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1. Abstract 

This document presents calculations of the design parameters and components 

selection concerning the powertrain integration for a pure electric vehicle intended to 

perform a ten seconds drag race. Simulations for the acceleration performance are 

obtained in order to describe car’s behavior under different dynamic parameters 

concerning the powertrain integration. Some components are analyzed and designed to 

overcome fatigue conditions for the parameters attained in the simulations. Some other 

components such as tires, rims or driveshafts are selected from the available market 

and fulfill dimensions and durability limitations. Calculations and results for the single-

stage planetary gearbox are described as well as CAD assembly clarifying 

manufacturing considerations. 
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2. Introduction  

The development of internal combustion engines (ICE’s) is definitely one of the greatest 

achievements of the modern era; however its wide use, not only in cars, but in many 

industries has led to enormously high greenhouse gas emission index in the 

atmosphere. Furthermore, the depletion of oil resources is nowadays one of the major 

concerns. “Particularly in Colombia if there are no more significant findings of oil wells 

and the oil consumption rate does not change, the country will become an importer 

instead of being an exporter in about 7 years” (BP, 2011). What is more, due to this 

depletion, gasoline price has remarkably increased in the local market (Caicedo & 

Tique, 2012). These issues have generated considerable changes in automotive 

engineers approach. The use of renewable energies has become a significant target for 

car’s manufactures, either to be seen as pro-nature companies or to get advantage of 

the benefits that different forms of energies bring. 

An alternative solution to the internal combustion limitations is the implementation of 

electric motors in cars. “The first electric car ever built was in 1881 by the French 

Gustave Trouvé, it employed lead-acid batteries and a 160kg, 0.1hp DC motor. Its 

operation range was 16km and reached a maximum speed of 15km/h” (Mehrdad 

Ehsani, 2010). Nowadays motors performance has improved significantly and they are 

now capable of providing so much higher torque/power, in addition to the advantages 

over ICE’s, such as higher efficiency, quieter operation, higher power per kg, lower 

energy cost1, zero greenhouse gases emissions2 among others. 

Electric cars are nowadays considered slow, to perform poor acceleration and to have 

very low range of operation. However important improvements have taken place during 

the last few years and motors have reached a performance comparable to ICE’s. This 

work presents calculations that are aimed to a greater project, which intends to design 

and build an electric vehicle (EV). The goal is to design and build a prototype capable of 

defeating most of the ¼ mile drag racers that use ICE in local competitions in order to 

show the acceleration attained by an EV, then electric motors could be implemented in 

massive transport vehicles and it would have a much better acceptance.  

General specifications and configurations have been previously chosen and analyzed in 

a previous project (Imbett, 2011). The proposal is to place on a single-seater chassis 

four homogeneous electric motors (see Motors section for motors specifications), each 

wheel driven by a single motor (AWD). Such configuration provides versatility, flexibility 

                                                           
1
 Colombian prices 

2
 No gases are produced during motor operation; however gases may be emitted during generation of electricity 
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and fewer losses related to the transmission of the power coming from the motors, in 

addition to the possibility of placing four motors instead of one, amplifying torque/power 

delivered to the wheels, since tire-soil interaction determines the mobility of the vehicle. 

This EV will have reduced energy storage system (very low range of operation) 

decreasing weight; it will use ultracapacitors instead of batteries reducing even more 

weight. Single-ratio transmission coupled to each motor actuated independently is 

desired. The scope of this project is to provide calculations and analysis of the 

powertrain integration for the specific design described above.  

Design parameters of a vehicle’s transmission are of special importance, since the 

performance of a car does not only depend on the engine/motor performance, but 

several parameters such as; aerodynamics, weight, powertrain integration and some 

others. Due to motor’s torque behavior transmission can be set to a direct gear ratio (no 

gear shifts). Spur gears are commonly used given its simplicity and reliability, 

nevertheless when large gear ratios are needed; geartrains are used even if they are 

composed heavy parts, increasing the rotational inertia of the system. Similarly as loads 

increase size highly rises. An alternative solution is the use of planetary gears, given 

that they provide much higher single-stage speed reduction with a smaller size. 
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3. Objectives 

3.1 General objective 

Design gear reduction and select components of the powertrain integration for a high-

performance electric vehicle. 

3.2 Specific objectives 

 Carry-out a longitudinal model to optimize its performance. 

 Examine durability of designed and selected components. 

 Find availability of selected components in the market and examine the 

possibility of its manufacture. 

 Select type and dimensions of the wheels suitable for the prototype. 
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4. Powertrain 

General configuration of a powertrain as shown in Figure 1 begins with an engine, 

followed by a clutch or torque converter for automatic transmission, passing through the 

transmission commonly known as gear box, followed by the differential transmitting to 

the driveshaft followed by the knuckle assembling the wheels to the driveshaft.  

 
Figure 1. Powertrain illustration

3
 

Figure 2 illustrates the EV’s powertrain which is much simpler because it neither uses 

clutch nor differential. It begins with each motor, followed by a fixed geartrain, the 

driveshaft and the wheels. 

 
Figure 2. EV powertrain illustration

4
 

                                                           
3
 Image taken from (Mehrdad Ehsani, 2010) 

4
 Image taken from (Mehrdad Ehsani, 2010) 



13 
 

5. Motors 

The motor to be mounted on each wheel is the HiTor, shown in Figure 3 and its 

specifications are presented in Table 1. Given race parameters, motors can be merely 

operated under peak conditions since the goal is to perform a ten seconds race and 

motors can run at peak conditions for about 30 seconds (Nuñez, 2012). Figure 4 and 

Figure 5 show characterization of power and torque curves as function of rotational 

speed of the motor given by the manufacturer for peak conditions taken from (HiTor®); 

graphs present also the efficiency map. Such curves are obtained by a characterization 

of the torque/power at the output under peak conditions in a controlled environment.  

 
Figure 3. EV's motors

5
 

 

Dimensions 

Length 252 mm 

Diameter 280 mm 

Weight 41 kg 

Performance 

Peak Power 50 kW 

Continuous 
Power 

30 kW 

Peak Torque 440 Nm 

Continuous 
Torque 

180 Nm 

Maximum Speed 6500 RPM 

Maximum 
Efficiency 

93% 

Power Density 1.22 kW/kg 
Table 1. EV's motors specifications 

                                                           
5
 Image taken from (HiTor®) 
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Figure 4. Peak power as function of rotational speed 

 

 
Figure 5. Peak torque as function of rotational speed 
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6. Acceleration performance 

Maximum acceleration of a vehicle is limited by engine/motor torque and by the tire-soil 

interaction. Motor torque characterization curve is given in Figure 5. The tire-soil 

interaction is a much more complex model and it will not be considered in this work, 

although some simplifications will be presented in order to obtain design calculations. 

6.1 Longitudinal model  

Several design parameters are taken into account in order to predict EV’s performance. 

This work presents a dynamical model estimating traction force, rolling resistance, drag 

force, inertial effects and gravitational force. EV’s free body diagram is presented in 

Figure 6. Here a quarter vehicle simplification is derived, hence no load transfer is 

considered, for EV’s load transfer conditions see (Guerra, 2011). For simplicity, motors 

torque will simply be four times the peak torque, so as traction force will be four times 

the traction force generated on each tire and rolling resistance similarly four times the 

rolling resistance generated on each tire.  

 
Figure 6. EV's free body diagram

6
 

 

                                                           
6
 Image taken from http://cardrawing.net/?attachment_id=1052 
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Forces actuating on vehicle are: 

 ∑                  [1] 

Where: 

                  ( )  

              ( )  

                      ( )  

                    (  )  

               (
 

  )  

Solving with respect to  : 

   
        

   
 [2] 

Where forces acting on the vehicle are: 

     ( )      [3] 
 

    
 

 
              [4] 

 

    (                  )      [5] 

 

 

Note that equations [4] and [5] are dissipative forces and increase to the square power 

of vehicle’s velocity. As it will be seen later their effect is very low for low velocities. 

Torques acting on the wheel are: 

 ∑       (     )      [6] 
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Where: 

                                (  ) 

                                  (  )  

                           

              

Solving respect to α: 

   
    (     )

 
 [8] 

 

Since the vehicle has not been entirely designed yet, some parameters were selected 

as adequate (Imbett, 2011) and are used for calculations. Parameters concerning the 

powertrain integration are listed below: 

           

          

         

              

However the rotational inertia will be estimated by the end of the document, so the 

previous approximation will only be used for initial dynamic simulations.  

Equation [3] presents traction force, this force depends on the coefficient of traction μ 

and it depends on a parameter named κ, this parameter describes the slip of the tire. It 

is defined as follows (Schreiber & Kutzbach, 2007): 

   
     

   
 [9] 

Interaction between the soil and the tires is shown in Figure 7, with coefficient of traction 

μ defined from 0 to 1 having a maximum value around 20 % slip. Nevertheless as it will 

be seen later it can reach higher values so μ will be used as a factor. 
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Figure 7. Coefficient of traction vs. slip 

7. Wheel selection 

There is no relevant technical information available about tires performance. Companies 

keep all the information confidential, hence there is no significant analysis provided in 

this work; nevertheless it is possible to estimate tires performance by examining drag 

racing car’s behavior. The first parameter estimated for tire selection is the coefficient of 

traction attained by tires used by drag race record holders. External forces acting on the 

vehicle before it moves are reduced to traction force and gravitational force, because 

drag and rolling resistance depend on velocity equations [4] and [5]. Since this 

calculation concerns longitudinal behavior gravitational force will not be taken into 

account in this case. As stated, traction force will generate acceleration: 

           [10] 

Then coefficient of traction can be expressed as: 

   
 

 
 [11] 

On the other hand assuming uniform acceleration: 
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Combining equations [11] and [12]: 

   
   

    
 [13] 

Given that the initial distance      and initial velocity     . Because a drag race is 

established for a ¼ mile distance            and current NHRA7 record is        . 

Replacing values in equation [13]. 

   
         

                
 [14] 

Then the estimated coefficient of traction is: 

       [15] 

Unlike commonly known coefficients of traction, the value obtained in equation [15] is 

more than five times higher; however this value is not impossible because there is a 

burnout performed by the competitors before the race, which allows the tires to melt part 

of the material, providing adhesion more than friction. 

Now it is necessary to analyze tire size, or more importantly how it affects the race time. 

Gear reduction must be analyzed as well, given that it can amplify torque to the wheels 

as seen in equation [7], so the traction force will be greater so as the acceleration. 

However as a high gear reduction amplifies torque it amplifies input velocity and as it 

can be seen in Figure 5 as speed rises torque diminishes to the point that it provides no 

torque (@ 6500rpm). Therefore very high gear reduction is not a desirable condition and 

low gear reduction produces very low torque amplification diminishing acceleration. 

Consequently the best condition has to be reached. The strategy is to simulate 

longitudinal behavior using equations [2] to [9]. The result must provide a comparable 

magnitude, hence race time is defined as the comparison parameter and several tire 

sizes and gear reductions are to be compared. 

Given that tires manufactures don’t provide much information about their products, the 

strategy for the tire manufacturer selection was to observe the brand used by the record 

holders. It was observed that the brand “Goodyear” was widely used in drag races. It 

also provides some information about tire size and compound. Since the design has to 

ensure high traction coefficient, soft tires are taken into account because permit 

improved adhesion following the burnout. Slick tires are only considered because race 

should only be performed on a dry surface. Four different tire sizes were chosen for the 

analysis and are shown in Table 2.  

                                                           
7
 NHRA (National Hot Rod association) 
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Designation Price 
Bead 

Diameter 
Rim 

Width 
Overall 

Diameter 
Tread 
Width  

Weight 

26x8.5-15 
USD 
187 

15in 
(0.381m) 

9in 
(0.229m) 

26.6in 
(0.676m) 

8.9in 
(0.226m) 

17.7lb 
(78.7N) 

33x17-15 
USD 
335 

15in 
(0.381m) 

16in 
(0.406m) 

33.7in 
(0.856m) 

17.5in 
(0.444m) 

41.2lb 
(138N) 

34.5x17-16 
USD 
464 

16in 
(0.406m) 

16in 
(0.406m) 

34.7in 
(0.881m) 

17in 
(0.432m) 

42.1lb 
(187N) 

36x17-16 
USD 
545 

16in 
(0.406m) 

16in 
(0.406m) 

16.3in 
(0.414m) 

17in 
(0.432m) 

49.9lb 
(222N) 

Table 2. Specifications of evaluated tires 

Figure 8 illustrates the race time for several gear ratios, stepped 0.5 and tire sizes 

presented in Table 2. Given that smaller tire offer lower rotational inertia and lower 

mass, it would perform a faster race. It can be seen that with the smaller tire that is also 

the cheapest tire a gear ratio = 4, would give the least race duration.  

 
Figure 8. Race time for different gear ratios and tires size 

Under the circumstances previously mentioned and shown in Figure 8 the EV would be 

able to perform a 10.33 seconds race. Nevertheless since there is the uncertainty of 

traction coefficient same simulation for several coefficients was carried out. The results 

are presented in Figure 9. 
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Figure 9. Race time for different gear ratios and coefficient of traction 

As shown in the graph it is possible to select Gear ratio = 4 assuming that tires can 

reach a maximum coefficient of traction after burnout of at least µ = 3, where best 

performance is guaranteed even if µ increases even more and it is consistent with the 

result obtained in equation [15]. However when the tire purchase was about to be 

carried out, the tire chosen was not in stock and the new version of the tire was in 

process. Consequently an equivalent tire was selected. It has same size and it is widely 

used by ten seconds drag racers. The manufacturer chosen was the MandHTires. Tire 

selected is the 8.5/26.0-13 XT slick tire shown in Figure 10 and its characteristics are 

described in Table 3. Taking into account that four wheels are homogeneous. 

 
Figure 10. Selected EV’s tire

8
 

                                                           
8
 Image taken from http://www.mandhtires.com/M-H-Racemaster-Drag-Slicks/8.5-26.0-13-XT#.T7-jAtWm-pS 
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MANDHTIRES 

Tread width 8.5 in 21.59 cm 

Section width 10.5 in  26.67 cm 

Diameter 26.0 in 66.04 cm 

Rim size 8.0 in 20.32 cm 

Designation 8.5/26.0-13 XT 

Price USD 212.00 
Table 3. Tires specifications 

The rim must fit the tire selected (shown in Figure 11). Details are presented in Table 4. 

A rim diagram is shown in Figure 12. 

 
Figure 11. Selected EV's rim

9
 

Magnum Import Drag  

Rim diameter 13 in  33.02 cm  

Rim width 8 in  20.32 cm  

Backspace 4 in  10.16 cm  

Bolt pattern 5x100 

Price USD 419.34   
Table 4. Rims specifications 

 

                                                           
9
 Image taken from http://weldracing.com/pro-drag/magnum/import-drag.html 
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Figure 12. Rim sections diagram

10
 

8. Driveshaft selection 

8.1 GKN  

The main requirement for the frontal driveshafts is to have a CV (constant velocity) joint 

that permits to have angles “up to 50°” (GKN) around axes perpendicular to the axe of 

rotation of the driveshaft in order to connect the steering mechanism. CV-joints are 

vibration free, up to 8000 RPM and transmit constant velocity at every angle. Main 

limitations are torque and rotational speed hence driveshaft selection ought to endure 

these phenomena without damage. Finally driveshaft should be able to plunge, it means 

that there must be some relative movement along the axis. 

For the driveshaft selection, a representation of GKN industries in the local market 

permits to select driveshaft for special vehicles under certain parameters provided by 

the company. The procedure is described below. But first operation conditions must be 

determined. As shown in Figure 5 motors peak torque is        and as shown in 

Figure 2 the powertrain configuration has the driveshaft after the geartrain, therefore the 

torque at the driveshaft is                 . Furthermore Figure 5 shows that 

maximum motor speed is         . Consequently the maximum speed at the 

driveshaft is 
        

 
         . GKN suggests using a critical speed obtained as 

shown in equation [16] instead of maximum speed for calculations. 

                                                           
10

 Image taken from http://weldracing.com/pro-drag/magnum/import-drag.html 
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 [16] 

 Where: 

                      

                                      

Additionally 

                  [17] 

 Where: 

                                   

                             

                       

                    

                 

Table 5 presents the results for factors chosen and those calculated using equations 

[16] and [17]. Values displayed in red are the input parameters for the joint size 

selection available in Figure 13, where the red circle illustrates the region of the required 

joint size. 

Factor Value Description 

                         

                 

           

                  

                      

                   

               
Table 5. Driveshaft selection parameters 
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Figure 13. Joint size diagram for driveshaft

11
 

Since there is no driveshaft available in the GKN catalogue and the process of 

purchasing a special design takes too long, an alternative solution was carried out. 

8.2 Commercial driveshaft selection 

The idea of this option is to find a commercial car which engine provides equal or more 

torque to each driveshaft as the one provided by the EV’s motor. On the other hand the 

car found must be FWD (front wheel drive) given that CV-joints are desired for the 

steering mechanism, hence only few commercial FWD cars have powerful engines. 

Additionally full information about the vehicle transmission has to be available so that 

calculations can be made. Table 6 shows the requirements of the EV, limiting 

requirements are presented in bold. 

Min. Torque (@ 0-
1000 RPM) 

Max. Torque (@ 6500 
RPM) 

Wheel radius Maximum speed 

440 Nm - motor 78 Nm -  motor 0.3302 m 206.4 km/h 

1760 Nm - shaft 312 Nm - shaft -  1623.4 RPM - shaft 
Table 6. EV's driveshaft requirements 

                                                           
11

 Graph taken from (GKN) 
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The commercial FWD vehicle chosen that provides full information of transmission 

parameters and which engine delivers similar torque at similar speed is the Ford-

Fusion-3.0L. General specifications are presented in Table 7. Moreover, Table 8 

presents maximum torque and maximum speed at each driveshaft. It indicates that the 

driveshaft chosen can be used by the EV since are subjected to higher torque at higher 

speed.  

Torque @ 4300 RPM Power @ 6550 RPM Wheel radius Maximum speed 

- 240 hp 0.328 m 246 km/h 

302 Nm 260.9 Nm -  1989 RPM - shaft 
Table 7. Commercial vehicle general specifications 

Gear 
Overall gear 

ratio 
Max. Torque 

(@4300) 
Shaft speed 

Min. Torque 
(@6550) 

Shaft speed 

1 14.71 2220.5 Nm 292.4 RPM 1918.5 Nm 445.4 RPM 

2 9.51 1435.8 Nm 452.2 RPM 1240.5 Nm 688.9 RPM 

3 6.13 926.2 Nm 701 RPM 800.2 Nm 1067.9 RPM 

4 4.64 700.5 Nm 927 RPM 605.2 Nm 1412 RPM 

5 3.21 484.4 Nm 1340.4 RPM 418.5 Nm 2041.8 RPM 

6 2.39 361.4 Nm 1796.8 RPM 312.2 Nm 2737 RPM 
Table 8. Commercial vehicle torque and speed results for all gear ratios 

9. Gear design 

So far tires, rims are chosen and the first parameter for the gear set was calculated. 

This section presents the calculations made in order to design the geartrain. Planetary 

gears are lighter, smaller, have lower inertia and have higher efficiency than spur gear 

pairs hence planetary gears are selected. Gears design is intended to overcome 

bending and contact stresses for infinite life. First approach is based on AGMA standard 

“ANSI/AGMA 2001-D04” resumed in books: (Norton R. L., 2000), (Budynas & Gordon, 

2008). 

9.1 ANSI/AGMA 2001-D04 

In the international system module is defined as: 

   
 

 
 [18] 

9.1.1 Bending 

Gear bending stress equation for a single tooth is: 
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 [19] 

 

Where: 

                     

                    

                   

                

               

                             

                         

                    

To overcome fatigue, the gear bending endurance strength equation is: 

      
     

        
 [20] 

 

Where: 

                               

                              

                  

                        

                       

                       

Instead of the transmitted load, torque at the input will be used, where for the EV case 

input torque is directly the torque delivered by each motor. Since the goal is to design 

gears size, equations [19] and [20] can derive gear sizes defined as      as follows: 

Sun size: 
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Where: 

                       

                                

                                 

                                      

Planet size: 

     
  (

(   )        

 
)  (

              

  
)  (

        

     
) [22] 

Where: 

                          

                                    

Ring size: 

 

    
  (
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) 

[23] 

Where: 

                        

                                  

It is noticeable that b does not vary; given that all gears must have the same gear width 

so that maximum contact distribution is guaranteed.  

9.1.2 Contact 

Gear contact stress equation for a single tooth is: 
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       √           
  

   
 
  

  
 [24] 

Where: 

                             

                                     

                          

Elastic coefficient is defined as: 

 
   

√

 

  (
    

 

  
 

    
 

  
)

 
[25] 

Where: 

                    

                  

Surface-Strength geometry factor is defined in equation [26] where (+) is used for 

external gears and (-) for internal gears: 

    (
        

    
)  (

  

    
) [26] 

Where: 

                        

                

                       

For The sub-index p and sub-index G refer to pinion and gear respectively 

As well as for bending, fatigue equation is shown below: 

      
        

        
 [27] 

Where: 
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Again gear size is to be obtained and equations are as follows: 
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9.1.3 Factors  

All Factors previously named are described below, some are derived from equations 

and some others selected from tables or graphs. Those factors selected can vary 

depending on the engineer’s criterion, this documents presents the values chosen for 

each factor but slightly different estimations can be obtained by anyone continuing the 

project. 

 Overload factor    varies from 1 to 2.25; the selected value corresponds to 

power source “uniform” and driven machine “heavy shock”.  

        

 Dynamic factor    is derived from the following equations, it depends on a quality 

factor    set to 7 for local industry: 

    (
  √     

 
)
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Where: 

         (   ) [32] 
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 Size factor   , as suggested in the text (Budynas & Gordon, 2008), it can also be 

calculated using the equation presented in the book cited, this factor reflects 

nonuniformity of material properties due to size. It is set to: 

     

 Load distribution factor    describes nonuniform distribution of loads. Face width 

<= 50mm: 

       

 Rim-thickness factor    given that no thin-rimmed gears are expected was set to: 

     

 Geometry factor    from the graph given by (Budynas & Gordon, 2008) according 

to gear ratio obtained in Wheel selection section it is set to: 

        

 Stress cycle factor    ensuring     cycles it is: 

     

 Temperature factor    given that temperature of operation is below     : 

     

 Reliability factor    assuming 99% on the effect of the statistical distributions of 

material fatigue failures: 

     

 Surface condition factor    due to different types of manufacturing gears: 
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9.1.4 Material properties 

Material properties were selected according to availability in the local industry. SAE 

Steel 8620 is mainly used for gears; its approximate properties are presented below: 

      (                ) 

          (             ) 

          (                        ) 

            (                        ) 

Results according to “ANSI/AGMA 2001-D04” are shown in Table 9 for               

  and Table 10 for                . 

Safety factor 2 

Planets 4 

Sun Diameter 310 mm 

Planet Diameter 310 mm 

Ring Diameter 930 mm 

Face width 50 mm 

Total mass 264 kg 

Rotational Inertia 2.48 kg-m^2 
Table 9. Geartrain dimensions according to:  “ANSI/AGMA 2001-D04” (    ) 

Safety factor 1 

Planets 4 

Sun Diameter 75 mm 

Planet Diameter 75 mm 

Ring Diameter 225 mm 

Face width 50 mm 

Total mass 15.5 kg 

Rotational Inertia 0.0085 kg-m^2 
Table 10. Geartrain dimensions according to:  “ANSI/AGMA 2001-D04” (    ) 

Safety factors as clarified for equation [27] present a nonlinear behavior, as it can be 

seen in Table 9 the sum of geartrains mass for every wheel would double EV’s total 

mass. 

Total mass and rotational inertia (seen from the motor) are calculated as shown in 

equations [35] and [37]. 

                                    [35] 
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Where mass for each component is calculated assuming a cylinder as: 

    
          

   

 
 [36] 

 

Where: 

                    

                                          

                                      

For the ring       is taken as the inner diameter and the outer diameter is taken as 
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Where rotational inertia for each component is calculated assuming a cylinder as: 

    
     

 

 
 [38] 

 

Where: 

   
  

 
  

 

9.2 Calculations based on “SS1863-SS1871” Swedish norms 

 

An alternative calculation for the planetary gear set is presented in this section; 

calculations are based on a Swedish technical report (Roos & Spiegelberg, 2004).  The 

report was based on Swedish standards for spur gear dimensioning SS 1863 and SS 

1871. As presented in the mentioned report the limiting size estimation is the ring 

therefore, as long as the ring overcomes bending and contact in fatigue the rest of the 

components will endure stresses as well. Equations [39] and [40] show the minimum 

ring size for both bending and contact. 
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For bending: 
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 [39] 

 

For contact: 
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The Swedish document suggested setting the following parameters as: 

      

        

      

        

                      [46] 

  

 Where      is the least number of teeth between planets and sun gears. 

Since calculations are for spur gears: 

     

     
 

  
 [47] 
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Material limiting factors used are the same chosen in the AGMA norm calculation. 

However safety factor is applied as shown in equations [48] and [49]: 

       
         

  
 [48] 

 

       
         

  
 [49] 

 

Results obtained under Swedish norm parameters are shown in Table 11. 

Pressure angle 20 degrees 

Module 4.5 mm/teeth 

Safety factor 2 

Sun 24 teeth Diameter 108 mm  

Planets "4" 23 teeth Diameter 103.5 mm  

Ring 72 teeth Diameter 324 mm  

Face width 50 mm 

Total mass 24.1 kg 

Rotational inertia 0.033 kg-m^2 

Allowable bending stress 300 MPa 

Allowable contact stress 1200 MPa 
Table 11. Geartrain dimensions according to Swedish calculation (    ) 

Mass and rotational inertia were obtained using equations [35] and [37]. 
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10. Geartrain assembly 

Using the “spur gear component generator” tool available in Autodesk® Inventor® 2013 

software. The 3D assembly of the geartrain was obtained and it is shown in Figure 14.  

 
Figure 14. Geartrain assembly

12
 

Among the input parameters for the spur gear component generator; a unit correction    

has to be set to the value suggested by the software. Without this correction there was 

a small interference between gears teeth; this interference was validated by the 

software using the collision detector in the rotational constrains. At last in order to allow 

manufacturing tolerance a backlash, demarcated as the space between contact teeth 

was set according to the equation [50]. 

                                                           
12

 Image taken from Autodesk® Inventor® 2013 
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   √  

    
 [50] 

Where    is the distance between gears centers. Backlash can be seen in Figure 15 

and Figure 16. 

 
Figure 15. Geartrain assembly-front view

13
 

 

                                                           
13

 Image taken from Autodesk® Inventor® 2013 
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Figure 16. Backlash sun-planet and planet-ring

14
 

Geartrain assembly also allows estimating mass and rotational inertia of each 

component setting materials properties.  

11. Summary 

Final results of the powertrain integration design are presented in Table 12. Wheels 

selected are composed by tires manufactured by MandHTires with the corresponding 

rim manufactured by Weld. Driveshafts are the ones used in the Ford Fusion and the 

geartrain size was the one calculated using the Swedish norms. 

Wheels 26in (Diameter) 8.5in (Width) 13in (Rim diameter) 

Driveshafts Driveshafts used in the Ford Fusion 3.0 L 

Geartrain 324mm (Ring diameter) 50mm (Face width) 4.5mm/tooth (Module) 
Table 12. Final results of the powertrain integration 

12. Suggestions for future works 

 Test real tires currently being purchased in order to estimate coefficient of 

traction. 

 Estimate geartrain according to the norm “ANSI/AGMA 6123-B06” (Design 

Manual for Enclosed Epicyclic Gear Drives) currently being purchased. 

 Design carrier for the geartrain as well as the geartrain container. 

 Select gear lubricant and bearings for the geartrain. 

 Design and manufacture knuckle according to driveshaft and rim dimensions. 

                                                           
14

 Image taken from Autodesk® Inventor® 2013 
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