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Abstract - Gears are one of the most important ways of transmitting torque. A Gearbox with its numerous numbers of gears, 
selector forks, bearings, synchronizer etc. will increase the weight of the vehicle which could affect the overall performance. 
Changing of material of gears without affecting its performance could lead to light weight as well as much more advantages 
Aluminum is a suitable option as it is lightweight. But it alone doesn’t have that much torque transmitting capacity compared 
to high carbon steel or any other alloy steel. But its alloys show promising results. There are different kinds of aluminium 
alloys which could be used for different purpose. Finding a suitable Alloy could lead to lightweight gearbox which could 
lead to increased performance, Better fuel economy as well as less emissions. 
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I. INTRODUCTION 
 
Gearbox is required to transfer the torque that is 
available from the engine suitably to the wheels. The 
gearbox is one of the heaviest component in a vehicle 
which houses different set of gears of different gear 
ratios selected according the application. The material 
used for manufacturing gears should be sufficiently 
strong to withstand the torque and different kinds of 
stresses acting upon it. Making the gear strong 
enough and also lightweight is a challenging task 
which will help in bringing down the overall weight 
of the vehicle to come down. It’s a very challenging 
task as we try to achieve one we will have to 
compromise on the other. Many materials can be used 
to manufacture a gear, but finding the material which 
is best for the application is a challenge. There should 
be a balance between performance as well as weight 
of the materials used to manufacture the gears. In the 
design of a gear drive, the following data is usually 
given: 
 The power to be transmitted. 
 The speed of the driving gear, 
 The speed of the driven gear or the velocity ratio. 
 The centre distance. 
 
The following requirements must be met in the design 
of a gear drive : 
 Sufficient strength of gear teeth  
 Satisfactory wear characteristics  
 Economical use of space and material  
 The alignment of the gears and deflections of the 

shafts must be within permissible limits 
 Satisfactory lubrication of the gears 
 
The objectives is to compare the performance of Al 
alloy 7068 gears with gears of reference gearbox 
which is made by using high carbon steel and is been 
checked for the feasibility of replacing the high 
carbon steel gears with Al alloy gears for making the 

gearbox lightweight, corrosion resistant, less sensitive 
to weather changes. 
 
II. EXPERIMENTAL PROCEDURE 
 
A reference gearbox is taken which is capable of 
transferring torque of 8 Nm @ 5000 r.p.m. The 
material used for making gears in this gearbox is high 
carbon steel. High carbon steel has the capability to 
withstand the high amount of torque transmitted. But 
this material is heavy. This material is being 
scrutinized for the feasibility of replacing it with Al 
alloy 7068 material which could lead to much lighter, 
less noisy and more corrosion resistance which could 
play a significant role in increasing the performance 
as well as the fuel efficiency of the vehicle. 
 
III. ALUMINIUM ALLOYS 
 
Aluminum Alloys have elements such as copper, 
magnesium, manganese, silicon, tin etc alloyed with 
Aluminum. There are two principal classifications 
 Casting alloys 
 Wrought alloys 
Each alloy is given a four-digit number,  
 first digit indicates the major alloying elements,  
 second — if different from 0 — indicates a 

variation of the alloy, 
 third and fourth digits identify the specific alloy 

in the series.  
 
For example, in alloy 3105, the number 3 indicates 
the alloy is in the manganese series, 1 indicates the 
first modification of alloy 3005, and finally 05 
identify it in the 3000 series. 
 1000 series are pure aluminium with a minimum 

99% aluminium content by weight and can 
be work hardened. 

 2000 series are alloyed with copper, can 
be precipitation hardened to strengths 
comparable to steel 
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 3000 series are alloyed with manganese, and can 
be work hardened. 

 4000 series are alloyed with silicon. They are 
also known as silumin. 

 5000 series are alloyed with magnesium. 
 6000 series are alloyed with magnesium and 

silicon.  
 7000 series are alloyed with zinc, and can be 

precipitation hardened to the highest strengths of 
any aluminium alloy.  

 8000 series are alloyed with other elements 
which are not covered by other series. 

 
Table 1. Mechanical Properties 

Materials High Carbon 
Steel 

Al alloy series      
7068 

Density 7.85 Kg/m3 2.85 Kg/m3 

Yield Strength 700MPa 683 Mpa 

Brinell Hardness 195 202 

 
IV. CALCULATION 
 
     The equation for the maximum torque transmitted 
for a spur gear is given by the equation 
m=[2MT/ d CV k Y Z ]1/3(Design Data Book) 
MT = ( dCvkYZm3/ 2) 
MT = Maximum Transmittable Torque  
                                   Y = Form Factor, πy 
                                   y = Lewis Form Factor   
                                   k = b/m   where, b = face width, 
m= module 
                                   Z = No. of Teeth 
                                  m = Module of the gear 
  d = Allowable Static Stressߪ
Cv = Velocity Factor 
 
                   k = b/m 
                       = 17.5/1.85 
                       = 9.45 
V = Pitch line velocity = Πdn/60 
 = 3.14*0.02035*5000/60 
        = 5.32 m/s 
Cv= 3.05/ (3.05 + V) 
                     = 3.05/ (3.05 + 5.32) 
                     = 0.364 
                 Y = πy 
                    = 3.14*0.1    (from Lewis form factor 
table) 
                    = 0.314 
                 Z = 11 
 
l. For Case hardened High Carbon Steel, 
 d = 700 MPaߪ
MT = ( dCvk Y Z m3 / 2 ) 
 = 700 x 0.364 x 9.45 x 0.314 x 11 x 1.853/2 

  = 26329.266 Nmm or 26.329 Nm 
The Input torque is 8.05 Nm so the current design is 
safe  
 
ll. For Aluminum Alloy 7068, 
 d = 683 MPaߪ
     MT = 683 x 0.364 x 9.45 x 0.314 x 11 x 1.853/2 
                    = 25689.84 Nmm or 25.689 Nm 
The Input torque is 8.05Nm, so the current design is 
safe 
 
V. DESIGN 
 
For designing, dimensions of mating gears are taken 
from reference gearbox and a 3D design is made 
using CATIA V5.  

 
 
IV. ANALYSIS 
 
This model is imported to the ANSYS 17 for further 
analysis. In ANSYS, static structural is used for 
analysis of gears. The torque transmitted is taken as 
8.05 Nm as the gearbox is designed for transmitting 
that amount of torque. FE analysis is carried out to 
acquire the results are as follows. 
 
6.1High Carbon Steel 
6.1.1. Total Deformation 

 
6.1.2. Equivalent Elastic Strain 

 

 
6.1.3. Equivalent Stress 
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6.1.3. Maximum Shear Stress 

 

 
6.2. Aluminium Alloy 7068 

 
6.2.1.Total Deformation 

 
 

6.2.2. Equivalent Elastic Strain 

 
 

6.2.2. Equivalent Stress 

 
6.2.2. Maximum Shear Stress 

 
 

Table 2: Analysis Results 

 High Carbon 
Steel 

Aluminium 
Alloy 7068 

Total 
Defromation(mm) 1.0984e-6 3.0399e-6 

Equivalent (Von 
misses)Elastic 

Strain(mm/mm) 
1.0328e-7 2.8236e-7 

Equivalent (Von 
Misses) Stress 

(MPa) 
0.020645 0.02063 

Maximum Shear 
Stress (Mpa) 0.011919 0.011919 

 
VII. TESTING 
 
For testing the performance, gears are made out of 
Aluminium Alloy 7068 with the same dimensions as 
of existing gears 
 

 
 

Table 3: Weight Comparison of one gear 
  

High Carbon 
Steel 

 
Aluminium 
Alloy 7068 

 
   Mass(Kg) 

 
0.1 

 
0.035 

 
Endurance testing of gearbox was carried out for 
1500kms and then lubricant testing as well as wear 
analysis testing were carried out to check the wear 
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pattern of the gears. As all the other mating gears 
were casting parts or a part of shaft wear analysis was 
carried out only on fourth gearset. 
 
7.1. Lubricant Testing 
New oil was used before starting the endurance 
testing with normal gears and oil was drained and 
was tested. Then aluminium gears were introduced in 
the gearbox. For the endurance testing of this 
gearbox, new oil of same grade was used. After 
endurance testing, the oil was drained and was also 
tested. The grade of the oil used in this test was 
10W30. Density, Viscosity, Flash Points were 
compared in this testing and the results are as follows 
 

Table 4: Lubricant Testing Results 
 Before 

Usage 
After 
usage 
with 
Carbon 
steel 
gears 

After 
usage with 
Aluminium 
Alloy 7068 
gears 

Density(Kg/M3) 865 906 900 

Viscosity 0.583 0.682 0.665 

Flash Point 232 200 208 

 
7.2. Wear Analysis Testing. 
The thickness of the gear tooth was measured before 
and after the endurance testing using Profile projector 
Visual Inspection System with the help of profile 
projector which projects the profile of the gear to a 
monitor. The gear is placed on a glass top which is 
illuminated by a light soure and the profile is 
projected to a monitor in a large scale. The glass top 
is a part of XY-Cross slide whose movement can be 
traced and exact distance which it moved can be 
traced and be measured and is showed in the monitor 

 
Table5: Wear Analysis Results 

 High Carbon 
Steel 

Aluminium 
Alloy 7068 

Before After Before After 

 
Driver 
Gear 

 
1-
Teeth 

 
2.767 

 
2.757 

 
2.71 

 
2.691 

 
3-
Teeth 

 
13.688 

 
13.654 

 
13.679 

 
13.625 

 
Driven 
Gear 

 
1-
Teeth 

 
2.717 

 
2.706 

 
2.812 

 
2.795 

 
3-
Teeth 

 
13.797 

 
13.764 

 
13.729 

 
13.681 

 

 
 
From the above results, its showing that aluminium 
alloy 7068 is having more wear than the high carbon 
steel, 
 
CONCLUSION 
 

 From the analysis, calculation and lubricant 
quality, Aluminium Alloy 7068 is showing 
promising results 

 Aluminium alloy also has added advantage 
of corrosion resistance, faster heat 
dissiapation and is more silent in operation 
than high carbon steel in case of spur gear 

 The gears made out of aluminium 7068 has 
almost 3 times less weight than normal 
material 

 The wear of the aluminium alloy is more 
than that of high carbon steel 

 The high cost of aluminium alloy is a 
drawback 
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