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Introduction 
Every year the Society of American Engineers (SAE) has an intercollegiate competition that puts colleges 

against each other in a design and race competition to see who can build the best mini baja vehicle.  The 

colleges compete against one another in design, build, test, promotion, and a race event.  Colleges and 

Universities also need to raise the money needed to build the vehicles.  These vehicles all share the 

same 10 horsepower Briggs and Stratton 4 cycle motor.  It is up to each college to build off of that motor 

a vehicle that will endure some of the harshest tests and courses designed to break anything that 

attempts them.  This competition allows the students to test what they have learned from the 

classroom into the real world. 

The 2011 SAE Baja Racing team designed and engineered a great car that they took to competition in 

the spring of 2011.  They had to overcome some major obstacles along the way but finished strong with 

a three member team.  Unfortunately during the competition the 2011 vehicle did not perform as well 

as it should have. It had a very high center of gravity and this caused the car to finish towards the back 

of the playing field.  The center of gravity was far too high because of the drive train configuration. 

The following report will cover the new drivetrain for the 2012 car and will focus on the journey taken to 

lower the car’s center of gravity.  This document contains the calculations for the new drive train, FEA 

results, material selections, diagrams and proof of design. 

From the Manager 
The 2012 team consists of 4 Mechanical Engineering Technology seniors that are determined to set out 

and improve on last year's results at the SAE competition.  In order to perform this goal each senior 

chose one aspect of the old car that they will re-design, re-engineer, and build to make it a success on 

the new car.  The front suspension and steering of the car needs to be re-worked to eliminate bump 

steer.  This will be handled by Jeremy Jacobs, who is also managing the team.  A new drive line from the 

engine to the rear axle as well as lowering the overall center of gravity is being engineered by Rob 

Faust.  Mike Ratliff will design a new frame that will be lighter and stronger than last year.  Finally, Mark 

Schmidt will properly design a new brake set up from the pedal to the wheels to handle a cut brake 

system as well as having outboard brakes.  The 2012 SAE competition will be a nice proving ground to 

ensure these 4 seniors are ready for the real world and real applications. 
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Problem Statement 
The center of gravity for the 2011 drivetrain is much too high.  With a higher center of gravity, the 

handling and stability of the vehicle is compromised.  The top speed is also to low.  The lack of 

optimization in the drive train leads to the unnecessary use of material, a larger car, poor handling and 

poor top speed.  Based on these issues, it becomes clear why the 2011 car did not do to well during the 

competition.  The center distance of the clutch used in 2011 places the engine to high in the y-direction, 

creating a substantially high center of gravity. The drivetrain must be optimized. 

A new clutch will be used in the 2012 drivetrain to lower the engine, which will result in a lower center 

of gravity. 

Alternatives 
1. Use the gearbox from a pit bike and machine an adapter that allows it to be bolted to the 10 hp 

engine. The run a chain from the gearbox to the differential. 

2. Use a friction plate clutch and run chains and sprockets to the differential. 

3. Use a Comet 500 Series symmetrical clutch, and run chains and sprockets to the differential. 

 

 

Figure 1 illustrates the early design concept of the drivetrain orientation/layout. 
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Proposal 
Through examining the set-up of the 2011 drivetrain, it becomes clear that the car’s center of gravity is 

far too high.  The portion of the vehicle that was creating this problem was the clutch that the 2011 

team used.  Center of gravity is based on the weight throughout the car, and the location of the majority 

of weight in the x and y-directions.  The below images depict the orientation of the 2011 drivetrain. 

 

 

Figure 2 shows the left-side view of the rear end on the 2011 car.  Notice the how high the engine 

output shaft is above the carraige of the car. Polaris P-90 clutch. 

16” 
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Figure 3 shows a close up left-side view of the drivetrain in the 2011 car. 

 

Figure 4 depicts the drivetrain as well. 

 

Drive (Primary) pulley 

Driven (Secondary) 

pulley  

Driven (Secondary) 

pulley 
Polaris Sportsman 

400 gearbox 

Differential 
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By lowering the height of the engine in the 2012 car, it is hypothesized that the vehicles center of gravity 

will also be lowered.  The replacement of the 2011 clutch is a vital part of accomplishing this task.  The 

height of the engines output shaft on the 2011 car is 16 inches above the top of the bottom carriage 

tube. Carriage tube refers to the tube on the bottom of the vehicle, or the lowest part of the rear-end.  

The measurements were made from the top of that tube. This can be seen in the above photos. In order 

to lower the car’s center of gravity the gearbox and clutch will be removed and replaced with a new 

clutch, shafts, shaft mounts, chains and sprockets. With a the engine’s output shaft lower, the car 

should see greater stability, maneuverability and performance.  

Proof of Design 
 

In order to effectively prove the design, it must be shown, (through numbers) that the new drivetrain is 

more effective than the old design.  To do this, the center of gravity for the 2011 car was measured and 

compared to the center of gravity for the 2012 car.  Along with the center of gravity being measured for 

both cars, the height of the engine’s output shaft will also be measured for both cars. The goal is to 

lower the engine’s output shaft at least five inches, which should effectively lower the car’s center of 

gravity a noticeable and quantifiable amount.  This can only be accomplished by changing the clutch and 

pulley center distance, which will lower the engine output shaft on the car, in the y-direction. The top 

speed will be verified with the new data acquisition system. 

Calculations 
Since the gearbox and clutch will be removed from the drivetrain, a new clutch and gearing must be 

employed to effectively transmit power to the differential.  The following photo depicts a mock-up of 

the new drivetrain, and the engine shaft being lowered. 

 

6” 

Drive (Primary) pulley 

Driven (Secondary) 

pulley 

Splitshaft gearing 

Jackshaft  



P a g e  | 8 

 

Figure 5 shows the left-side view of the new mock-up of the drivetrain. Notice how the engine output 

shaft has been lowered six inches. 

The new drivetrain will have a Comet 500 Series drive and driven pulley, with a 9.5 inch center distance 

belt.  The driven pulley will then set on a jackshaft with a 16 tooth sprocket. That 16 tooth sprocket will 

run to a splitshaft (to split the gearing) that will have a 48 tooth and 16 tooth sprocket. The second 16 

tooth (on the splitshaft) will then run to the differential. Below is an expanded view of the drivetrain to 

provide a better understanding of the new configuration. 

 

 

 

 

 

 

 

 

 

Since the car needs to be faster than last year the ratios for the new clutch were used to determine the 

gearing necessary in order to obtain the proper gearing and tooth numbers of each sprocket. The engine 

will be transmitting a maximum amount of torque and speed through the drivetrain at a certain point.  

This means that the torque and rpm at each point (jackshaft and splitshaft) must be known in order to 

properly design for the jackshaft, jackshaft mount, splitshaft and splitshaft mount. Based on the forces 

and torques produced by the ratios of the sprockets and clutch, these components could be designed. 

C.2 Calculations 
  

Center of Gravity 

With the car on level ground, the weight of the front and rear tire was measured.  Once these values 

were recorded, the rear-end was raised 10 inches and the weight at the front tires was recorded.  

Through the use of trigonometry, the center of gravity for the 2011 car was found to be 28.56 inches. 

Using the same method, the 2012 car’s center of gravity was calculated and found to be 19.88 inches.  

As a result the car’s center of gravity was reduced by 8.1 inches. 

 

Drive (primary) pulley 

Driven 

(secondary) pulley 48 tooth sprocket 

16 tooth sprocket 16 tooth sprocket Differential 
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Wheelbase (Wb): 65” 

Front 

Flat  Right 87lbs Left 130lbs = 217lbs = Fw1 

Elevated Right 95lbs Left 110lbs = 205lbs = Fw2 

Rear 

Flat  Right 163.8 Left 164lbs = 327.8lbs 

Total Weight (TW): 544.8lbs 

FWc: change in weights 

            

                  

           

 

 

 

 

  √        

              

 

      
        

           
 

        

 

    
      

        
 

    
               

              
 

                                                   

x 

10”(raised) 
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Gearing 

 

(McCausland, Watkins and Masterson) 

 

 

Clutch (CVT) Ratios 

High: 3.34 

Low: 0.81 

Maximum RPM:  3800 RPM 

Maximum Torque: 13.75 ftlbs 

Tire Circumference: 78.54 inches 

 

Top Speed 

            
        

        
 
       

        
            

           
           

           
 

    

           
 
         

    
           

***NOTE*** 

The ratio that is occurring in the clutch at the point 

of maximum torque is unknown, so it is assumed to 

be a ratio of 2 that will occur at the point of 

maximum torque (13.75 ftlbs) in the curve. 
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Maximum Torque on Jackshaft 

                       

Maximum Torque on Splitshaft 

          
        

        
            

Maximum Torque at Differential 

          
        

        
             

 

Net Driving Force: Driven Pulley 
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Bending Force on Shaft 

         

             

         

X &Y Components 
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Chain Number 

Given a Heavy Shock Safety Factor of 1.7 

 10Hp*1.7=17 HP 

 Given this information, a No. 40 roller chain will be strong enough. (Mott) 

 

Pitch Diameter 

Number of Teeth (N):  

 N1=16 

  N2=48   

Pitch (p):  

p= .5 inches 
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Arc of Contact 

C: Center distance= 5.5in & 5.25in 
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*** The following calculations and diagrams were done for both the jackshaft and splitshaft. The 

calculations for the Jackshaft are shown. 

Forces on Jackshaft and 16 tooth Sprocket 
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Jackshaft Free Body Diagram (x-direction) 

**Calculations and diagrams for the y-direction forces are done the same way. 

 

 

 

 

Pulley Forces  Sprocket Forces 

FBX=66 lb  Fcy=225.6 lb 

FBy=114.315 lb  Fcx=124 lb 

***Assume a 1” shaft diameter 10” in length 
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FB1 

225.6 lb 

FB2 

66 lb 

3 in 2 in 5 in 

175.76 lb 

401.36 lb 

-266 lb 



P a g e  | 15 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Bearings 

Ld= 4,785,840 revolutions 

K= 3 (Ball Bearings) 

C= 1086.95 lb 

 

 

 

1330in lb 

1330in lb 

Maximum Moment of 1330 

inlb. 

FORCES 

   X    Y    

FB1  + 175.76lb    -79lb 

16T  + 225.6 lb    +115lb 

FB2  - 667.39lb    -316lb 

Pulley  + 266lb     + 125lb 

MOMENTS 

X: 1330 inlb (MAX)  Y: 625 inlb 
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Results and Design Details 
It was decided to use a symmetrical belt clutch with chain and sprockets.  The symmetrical belt clutch is 

more compact than a standard belt clutch. This is because both the primary and secondary have springs 

on them that allow them to fly out. This allows for greater variation and faster ratio changes. As a result 

this leads to faster up and down shifts.  Since the symmetrical clutch has a primary and driven with 

springs on them, it allows the system to be more compact.  Essentially this allowed for a shorter center 

distance. This was perfect; it allowed the engine to be dropped 6 inches from its position in 2011. 

 

Since the clutch was more compact, it also allowed for a drop in overall weight. Along with the drop in 

size and weight due to a smaller clutch, the weight was also lowered by removing the gearbox.  Since 

weight was a huge issue, it was decided to use one of the lightest possible materials for the shafts and 

shaft mounts.  Given the above forces it was found through Solidworks FEA simulations, that 7075-T6 

Aluminum could be used to make the shafts as well as the shaft mounts.  This led to an overall drop in 

the drive train weight of 16.38 lbs.  The 2011 car’s drivetrain weighed 35lbs, where the current 2012 

car’s drivetrain weighs only 18.61lbs. Below is a caption of the Solidworks FEA simulation for the 

jackshaft. A safety Factor of 2.15 was used for this shaft. Shaftmounts were also done using Solidworks 

FEA simulation; the acquired forces were plugged in to the program to determine that 7075-T6 would be 

sufficient.  A screen shot the splitshaft mount is shown below also. The safety factor used for that was 

13.17. 

 

The car’s center of gravity in 2011 was 28.56” and the 2012 car was 19.88”.  This means there was an 

overall drop in the center of gravity of 8.86”  Costing a total of $1528.92, this places the drivetrain at a 

cost of $172.56/in of center of gravity lower. 

 



P a g e  | 17 

 

 

 

Conclusion 
Overall the results seemed to pan out nicely.  The overall gain was very acceptable.  The drop in center 

of gravity definitely had an impact on the performance, handling and maneuverability. This year the 

team ranked 11th in maneuverability and last year’s team placed 53rd in maneuverability.  The large drop 

in weight of the drivetrain which turned out to be 16.38 lbs, was advantageous and the top speed was 

also increased a considerable amount. Last year’s team had a top speed of 25 mph and this year’s car 

went 36 mph given our data acquisition system.  This shows an incredible increase in performance and 

drop in weight which is very desirable. The team was very pleased with how things turned out.  
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Budget 

 

 

 

 

Note** 

This was the best experience of my life. Thanks. 

 

 

 

 

 

 

 

Company project task misc
metal protractor $0.00 $0.00 $6.79

BMI Karts $188.20 $0.00 $0.00

Tractor Supply $74.15

Tractor Supply $130.70

Spinreel $615.53

McMaster Carr2 $168.95

McMaster Carr3 $310.14

McMaster Carr4 $103.61

$130.30

$196.94

Tractor Supply $13.80

Tractor Supply $39.28

Expenses
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