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Design Requirements Summary

Customer Requirements

CR1 - Efficiency
CR2 - Safety
CR3 - Durability
CR4 - Affordable
CR5 - Ease of Manufacturing
CR6 - Aesthetics
CR7 - Pass Techs
CR8 - Acceleration
CR9 – Lightweight

Engineering Requirements

ER1 - Rear Ratio – 6.98:1
ER2 - Front Ratio – 3.62:1
ER3 - 4WD – Yes
ER4 - Moving powertrain parts must be guarded on all sides – Yes
ER5 - Gearbox vent system 100 mm away from exhaust – 100 mm
ER6 - 4WD driveshaft surrounded and separate from cockpit – Yes
ER7 - Minimum life cycle of gears – 10^9 cycles
ER8 - Torque output – 226 ft*lbs
ER9 - CV Length - <16 inches
ER10 - CV Angle – 40 degrees
ER11 - CV Joints – Yes
ER12 - Thickness of CV axle – 1.2 inches
ER13 - Weight – 75 grams
ER14 - Max diameter – 70mm
ER15 - Max Thickness – 40mm Ethan



Top Level Testing Summary
Experiment/Test Relevant DRs

Testing Equipment 
Needed

Other Resources

EXP1 – Top Speed Test, 
Gear Efficiency Test

ER 1, 2, 4, 8
CR 1, 3, 7, 8, 9

Long Straightaway for 
reaching top speed

Performed at the Shop

EXP2 - Drive Car with 
2WD

ER 1, 2, 4, 5, 8-15

Fuel
Functioning Drivetrain

Functioning Suspension
 Functioning 4WD system

 

Performed at the Shop

EXP3 – Terrain Test
ER 1, 2, 4, 5, 8-15

 
Rocky Terrain

Strenuous location to 
drive the car

EXP4 – Drive Car with 
4WD

ER 1-6, 8-15

Fuel
Fully Functioning 

Drivetrain
Fully Functioning 

Suspension
Fully Functioning 4WD 

system

Strenuous location to 
drive the car

Ethan



Detailed Testing Plans
EXP1- Top Speed Test, Gear Efficiency Test

 

Test/Experiment Summary: The vehicle's top speed and acceleration are key performance metrics. The acceleration event at competition 
evaluates how quickly the car can cover 100 to 150 feet from a standstill. Top speed influences performance in other dynamic events. 
Testing these parameters will help assess the sub team's success in designing a drivetrain that effectively transfers power from the 
engine to the wheels. 

 

Procedure:

1. Identify locations that have long, flat straightaways for reaching top speed

2. Measure 100 to 150 feet away from the start line

3. Time the vehicle to see how long it takes to cross the 100-to-150-foot threshold

4. Continue driving the vehicle until it stops accelerating and calculate the maximum speed of the vehicle

Results: The data collected from this experiment will show the effectiveness of all drivetrain components based off the magnitude of the 
speed calculated.

 

Conclusion: Assessing the top speed of the car will demonstrate how the vehicle will perform in the acceleration event in the competition 
and will allow any modifications or adjustments to be made to further enhance the vehicle’s speed.

Rowan



Detailed Testing Plans
EXP2- Drive Car with 2WD

 

Test/Experiment Summary: The 2WD functionality test is an important experiment to conduct to ensure the vehicle operates correctly 
and appropriately in 2WD. The team will assess the vehicle as it makes laps near the machine shop to better understand the 
effectiveness of the drivetrain system.

 

Procedure:

1. Start the vehicle

2. Slowly drive the vehicle around the machine shop 

3. Assess the vehicle as it is in motion to determine if any adjustments need to be made

 

Results: The results of this experiment will indicate if there are any major flaws or failures in the drivetrain system, which will help the 
team provide a functional vehicle for competition. 

 

Conclusion: This test is an important first step in the testing of the Baja vehicle and will ensure the 2WD system is functioning 
correctly.

Rowan



Detailed Testing Plans
EXP3- Terrain Test

 

Test/Experiment Summary: The terrain test will include the vehicle traversing obstacles that may be found at the competition, such as 
large boulders, loose dirt/gravel, and other rocky terrain features. This test will help the team assess the vehicle’s capabilities in rough 
terrain and will give a sense of how the vehicle will perform in the terrain at competition.

 

Procedure:

1. Identify locations with rocky terrain that are easily accessible.

2. Drive the car over small obstacles to start off with and increase the size of the obstacle to test the vehicle’s limits.

Results: The results of this test will demonstrate how the vehicle traverses larger obstacles and will prepare the team for the obstacles 
seen in the competition.

 

Conclusion: This test will show the team how the vehicle functions over rough terrain, like terrain that will be seen at competition, to 
better understand the weaknesses and strengths of the vehicle.

Dylan



Detailed Testing Plans
EXP4- Drive Car with 4WD

 

Test/Experiment Summary: The 4WD functionality test will demonstrate the vehicles’ ability to both shift into 4WD and shift backing in 
2WD. The test will include a stationary test of the vehicle shifting into 4WD and a possible moving and shifting test, depending on the 
vehicle’s capabilities at the time. This test will show the team if the 4WD system works efficiently and if there are any improvements or 
adjustments that need to be made to the vehicle.

 

Procedure:

1. For the stationary test, the vehicle’s rear will be jacked off the ground and held up by blocks to ensure the rear tires of off the ground

2. The vehicle will then be shifted into 4WD and will slowly accelerate to see if the 4WD system has actuated

3. The possible moving test will be done later in the testing phase

 

Results: This test will show the team the functionality of the 4WD system in the vehicle and will highlighting any area of improvement, like 
adjusting the chain or tensioners to make the chain drive more efficient. These changes will help the team perform better in competition.

 

Conclusion: This test will be an important milestone in the testing of the Baja vehicle and will be a large indicator of whether or not the 
vehicle will perform well in the hill climb event in competition. 

Seth



Specification Sheet 
Customer Requirements CR met? (Y/N) Client Acceptable (Y/N)

CR1 - Efficiency Y Y

CR2 - Safety  Y  Y

CR3 - Durability  Y  Y

CR4 - Affordable  N  Y

CR5 - Ease of Manufacturing  Y  Y

CR6 - Aesthetics  Y  Y

CR7 - Pass Techs  Y  Y

CR8 - Acceleration  Y  Y

CR9 - Lightweight  N  Y

Matthew



Specification Sheet
Engineering Requirements Target Tolerance Measured/Calculated Value ER Met? (Y/N) Client Acceptable (Y/N)

ER1 - Rear Ratio – 6.98:1 6.98:1 +/- 0.25 6.98 Y  Y 

ER2 - Front Ratio – 2.95:1 3.62:1 +/- 0.25  2.95 Y  Y 
ER3 - 4WD – Yes Yes N/A N/A Y Y

ER4 - Moving powertrain 
parts must be guarded on all 

sides – Yes
Yes N/A  N/A N   N

ER5 - Gearbox vent system 
100mm away from exhaust 

– 100mm
100mm +/- 10mm 110mm Y Y

ER6 - 4WD driveshaft 
surrounded and separate 

from cockpit – Yes
Yes N/A  N/A N  N 

ER7 - Minimum life cycle of 
gears – 10^9 cycles

10^9 cycles +/- 10^8 cycles  200*10^3 Y  Y 

ER8 - Torque output – 226 
ft*lbs

226 ft*lbs +/- 10 ft*lbs  226ft-lbs Y Y 

ER9 – CV Length - <16 
inches

16 in +/- 2 in  8” Front, 16” Rear Y Y

ER10 – CV Angle – 40 
degrees

40 degrees +/- 5 degrees 40 degrees max   Y Y

ER11 - CV Joints – Yes Yes N/A Chosen Y  Y
ER12 - Thickness of CV axle 

– 1.2 inches
1.2 in +/- 0.25 in 1” Y  Y

ER13 – Hub Weight – 75 
grams

75 grams +/- 25 grams
87.6 grams

Y  Y

ER14 – Hub Max diameter – 
70mm

70 mm +/- 10 mm 79.4 mm Y Y

ER15 – Hub Max Thickness 
– 40mm

40 mm +/- 7.5 mm 44.4 mm  Y Y  Nolan



QFD

Nolan



Videos

Driving Test over curbs CV Axles plunge test~100 ft test drive

Dylan



Dylan
4WD Functionality Test 4WD Functionality Test



Dylan

4WD Stool Test: Rear Tires Off the Ground to Show Front Drive Actuation



Seth

Chain Drive Demonstration

Image of Dog Box and Chain



RowanMontage and Terrain Test



Thank You
Any Questions?



Final Testing Results 
2024-2025 SAE Baja

Suspension, Steering and Brakes

Ryan Key
Ryan Latulippe
Oliver Husmann

Brennan Pongratz

Taylor Hewitt
David Polkabla Jr.

Steering, Brakes

Suspension



Oliver

Customer Requirements 
(Suspension)

Engineering Requirements 
(Suspension)

● Performance/Comfort
● Serviceability/Tunability
● Durability
● Affordable
● Ease of Fabrication
● Aesthetics
● Pass SAE Technical 

Inspection

● Lightweight
● Suspension must pass tech
● Optimal ride height/ ground 

clearance
● Optimal Vehicle Width/Length
● Singular known replaceable 

failure point
● Efficiently designed knuckle
● Optimal camber/caster angles
● Optimize suspension travel



Oliver

QFD (Suspension)



Brennan

Top Level Testing 
Summary (Suspension)



● Experiment 1: Travel Test
○ Cycle to top of travel and 

measure 
○ Cycle to bottom of travel and 

measure
○ Difference results in total wheel 

travel value
● Results

○ 10.5” Front
○ 13” Rear

Ryan K

Detailed Testing Plans Exp. 1 
(Suspension)



Ryan L

● Experiment 2: Ride height test
○ Measure distance from ground to 

chassis for ride height and 
distance from outer edge of each 
tire for track width

● Results
○ 12in front and rear ride height
○ 62in front and 58in rear track width

Detailed Testing Plans Exp. 2 
(Suspension)



Detailed Testing Plans Exp. 3 
(Suspension)

● Experiment 3: Body Roll Test
○ Record vehicle take a turn with 

different shock pressures each run
○ Discuss with driver how handling feels

● Results
○ 12 psi main chamber, 25 psi “Evol” 

chamber, too soft
■ Ride height was too low

○ 25 psi main chamber, 50 psi “Evol” 
chamber, felt properly tuned according 
to driver

Brennan



Ryan K.

Specification Sheet (Suspension)



Ryan L.

Specification Sheet (Suspension)



David

Customer Requirements 
(Steering)

Engineering Requirements 
(Steering)

● Stay with the Budget
● Maximize Driver Comfort
● Simple to use
● Pass SAE Technical 

Inspection

● Maximize Steering Angles
● Minimize Steering Slop
● Maximize Stability
● 8ft Steering Radius



David

Top Level Testing 
Summary (Steering)



David

Detailed Testing Plans Exp. 1
(Steering)

● Experiment 1: Slalom Course
○ Driving the car around the 

parking lot while mimicking a 
slalom course
■ Tie rod weld broke during 

one of the slalom trials
○ Creating new tie rods made from 

steel with sizing changes to 
compensate.



Detailed Testing Plans Exp. 2
(Steering)

● Experiment 2: Driving Course
○ Driving the car around a 

predetermined course to test 
handling in an environment 
similar to the competition.
■ The car handled as expected 

with no issues with steering 
components.

David



Detailed Testing Plans Exp. 3
(Steering)

● Experiment 3: Radius Test
○ Driving the car in a circle and 

observing the turning radius
■ The measured turning radius 

was found to be 9 feet on 
pavement.

David



David

Specification Sheet (Steering)

Customer Requirements CR met? (✓ or X) Client Acceptable (✓ or X)

CR1: Maximize Steering Angles ✓ ✓

CR2: Maximize Driver Comfort  ✓  ✓

CR3: Simple to use  ✓  ✓

Engineering 
Requirement

Target Tolerance Measured/
Calculated 
Value

ER met?
(✓ or 
X)

Client
Acceptable
(✓ or X)

ER1: Reduce 
Steering Radius

8ft ±1ft  9ft  ✓  ✓

ER2: Minimize 
Steering Slop

0° ±5°  3°  ✓  ✓

ER3: Maximize 
Stability
 

N/A N/A  N/A  ✓  ✓



David

QFD (Steering)



Customer 
Requirements (Brakes)

Engineering 
Requirements (Brakes)

● Safe to use
● Brakes are affordable
● Has no performance issues
● Easy to use
● Hydraulics within brake 

system function properly
● Brake rotors don't overheat 

when used excessively
● Brake pads work properly
● Brake system is easy to mount
● Brake system must pass tech 

inspection

● Reduce braking distance
● Minimize pedal force
● Maximize safety
● Brakes must stop all four tires at 

once
● Maximize braking force
● Brake pedal made from 

aluminum or steel
● Vehicle must remain still while 

brakes are applied
● 2 independent reservoirs
● Maximize caliper clamping force

Taylor



Top Level Testing Summary (Brakes)

Taylor



Top Level Testing Summary (Brakes)

Taylor



Detailed Testing Plans Exp. 1 
(Brakes)

● Experiment 1: Braking test 
○ Bring the car to about 10 mph, 

slam on the brakes at a specific 
spot, measure braking distance 
from that spot.

○ Car came to a stop quickly, will 
lock up brakes on dirt.

Taylor

https://docs.google.com/file/d/1V6GMyCnAfiLjAIiyJOXxIHHRv6bRQUrG/preview


Detailed Testing Plans Exp. 2 
(Brakes)

● Experiment 2: Endurance test 
○ Drive the car around for several 

hours and inspect brakes for any 
signs of wear or deformation

○ The brakes were used frequently 
throughout testing and have no 
issues with overheating

Taylor

https://docs.google.com/file/d/17NcLGw1H-I_7sw2c0Atsd0VltTb-g66O/preview


Detailed Testing Plans Exp. 3 
(Brakes)

● Experiment 3: Brake Pressure Test: Use a 
brake pressure transducer to determine the 
maximum pressure going through the brake 
lines to ensure that we use the correct 
pressure sensor for the brake light.
○ **IN PROGRESS**

Taylor



Specification Sheet (Brakes)

Customer Requirements CR met? (✓ or X) Client Acceptable (✓ or X)

CR1: Safe to use ✓ ✓ 

CR2: Brakes are affordable ✓ ✓ 

CR3: Has no performance issues ✓ ✓ 

CR4: Easy to use ✓ ✓ 

CR5: Hydraulics within brake system 
function properly

✓ ✓ 

CR6: Brake rotors don’t overheat when 
used excessively

✓ ✓ 

CR7: Brake pads work properly ✓ ✓ 

CR8: Brake system is easy to mount ✓ ✓ 

CR9: Brake system must pass tech 
inspection

Taylor



Specification Sheet (Brakes)

Taylor



QFD (Brakes)

Taylor



Thank You



SAE Baja 
Chassis Team 

2024-2025



Engineering Requirements

Charles



Customer Requirement 

Ryan



Wyatt

Test Relevant DRs Testing Equipment Other Resources

Exp 1 -  Drive the Car CR1,2,3,5,9
ER1 - ER3

Fuel
Fully Functioning 
Drivetrain 
Fully Function Suspension

Location to drive the Car.  

Exp 2 - Driver Egress ER4 The Car
Stopwatch

Driver or Someone that is 
the Same Size

Exp 3 - Mock Tech 
Inspection

ER5 - ER31 Tech Sheet from SAE

Tape Measures 

Angle Gauges

Different Sized Rods

2025 SAE Baja Rulebook 

Someone to Proctor Mock 
Tech Inspection

Top Level Testing Summary



Charles

Experiment 1: Driving the Car
● Questions:

○ Gauging overall performance
○ Visually monitoring vibrations
○ Feedback on driver position
○ Visually inspect frame for 

deflections or interference 

Detail Testing Plan



Experiment 1
● Findings:

○ Fuel needs to be 
pointing straight 
downwards

○ False Floor in front is 
100% needed for 
comfort.  

○ Steering and pedal 
placements are good. 
Seat placement is not a 
big deal.

Ryan

https://docs.google.com/file/d/1YTAuMSO3lgnZyBJ04fq9pOqHpXx6DOQp/preview


Results

Wyatt

https://docs.google.com/file/d/10L8oSMdU8L93709NqRBcwWskbtid_mNZ/preview
https://docs.google.com/file/d/1Ye4-y6NPPIUPci7h483NdXZI_Tz6OKPi/preview


Detail Testing Plan
Experiment 2: Driver Egress
● Questions:

○ Can the passenger exit 
the car in 5 seconds

● Procedure:
○ Have the drivers of the 

car present 
○ Buckle the driver into 

the frame with the seat 
and wheel

○ Time the driver exiting 
the car 

Charles



Experiment 2 Results

Both were 
able to get out 
of the vehicle 
both directions 
in under 5 
seconds

Ryan

https://docs.google.com/file/d/1oeEfMMAQibwrhKwCB2OxrgytlOEDxZ6O/preview
https://docs.google.com/file/d/1RrqsqvDRYpSS2Mu7LU-XEuS2vXQpkcer/preview


Detail Testing Plan
Experiment 3: Mock Tech Inspection
● Questions:

○ Will the chassis pass technical 
inspection

● Procedure:
○ Print out a tech inspection 

sheet to run through
○ Present unbiased opinion 
○ Address any potential issues 

 

Wyatt



Experiment 3: Results 
• The Subteam has ran 

through the Tech 
Inspection on their own. 

• This experiment will be 
as finalized as possible 
on 4/18/2025 with the 
help of Dr Willy. 

Charles



Ryan

Tech inspection sheet
Pass

Not Passed



Wyatt

Tech inspection sheet
Pass

Not Passed



Charles 

Tech inspection sheet
Pass

Not Passed



QFD

Ryan



Thank You


