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Gear Designer Program

T

his program by Mohamed Adel El-Badry, was made to help the students of both Aerospace Engineering and Mechanical Engineering students in designing gearbox this project is sometime very easy and other time it is very difficult, when I made my program it took from me 3 days to get the right answers I made around 50 iteration, my problem is stated below you can take a look at, the difficulty of the problem is in the reduction ratio given to you and the dimension of the case, also the input\output  rotational speed. If you don’t know the material the problem will be much difficult because a new variable will be introduced to your iteration. Anyway let’s stop talking about the problem and let’s start working.

Gear Designer

	Symbol
	Physical Meaning

	BHN
	Brinel Hardness No.

	DG
	Gear Diameter

	DP
	Pinion Diameter

	E
	Modulus of Elasticity 

	F
	Face width

	i
	Reduction Ratio

	KC
	Concentration Factor

	KD
	Dynamic Load Factor

	KL
	Life Factor 

	KS
	Stress Concentration Factor

	M
	Module

	nf
	Factor of Safety

	P
	Power

	PX
	Force in X direction

	PY
	Force in Y direction

	RC
	Equivalent Radius of Curvature 

	Se
	700 Mpa for Sult >1400 Mpa in steel

	T
	Torque

	Y
	Form Factor=0.375

	ZG
	Gear Teeth No.

	ZP
	Pinion Teeth No.

	Sult
	Ultimate tensile strength 


This table shows what does the symbols mean, the table is sorted ascendingly  

In my program you’ll input the symbols in red. The in the output you’ll find most of them shown again so you won’t need to remember any of them.

Problem Statement:

D

esign helicopter gearbox transmitting 400 KW, at an input speed of 1600 rpm. The reduction ratio is equal to 8. the main rotor gearbox serves to reduce the velocity at which the engine shaft rotates. This is to prevent the tips of the blades from spinning faster than the speed of sound. This is undesirable as it would required the blades to be extremely strong and would be very loud.  The gearbox is to receive the input rotation from the helicopter’s gas turbine and transmits power to a coupling. The axis of coupling rotation is in plane with the gas turbine’s axis of rotation (both axes are not necessarily coaxial).

The following requirements are to be kept.

Try to fit the whole casing to the following dimensions:

· Length 700 mm

· Width 500 mm

· Height 1200 mm

Try to keep the overall weight as small as possible.

Don’t let any shaft slope exceed 0.1 degrees at any bearing.

Don’t make any provisions is the casing for the lubricating oil. Helicopters gearbox are  usually lubricated by injection.

Draw a sketch for the whole gearbox assembly as well as a working drawing fro each part. (Don’t make working drawing for the bearings, Just choose them).

All gears are to be manufactured from AISI 4140 Tempered steel, Su=1795 Mpa,  Sy=1020 Mpa and BHN=520

All Shafts are to be manufactured from AISI 420 Tempered steel, Su=1700 Mpa,  Sy=1020 Mpa and BHN=420

Solution Procedure 

	Symbol
	Data values

	BHN
	Brinel Hardness No.=520

	P
	Power=400 KW

	Su
	Ultimate tensile strength=1795 Mpa

	E
	Modulus of Elasticity = 200 GPa

	KC
	Concentration Factor=1.03

	KL
	Life Factor =1.3

	KS
	Stress Concentration Factor=1.5

	nf
	Factor of Safety=2

	Y
	Form Factor=0.375

	M
	Module

	DG
	Gear Diameter


This table shows the program required data.

· The symbols in red are the Given. 

· Symbols in Black are assumed from tables. 

· Symbols in Green are what you’ll iterate.

Next you’ll see a full algorithm, for solving this kind of problems
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Program Results

	Parameters
	Stage 1
	Stage 2
	Stage 3

	M
	3.5 mm
	4.5 mm
	5 mm

	Dp
	153.125 mm
	185 mm
	228.5 mm

	DG
	350 mm
	370 mm
	400 mm

	ZP
	43.75 Tooth
	41.11
	45.714

	ZG
	100 Tooth
	82.22
	80

	Center diameter
	251.563 mm
	277.5 mm
	314.286 mm

	Addendum
	0.0889 mm
	0.1143 mm
	0.127 mm

	Dedendum 
	0.1111 mm
	0.1429 mm
	0.1588 mm

	F
	119.4 mm
	152.122 mm
	201.505 mm

	PX
	31181.4 N
	58991.8 N
	95493 N

	PY
	11349.1 N
	21471.3 N
	34756.6

	T
	2387 N.m
	5457 N.m
	10910 N.m

	surface
	1.049 GPa
	1.10587 GPa
	1.0734 GPa

	se
	1.11 GPa
	1.11 GPa
	1.11 GPa

	F/DP
	0.78265
	0.82228
	0.88

	input
	1600 rpm
	700 rpm 
	350 rpm

	out
	700 rpm
	350 rpm
	200 rpm

	i
	2.2857
	2
	1.75


This table shows the result you’ll get from the program.

· Parameters in Teal are for Shape Geometry.

· Parameters in Black are for the forces. 

· Parameters in red for checks. 

· Parameters in Blue are for velocities.


Y

ou’ll feel the numbers if you take a look on the graph, I guess now you can start using the program without doing too many unsuccessful tries.

N

ow, after finishing your gear designing you’ll start designing the shaft which you’ll mount your gears on. Also you’re going to choose the bearings, and finally you’ll make a housing for you gear box. I believe that’s all what you need. May be in the near future, I’ll try to make a program for the shaft.

P

lease if you found anything not clear or any bugs in the program, don’t hesitate to mail me at m13bady@hotmail.com and I’ll be very happy to hear you comments, also I would like you to send me your opinion in this program.

Mohamed Adel El-Badry

If  surface<se  Then your design is safe


Else we’ve to choose another module to fit our design.
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Gear Diameter VS Torque
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