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Abstract: 

 Every year the Society of Automotive Engineers or SAE holds many different 

collegiate design series competitions.  The most popular out of all is said to be the Mini 

Baja.  This year, there is a team of three to represent the college of Applied Science; they 

are Todd Stephens, David Whitehead and myself Bill Jenkins.  In order to be competitive 

at this year’s Mini Baja competition, the team decided to redesign four major components 

of the 2003 Mini Baja car.  Todd redesigned the front suspension and steering, Dave 

redesigned the rear suspension and held the position of project manager and I was in 

charge of the frame and drive train modifications.  The team believes these redesigns will 

make the Mini Baja vehicle competitive on June 4 

 Last year’s 2003 Mini Baja vehicle competed well in the events of hill climb and 

sled pull but poorly in maneuverability, acceleration and endurance.  The objective of the 

2004 Mini Baja vehicle is to perform competitively in all events held at the competition.  

In addition, the team had only one critical internal objective which was to minimize the 

personal cost of each team member’s project, not to exceed 500 dollars. 

in Milwaukee, Wisconsin. 

As previously mentioned my portion of the 2004 Mini Baja car consisted of the 

frame and drive train redesigns.  A strong frame is one of the most important parts of a 

vehicle such as the Mini Baja car.  It is the center piece through which all other parts of 

the car become one.  Because of this it is important that the frame be strong, durable and 

provides the safest conditions for the person driving the vehicle. 

 Another important aspect in creating a competitive Mini Baja car is creating a 

drive train that is very versatile.  It is important that the drive train be versatile so that the 



 

car will be able to compete well in all of the events at the SAE competition that were 

mentioned above. 

 The following report explains the steps taken towards material selection, design 

iterations, and manufacturing techniques needed to meet the design criteria, as well as the 

results of the competition.
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1.0 Introduction 

1.1 Background Information 

Every year an organization called the Society of Automotive Engineers 

SAE for short promotes three separate competitions called the Mini Baja series in 

which engineering students from all around the world come to compete.  The 

Mini Baja competition originated at the University of South Carolina in 1976 

under the direction of Dr. John F. Stevens (1).  Ever since then, the Mini Baja 

competition has grown to become one of the premier engineering design series for 

universities all around the world.   

Our predecessors from last year’s Mini Baja were subjected to different 

rules than that of this year’s team.  Every year SAE comes out with new rules for 

their competition in which every Mini Baja team must follow. 

For the competition held in June, the team had to work together in respect 

to producing a vehicle that is competitive in cost, and performance.  For this 

year’s competition, the team is to assume a role of a manufacturing department 

and produce a prototype car that can be manufactured cost effectively at 4000 

units per year (1).   

The following report covers the frame and drive train design and 

manufacturing for the 2003-2004 Mini Baja car.  For the 2004 frame we are going 

to modify the 2003 frame in order to achieve our performance objectives that we 

have set.  Ground clearance and insufficient suspension travel were the most 

significant problems that existed with the 2003 Baja car.  We were able to fix this 

problem with a new suspension design for both the front and the rear of the car.  
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The suspension fixes in which Todd and Dave were in charge of fixed the 

problems of insufficient ride height and insufficient suspension travel.  It is the 

result of these fixes that creates the need for a modified frame design.  In order to 

increase the ride height and suspension travel longer control arms are needed.  

The maximum width of the car can only be sixty inches which is set by SAE.  The 

only way to fit the car within the sixty inches was to modify the frame where the 

control arms mount.  This consisted of making the frame narrower where the 

control arms mounted to the frame. 

Another major problem that needed to be addressed was that the drive 

train used in the 2003 car needed to be improved upon, so that the car would have 

enough power and be able to be handle in the appropriate fashion of an off-road 

vehicle.  The problems that existed in the 2003 drive train consisted of the 

following.  First, a solid axle was utilized in last years drive train design and 

second the car needed a greater range of gear selection options so that it could be 

a more versatile vehicle.  A solid axle is a drawback in this type of vehicle 

because it greatly reduces the effectiveness of the front wheels being able to steer 

the vehicle.  When driving through a sharp turn in a vehicle that has a solid axle, 

the axle setup creates an opposite force that opposes the force created by the 

turned front wheels.  This opposite force tends to force the vehicle in a straight 

line rather than through the desired radius.  This can be an extreme problem in 

cases where the front wheels do not have enough traction to counteract the force 

created by the solid axle.  This is the scenario experienced by a vehicle such as 

the mini baja car.  The majority of the weight of the mini baja car is situated over 
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the rear axle.  This gives more traction to the driving wheels and less traction to 

the steering wheels; therefore, the steering wheels can not find enough traction in 

order to develop the necessary force needed to effectively steer the vehicle.  The 

devise used to correct the effects of a solid axle setup is a differential.  A 

differential allows the two rear wheels to spin at different rates with respect to one 

another when the vehicle is traveling through a turn.  The differential eliminates 

the counteractive force that was described above and it greatly increases the 

effectiveness of the front steering wheels. 

As for the second drive train problem that consisted of the lack of gear 

selection options, it was decided that a gear box was needed in order to make the 

Mini Baja car more versatile.  The 2003 car did not utilize any type of gear box.  

Last years drive train consisted of a CVT (Continually Variable Transmission), 

which was connected to a chain reduction which was connected to the drive axle.  

This type of setup only yields the range of reductions available through the CVT 

and it only gives the option of forward motion for the car.  We were able to make 

the Mini Baja car more versatile by using a gear box that has two forward gear 

options, a high and low, and a reverse option.  The following report shows the 

processes gone through in order to create a design that incorporated all the 

necessary improvements that we needed in order to create a competitive mini baja 

car. 
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1.2 Problem Definitions 

Problem One: Frame 

  For the 2003-2004 Mini Baja car frame we utilized parts of the 2002-2003 

cars frame.  The 2003 frame needed to be modified so it could be used for this 

year’s car because of two main reasons.  First, new mounting points needed to be 

created in order to accommodate the longer control arms that will be used on the 

2004 car and second, the new drive train components needed a way to be 

supported and protected.  The reasons why the frame needed to be modified are 

illustrated below.  Below is a representation of last years frame.  It is of a view 

that is looking directly at the back of the car.  The diagram shows why last years 

frame could not be used without being modified to fit our needs.  Attached to the 

frame at the control arm mounting locations are our newly designed control arms 

that are required to give us the ride height of fifteen inches that we desire.  You 

will notice in this diagram that the 2003 frame when used in conjunction with our 

new control arm design will not fit within the sixty inches specified by the SAE 

rulebook. (1)  Even though the rear of the car is shown the same is true for the 

front control arm setup. 
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Figure 1-1. Width of car using new control arms. 

 

Problem Two: Drive Train 

  The drive train used in the 2003 Mini Baja car had two major problems.  

First, a solid axle was utilized in the 2003 drive train design and second the car 

needed a greater range of gear selection options so that it could be a more 

versatile vehicle at the competitions.  The solid axle negatively affected the 

steering of the 2003 car and the limited drive train did not allow the car to be used 

to its fullest potential.  Below is a picture of the 2003 axle setup, as you can see 

this arrangement did not allow each wheel to spin independent of the other 

driving wheel, also note the apparent weight of this setup that was over 60 lbs. 
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Figure 1-2. 2003 axle setup. 

 
1.3  Research 
 
Frame Research 
 

  In order to design an appropriate frame that complies with all of the SAE 

rules the majority of my research was done using the SAE Mini Baja car 

rulebook.  The rulebook specifically lays out eight design criteria for the roll cage 

of the car that must be met so that the car will pass inspection at the competition.  

The rulebook leaves little to the imagination so it is my job to make sure that we 

will be in no violation of any of the roll cage and frame design specifications.  

These eight design criteria can be found in the appendices part of this report. 

  The sizing and strength of the required roll cage members is also 

determined from the SAE rulebook.  According to the rulebook two different 

approaches can be taken when sizing the frame members.  First, at minimum steel 

tubing with an outside diameter of 1 inch and a wall thickness of .083 inch and a 

carbon content of at least .18% (1).  Second, steel members with at least equal 
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bending stiffness and bending strength to 1018 steel in which the bending 

stiffness and bending strength have to be calculated about an axis that gives the 

lowest value (1). 

  It was decided that all the frame members would be made from 4130 

chromium-molybdenum steel tubing.  This metal is the most popular material for 

creating tube structures.  It is most often used in the tube frames of race cars and 

the frames of airplanes.  It is officially designated as a low carbon steel but it 

contains about the maximum amount of carbon for a low carbon steel.  It consists 

of .30 percent carbon which in general is the cutoff for a metal that is easily 

welded (2).  It is able to be welded using a mig welder relatively easily using an 

ER70S-6 filler wire.  4130 chrome-moly has a yield strength of 63,000 psi and an 

ultimate strength of 97,000 psi (3).  In general this material yields the strongest 

frame possible using a material that is easily welded. 

  

Drive Train Research 

  The improvements to this year’s drive train came about due to three 

methods of research which included personal experience with off road vehicles, 

driving of last years Baja car, and surveying of others familiar with off road 

vehicles.  First and foremost the most useful research was done by driving last 

years Baja car in order to discover its deficiencies.  As for the drive train it was 

found that last years car suffered from two major problems.  As previously 

mentioned these problems were the solid axle that was used and the lack of gear 

selection options.  The first problem made the car have horrible steering 
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characteristics and the second problem did not allow the car to have all the 

necessary characteristics needed in order to compete well in all the events at the 

competition.  The results of the survey, which can be seen in the appendices part 

of this report also reinforced what we had already learned from driving the 2003 

Baja car.  Others had the same thoughts as we did, which included the vehicle 

should use a differential axle and it should have the ability to be locked into a 

solid axle if added traction is needed, a transmission with multiple gear selection 

options would be useful and a transmission with the option of reverse would also 

be useful. 

 

1.4 Project Objectives 

Due to the fact that this year’s team had several specific performance 

requirements that set the geometry of the 2004 frame, many changes had to be 

made to the 2003 frame.  The performance requirements that we set at the start of 

this project, that directly influenced the design of the frame, was that the car 

would have a ground clearance of fifteen inches and that the suspension would be 

able to travel a total of nine inches between its extreme positions.  These two 

requirements are what set the length of the control arms that were designed for 

this years car.  The length of the rear control arms turned out to be nineteen inches 

and the length of the front turned out to be seventeen inches.  Dictated by the SAE 

rulebook, the width of the car at its widest point can not be more than sixty 

inches. (1)  Due to the length of the control arms the mounting points where the 
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control arms connect to the frame had to be moved in toward the center of the car 

so that we would not exceed the sixty inches. 

Along with the changes that have to be made to the frame because of the 

new control arm designs the frame also needs to accommodate the new drive train 

components that will be used on the 2004 car.  So, a combination of the 

previously mentioned items is what determined the need for a modified frame to 

be built out of the 2003 Baja car frame.  So, the objectives of my project are to 

design and build a frame that accommodates the newly designed control arms so 

that the design requirement of fifteen inches of ground clearance is met and to 

design and build a drive train arrangement that creates the most versatile vehicle 

possible. 
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2.0 Technical Discussion and Design Solution 

 2.1 Frame Design Parameters 

There were many design parameters that had to be met by the 2004 Mini 

Baja frame.  SAE regulates very strictly the frame designs that are acceptable to 

be raced in a SAE sponsored race.  This is the case because the frame and roll 

cage are the most important safety devices incorporated into a vehicle such as the 

Mini Baja car.  The frame design had to satisfy two requirements, which were our 

requirements that the frame had to accommodate the newly designed control arms 

and drive train, but also the frame had to be acceptable to the SAE judges so that 

it could be raced at the competition.  SAE is very strict on the frame and roll cage 

rules and in the SAE rulebook there is a section that fully describes what is 

acceptable and what is not, in terms of bracing, material selection and sizing.  The 

SAE frame and roll cage design parameters can be viewed in the appendices 

portion of this report. 

  

 2.2 Selection of Preferred Frame Design 

  Two initial frame designs were considered at the beginning of this project.  

The first design consisted of a “dropped frame” idea that utilized a great deal of 

the frame from last year.  This idea was attractive at first because it increased the 

overall ride height of the vehicle and it utilized much of the old frame.  Using as 

much of the 2003 frame as possible was always a prerogative because of the 

overall limited budget of this project.  Below is a drawing of the initial frame 

design that shows the “dropped frame” on the rear of the car. 
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Figure 2-1. Initial frame design “Side View” 

 

 

Figure 2-2. Initial frame design “Isometric View” 

 

  As mentioned before this design was desirable because it utilized several 

of the members from last years frame.  In the pictures above the members in grey 

are part of last years frame and the ones in orange were to be the improvements to 
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this years frame.  This design was not used because of three main reasons.  First, 

it was not used because it was determined that a straight bottom would be stronger 

than an angled bottom.  Straight through frame rails would be stronger than the 

angled tubes that would be welded at the joints.  Secondly, it was found that the 

engine and drive train components would not be able to fit in the frame shown in 

the pictures above.  And finally it was determined that the “dropped frame” would 

simply not be necessary to gain the desired ground clearance that we were trying 

to achieve.  So, this design was completely scrapped for a different design that 

more completely incorporated all the aspects of an ideal frame design. 

  The second and final design is a much stronger and simpler design.  It is 

similar to the original design but it does not utilize the “dropped frame” design 

that was described in the previous paragraphs.  It incorporates all the appropriate 

mounting locations for the control arms and the appropriate mounting locations 

for the drive train components that we used.  This design also makes it possible to 

mount the engine in its desired location so that it would not interfear with any of 

the frame rails.  This design satisfied all of the SAE rules on frame and roll cage 

bracing.  The design is shown in the following drawings.  The newly designed 

frame parts are shown in red and the parts that were kept from last years frame are 

shown in grey. 
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Figure 2-3. Newly designed frame “Side View” 

 

 

Figure 2-4. Newly designed frame “Isometric View” 

 

2.3 Sizing of frame members 

The sizing of the frame members was predetermined by two factors: SAE 

and the size of tubing used on the 2003 frame.  First SAE mandates a minimum 

outside diameter and a minimum wall thickness for all the frame members.  These 

minimum requirements consist of an outside diameter of one inch and a minimum 
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wall thickness of .083 inches.  The one inch .083 wall thickness can be followed 

or SAE also allows steel members with at least equal bending stiffness and 

bending strength to 1018 steel.  If using this method the bending stiffness and 

bending strength have to be calculated about an axis that gives the lowest value. 

More importantly in order to incorporate our new design with the 

components we utilized from the 2003 frame we had to use the same tubing sizes 

that were used on last years frame.  These tubing sizes consisted of the roll cage 

being made of 1.25 inch outside diameter tube with a wall thickness of .083 

inches and non roll cage members being made of 1 inch outside diameter tube 

with a wall thickness of .065 inches.  The following figure shows what 

components are made of the 1.25 inch tubing and what components are made out 

of the 1 inch tubing.  The 1.25 inch tubes are shown in grey and the 1 inch tubes 

are shown in black. 

 

 

Figure 2-5. Tube diameters 
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2.4 Loading conditions and finite element analysis 

  In order to ensure that the frame would operate the way it was designed 

and that it would not fail under normal operating conditions several different 

finite element analysis scenarios were conducted on the frame.  A total of four 

separate loading conditions were analyzed using FEA analysis.  All of the four 

analyses were conducted separately from one another and the worst case scenario 

was designed for.  The calculations of the forces applied to the frame during each 

case can be seen in the appendix portion of this report.  Also the FEA diagrams 

including loading and constraints, stress and displacement can be viewed in the 

appendices.  The four cases are described in depth below. 

2.4.1 Case One 

  Occurs on the rear of the frame and it consists of the forces 

transmitted through the shock mount due to the car falling and impacting 

the ground.  This force was analytically determined by dropping the car 

from two feet and having the car land on the rear wheels so that the 

dynamic effect of dropping the car is distributed over the back wheels, 

which in turn distributes the load over the shock mounts.  The location and 

direction of these forces are shown in the figure below. 
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Figure 2-6. Case One FEA 

 2.4.2 Case Two 

  Case two applies to the front of the frame.  Case two is very 

similar to case one the only difference being that the forces are transmitted 

into the front shock mounts.  The magnitude of the forces also change 

because of the fact that different geometry exists on the front of the car.  

This force was analytically determined by dropping the car from two feet 

and having the car land on the front wheels so that the dynamic effect of 

dropping the car is distributed over the front wheels, which in turn 

distributes the load over the shock mounts.  The location and direction of 

these forces are shown in the figure below. 
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Figure 2-7. Case Two FEA 

 

2.4.3 Case Three 

  Case three is different from the first two cases.  Case three consists 

of the forces that are transmitted into the control arm mounts due to the car 

falling and impacting the ground on its side.  This case consists of the 

forces that would be generated in both the front and the rear control arm 

mounts.  This case also assumes that the car will be dropped from two feet 

and the forces that are shown in the following figure are those that are 

generated from the dynamic impact with the ground. 
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Figure 2-8. Case Three FEA 

2.4.4 Case Four 

  Case four consists of forces applied to the front control arm 

mounts in the event of a front end collision.  In the event of such a 

collision the front tires would be the first objects to impact with the object 

being hit.  Therefore it is the forces transmitted through the control arms 

and into the front control arm mounts that will be analyzed.  The impact 

force is calculated at a speed of 10 mph.  These forces are shown in the 

figure below. 
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Figure 2-9. Case Four FEA 

 

2.5 Drive Train Design Parameters 

 As previously mentioned it was determined that the drive train of the 2004 

Mini Baja car needed to be very versatile.  It was decided early on that the car 

should have multiple gear selection options and also have a reverse gear.  It was 

also determined that the initial reduction of the drive train should consist of a 

continually variable transmission.  This would give the vehicle automatic 

transmission capabilities.  These types of drives are widely used on vehicles like 

the Mini Baja car because they are able to transmit large amounts of torque, can 

change reduction ratio with regard to torque requirements and are relatively light.  

As mentioned previously it was also necessary for the drive train to incorporate 

some type of a differential so that the vehicle would be able to be steered easily.  

We also thought it necessary for the differential to have the capability to be 

locked so that both wheels spin together in the event when more traction is 

needed.  So in short the necessary components needed to create a competitive 



 

20 

drive train are as follows: First an initial reduction through a CVT should lead to a 

secondary reduction through a transmission that has multiple gear selection 

options along with a reverse gear.  The output of this setup should then lead to a 

lockable differential that is situated in the final drive axle. 

 

2.6 Mechanical Design of Drive Train Elements 

 Due to the limited budget of the 2004 Mini Baja team it was necessary for 

the drive train to be constructed out donated parts.  First a transmission was 

donated that was ideal for application for which we intended it for.  The 

transmission is out of a Polaris four wheeler.  This transmission is a good fit for 

the Baja car because it is out of a vehicle that is similar in both weight and size.  

This transmission was also perfect because it was driven by a CVT transmission 

in its intended vehicle.  This was great because we already had in our possession 

from previous Baja teams a driver clutch that could be mounted to the crankshaft 

of our engine.  The combination of the driver clutch and the driven clutch that 

came with the transmission was a good match.  The arrangement created a 

desirable reduction ratio and the clutches used the same belt width, so they were 

able to be used in conjunction with one another.  Also by chance we were able to 

obtain a differential that was exactly what we desired.  The differential was out of 

a Yamaha Grizzly four wheeler and it had the ability to be locked into a solid 

axle.  Again this item was ideal because its intended use was similar to what we 

were going to use it for. 
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 The three previously mentioned items complimented each other rather 

well.  When used in conjunction with one another they create the highly adaptable 

and versatile drive train that is needed for a vehicle like the Mini Baja car.  It is 

important to note that these three drive train items are of sufficient strength and 

robustness to handle the rigors of an off road motor cross track of which the car 

will be driven on.  The driver CVT clutch is rated to 16 horsepower, the 

transmission is out of a vehicle that is rated to 20 horsepower and the differential 

is out of a vehicle that is rated to 30 horsepower.  So, as you can see these drive 

train parts are plenty strong enough to handle the ten horsepower engine that is 

used on the Mini Baja car.  In the appendices section of this report the three drive 

train components can be viewed along with an assembly view of all the 

components mounted in the car.  Below is a chart showing the reduction ratio of 

each of the three components.  The chart shows the reduction ratios for the 

components when the CVT is in the extreme low position as well as when the 

CVT is in the high position.  The calculated vehicle speed at the various reduction 

ratios is also shown. 

 

  CVT Transmission Differential Calculated Veh. Speed @ 3600rpm. 

Reduction 
Ratios 

High: 
.76 High: 3.29 3.67 High Max Speed: 30 mph. 

Low: 
3.95 Low: 6.64 Low Max Speed: 16.5 mph. 

 

Figure 2-10. Reduction ratios and calculated speeds 
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3.0 Build and Test 

 3.1 Fabrication and Assembly 

  All of the frame components were fabricated and assembled by the Baja 

team in the OCAS machine shop.  Because of the fact that the frame was 

manufactured out of round tubing complicated cuts have to be made which are 

called “fish eyes”.  These cuts are necessary in order to properly prep the pieces to 

be joined so that they can be welded to their full strength.  The individual 

members of the frame were cut by either of two methods.  The simpler cuts which 

consisted of 90 degree joints and 45 degree joints were done using a chop saw.  

The more complicated cuts that could utilize any number of degrees were made 

on a vertical milling machine.  This ensured accurately cut joints that were easy to 

weld. 

  As you can imagine all of the frame joints were joined by welding.  The 

welded joints were created using a mig welder.  The filler wire that was used was 

an ER70S-6 filler wire.  This filler metal has the required carbon content 

necessary to weld this material so that the tensile strength of the material is not 

affected.  This ensured that the base metal did not change too significantly during 

the welding process. 

  Very simple yet effective techniques were used to set up the individual 

members of the frame for welding.  The individual members were set using 

squares, tape measure and magnetic squaring jigs.  For some of the more 

complicated joints simple jigs were made to ensure that the frame took the desired 

shape that was called out for in the design of the frame. 
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  The drive train was assembled in a very logical manner.  Once the frame 

was completed it was then possible to mount the drive train in the vehicle.  The 

first step was to mount the differential.  This was done first in order to make sure 

that the wheel base and overall length of the vehicle was within SAE regulation.  

The overall length of the vehicle could not be longer than 96 inches and on our 

vehicle the front and rear tires is what created the furthest points.  This is why the 

placement of the rear axle was essential.  The differential was mounted to the 

frame using simple metal brackets.  The only modification to the differential was 

to modify the input to the differential by attaching a sprocket by welding to the 

already existing input shaft. 

  The transmission was the next item of the drive train to be mounted.  It 

was placed in the vehicle so the output sprocket of the transmission lined up with 

the input sprocket of the differential.  The transmission was mounted using two 

simple brackets.  The lower bracket created a pivot point by which the 

transmission pivoted about in order to tighten the chain that joined the differential 

and transmission.  The upper bracket was slotted so that the transmission could be 

clamped in place to ensure that the chain would not loosen. 

  After the transmission was mounted it was then time to locate the 

mounting locations for the engine.  The engine location was essential because the 

belt CVT drive that connected the transmission and the engine had to be lined up 

as perfectly as possible.  Once the location of the engine was known slotted 

engine mounts were then welded to the frame.  The engine was adjustable in both 

the horizontal and vertical directions.  Once the engine was mounted the CVT 
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clutches were installed along with the connecting belt.  With this the drive train 

was complete. 

  

 3.2 Performance Testing 

  Before we left for the competition in Milwaukee the car was tested to 

ensure that it would survive the rigors of a motor cross track.  It was first tested 

lightly at school by completing several obstacles that could be found in the 

parking lot and around campus.  Once the car proved itself at school it was then 

taken to a test location that has similar hills and jumps to that of an off road motor 

cross track.  At this location the car was abused thoroughly and it survived with 

no visible or mechanical damage to the frame or drive train.  Actual performance 

testing occurred at the competition that was held in Milwaukee on June 3-6.  The 

vehicle faired rather well at the competition.  It was able to compete in and 

complete all the events at the competition.  The events at the competition included 

a maneuverability course, a sled pull, acceleration and top speed, a hill climb and 

an endurance race.  The vehicle faired especially well in the sled pull and hill 

climb.  Due to the size and weight of the vehicle it did not do so well in the 

acceleration and top speed events and in the maneuverability event the car did 

alright but there was much room for improvement.  As for the endurance race the 

car would have done alright if a problem with the braking system would not have 

occurred.  For some unknown reason the brakes locked up on the car which 

created a very slow lap time for the lap that was needed to drive the car to the pits, 

very slowly.  The brakes were able to be fixed but the lost lap time greatly 
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affected our placement for the endurance race.  Other than the brake problem that 

occurred there were no other mentionable problems that came about at the 

competition. 
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4.0 Cost Report 

 Due to the fact that we utilized a great deal of the 2003 frame and we already had 

a large amount of the correct material in stock we did not need to purchase very much 

material to complete the frame.  Overall only twenty feet of 1.25 inch outside diameter 

tubing with a .083 inch wall thickness had to be purchased to build the frame.  As 

mentioned before this is a 4130 steel and it costs $6.15 per foot.  So, a total of $123.00 

was spent on new material to complete the frame. 

 Because of the fact that the drive train was built out of donated or already in our 

possession parts very little money was spent on the completion of the drive train.  In 

actuality if all the components of the drive train had to be bought at retail price the set up 

would be very expensive in the range of 3000 dollars.  The only items that had to be 

bought for the drive train were a pair of axles that fit the hubs that we were using.  These 

axles were purchased from a junk yard for ten dollars a piece. 
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5.0 Conclusions and Recommendations 

Overall this has been a very successful and interesting project.  At the 

same time it has been a very difficult and challenging project.  It was challenging 

because of two main aspects.  First, designing and building a Mini Baja car is a 

very in depth task that should be tackled by a large team.  We were a little 

overburdened with the three person team.  At the SAE competition some of the 

teams were as large as thirty people.  It was difficult to compete with teams that 

had that much support behind them.  This brings me to my first recommendation 

which is that in the future the College of Applied Science should have the Mini 

Baja car as a club that students belong to over the five years that they are at the 

school.  This would create interest in the competition and each year new ideas 

will come back from the competition.  These ideas could be implemented by the 

students and each year the car will become better and eventually the school would 

have a very competitive car.  As a side note these competitions are great 

advertisements for the school.  It would be interesting to see the College of 

Applied Science have the sponsorship to be able to afford such things as race 

trailers and trucks along with a large team. 

I feel that the car overall was successful and my individual project of the 

frame and drive train was also successful.  The frame did exactly what it was 

intended to do.  We were able to modify the frame from 2003 to work with the 

designs for the 2004 Baja car.  The frame was able to work with the suspension so 

that the desired fifteen inches of ground clearance was met.  It also was designed 

so that it met all the requirements of the SAE judges.  It is a strong and durable 
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frame that could never be broken at a SAE Mini Baja competition.  My only 

recommendation for the frame is that maybe somebody down the road could scale 

the frame down and create a lighter design. 

The drive train is also a strong and robust design.  It was built out 

components that were initially designed for the same type of rigors as those 

encountered on a motor cross track.  The components that were selected and used 

created a very versatile drive train arrangement.  This setup was exactly what we 

were looking for at the start of the project and it performed very well at the 

competition.  In the future the only thing that needs to be done to the drive train 

setup is to tune the driver CVT clutch to respond more quickly to the engines 

rotational speed. 

In conclusion this has been a very satisfying and fun project to complete.  

I have learned a lot through the experience and I am proud of the car that we have 

created.  The vehicle that we made was exactly what we set out to create at the 

start of this project.  It met all the performance objectives that were established at 

the start of the project and it even surpassed some of these.  It is a very good car 

and hopefully future Baja teams now have something to work with. 
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Appendix A 

Proof of Design Statement 

 

 As a member of the 2003-2004 Mini Baja team my project consists of designing 

and building the frame and drive train for the 2004 Baja car.  My designs will be tested 

and proven at the competition held in Milwaukee on June 3-6, 2004.  The frame design 

will be tested and proven by whether or not it survives the competition.  Their will be no 

visible deformation of frame members due to the rigors of the course.  The drive train 

also will be tested at the competition.  It will be tested in the same fashion and that is it 

must survive the competition and still be in good working order at the completion of the 

competition, so that it can be deemed a success. 
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Appendix B 

Customer Survey 

 

Mini Baja Car Drive Train Survey 
 
 
 

I am an engineering student at the University of Cincinnati.  I am currently working on 
my senior design project which involves designing and building a “Mini Baja Car”.  The 
Mini Baja Car is a small off road vehicle very much like a rail buggy.  The car is being 
built in order to compete in three competitions that will be held shortly in the upcoming 
year.  The competitions are held by the Society of Automotive Engineers who has many 
strict regulations that the cars must be designed around.  The most significant regulation 
being that the car is to be powered by a 10 horsepower Briggs and Stratton engine.  The 
purpose of the competitions is to challenge engineering students, such as myself, to 
design and build a car that can be competitive with other engineering schools across the 
country.  I am in charge of designing the drive train and related components.  It would be 
very helpful to me if you would take the time to complete this survey, so I can gain some 
insight from people that are knowledgeable about off road vehicles. 
 
 

1. What type of power transmission would be most appropriate for a Mini Baja Car?  
Circle one. 
Ex: (CVT “continually variable transmission”, gear box with clutch, gear box and 
CVT combination) 

 
2. Would a transmission with a high and low gear drive be a valuable option in such 

a car? 
 
 
 

3. Is reverse necessary in such a small car? 
 
 
 

4. With an engine rated at only 10 Hp. is it necessary to have an open differential to 
aid in steering the car? 

 
 
 

5. If a differential would be used, would it be beneficial for the differential to have 
the ability to be locked into a solid axle for use in mud and slippery conditions. 
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6. Where would be the most appropriate place to locate the brakes in a setup that 
utilizes an open differential? 

 
7. Would it be beneficial for a driver to have the ability to lock each rear wheel 

independent of the other rear wheel using the brakes, in order to aid in steering the 
car through a tight turn? 

 
 
 

8. For the final drive to the differential would a chain or driveshaft be more 
appropriate for transmitting the torque? 

 
 
 

9. Would a CV joint styled axle be appropriate in an application where 10 inches of 
suspension travel would occur? 

 
 
 

10. What size rear tire “Diameter” would be most useful in ruff terrain like the mini 
Baja car would see? 
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Appendix C 

Mechanical Drawings 
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Appendix D 

Calculations 

Note:  The following calculations were completed in order to determine the forces used 

in the FEA analysis of the frame. 

Case One 

Assumptions: 

Car weight = 600lbs 
Dynamic impact time = .2sec 
Car Dropped from 2ft, so vel. At impact = 11.35 ft/sec 
Car lands on both rear wheels at the same time. 
 

Free Body Diagram 

 

Dynamic impact force: 

.91.528
2.

35.1132.9 lbs
T

VMIF =
×

=
×

=  

Reactive force felt in the shock/spring combination: 

lbsshockforceMframe 9.10041991.528"100 =×+×−==Σ  

 

Frame 

Impact 
Force 
528.91lb 

9in 10 in 

Shock/Spring 
Force 
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Case Two 

Assumptions: 

Car weight = 600lbs 
Dynamic impact time = .2sec 
Car Dropped from 2ft, so vel. At impact = 11.35 ft/sec 
Car lands on both front wheels at the same time. 
 

Free Body Diagram 

 

Dynamic impact force: 

.91.528
2.

35.1132.9 lbs
T

VMIF =
×

=
×

=  

Reactive force felt in the shock/spring combination: 

lbsshockforceMframe 1057"1791.528"5.80 =×+×−==Σ  

 

Frame 

Impact 
Force 
528.91lb 

8.5in 
8.5in 

Shock/Spring 
Force 
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Case Three 

Assumptions: 

Car weight = 600lbs 
Dynamic impact time = .2sec 
Car Dropped from 2ft, so vel. At impact = 11.35 ft/sec 
Car lands on both side wheels at the same time. 
 
 
Dynamic impact force: 

.14.961
2.

35.1163.18 lbs
T

VMIF =
×

=
×

=  

Note: The 961.14lbs is distributed over four control arms as shown below. 

 

Front Control Arms 

Upper Control Arm    Lower Control Arm 

                              

240 lb 

120 lb 120 lb 

240 lb 

120 lb 120 lb 
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Rear Control Arms 

 Upper Control Arm    Lower Control Arm 

 

           

 

240 lb 

155 lb 85 lb 

10.5” 
5.75” 

240 lb 

155 lb 85 lb 

10.5” 
5.75” 
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Case Four 

Assumptions: 

Car weight = 600lbs 
Dynamic impact time = .1sec 
Vel. at impact = 14.7 ft/sec 
Car travels at 10 mph. when it strikes a solid object with one front wheel. 
 
 
Dynamic impact force: 

.6.2738
1.

7.1463.18 lbs
T

VMIF =
×

=
×

=  

Note: 2738.6 lbs is distributed over the front upper and lower control arms on one side of 

the car. 

Free Body Diagram (One Control Arm) 

 

lbBMA 2327"10"1713690 =×−×==Σ  

lbAMB 2327"10"1713690 =×−×==Σ  

 

B A 

1369lb 

17” 

5” 
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Appendix E 

Finite Element Analysis 
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Appendix F 

Drive Train Figures 

Torque Converter 

 

Lockable Differential 

 

2-Speed Transmission with Reverse 
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Overall Drive Train Arrangement 
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Appendix G 

SAE Frame Rules 

The eight design criteria are designated as the following: 

1. Rear Roll Hoop    (RRH) 

2. Lateral Diagonal Bracing   (LDB) 

3. Roll Hoop Overhead Members   (RHO) 

4. Lower Frame Side Members   (LFS) 

5. Side Impact Members    (SIM) 

6. Front Bracing Members   (FBM) 

7. Front Fore-Aft Bracing Members  (FAB) 

8. Rear Fore-Aft Bracing Members  (FAB) 
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1. (1.2.1) Rear Roll Hoop (RRH): 

Rear Roll Hoop shall be attached to the Lower Frame Side members (LFS) 
at a point behind the driver’s seat.  These junctions define Point AR on the 
right side and point AL on the left side.  The driver’s seat may not intrude 
into the plane(s) of the RRH. 
The upper junctions in straight-tube construction shall define points BR 
and BL. (See R1A)  If bent-tube construction is used, points BR and BL 
will occur at the upper end of each bend. (See R1B.)  The radii of the 
upper bends at the tube center may not be greater than 5”.  Points B shall 
be located above the drivers seat by a minimum of 41 inches and behind 
the drivers head. 
The RRH shall extend upward vertically +/-20 degrees from points A to 
points B. (See R1C)  If the RRH is defined by more than one plane or if 
the RRH verticals are not straight in a rear view, sound engineering 
practice must apply. (See R1D) 
 

 
 

2. (1.2.2) Lateral Diagonal Bracing (LDB): 

Lateral Bracing for the Rear Roll Hoop shall begin at a point along the 
vertical portion of the RRH within 5” vertically of point BL or BR and 
extend diagonally to a point no farther that 2” above point AR or AL 
respectively. (See R1E)  The angle between the vertical of the RRH and 
the LDB must be no less than 20 degrees.  Lateral bracing may consist of 
two or more members if needed. (SeeR1F) 
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3. (1.2.3) Roll Hoop Overhead Members (RHO): 

 
Roll Hoop Overhead members shall join the RRH within 2 inches 
vertically or laterally of points B and extend generally horizontally to 
points C. (See R2A)  The RHO shall be located above the drivers seat by a 
minimum of 41 inches and points C shall be located forward of the drivers 
seat by a minimum of 12 inches. (See R2B)  Points CR and CL shall be 
joined by a lateral crossmember (LC). (SeeR2A) 
 

 
 
 
4. (1.2.4) Lower Frame Side Members (LFS): 

 
Lower frame side members shall join the RRH at points A and shall 
extend forward and generally horizontal to points AF forward of the 
drivers heal.  A lateral crossmember (LC) shall join point AFR to point 
AFL. (See R3) 
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5. (1.2.5) Side Impact Members (SIM): 
 

Side impact members shall join the RRH at points S and extend generally 
horizontal to points SF forward of the drivers toes. (See R4A)  The SIM 
shall be between 6” and 12” (as measured vertically) above the lowest part 
of the seat in contact with the driver.  From any direction, there shall be at 
least 2” clearance between the SIM and the driver’s hips.  Points SFR and 
SFL shall be joined by a lateral crossmember (LC). 
Note: The driver’s feet must be behind the plane created by points AFR,L 

and SFR,L. 
 

 
 
 

6. (1.2.6) Front Bracing Members (FBM): 
 

Front bracing members shall join the RHO, the SIM, and the LFS. (See 
R5A)  The upper Front Bracing members (FBMUP) shall extend generally 
downward and forward and join points C on the RHO to the SIM at or 
behind points SF.  The angle between the FBMUP and the vertical shall be 
less than 45 degrees. 
At the point where the FBMUP joins the SIM, the lower Front Bracing 
members (FBMLWR) shall extend generally downward and join the SIM to 
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the LFS at or behind points AF.  The angle between the FBMLWR and the 
vertical shall be less than 45 degrees. 
 

 
 
 
7. (1.2.7) Front Fore-Aft Bracing Members (FAB): 

 
Front FABUP shall extend generally downward from points D and join the 
FBMUP to the SIM at points E.  The angle between the Front FABUP and 
the FBMUP shall be at least 30 degrees. (See R6A) 
 
Front FABLWR must join points E and the LFS. (See R6A)  The angle 
between the Front FABUP and the Front FABLWR must not be greater than 
15 degrees in a side view. If two FABLWR members are needed, the angle 
between the two members must not be greater than 90 degrees. (See R6B) 
 

 
 
 
8. (1.2.8) Rear Fore-Aft Bracing Members (FAB): 

 
If FAB is placed at the rear of the vehicle it shall consist of between 3 and 
5 members as shown in a side view. (See R6C) 
 
FABUP shall attach within 2” vertically of points B on the RRH vertical 
member or within 2” horizontally of points B on the RRH Upper 
Horizontal (crossover) member. (See R2A1 and R2A2)  From its upper 
attachments, the FABUP shall extend rearward and generally downward to 
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either FABRR or FABLWR at an angle relative to the RRH vertical of not 
less than 30 degrees. (See R6C) 
 
In a side view, FABLWR shall join either the FABUP or the FABRR to the 
RRH vertical at or below points S. (See R6C).  The angle between the 
FABLWR and the RRH vertical must be at least 30 degrees. 
 
In a side view, FABMID shall extend generally horizontal and join either 
the FABUP or FABRR at points F to the RRH vertical.  FABMID may not 
slope upwards from front to rear by more than 20 degrees from horizontal. 
(See R6C2)  The vertical distance between the points at which FABMID 

and FABLWR intersect the RHH shall be at least 6 inches.  If FABMID is 
above points S, additional bracing is required. (See R6C) 
 
When FABRR extends vertically above points F by more than 6 inches, an 
additional member, FABDIAG, is required. (See R6C3) Rear FAB left and 
right sides shall be connected by at least one lateral crossmember (LC), 
generally at points F.  Bent FAB members and Lateral crossmembers (LC) 
may be used to join rear FAB members; however, sound engineering 
practice must apply. 
 
Bolted Rear FAB joints are allowed; however, bolted joints for non-fully 
triangulated construction must not allow rotation (ie. use 2 bolts or a tube 
fitting inside another tube). (See R6C)  Bolted joints shall conform to 
section 31.5 and use at minimum a 3/8 inch bolt in double shear or a 1/2 
inch bolt in single shear. 
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