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Abstract/Summary 

 

The objective of the 2008 IPFW SAE Mini-Baja “Team Innovations” is to design, fabricate and test a new 

vehicle suspension design utilizing electronic semi-active suspension control.  This vehicle will be used in 

competition at the 2008 SAE Mini-Baja Competition in Edwards, Illinois, and will therefore be designed 

in accordance with the 2008 Mini-Baja Rules and Regulations.  By implementing this new suspension 

system, the team hopes to gain a significant competitive edge at the competition, and improve IPFW’s 

ranking from previous competition years.  Upon completion of this project, the team hopes to have gained 

real-world multidisciplinary design experience. 

 

During the second semester phase of this project, the vehicle was constructed and the vehicle parameters 

were tested to determine if first semester milestones were met. 
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Conceptual Design Description 
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1. Given Parameters 

The requirements and specifications of the 2008 Mini-Baja vehicle as defined in the first 

semester are given in Table 1.1.  These include our target goals along with the acceptable levels. 

 

Table 1.1:  Requirements and Specifications 

Requirement Target Acceptable Range 

Ride Height ≥ 10" 8" to 12" 

Full Jounce 6" 4" to 8" 

Full Rebound 4" 2" to 6" 

Suspension Settling Time ≤ 1 second ≤ 3 seconds 

Electronic Response Time ≤ 1 msecond ≤ 3 mseconds 

Required Length of Tubing < 100 ft < 150 ft 

Electrical Power Usage < 96 W ≤  120 W 

 

 

The remaining given parameters are the elements of the vehicle defined by the SAE Mini-Baja 

sanctioning committee.  The two most important ones are for the engine and the frame 

requirements.  The engine is specified as a Briggs & Stratton 10 hp OHV Intek Model 205432.  

There are also several requirements for the roll cage. These are explained in detail in the 2008 

SAE Mini-Baja Rules and omitted here for brevity. 

The SAE Mini-Baja committee specifies the following parameters for the purpose of 

administrating the design as well as the testing and judging the Mini Baja vehicles each year.  

The rules set forward assume safety of drivers, and pedestrians.  The values that are displayed in 

Table 1.2 outline some of the required Mini-Baja vehicle parameters. 
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Table 1.2:  Frame/Wheel Constraints 

Constraint  Range 

Vehicle Length ≤ 108" 

Vehicle Width ≤ 64" 

Helmet/Frame Clearance  ≥ 6" 

Driver/Frame Clearance ≥ 3" 

Hip Clearance ≥ 5" 

Frame Tubing Diameter ≥ 1" 

Wall Thickness of Rear Roll Hoop, Lateral Diagonal Bracing, 
Roll Hoop, Overhead Members, and Front Bracing Members  

≥ 0.062" 

Lower Frame Side, Side Impact Member, Fore/Aft Bracing, 
Front Lateral Cross Member, Lateral Diagonal Bracing 

≥ 0.035" 

Rear Roll Hoop width @ 27" above Driver Seat ≥ 29" 

Side Impact Member above seat bottom (vertically) 8"-14" 

Rear Hoop Overhead Members above Driver Seat ≥ 41" 

Front Bracing Member Angle from vertical ≤ 45° 

Steel Carbon Content ≥ 0.18 

Bending Stiffness Equiv. to 1018 Steel 

Bending Strength Equiv. to 1018 Steel 

Vehicle Exit Time ≤ 5 seconds 

Wheels ≥ 4 

 

 

2. Selected Conceptual Design 

Frame 

For the frame design, we focused on a lightweight and safe frame that still meets all of the 

requirements set forth by SAE.  Finite element analysis was done for several different loading 

cases to validate the frame.  These cases included the 4 Wheel Landing, Front Wheel Landing, 

Rear Wheel Landing, Side Impact, Front Impact and Rollover.  From all of these loading cases it 

was apparent that the frame was safe and had the lowest factor of safety of about 1.5.  As 

mentioned in the last semester report, we used chrome moly tubing that was 1.25” outer diameter 

with wall thicknesses of 0.065” and 0.049”.  The final design was not only lightweight and 

structurally sound, but it was also within all of the guidelines set forth by SAE.  The final frame 

is shown in Figure 1.1. 
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Figure 1.1 – 2008 Mini Baja Frame 

Front and Rear Suspension 

The second design pertained to the suspension.  The 2008 suspension utilized a double A-Arm 

setup in the front and the rear with uneven control arms for the top and the bottom.  We also 

utilized the MangeShocks with Coil over springs for the front and the rear.  The spring constants 

for the front and the rear were 60 and 110 lbs/in respectively.  In Figures 1.2 and 1.3 we depict 

the front and rear independent suspension systems. 

 

Figure 1.2 – Independent Front Suspension 
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Figure 1.3 – Independent Rear Suspension 

Drive Train 

In addition to designing the frame and suspension from scratch we also had to design the gear 

train.  The previous year had a transmission out of a gator without a sprocket and chain.  They 

had a car that was heavy and slow with was mainly due to the gear train setup.  This year I tried 

to focus on the efficient power transmission with a top speed of 34 mph and a low gear that 

would give us good acceleration and highest possible torque multiplication for hill climb and rck 

crawl.  For this design we used a Continuously Variable Transmission (CVT) that was mounted 

in the rear that came straight off the drive shaft on the motor.  Form the CVT we chose then go 

into a transmission from the Polaris XPlorer 400.  This transmission then output to a set of 

sprockets that had a gear ratio of about 2.4:1.  This power was then directly transferred to the 

tires through a direct axle in the rear without a differential.  Figure 1.4 shows the gear train setup 

in its final state. 

 
Figure 1.4 – Gear Train 
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Electronics 

We choose to go with MagneShock suspension system. This will allow us to specify a custom 

length for the damper, which will allow a much larger wheel travel. These shocks also make use 

of the Magneto-Rheological fluid which allows for a large range of damping values.  Figure 1.5 

shows the damper we choose to use with a threaded body which will allow the use of coil over 

springs. 

 
Figure 1.5 – MagneShock Damper 

The MagneShock dampers come with a displacement sensor built in, this displacement sensor is 

a magneto-restrictive sensor which operates by sending a pulses down a wave guide and then 

measuring it takes for the pulse to return the time it takes to travel varies with respect to the 

distance the wave guide is from the magnet see figure 1.6 for an example of how a 

magnetorestrictive sensor works. 

 

Figure 1.6 – Magneto-restrictive Sensor 

Control Theory  

Our semi active suspension will use electronic monitoring of vehicle conditions, coupled with 

the means to impact vehicle suspension and behavior in real time to directly control the motion 

of the car. Suspension systems can be broadly classified into two subgroups – dependent and 

independent. These terms refer to the ability of opposite wheels to move independently of each 

other.  Our suspension design will be fully independent to allow for maximum control and 

stability. With the suspension being independent, designing our controller using a one 
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dimensional quarter car model spring-damper system will be a well-suited simplification to begin 

control analysis.  See figure 1.7 

 
Figure 1.7 – Quarter-Car Model Free Body Diagram 

The definitions table below defines the parameters used in development of our mathematical 

model: 

Table 1.3 – Mathematical Model Parameters 

Variable Description 

M1 Quarter of Mass of the Vehicle 

M2 Mass of tire and suspension 

k1 Spring Constant of Suspension 

b1 Damping Constant of Zero Current Input to Variable Damper 

k2 Spring Constant of Tire 

b2 Damping Constant of Tire 

U(t) Damping Force exerted due to Current Input to Variable Damper 

w displacement of road from reference 

x1 displacement of vehicle body from reference 

x2 displacement of wheel from reference 

V Vehicles Linear Velocity 

 

The objective of the control model is to design the suspension so that when the Baja car is 

experiencing a road disturbance such as a pothole, the car’s body should have minimal 

oscillations that will dissipate quickly.  Ideally the output of our mathematical model should be 
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the distance x1-w, the distance between the vehicle’s body and the ground.  The intention is to 

minimize any variance in this difference.  But since this difference is very difficult to measure, 

and the deformation of the tire x2-w is negligible, we will use the distance x1-x2 instead of x1-w 

as the output to our problem. 

PID control 

To control our shocks will be using a feedback PID controller.  A PID controller attempts to 

correct the error between a measured process variable and a desired set point by calculating and 

then outputting a corrective action that can adjust the process accordingly.  The PID controller 

calculation involves three separate parameters; the Proportional, the Integral and Derivative 

values. The Proportional value determines the reaction to the current error, the Integral 

determines the reaction based on the sum of recent errors and the Derivative determines the 

reaction to the rate at which the error has been changing. The weighted sum of these three 

actions is used to adjust the process via a control element such as our variable damping shocks.  

By “tuning” the three constants in the PID controller algorithm the PID can provide control 

action designed for specific process requirements. The response of the controller can be 

described in terms of the responsiveness of the controller to an error, the degree to which the 

controller overshoots the set point and the degree of system oscillation.  A typical block diagram 

of a PID controller is shown below in Figure 1.8.  

 

Figure 1.8 – PID Controller Block Diagram 

The transfer function from the PID block diagram is shown below (Equation 1.1).  Next we must 

determine the PID gain parameters that will result in our desired overshoot and settling time.  In 

order to choose the correct parameters, we used the Matlab root locus tool.  This tool enables us 

to vary the location of the poles and zeros of the PID transfer function and dynamically view the 

output to a step input resulting from the change in pole-zero location.  The parameters can then 

be fine tuned by varying the parameters based on the information given in Table 1.4. 

 



 

 

  

 Where: 

  KP:  proportional gain

  KI:  integral gain 

  KD:  derivative gain

 

Table 

Effects of 

Parameter Rise Time

KP Decrease

KI Decrease

KD Small Change

 

Figure 

The root locus of the closed loop resp

and another towards -∞ and two zeros near the origin.  You would expect to see this kind of 

response from looking at the transfer function with a 2
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 …………………………….. 

proportional gain 

 

derivative gain 

Table 1.4 – Effects of Varying Parameters 

Effects of increasing parameters 

Rise Time Overshoot Settling Time S.S. Error 

Decrease Increase Small Change Decrease 

Decrease Increase Increase Eliminate 

Small Change Decrease Decrease None 

 

Figure 1.9 – Root Locus with Controller 

The root locus of the closed loop response is shown in the above figure.  There is a pole at zero 

∞ and two zeros near the origin.  You would expect to see this kind of 

response from looking at the transfer function with a 2nd order numerator and denominator.  We 

 

…………………………….. Eq. 1.1 

 

igure.  There is a pole at zero 

∞ and two zeros near the origin.  You would expect to see this kind of 

order numerator and denominator.  We 
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then manipulated the position of the two zeros near the origin while viewing the response to a 

step input.   The plot of the output is shown below in Figure 7.8.  Since we are comfortable with 

the output shown in Figure 7.8 we will now extract the control parameters from the root locus 

tool.  The gain coefficients to the compensator block are given at the top of Figure 7.7 from the 

resulting pole zero placements. 

 � � 6240 ·
�	
	.���	
	.��

�	
.�	�
�

	����.�·�
�	���·
����

.�	·� 

 ………….. Eq. 1.2 

Gain Coefficients: 

KD = 18969.6 

KP = 21840 

KI = 6240 

 

With these coefficients and Equation 1.3, we are able to create a controller that will help us 

minimize the quantity (x1-x2). 

  ���� � �� �
��

�
� �� �   …………………………. Eq. 1.3 
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Electronic Hardware  

To be able to control the ride of the Mini-Baja vehicle, we must have enough power to allow our 

controller to run along with all 4 MagneShock dampers. To vary the damping coefficient in the 

damper, we must supply a 12 volt 2 kHz pulse width modulated (PWM) signal to the coil within 

each damper. Each damper is rated at 6 watts maximum power usage, so we can calculate the 

amperage need to be supplied by our electronics. 

 !" �
�#

	�$
�

�%

	�$
� 0. & ' …………………………… Eq. 1.4 

       Where: 

  Pd:  Power for one shock 

 

To produce the amperage we have chosen to use an amplifier on a PWM signal produced by our 

microcontroller. We also have to read the sensor outputs that are built into each shock for this we 

will first pass each PWM signal from the damper through a  Resistor Capacitor filter to change 

the signal into an analog voltage (Figure 1.10). 

 Shock Sensor PWM Output Frequency: ( � 4)*+ 

 Shock Sensor PWM Output Period: , �
	

-
� 250/� 

 At 50% Duty Cycle: 0 �
1

�
� 125/� 

 Shock Sensor Output Voltage: 3 � 53 

 Resistor Value: 4 � 4.7)Ω 

 Capacitor Value: � � 1/F 

 Time Constant: 8 �
	

9�:
� 212.766 

 RC Filter Capacitor Discharge Equation: 39 � 3�;<�=� � 5�; .���	�>��	�.?��� � 4.873 

 Calculate Ripple: 4ABBC; � 1 D
$E

$
� 1 D

�.�?

>
� 0.026 

 Percent Ripple: %Ripple = Ripple*100 = 2.6% 
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Figure 1.10 – PWM to Analog Converter 

 

Then that analog voltage will get passed through the PID controller algorithms and will adjust 

the output PWM signal accordingly. 

To accomplish all these tasks, we have chosen the Atmel ATMega324P microcontroller The 

ATMega324P has a built-in PWM, ADC, and two serial ports. To operate the microcontroller, 

we will need to put a programmer port, 20MHz oscillator, and a filter for the analog to digital 

converter.  We also are using four high current operational amplifiers for the output PWM signal 

going to the dampers and a 5 volt regulator for the microcontroller power requirements. We also 

had to supply a balanced supply voltage to the operational amplifiers so we used a voltage 

inverter to also supply -12 volts.  

 

Circuit Board 

For the circuit board design, we had to first consult the datasheets to get the pin outs and nominal 

values. Then all of the individual layouts were created using MultiSim (Figure 1.11 – 1.15). 

These drawings then help to arrange the components on the circuit board. Below are the 

schematics that were used for designing the circuit board. 
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 Figure 1.11 – Power Regulator Schematic Figure 1.12 – Programmer Schematic 

 

 

Figure 1.13 – PWM Circuit Schematic (Inductors are the coils in the dampers) 
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 Figure 1.14 – Serial Communications Schematic Figure 1.15 – Oscillator Schematic 

 

Once the above diagrams were completed, we used them to place the components. Grouping 

similar tasked components and placing as close as possible to related components, we get the 

following design for the circuit board. 

 

Figure 1.16 – PCBExpress Circuit Layout 
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In order to produce a balanced supply for the operational amplifiers we used two high current 

voltage inverters in parallel to provide -12 volts to each of the four operational amplifiers (Figure 

1.17). 

 

Figure 1.17 – Operational Amplifier Circuit 

  



 

 
20 

 

3. Summary of Vehicle Characteristics 

 

Table 1.4:  Parameter Testing Values 

Constraint Target Range 

Ride Height ≥ 10" 8" to 12" 
  

Full Jounce 6" 4" to 8" 
  

Full Rebound 4" 2" to 6" 
  

Suspension Settling Time ≤ 1 second ≤ 3 seconds 
  

Electronic Response Time ≤ 1 msecond ≤ 3 mseconds 
  

Required Length of Tubing < 100 ft < 150 ft 
  

Electrical Power Usage < 96 W ≤  120 W 
  

Vehicle Length N/A ≤ 108" 
  

Vehicle Width N/A ≤ 64" 
  

Helmet/Frame Clearance N/A ≥ 6" 
  

Driver/Frame Clearance N/A ≥ 3" 
  

Hip Clearance N/A ≥ 5" 
  

Frame Tubing Diameter N/A ≥ 1" 
  

Wall Thickness of Rear Roll 
Hoop, Lateral Diagonal 

Bracing, Roll Hoop, 
Overhead Members, and 
Front Bracing Members 

N/A ≥ 0.062" 
  

Lower Frame Side, Side 
Impact Member, Fore/Aft 

Bracing, Front Lateral Cross 
Member, Lateral Diagonal 

Bracing 

N/A ≥ 0.035" 
  

Rear Roll Hoop width @ 27" 
above Driver Seat 

N/A ≥ 29" 
  

Side Impact Member above 
seat bottom (vertically) 

N/A 8"-14" 
  

Rear Hoop Overhead 
Members above Driver Seat 

N/A ≥ 41" 
  

Front Bracing Member 
Angle from vertical 

N/A ≤ 45° 
  

Steel Carbon Content N/A ≥ 0.18 
  

Bending Stiffness N/A Equiv. to 1018 Steel 
  

Bending Strength N/A Equiv. to 1018 Steel 
  

Vehicle Exit Time N/A ≤ 5 seconds 
  

Wheels N/A ≥ 4 
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Prototype Build 
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1. Frame 

 

The fabrication of the prototype began over the winter semester break.  The tubing materials were ordered 

from Metal Supermarket and arrived on the first day of Christmas Break.  Once the tubes were brought 

into the facility, they were immediately cut to length and sent to National Tube Form for the bending.  

Due to the intricate design of the frame, a number of the frame members need to be bent into specific 

geometries. National Tube Form, being a premier tube bending company, graciously donated their time 

and expertise and undertook the task of molding raw material into finished shapes. These particular tubes 

were an imperative part of the base frame construction and were modified and returned within a couple of 

days as seen in Figure 2.1. 

 

 

Figure 2.1 – Received Bent Tubing 

 

In order to start the construction of the frame, the necessary fabrication equipment needed to be gathered. 

Therefore, a drill press, chop saw, a bench-top grinder, and a tungsten inert gas (TIG) welder were 

procured as seen in the following figure. 
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Figure 2.2 – Fabrication Equipment 

 

 The frame construction commenced by cutting all the various straight lengths of tubing needed for the 

different sections of the frame.  The chop saw was primarily used for the finish cuts which helped 

produced the members seen in Figure 2.3. 
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Figure 2.3 – Finish Cutting 

Once the lengths were cut for the straight sections of the frame, the initial starting point for the frame 

began with the bottom of the Roll Cage. Using the received curved members and some associated straight 

members the two types were fused together ensuring a resilient frame foundation as seen in Figure 2.4. 

 

Figure 2.4 – Roll Cage Bottom 
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After many hours and the Christmas Break almost being over, the construction of the frame was nearly 

complete.  At this point some remaining tubes for the engine cage were not installed because the engine 

and drive train components needed finalized and their fit verified.  Figure 2.5 shows the frame once most 

of the notching, welding and construction was complete. 

 

Figure 2.5 – Frame Construction 

 

2. Suspension 

 
With the roll-cage build mostly completed, emphasis shifted towards suspension arm construction. The 

arms where constructed with an “A” geometry, allowing minimal material with high strength. The eight 

arms followed a similar structure, with alterations adjusted for each specific location. The finalized “A- 

arms” can be seen in Figure 2.6. 
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Figure 2.6 – A-Arm Construction 

 

3. Drive-Train 

 

Having most of the Baja chassis structure assembled, incorporation of the drive-train components was 

undertaken. This process involved mounting of the transmission, engine, and rear end, and fabrication of 

half-shafts. For each of the individual components specific mounts and adapter plates were constructed. 

Also, much time was taken to ensure a high precision of alignment between connecting constituents.  

The rear end assembly was positioned, setting the proper wheel base. Using the rear end assembly to 

ensure proper arrangement, the transmission was mounted. Lastly, the engine was positioned allowing the 

necessary belt and chain connections to be made. The final configuration can be seen in Figure 2.7. 
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Figure 2.7 – Transmission and Rear End Assembly / Engine and Transmission Connection 

 

4. Brakes 

 

With a majority of the Mini Baja’s main components installed attention now turned toward the braking 

system. This process began by adapting an OEM master cylinder for use on the Mini Baja. The first step 

in adapting the master cylinder assembly, donated from Manco Power sports, was to mount the master 

cylinder to the frame. This mounting interface was achieved by adding a 1” .035 wall thickness piece of 

4130 chrome molly steel tubing to the frame across the front tubing members. Next, a steel plate was 

fabricated to match the contours of the master cylinder assembly. This plate is used to mount the master 

cylinder to the support tube.  

With the master cylinder mounted a pedal assembly was constructed that interfaces the two. The pedal 

was made specifically to maintain the proper lever ratio to create the needed line pressure in the braking 

system.  A return spring was also modified to return the master cylinder to a no pressure state as seen in 

Figure 2.8. 
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Figure 2.8 – Brake Pedal Assembly 

The next step in the brake system construction was the connecting bracket assembly between the rear 

hubs and the rear brake calipers. The first step was to lathe 8 spacers that were used to exactly space the 

brake disc off of the rear hub. Then the rear discs were machined to fit the assembly by modifying their 

inner and outer diameters. The next step was to create different caliper brackets which would allow 

mounting them to the rear carrier bearing housings. These 1/4” steel plates were rough cut with a steel 

band saw, and then holes drilled creating an interface with the caliper rails. Lastly, two tabs were mounted 

to the plate to allow the bolts for the rear carrier bearing housing to engage the rear brake caliper adapter 

plates. This process culminated in 4 wheel disc brakes that are capable of stopping the Mini Baja vehicle. 

 

5. Steering 

 

The steering system originally used a double linkage tie rod instead of a single linkage tie rod in order to 

remove bump steer.  This setup allowed the vehicle’s wheels to move up and down without introducing 

additional turning due to steering rod misalignment.  This system works whether the wheels were pointed 

straight or at any given turn. 

During initial testing, this system had several difficulties.  The control rod that positioned the double 

linkage tie rod was positioned at such an angle that the control rod absorbed a great deal of force.  This 

positioning also significantly hampered the vehicle’s ability to turn.  While negotiating a simple turn on 

an incline, the control rod was destroyed. 
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With this setback, a basic, single linkage tie rod was used.  All of the steering components came from 

Manco Power Sports. 

 

 

6. Electronics 

 

First we started off with acquiring a PCB board instead of trying to learn a new software package (Ulti-

board) we used a software package that we were familiar with called PCB express. 

 

Figure 2.9 – Completed Board with Solder Mask 

 

We then purchased all of the hardware needed to build the circuit such as resistors, capacitors, inductors, 

op-amps, and microcontrollers, see table 1 for list of needed parts. 

 

Table 2.1 – Electronic Components 

4x Op Amps 1x 7805 regulator 

13x Capacitors 20x Resistors 

1x Inductor 1x Diode 

2x LED 1x Atmel Microcontroller 
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Next we soldered all of the components on the PCB to do this we went to Excellon Technologies to use 

their tools to limit shorts see Figure 2.10.  

 

Figure 2.10 

7. Electronic Housing 

 

Once the electronic circuit board was completed, we measured its dimensions and created a three-

dimensional housing see Figure 2.11. Exporting the model into a “.stl” file, we were able to ‘grow’ a 

plastic housing with the help of the MET department. Using a stereo lithography machine, a special 

powder is spread in layers one on top of the other. An infra-red laser is then swept across the part of the 

layer to be part of housing, essentially fusing it together. 

 

Figure 2.11 – SolidWorks Model of the Electrical Board Housing 
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Figure 2.12 – Stereo Lithography Process 

The computer screen shows the current layer being built.  Shown below in figure 2.13 is the housing just 

after completion with our output port and then painted with added heat sink to cool our operational 

amplifiers. 

 

Figure 2.13 – Final Housing 
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8. Software 

 

Ports 

 

Port A is the analog to digital converter (ADC) inputs, and they are set to inputs. Port B is used for the 

magneto restrictive inputs and also for programming. It is set to output on pins 3 and 4, while all others 

are inputs. Port C is used only in debugging programs; it has a light emitting diode connected to pin 6 

which is the pin set as an output. Port D is the pulse width modulation (PWM) output to our operational 

amplifiers and then to our dampers. Port D on the circuit board is also capable of serial communications, 

if needed. All pins are set as outputs except the receive pins of serial communications. Shown below is 

the code used in our processor. 

 

// Input/Output Ports initialization 

// Port A initialization 

// Func7=In Func6=In Func5=In Func4=In Func3=In Func2=In Func1=In Func0=In  

// State7=T State6=T State5=T State4=T State3=T State2=T State1=T State0=T  

PORTA=0x00; 

DDRA=0x00; 

 

// Port B initialization 

// Func7=In Func6=In Func5=In Func4=Out Func3=Out Func2=In Func1=In Func0=In  

// State7=T State6=T State5=T State4=0 State3=0 State2=P State1=P State0=P  

PORTB=0x07; 

DDRB=0x18; 

 

// Port C initialization 

// Func7=In Func6=Out Func5=In Func4=In Func3=In Func2=In Func1=In Func0=In  

// State7=T State6=0 State5=T State4=T State3=T State2=T State1=T State0=T  

PORTC=0x00; 

DDRC=0x40; 

 

// Port D initialization 

// Func7=Out Func6=Out Func5=Out Func4=Out Func3=In Func2=In Func1=In 

Func0=In  

// State7=0 State6=0 State5=0 State4=0 State3=T State2=T State1=T State0=T  

PORTD=0x00; 

DDRD=0xF0; 

  



 

 
33 

 

Magneto Restrictive Sensor Inputs 

 

The magneto restrictive sensors require a very short pulse by input for them to function properly. 

Fortunately that when this was found our already built circuit boards were able to easily adapt to the new 

requirements. To output the pulses so that they are very precise, we implemented them using timer 0. 

Timers in the Atmel microcontroller work independently from the executed program code. Automatically 

incrementing with the change of the system clock, and comparing the count value to the count register. 

This all happens then in the background, not affecting the normal operation of the microcontroller. The 

timer is initialized to output and PWM signal that goes high when the top of the counter is reached and 

then goes low when the count register is matched. Below is the code of the setup.  

 

// Timer/Counter 0 initialization 

// Clock source: System Clock 

// Clock value: 2500.000 kHz 

// Mode: Phase correct PWM top=FFh 

// OC0A output: Non-Inverted PWM 

// OC0B output: Non-Inverted PWM 

TCCR0A=0xA1; 

TCCR0B=0x02; 

TCNT0=0x00; 

// 1.8us pulse at 4kHz for 0.725% up duty cycle 

OCR0A=0x02; 

OCR0B=0x02; 

 

ADC Inputs 

 

The analog to digital (A/D) conversion is what reads the magneto restrictive sensor outputs. It is set to 

divide the 20MHz clock input to 156.25MHz. Each A/D conversion takes on average 13 clock cycles to 

allow time for a more accurate reading of the analog voltage. The ADC is then set to automatically go 

through our four inputs and interrupt the current running program code so that the input of the shock has 

the largest priority in our program. Below is the setup code for the ADC. 

 

// ADC initialization 

// ADC Clock frequency: 156.250 kHz 

// ADC Voltage Reference: AREF pin 

// ADC Auto Trigger Source: None 

// Only the 8 most significant bits of 

// the AD conversion result are used 

// Digital input buffers on ADC0: On, ADC1: On, ADC2: On, ADC3: On 

// ADC4: On, ADC5: On, ADC6: On, ADC7: On 

DIDR0=0x00; 

ADMUX=FIRST_ADC_INPUT | (ADC_VREF_TYPE & 0xff); 

ADCSRA=0xCF; 
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Below is the interrupt service routine for the ADC. 

 

// ADC interrupt service routine 

// with auto input scanning 

interrupt [ADC_INT] void adc_isr(void) 

{ 

static unsigned char input_index=0; 

i = input_index; 

// Read the 8 most significant bits 

// of the AD conversion result 

adc_data[input_index]=ADCH; 

// Select next ADC input 

if (++input_index > (LAST_ADC_INPUT-FIRST_ADC_INPUT)) 

   input_index=0; 

ADMUX=(FIRST_ADC_INPUT | (ADC_VREF_TYPE & 0xff))+input_index; 

// Delay needed for the stabilization of the ADC input voltage 

delay_us(10); 

// Start the AD conversion 

ADCSRA|=0x40; 

}  

 

PWM Outputs 

 

The PWM output to the shocks, works essentially the same as the input to the magneto restrictive. The 

main difference however, is that we very the PWM output according to the control function. To allow for 

four separate outputs, we have to use both timers 1 and 2. Labeled below are the registers for each PWM 

output for each shock. 

 

// Timer/Counter 1 initialization 

// Clock source: System Clock 

// Clock value: 2500.000 kHz 

// Mode: Fast PWM top=00FFh 

// OC1A output: Non-Inv. 

// OC1B output: Non-Inv. 

// Noise Canceler: Off 

// Input Capture on Falling Edge 

// Timer 1 Overflow Interrupt: Off 

// Input Capture Interrupt: Off 

// Compare A Match Interrupt: Off 

// Compare B Match Interrupt: Off 

TCCR1A=0xA1; 

TCCR1B=0x0A; 

TCNT1H=0x00; 
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TCNT1L=0x00; 

ICR1H=0x00; 

ICR1L=0x00; 

OCR1AH=0x00; 

OCR1AL=0x00; // Shock 3 

OCR1BH=0x00; 

OCR1BL=0x00; // Shock 4 

 

// Timer/Counter 2 initialization 

// Clock source: System Clock 

// Clock value: 2500.000 kHz 

// Mode: Fast PWM top=FFh 

// OC2A output: Non-Inverted PWM 

// OC2B output: Non-Inverted PWM 

ASSR=0x00; 

TCCR2A=0xA3; 

TCCR2B=0x02; 

TCNT2=0x00; 

OCR2A=0x00; // Shock 1 

OCR2B=0x00; // Shock 2 

 

Control Algorithm 

 

The control algorithm is a simple software PID algorithm for implementing a PID control. Using our 

ADC input as the input, the output is then converted into a PWM signal. Below is the implementation in 

our software. 

 

void control(int k, int input) 

{ 

error = setpoint[k] - input; 

p = kp * error; 

i[k] = i[k] + ki * error * dt; 

d = (kd / dt) * (error - previous_error[k]); 

u[k] = abs(p + i[k] + d) / (15 * 10 ^ 10); 

previous_error[k] = error; 

shock(k, u[k], input); 

} 
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9. Summary of Vehicle Characteristics 

 

Table 2.2: Parameter Tested Values 

Constraint Target Range 
Actual 

Measurements 

Ride Height ≥ 10" 8" to 12" 
 

12 
 

Full Jounce 6" 4" to 8" 
 

7 
 

Full Rebound 4" 2" to 6" 
 

2.5 
 

Suspension Settling Time ≤ 1 second ≤ 3 seconds 
 

0.8 seconds 
 

Electronic Response Time ≤ 1 msecond ≤ 3 mseconds 
 

6.4 µsec 
 

Required Length of Tubing < 100 ft < 150 ft 
 

88.00 
 

Electrical Power Usage < 96 W ≤  120 W 
 

26.3 W 
 

Vehicle Length N/A ≤ 108" 
 

88.00 
 

Vehicle Width N/A ≤ 64" 
 

50.00 
 

Helmet/Frame Clearance N/A ≥ 6" 
 

6.00 
 

Driver/Frame Clearance N/A ≥ 3" 
 

4.00 
 

Hip Clearance N/A ≥ 5" 
 

5.00 
 

Frame Tubing Diameter N/A ≥ 1" 
 

1.25 
 

Wall Thickness of Rear Roll 
Hoop, Lateral Diagonal 

Bracing, Roll Hoop, 
Overhead Members, and 
Front Bracing Members 

N/A ≥ 0.062" 
 

0.065 
 

Lower Frame Side, Side 
Impact Member, Fore/Aft 

Bracing, Front Lateral Cross 
Member, Lateral Diagonal 

Bracing 

N/A ≥ 0.035" 
 

0.049 
 

Rear Roll Hoop width @ 27" 
above Driver Seat 

N/A ≥ 29" 
 

31 
 

Side Impact Member above 
seat bottom (vertically) 

N/A 8"-14" 
 

9-11 
 

Rear Hoop Overhead 
Members above Driver Seat 

N/A ≥ 41" 
 

45 
 

Front Bracing Member 
Angle from vertical 

N/A ≤ 45° 
 

42.8 
 

Steel Carbon Content N/A ≥ 0.18 
 

0.30 
 

Bending Stiffness N/A Equiv. to 1018 Steel 
 

1265 ksi in3 
 

Bending Strength N/A Equiv. to 1018 Steel 
 

7500 ksi in2 
 

Vehicle Exit Time N/A ≤ 5 seconds 
 

5.00 
 

Wheels N/A ≥ 4 
 

4.00 
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1. Introduction 

 

In order to accurately evaluate the design parameters of the Mini Baja, a table was compiled to outline the 

tested parameters.  Table 3.1 outlines these tested parameters and shows a comparison of the old Mini 

Baja versus the new design. 

Table 3.1: Frame , Suspension, and Electronic Parameters 

Parameter 

New Vehicle 

Design 

Parameters 

Old Vehicle 

Tested 

Parameters 

New Vehicle 

Test Data 

% Diff. Of 

Design Vs. 

Test 

% Diff. 

Of Test 

Vs. Old 

Frame Characteristics 
     

Vehicle Length <108" 92" 88" -18.52% -4.35% 

Vehicle Width <64" 62" 53" -17.19% -17.19% 

Helmet Clearance 6" 6.5" 6" 0.00% -7.69% 

Torso, knees, shoulders, 

elbows, hands, and arms 

clearance 

>3" 3.5" 4" 33.33% 33.33% 

Hip Clearance 5" N/A 5" 0.00% N/A 

Frame Tubing Diameter 1.25" 1.25" 1.25" 0.00% 0.00% 

Wall Thickness of Rear 

Roll Hoop, Lateral 

Diagonal Bracing, Roll 

Hoop Overhead 

Members, and Front 

Bracing Members 

0.065" 0.065" 0.065" 0.00% 0.00% 

Lower Frame Side, Side 

Impact Member, 

Fore/Aft Bracing 

0.049" 0.065" 0.049" 0.00% -24.62% 

Vehicle Exit Time 5 seconds 5 seconds 5 seconds 0.00% 0.00% 

Wheels 4 4 4 0.00% 0.00% 

Required Length of 

Tubing 
<100 ft 160 ft 88 ft -12.00% -45.00% 
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Suspension 

Characteristics      

Settling Time ≤ 1 seconds 0.75 seconds .1 seconds 67% 8% 

Ride Height 8" to 12" 12" 12" 0% 0% 

Full Jounce Front 4" to 8" 7" 7" 0% 0% 

Full Jounce Rear 4" to 8" 3.75" 7" 0% 87% 

Full Rebound Front 2" to 6" 7" 2.5" 0% -64% 

Full Rebound Rear 2" to 6" 4" 2.5" 0% -38% 

Camber Front 0˚ to -10˚ 1.5˚ 0˚ to -10˚ 0% N/A 

Camber Rear 0˚ to -5˚ 2.5˚ 0˚ to -5˚ 0% N/A 

Front Caster 0˚ - 10˚ 20˚ 0˚ to -10˚ 0% N/A 

Rear Caster 0˚ 0˚ 0˚ 0% 0% 

Electronics 

Characteristics      

Response Time < 1ms N/A .3328 ms -66% N/A 

Power Usage < 96 W N/A 26.9 W -72% N/A 
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2. Frame Characteristics 

 

The overall frame parameters of the Mini Baja were largely based on the rules outlined by SAE.  

Exempting the vehicle exit time, bending parameters, and tubing carbon content, all frame measurements 

were performed using a tape measure.   

The dimensions of the Mini Baja were measured from the outermost extremes on the vehicle.  The width 

was greatest at the front wheels and was measured beginning at the outside of one tire to the outside of the 

opposing tire.  The Mini Baja’s length was measured from the front most extreme of the front tubing to 

rear most edge of the tubing. 

SAE rules require certain driver to frame clearances to be met.  These clearances were tested by placing a 

straight edge between two points on the Mini Baja’s roll cage and measuring the shortest distance to the 

appropriate body member.  This measuring procedure mimics that specified by SAE in the 2008 

competition rules.   

The required tubing material properties were supplied from the supplier.  All of the necessary material 

parameters were checked against the given specification sheet supplied by the vendor.   

The exit time is outlined as the required time to unbuckle oneself and exit the Mini Baja.  One must start 

out this test being fully fastened into the four point safety harness with both hands on the steering wheel.  

To ensure compliance with this parameter, numerous attempts by all driving team members resulted in 

successful exiting in less than 5 seconds. Table 3.2 outlines all of the frame tested parameters. 

 

Table 3.2: Frame Parameters 

Parameter 

New Vehicle 

Design 

Parameters 

Old Vehicle 

Tested 

Parameters 

New Vehicle 

Test Data 

% Diff. Of 

Design Vs. 

Test 

% Diff. 

Of Test 

Vs. Old 

Frame Characteristics 
     

Vehicle Length <108" 92" 88" -18.52% -4.35% 

Vehicle Width <64" 62" 53" -17.19% -17.19% 

Helmet Clearance 6" 6.5" 6" 0.00% -7.69% 

Torso, knees, shoulders, 

elbows, hands, and arms 

clearance 

>3" 3.5" 4" 33.33% 33.33% 

Hip Clearance 5" N/A 5" 0.00% N/A 
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Frame Tubing Diameter 1.25" 1.25" 1.25" 0.00% 0.00% 

Wall Thickness of Rear 

Roll Hoop, Lateral 

Diagonal Bracing, Roll 

Hoop Overhead 

Members, and Front 

Bracing Members 

0.065" 0.065" 0.065" 0.00% 0.00% 

Lower Frame Side, Side 

Impact Member, 

Fore/Aft Bracing 

0.049" 0.065" 0.049" 0.00% -24.62% 

Vehicle Exit Time 5 seconds 5 seconds 5 seconds 0.00% 0.00% 

Wheels 4 4 4 0.00% 0.00% 

Required Length of 

Tubing 
<100 ft 160 ft 88 ft -12.00% -45.00% 

 

 

 

3. Suspension Characteristics 

 
The suspension parameters were tested to ensure that the Mini Baja would successfully handle various 

levels of terrain. The ride height was the first parameter validated with the use of a tape measure and a 

level surface. This measurement was taken with the Mini Baja in a settled state and an average weight 

team member seated in driving position.  

The full jounce and rebound parameters were verified using a measuring tape. First, the suspension was 

compressed fully and measured relative to the ground. Next, the vehicle was lifted until the wheels were 

no longer in contact with the floor and measured relative to the ground.  The measured distances in 

relationship to the original ride height determine the full jounce and full rebound. 

 Confirmation of the camber and caster on the front and rear wheels was determined utilizing a magnetic 

angle finder and a straight edge.  The straight edge was placed vertically inside each wheel with the angle 

finder attached to it.  The angle displayed from true vertical corresponded to each wheel’s camber.  Caster 

was established in a similar manner by taking a reading of the angle between the bottom and top ball 

joints at each wheel.  

Table 3.3 outlines all of the suspension tested parameters. 
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Table 3.3: Suspension Tested Parameters 

Parameter 

New Vehicle 

Design 

Parameters 

Old Vehicle 

Tested 

Parameters 

New Vehicle 

Test Data 

% Diff. Of 

Design Vs. 

Test 

% Diff. Of 

Test Vs. Old 

Suspension 

Characteristics      

Settling Time ≤ 1 seconds 0.75 seconds .1 seconds 67% 8% 

Ride Height 8" to 12" 12" 12" 0% 0% 

Full Jounce Front 4" to 8" 7" 7" 0% 0% 

Full Jounce Rear 4" to 8" 3.75" 7" 0% 87% 

Full Rebound Front 2" to 6" 7" 2.5" 0% -64% 

Full Rebound Rear 2" to 6" 4" 2.5" 0% -38% 

Camber Front 0˚ to -10˚ 1.5˚ 0˚ to -10˚ 0% N/A 

Camber Rear 0˚ to -5˚ 2.5˚ 0˚ to -5˚ 0% N/A 

Front Caster 0˚ - 10˚ 20˚ 0˚ to -10˚ 0% N/A 

Rear Caster 0˚ 0˚ 0˚ 0% 0% 

 

 

4. Electronic Characteristics 

 

Table 3.4: Frame , Suspension, and Electronic Parameters 

Parameter 

New Vehicle 

Design 

Parameters 

Old Vehicle 

Tested 

Parameters 

New Vehicle 

Test Data 

% Diff. Of 

Design Vs. 

Test 

% Diff. 

Of Test 

Vs. Old 

Electronics 

Characteristics      

Response Time < 1ms N/A .3328 ms -66% N/A 

Power Usage < 96 W N/A 26.9 W -72% N/A 
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5. Calculations and Analysis 

 

Vehicle Weight Distribution 

The vehicle weight distribution was calculated by measuring three parameters:  the weight of the vehicle 

supported by the front wheels, the weight of the vehicle supported by the rear wheels, and the total weight 

of the vehicle.  By dividing the front supporting weight by the total weight and the rear supporting weight 

by the total weight, the weight distribution can be determined. 

 Using the measured vehicle parameters of 130, 342, and 472, the vehicle weight distribution is 36%/64% 

favoring the rear. 

 

Position of Center of Gravity 

In order to calculate the center of gravity, a simple moment equation was derived around the rear tire 

patch as shown in the figure. 

 
Figure 3.1 – Free Body Diagram for C.G. Calculation 

 

 X = (WheelBase X FrontWeight) / Vehicle Weight Eq. 3.1 

 

By knowing the vehicle wheelbase, the distance from the rear tire patch to the CG is approximately 24 

inches. 

  

x 

Wheel Base 

Vehicle 

Weight 

Front 

Weight 
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Electronics  
 

Obtaining Control Parameters 

 

The tables below list the parameters that were obtained by physical testing of our vehicle.  These 
parameters are the basis for obtaining the PID coefficients for our control algorithm.   
 

Table 3.5:  Front Driver and Passanger Side Baja  Coefficients 

Sprung Mass (with driver) 41.96 kg 92.5 lb  

Unsprung Mass 11.34 kg 25 lb 

Spring Constant 14010 N/m 60 lb/in 

0 Input Damping Constant 1458 Ns/m 11 lbs/in 

Tire Spring Constant 40000 N/m 200 lb/in 

Tire Damping Constant 1500 Ns/m 8.6 lbs/in 

 

Table 3.6:  Rear Driver and Passanger Side Baja  Coefficients 

Sprung Mass (with driver) 64.64 kg 142.5 lb  

Unsprung Mass 22.68 kg 50 lb 

Spring Constant 19264 N/m 110 lb/in 

0 Input Damping Constant 1458 Ns/m 11 lbs/in 

Tire Spring Constant 40000 N/m 200 lb/in 

Tire Damping Constant 1500 Ns/m 8.6 lbs/in 

 

Magneto-restrictive Sensor Testing 

The sensors were tested by probing our controller board with a Tektronix Digital Oscilloscope so we 

could store the data on a floppy disk and plot our output.  The graph shown below in Figure 3.2 is a plot 

of our sensor inputs which consist of the waveguide impulses that were explained in the design section of 

this report.  The period of these pulses is 0.25ms with an amplitude of approximately 5 volts. 

 

Figure 3.2 – Magneto-restrictive Sensor Input 
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Figure 3.3 is a plot of the output of our sensor when the shock is at mid-compression.  As stated earlier in 

this report, the maximum duty cycle is 50% at full length and goes to zero at maximum compression.  The 

period of this PWM signal is 0.25ms, which is identical to the shock input period.  This PWM signal is 

then input into our digital to analog converter so that it can be read by our microcontroller. Furthermore, 

our shocks were measured to have a dead-zone at 18.2mm from maximum compression.  At this dead-

zone, the duty cycle would change from near zero to 50%.  This dead-zone will not affect our control 

function because the shocks will never reach that compression distance due to the spring travel 

limitations. 

 

Figure 3.3 – Magneto-restrictive Sensor  Output 

 

PID Controller Verification 

The graph shown below in Figure 3.4 shows the open loop step response to the PID controller for an ideal 

controller vs. our digital C-coded controller.  The ideal PID controller output was obtained by running the 

open loop step response from the Simulink suspension model through a PID block diagram.  In order to 

verify that our digital PID controller matches the response to an ideal PID controller, we converted our 

PID controller C-code into Matlab code.  The same output from the Simulink suspension model was then 

inputted into our digital function, and the results were plotted in comparison to the ideal controller.  The 

plot indicates that our digital PID controller sufficiently replicates the response to an ideal PID controller.  

This PID output is then scaled to a PWM duty cycle, and fed back in as our shock coil input. 
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Figure 3.4 – Ideal and Digital PID Output Comparison 

 

To attain the Force vs. Velocity characteristics for our shocks, International Truck and Engine permitted 

us to utilize their shock dynamometer equipment.  Our test setup consisted of four test sequences with 

varying shock inputs at PWM duty cycles of 0%, 25%, 50%, and 75%.  The test setup at international is 

shown below in Figures 3.5.   To guarantee accurate results, two different shocks were tested with 

identical test setups.  The data obtained from each shock differed by less than 1%.  The test for each 

shock was ran at 170 cycles per minute to obtain the Force vs. Velocity graph for a wide range of 

velocities and the average from each shock data curve was computed and plotted below in Figure 3.6.  

The data shown indicates that MagneShock dampers have nearly symmetrical Force curves for rebound 

and compression.  The graph also shows the zero input damping force at a minimum of about 60 lbs.  

Additionally, the curve enabled us to obtain the zero input damping coefficient of the shock, which was 

an important parameter for our PID control design.  This constant was found from Equation 3.2 below, 

and is tabulated in the shock control parameters table above. 

  F �
G

H
  …………………………………… Equation 3.2 
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Figure 13.5 – International Shock Dyno 

 

 

Figure 3.6 – International Shock Dyno Data 
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Field Testing 

Figure 3.7 below is a picture of our electronic controller board mounted to the front of our vehicle.  In 

order to test the control of our suspension system under normal operating conditions, we decided to run a 

live field test and record the shock sensor output to see what kind of displacement that our shocks could 

endure.  The sensor data was recorded by sampling the analog sensor output every 3.28ms and writing the 

data into the built in EEPROM on our microcontroller.  After the run, this data could then be read into a 

text file on a laptop and plotted in Matlab.   

 

Figure 3.7 – Mini-Baja Outfitted With Shock Controller 

 

The graph plotted below in Figure 3.8 is the result of running our car at maximum velocity in low gear 

over a 3 foot dirt jump.  The graph was labeled with 5 different data tips.  The table below explains the 

shock and tires reaction to the jump as a function of time for each data tip.  The settling time for the 

shocks is obtained by taking the difference in time between data points 4 and 5.  This jump resulted in a 

settling time of 0.8 seconds, which falls within our suspension guidelines of having a settling time that is 

less than 1 second. 
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Table 3.7 – Selected Reaction Data Points 

Data Point Time(s) Shock Reaction 

1 1.6 Tire enters slope of dirt ramp 

2 1.8 Tire leaves dirt ramp and enters mid-air 

3 2.1 Shock reaches maximum extension in mid-air 

4 2.6 Tire makes contact with ground 

5 3.4 Shock settles to original position 

 

 

Figure 3.8 – Analog Shock Sensor Output Field Run 

 

In order to show how our controller reacted to the 3-foot jump previously mentioned, we ran the data 

from the graph in Figure 3.8 through our PID control algorithm.  The analog PID output was than plotted 

in the same figure as the PID input.  The results are shown below in Figure 3.9.  The figure illustrates 

how our PID controller output peaks at the instant the tire makes contact with the ground at 2.6 seconds.  

The PID analog control signal is then converted to a digital PWM signal that our shock coils input. 
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Figure 3.9 – Sensor Data vs. PID Control Output from Test Run on Vehicle 
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The construction cost of the Mini Baja was calculated by summarizing the cost of each 

subsection.  Table 4.1 is a summary of all subsystems showing a final vehicle cost of $17,246.93.   

 

2008 Baja SAE Official 
Costing Sheet  Innovative Motorsports  

S
e
c
t 
#
 

 Item  
 

Description  

 Subassembly Costs  

 Vehicle 
Assembly  
Labor  
Cost   Subtotal  

 Material   Labor     Cost   Material   Labor  

1  Engine    $670.99 $175.00 $0.00 $670.99 $175.00 

2  Transmission    $1,999.48 $85.90   $0.00 $1,999.48 $85.90 

3  Drive Train    $679.33 $145.27   $0.00 $679.33 $145.27 

4  Steering    $129.84 $19.60   $0.00 $129.84 $19.60 

5  Suspension    $7,287.71 $405.80   $0.00 $7,287.71 $405.80 

6  Frame    $530.03 $1,345.15     $530.03 $1,345.15 

7  Body    $248.95 $128.10   $0.00 $248.95 $128.10 

8  Brakes    $14.59 $70.00   $0.00 $14.59 $70.00 

9 
 Safety 
Equipment    $195.00 $24.52   $0.00 $195.00 $24.52 

10 
 Electrical 
Equipment    $538.29 $999.05   $0.00 $538.29 $999.05 

11  Fasteners    $90.22     $0.00 $90.22 $0.00 

12 
 
Miscellaneous    $310.00 $70.00   $0.00 $310.00 $70.00 

13  ILL Event    $1,049.12 $35.00   $0.00 $1,049.12 $35.00 

ILL Total: $13,743.55 $3,503.38 0  
 $          
-    $13,743.55 $3,503.38 

Total $17,246.93 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Section V:  Evaluations and Recommendations
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Evaluations and Recommendations 
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Three areas were evaluated during the testing of the vehicle and include the frame characteristics, 

suspension characteristics, and electronic characteristics. All parameters set forth in the design phase were 

attained or exceeded in the construction of the prototype. The vehicle performed as well or better than 

designed in all design parameter categories.  

 

During testing, the parameters outlined in the design phase proved to be acceptable. Frame characteristics 

allowed for excellent operation of the vehicle during testing. The length of tubing used in the car was 

significantly lower than previous years which allowed for a lighter vehicle which had good acceleration 

during testing. The length and width of the vehicle to vehicle dimensions are small enough to allow for 

agile handling characteristics and maneuverability. All SAE frame specifications were satisfied during 

construction of the prototype therefore no problems were experienced during testing with regards to those 

parameters. The exit time from the vehicle was easily satisfied due to the designed clearances between the 

driver and the vehicle. There was minimal noticeable chassis flex during testing of the vehicle due to the 

careful design of the vehicle geometry.  

 

The designed suspension characteristics allowed for excellent operation of the vehicle during testing. The 

suspension settling time proved to be smaller than anticipates which allowed for the vehicle to maintain 

ride stance throughout handling maneuvers. The ride height parameter allowed ample clearance between 

the bottom of the vehicle and obstacles the vehicle encountered. The jounce and rebound parameters 

allowed the vehicle to successfully navigate different jump profiles with little difficulty. The camber and 

caster parameters allowed for good ride quality and suspension travel during testing of the vehicle.  The 

tire patch and wheel orientation vary in an advantageous manner with respect to the vehicle handling. The 

travel of the suspension yielded minimal lateral movement of the tire patch.   

 

The designed electronic characteristics allowed for excellent operation of the vehicle during testing. The 

electronic response time allows for seamless transitions between damping rates as the vehicle navigates 

extreme terrain. The overall power usage of the electronic system is less than the amount of power the 

Briggs alternator and liquid gel cell battery combination was capable of providing. Therefore, no issues 

with power consumption should occur during the 4 hour endurance race at the competition. 

 

Upon completion of the Mini Baja building/testing it is recommended that future building could be 

improved with the use of higher quality building equipment. The budget equipment used for the 

construction attributed to difficulties in maintaining tolerances and final product quality. Additionally, 

avoiding extreme tubing connection angles (<45°) will reduce the complexity of construction and time 

required to achieve high quality fitting. Also, any subsystems used from “off the shelf” sources should be 

carefully looked at to decrease interfacing issues. The manufacture of the subsystem could use either 

metric or standard fittings, creating difficulty when trying to mate it with other vehicle systems. 

 

In order to closely mimic competition conditions, a testing facility should be located well in advance of 

the building completion. The facility should be able to provide a rigorous course that will unreservedly 

test the extent of the design. Use of a high quality camera, to later examine handling and performance, 

should be included.  
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Furthermore, when selecting “off the shelf” parts to incorporate into the Mini Baja design, a full cost 

analysis should be completed to ensure adequate funding will be available when time of purchase arrives. 

This step will help ward off costly delays and possible redesigns.  

 

Lastly, a firm project management structure must be incorporated into the teams building/testing strategy. 

With several team members working on the different aspects of the project, much time and effort will be 

saved if a project management structure is followed.  
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Section VI:  Conclusion 
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The objective for the 2008 SAE Mini-Baja Team Innovations was to build and test the frame and 

suspension for the new 2008 vehicle.  Some modifications were mad and more will follow in the future 

before the competition to enhance the performance of the vehicle at the competition.  The testing data 

gathered was comparable to previous team’s data and, in many cases, showed a marked improvement. 

The frame is durable and light.  This gives us a high top speed and good maneuverability while 

maintaining driver comfort and safety. 

The suspension design displays excellent camber control and a good ride height.  This will help the 

vehicle maintain traction when landing jumps and cornering. 

This vehicle will be highly competitive in the 2008 Illinois Baja Challenge. 

 

 


