mm was a good compromise between strength and power transfer. With this I then just divided the gear diameter of each one giving me the number of teeth.
Power
	Power
	154.71347
	W
	
	
	

	Torque  Out (G4)
	7.3870241
	Nm
	0.10472
	200
	rpm

	Ang Vel out (G4)
	20.943951
	Rad/s
	
	
	


Before I was able to calculate the power, I firstly had to find out the angular velocity. I did this by taking the output RPM/(2xPI/60) =200//(2xPI/60) = Ang Velocity in Rads. Then to Calculate power I Just Multiply the Torque and the Angular Velocity to give me the power.
Tangential Force
To find the Tangential Force we take the toque on the gear and then divide that by the number of teeth / 1000 giving you the Tangential Force. 
	Tangential Force 
	

	G1
	32.831218

	G2
	32.831218


Bearing selection and life calculations 
Operating speed is an important consideration when specifying a bearing. That's obviously no surprise to designers working in high-speed applications, but it's also true for low-speed applications. I have decided to use H series Metal Shielded Sealed Low Speed Deep Groove Ball Bearing for the low RPM gear. Then I will be using 230-233 by Stens Metal Shielded Spindle Bearing for the Mid speed bearing.

To Calculate the life span I have taken the life cycle of a part and then I will divide it by the RPM that this part will do. Then we have the time it will take for something to fail but we still need to add the FOS so we then divide that time by our FOS and this gives us the life time of the part till it needs to be replaced.


 Electromotor selection
For the motor I have decided to use an electric motor from Sourcingmap DC 12V 1000RPM Powerful High Torque Magnetic Electric Gear Box Motor. I decided to use this small compact motor as making it fit into the wing housing.

CAD
Now that I Have had all my complete calculations, I can now create the computer model on solid works to the desired specifications.
With a program like solid works, I was able to easily create a spur gear and the shafts to go with it.

Below is a drawing of the finished gearbox along with a rendered screenshot.


[image: Diagram, engineering drawing
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Unfortuatly I was unable to link the CAD of the Gear box With the electricmotor so i had to make it seperatly this is rendering of the motor as the company was unable to give me cad of the motor. 
[image: A picture containing indoor, black, electronics, adapter
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