
Comprehensive Design Review
BAJA SAE 2025-2026
November 13, 2025



 Thank You Sponsors! 2

The Family, Friends, Advisors, and 
Alumni of CU Boulder SAE Baja



 Meet The Team 3



 Results: Arizona 2025 Team Placement
Score Category Result (Out Of 69 Teams)

Tech Inspection Passed

Endurance Race 35th

Acceleration 40th

Maneuverability DQ

Suspension/Traction 19th

Pilot Pull 4th
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 Results: Arizona 2025 Team Scoring
Score Category Result

Cost Report 9/15 pts

Cost Prototype 18/85 pts

Design Evaluation 30/150 pts

Business Presentation 15/70 pts
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 Timeline 6

CDR November 13th About 90% of the car should not change after CDR

Manufacturing Review December 5th Last Day of Classes

First Major Parts Order December 6th Reading Day of Finals Week

Steel Order December 6th  

SAE Business Presentation Report December 13th Can submit late for partial scoring

Start of Chassis January 8th First day back in the spring

Rolling Chassis February 6th Suspension and Chassis Need to be completed for 
rolling chassis

Roll Cage Documentation Package February 16th Required SAE Deliverable

Written Cost Reduction Report February 20th Required SAE Deliverable

Business Presentation February  

Online Cost Prototype March 20th Required SAE Deliverable

Design Review Briefing April 2nd Required SAE Deliverable

Running Vehicle April 10th Mid-semester Reading Day

Testing April 11th – April 25th Testing Stops Before Final Exams

Competition in Oregon 5/7 - 5/10  Grand Finale



 Agenda
Item Time Hour

Overall Design <5 Minutes 6:00 – 6:05

Budget Status <5 Minutes 6:05 – 6:10

Suspension Design 10 Minutes 6:10 – 6:20

Controls Design 10 Minutes 6:20 – 6:30

Drivetrain Design 15 Minutes 6:30 – 6:45

Chassis Design 10 Minutes 6:45 – 6:55

Intermission 10 Minutes 6:55 – 7:05

Questions and Feedback 7:05 - End
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 Complete Assembly 8



 Complete Assembly 9



 Complete Assembly 10



 Complete Assembly 11



 Overall Team Goals

Goal Reason Implementation

Reduce Vehicle Weight by 10%

Missed 
(Measured in CAD with an extra 70 

lbs added for Tabs/Welds)

 Improve acceleration of the vehicle 
which will help us perform better at 

competition

Shrink parts that have a High Factor 
of safety with medium to high 
confidence of failure condition

Finish Endurance without Failure

In Progress
We want to place high in endurance Build a robust vehicle with about 50% 

proven reliability (reused parts)

Increase Serviceability

In Progress

Increased serviceability will allow for 
more rapid testing and modifying 

during our test phase throughout April 
which will also enable us to have a 

better performing vehicle

Work on mounting in parallel with the 
design of all components, instead of it 

being an afterthought 
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Finance



 Total Budget Estimate Overview
Category Description Estimated Cost
Housing
Travel
Registration

Housing, Transport, and 
Competition Registration 
Costs

~$2,000 (Rental Vans)
~$2,500 (Housing)
-$1,850 (Registration)
~$2,000 (Gas)

Chassis Assorted 4130 Tubing 
Thicknesses and Lengths, 
Body Panels, Fasteners

~$3,000

Front/ Rear 
Suspension

4130 Tubing, Fasteners, 
Linkages

~$2,100 total
              

Controls
/Brakes

Steering rack, Assorted 
Electronic Components

~$400

Drivetrain Transfer Case Materials, 
New CV Axles, U Joints

~$2,200

*Miscellaneous Brake Service Kits, 
External Shock Service, 
Generator Rental, Team 
Shirts, Car Decals, Etc

$1,500

CDR Total Estimate:
$17,550*

Category Cost
Travel
/ Competition

$8,350

Construction $7,700

*Miscellaneous $1,500
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*PDR Total 
Estimate:
$18,950



 Budget and Current Funds Overview
Sponsor Contribution Application of support

Funds from 2025 
team

*$500 as of 10/5 -$250 Competition / Travel
-$250 Materials

F.F.A.A. of CU 
Boulder SAE Baja

*$2500+ -$1250 Competition / Travel
-$1250 Materials

Taylor Clark Gallery *$1000 -$500 Competition / Travel
-$500 Materials

Painter’s Grinding *$1500 -$750 Competition / Travel
-$750 Materials

Jamsi Online / Nick 
Wolfrum

*$1000 -$500 Competition / Travel
-$500 Materials

Monster Energy In - Kind Donation -Competition / Team / Event 
Support

Design Center 
Colorado

$2000 -$1850 Competition Registration
-$150 Materials

Remaining Needs:
$9,050*

Competition
/ travel

Construction Miscellaneous

Raised $5,100 $3,400 $0

Gap $3,250 $4,300 $1,500
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*Reported Gift Account Balance (11/11/25): ~$5,200

*Estimated Gift Account Donations: ~$6,500

*Does not include pledged support



 Budget and Fundraising Overview: 2
Pledged/Anticipated Support* Planned Grants and Sponsorship 

Programs*
Volunteer Opportunities

Sponsor Support Source Support Source Support

Jamsi Online $1000 (spring 
donation)

EEF 
(Spring Award) 

$5,500 SAE Learn Twice 
Program 

$2500 (30 hrs 
collective 
volunteering)

Gates Belts $2000+ and 
CVT Belts

CEAS Travel $4,500 CU Athletics and 
Ticketing

$50/volunteer (Per 
CUEC Event) *  

O’Reilly Auto In Kind / 
Financial

Gene Haas 
Foundation 

$2,500 *Up to 27 CUEC Basketball Events Per 
Academic Year 

Michigan Science 
Corporation

Wheel Force 
Transducer

SKF Sponsorship 
Program

Up to $2000 of 
Sponsored Bearings

CU Athletics and 
Ticketing 

$100/Volunteer 
(Per Folsom 
Event) * 

Futek Sensor Packages KHK Sponsorship 
program

Discount on Gears *Up to 6 Football Games Per Academic 
Year 

Freewave Radio/Telemetry 
Communication

HyGear Suspension Discount of Shock 
Service

*Is not a complete list
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 Funding Gap Plan
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Total Potential 
Fundraising 

Options:
$16,000+

Volunteer 
Opportunities:

$2,500+
Potential Grants:

$13,500

Final Remaining 
Gap:

$6,050
Pledged Support: 

$3,000



 Budget and Fundraising Overview: 2
Potential Partners* Potential In-Kind or Discounted Support*

Sponsor Support Source Support

EarthRoamer Financial Century Springs Springs

Matrix Technologies Financial G & C Design and Fabrication In-Kind (Custom Gears and Gear Stock)

Wright EDM Under Review

Rousseau Metal Under Review

Accu-Precision In-Kind / Financial

SRAM Financial / In Kind

17
 Future Potential Partners (2026-2027)
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*Is not a complete list



Suspension



 Suspension Goals

Goal Reason Implementation

Reduce body roll in cornering by 5%

In Progress

 Improving cornering speed and 
handling

Raise the roll center, bringing it closer 
to center of gravity

Have zero set-in from suspension 
travel (shocks return the vehicle to 

designed ride height and have 0 roll at 
steady state)

In Progress

All travel constantly usable and the 
handling more uniform

Redesign bushings and increase 
angle shocks in the rear to increase 

progression through travel  

Have frontal impact compliance

Achieved

This will give absorption of forward 
impacts, improving ride quality Tilt the suspension back 10°
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 Suspension Overall View

Front Left Subassembly Summary
Weight [lbs] Cost (Excluding Shock) Rules

This year: 14.0
Last year: 16.8 Anticipated:  $376 B.8.7.1

B.1.4.2

Rear Left Subassembly Summary
Weight [lbs] Cost (Excluding Shock) Rules

This year: 15.0
Last year: 19.8 Anticipated: $348 B.1.4.2
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Front Left Suspension Rear Right Suspension 
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10°

Front Suspension Rake
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Front Suspension Analysis

Spec This Year Last Year

Roll Center Below Frame 1.8 in 6 in

Total Width 58 in 54 in

Travel 11.5 in 12 in

Ground 12 in 12 in

Static Camber -2° -7°

Progressive Camber -2 to -5° 0.48°

Shock angle 68.2° 74°

Suspension Rake 10° 0°

Caster 4° 0°
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Front Suspension Kinematics
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Front Suspension Upright Structural Analysis
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Last Year’s Upright Failure Case
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This Year’s Upright Failure Case
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34(1000lbf)
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Shock
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41A torque or side impact causing a moment pulling on the bolts
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Front Suspension Control Arm Analysis
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Front Left Upright

3in

4in
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Rear Suspension Design
52

Rear Right Views from Back

Ride Height Full Bump Full Droop



 Rear Suspension Analysis

Spec This Year Last Year

Roll Center Below Frame 2.3 in 6 in

Total Width 58 in 54 in

Travel 10 in 12 in

Ground 12 in 12 in

Static Camber -1° -7°

Progressive Camber 1.7 to -4° 0.48°

Shock Angle ~52.4° ~90°

Toe Change -0.46 to 1.22° 1.7°
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Rear Suspension Kinematics
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Rear Suspension Kinematics
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Rear Suspension Upright
56

Hub Assembly Upright

Control Arm Bracket



Rear Suspension Upright FEA
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Rear Suspension Upright FEA
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Rear Suspension Upright FEA
59



Rear Suspension Upright FEA
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Rear Suspension Upright FEA
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Rear Suspension Upright FEA
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Rear Suspension Upright Brackets FEA
63

collision



Rear Suspension Upright Brackets FEA
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max force of shock translated to the bracket

Rear Suspension Upright Brackets FEA
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Rear Suspension Upright Brackets FEA
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Rear Suspension Upright Brackets FEA
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Rear Suspension Upright Brackets FEA
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Rear Suspension Upper Control Arm 

Front of Car (Right Side)
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 Upper Control Arm Beam Approximation 
70

1in OD X 0.095 4130 



 Upper Control Arm Beam Approximation 
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Low



Rear Suspension Upper Control Arm FEA 
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Rear Suspension Upper Control Arm FEA 
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Rear Suspension Upper Control Arm FEA 
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Rear Suspension Upper Control Arm FEA 
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Rear Suspension Upper Control Arm FEA 
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Rear Suspension Upper Control Arm FEA 
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Rear Suspension Lower Control Arm 

Front of Car (Right Side)

78



Rear Suspension Lower Control Arm 
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80
Rear Suspension Lower Control Arm 
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81
Rear Suspension Toe Rod 
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82
Rear Suspension Toe Rod Analysis
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0.63 OD 0.13 thick



83
Rear Suspension Toe Rod Analysis
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Controls



 Controls Goals
Goal Reason Implementation Difficulties

Make electronic controls 
accessible

Achieved

Current controls are in a 
dangerous spot to reach while 

driving

Design a new wheel that 
maintains strength and 

incorporates the differential 
switches

Usability with race conditions, 
sealing, and clear fail-safe 

without compromising 
serviceability

Create lighter brake pedal with 
more travel

Missed. Almost Exactly the 
same as last years weight and 

travel

Save weight and improve  
driver ergonomics

Create a new pedal with 
adjustable geometry that uses 

water-jet steel arms

Maintain target line pressure 
and firm feel without the 

master cylinder bottoming and 
pedal flex/fatigue

Improve throttle pedal cable 
clamping reliability

Achieved

Increases the adjustability of 
the throttle, provides a better 
feel, and won't lose tension if 
pressed hard during an impact 

or roll over

We will use cable barrel 
housing, add a spring at the 
pedal, and adding a spring at 

the throttle linkage

Prevent slip and strand damage 
under vibration with consistent 

clamp torque and corrosion 
resistance
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 Controls Full Assembly 86

Controls Assembly
Weight [lbs] Cost

≈ 42 Anticipated:   $320



 Controls Full Assembly 87



 Steering Assembly Overview
88

Steering Assembly
Weight [lbs] Cost

This Year ≈ 13.2
(From CAD)

Last Year ≈ 17
(Measured)

Anticipated:   $22
5



 Upper Steering Assembly Overview
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 Steering Wheel
90



 Steering Wheel Analysis
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 Steering Wheel Analysis
92



 Lower Steering Assembly Overview
93



 Steering Assembly Critical Parts

Tie Rod Hub Attachment Bracket
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 Steering Assembly Critical Parts
95



 Steering Assembly Critical Parts
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 Steering Geometry
97

Steering Angle
 Approximate Steering Angles from Our 

Latest Assembly:
Max Inside Wheel Turn Angle ≈ 30.5°

Max Outside Wheel Turn Angle ≈ 
35°



Tie Rod Buckling Analysis
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Tie Rod Buckling Analysis
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Steering Rod Insert Bending Analysis
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Steering Rod Insert Bending Analysis
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Steering Assembly Analysis - Steering 
Column Torsion
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Steering Assembly Analysis - Steering 
Column Torsion Steering Column Torsion
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 Foot Controls Overview
104

Brake and 
Throttle Pedal

Weight [lbs]

Last Year ≈ 7.5
(Measured)

This Year ≈ 7.5
(CAD)



Pedal Comfort
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Pedal Exploded Views
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Throttle Pedal Critical Parts
107



Pedal Mounting View
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Analysis - Throttle Pedal Critical Part (1) 
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Analysis - Throttle Pedal Critical Part (2) 
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Brake Pedal Analysis - 450lbf Loading 
Condition (1)
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Brake Pedal Analysis - 450 lbf Loading 
Condition (2)
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Brake Pedal Analysis - 450 lbf Loading 
Condition (3)
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FOS: 1.138

Confidence level & Explanation:
Medium-High Confidence because the loading 

application is defined in the rules but the 
constraints available in SolidWorks FEA do not 

perfectly represent the fixturing of the part

Peter Himpsel
Is there a reason you can't put more material here?



 Brakes

• Dual Tilton 78 Series Master Cylinders, 5/8 Bore 1 Inch 
Stroke

• Weight: 0.4 lbs per master cylinder
• Steel braided lines
• Wilwood dual piston calipers
• Low pressure sensors for brake lights

• 120 lbs to lock all 4 wheels on asphalt
• 46 lbs to lock all 4 wheels on dirt

https://tiltonracing.com
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Fuel Tank and Drip Shield

Gas Tank And Drip Shield Summary
Weight [lbs] Cost Rules

~10 ~$5.60 B.6.7
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 Fuel Tank and Drip Shield Cont.

The only permitted fuel tank is Pyrotect Part 

Number SFC1000

Mounting is compliant with B.6.5.1 mounting 

rules

4.8° slant aftward to allow fluids to run off 

away from the engine

Fluids drip 90° from the exhaust as per B.6.7
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 Differential Electronics
117

Reusing last years differentials, so we 
will be reusing last years electronics

Specifically reusing the two PCBs and 
Dewalt batteries and their respective 
cases. 

Buttons will be mounted to the wheel 
instead of on the steering column 
support

Dewalt Battery Box PCB Box



 Differential Electronics
118



 Harness Mounting
119



 Seat Tabs Mounting
120

● Overall height of seat: 4.34 in.

○ More than 0.5 in. lower than previous year

● Rule B.4.5.3 – Seat Mounting Points

○ 0.17 mm of spacers for seat

○ Rear and bottom seat tabs are 6.5 inches apart

● Rule: B.12.2.1 - Dimensions

○ Bottom tabs: W - 0.78 in, H - 1 in.

○ Rear tabs: W - 1 in, H - 1 in.



 Communication Systems Overview

Description Cost

Cardo PackTalk 
Edge Headset - 
Duo Pack

On-hand

● Natural Voice Operation and Automatic volume 
adjustment instead of buttons/switches

● Unit-to-Unit Max Distance: 1 mile

● Directly addresses communication difficulties 
between driver and pit at competition from last 
year

https://cardosystems.com
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Brooke James
lets goooooooo



Drivetrain



 Drivetrain Goals
Goal Reason Implementation Difficulties

Complete the endurance without 
failure

In Progress

Failure of specific drivetrain 
components ends our race, and 

endurance is the majority of 
available points

Using worst case scenarios for 
loading conditions, minimal custom 

components

Balancing safety factors and design 
choices while maintaining 

performance goal capabilities

Increase maximum acceleration by 
10% compared to last year

In Progress

Acceleration, maneuverability, and a 
< 2 mile endurance loop are events 

prioritizing acceleration over 
top-speed. Analysis indicates poor 

drivetrain efficiency

Final drive choice, CVT choice, and 
testing sessions to tune the 

CVT/diagnose limiting performance 
factors

Determining main performance 
limitation

Custom drivetrain components will 
be removable in < 10 minutes

In Progress

Maintenance, testing, and 
accessibility in the case that 

replaceable parts fail

Removable covers, accessible 
fasteners, order of 

assembly/disassembly

90° power transfer, guard 
requirements on rotating 

components

Lower the COG of the drivetrain by 
10% compared to last year

In Progress

Reduced roll when cornering and 
increased approach angle

Lowered engine and seat relative to 
the bottom most chassis member

Lowering the seat while maintaining 
driveshaft clearance, and transfer 

case placement

123



 Drivetrain Overall Assembly 
124

Drivetrain
Weight [lbs] Cost

This Year: ~185 (CAD)

Last Year:   195 (Actual)
$2,200



 Franken-Box Overview
125

Franken-Box
Weight [lbs] Cost

~20 Anticipated: $1,350



 Franken-Box Design Choices
126

● Engine directly over driveshaft 

● CVT kept inside of the frame

● Clamshell design to support both 

spur and spiral gears

● 2.44:1 gear ratio for final drive of 9:1



 Franken-Box Internals
127

Spiral Gears

Shafts

Bearings

Lockrings

Keys

Spur Gear

Spacer

Flange 

Shaft Seals

Liam Travis
Same here

Liam Travis
Leave some space behind the inner race so it doesn't rub on this face, doesn't need much



 Franken-Box Spiral Gear Stress Analysis
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 Franken-Box Spiral Gear Stress Analysis
129

AGMA:

JIS:



 Franken-Box Spur Gear Stress Analysis
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 Franken-Box Spur Gear Stress Analysis
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 Franken-Box Flange Tearout Analysis
132



 Franken-Box Spur Gear Stress Analysis Franken-Box Flange Tearout Analysis
133



 Franken-Box Bolt Tearout Analysis
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 Franken-Box Bolt Tearout Analysis
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 Franken-Box Gear Ratio Analysis
136

● Calculated final drive past the CVT

● Power limited acceleration

● Acceleration from drivetrain goals

● Assumed 60% efficiency



 Franken-Box Shaft Stress Analysis
137

● Input shaft minimum diameter: 0.71546 in
○ Used diameter: 0.75 in

● Pinion shaft minimum diameter: 0.62744 in
○ Used diameter: 0.75 in

● Output shaft minimum diameter: 0.75481 in
○ Used diameter: 1 in

Results:



 Franken-Box Shaft Stress Analysis
138

● Input shaft minimum diameter: 0.71546 in
○ Used diameter: 0.75 in

● Pinion shaft minimum diameter: 0.62744 in
○ Used diameter: 0.75 in

● Output shaft minimum diameter: 0.75481 in
○ Used diameter: 1 in

Results:



 Franken-Box Key Stress Analysis
139

Results:



 Franken-Box Key Stress Analysis
140

Results:



 Franken-Box Output Shaft
141

● Connects transfer case to rear Yamaha 

differential

● OEM spline pressed in shaft and 

rotationally locked with roll pins

● Keyed slot interfaces with spur gear and 

driveshaft U-joints



 Franken-Box Spur Gear Stress Analysis Franken-Box Bearing Analysis
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 Franken-Box Spur Gear Stress Analysis Franken-Box Bearing Analysis
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 Driveshaft Overview

Driveshaft Summary
Weight [lbs] Cost Rules

~8.3 (CAD) Anticipated: 
$170 B.9.2.2.2
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 Driveshaft Overview
145



146
 Driveshaft Calculations

146



147
 Driveshaft Calculations
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 Driveshaft Calculations
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 Driveshaft Calculations
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150
 Driveshaft Calculations
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 Driveshaft Calculations
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 Driveshaft Connections
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153
 Driveshaft Connections
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154
 Driveshaft Phasing 

154

Parallel

7.5°



155
 Universal Joint Selection
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 Driveshaft HROE
156

Driveshaft HROE Summary

Weight [lbs] Cost Rules

~16.5
Anticipated: 

$311 B.9
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 Driveshaft HROE
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 CVT Cover (HROE and PPAE)

HROE Cover
Weight [lbs] Cost Rules

7.5 (CAD) $175 B.9
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 CVT Cover (HROE and PPAE)
159

● Two-piece HROE for removal

● Fastening:

○ HROE Top → HROE Bottom

■ Spring-loaded draw-latches

○ HROE → Backplate

■ Rubber draw-latches



 CV Axles

● Extend OE CVs to proper length, and sleeve prior to welding for 

concentricity (Prior projects have proven this feasible)
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CV Axle Summary
Weight [lbs] Cost Rules

~16.5
Anticipated: 

$228 B.9



 CV Axle Center Shaft Calculation
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 CV Axle Center Shaft Calculations
162



 MOTEC Data Analysis
● Issues with previous CVT tuning:

○ Primary Engine RPM was 200+ RPM greater than peak power, losing torque

○ Possible solution: Adjust belt pretension to reduce engagement speed

163

We are herePeak power

Engine 
RPM, 
~3200

Secondary 
RPM

RPM vs. Time

Liam Travis
It would be really great to see this directly related back to your 10% acceleration increase goal. The next level of this analysis would be to show how much your acceleration or top speed is impacted by torque and power (either by testing or with a model). something like that could prove that you're on track to hit your goal



 MOTEC Data Analysis

● Issues with previous CVT tuning:

○ Acceleration was identical 

between 2 runs with 

significant weight difference, 

possibly geared too low with 

an 11:1 ratio

● Possible solutions: 

○ Our new ratio of 9:1 may 

improve this

○ Increasing our top end shift 

speed by increasing 

engagement load
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 CVT Tuning

MOTEC allows for meaningful CVT 
Tuning.

Vital CVT tuning goals:

● Ensure Peak power is maintained 

throughout entire shift

Useful, time permitting goals:

● Ensure backshift rate is appropriate

● Ensure belt is appropriately loaded

Ideally, find out once and for all if CVT 
tuning is a worthy endeavor.
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Chassis



 Chassis Goals
Goal Reason Implementation

Reduce weight of chassis by 10%

Achieved
(raw tube weight only, can’t calculate 

welds/tabs accurately)

Improve Acceleration and Top Speed Rear Supported Design
Improve Packaging

Shorten Length by 10”

Missed
Actual: 8.9”

Decrease Turn Radius
Reduce Weight Reduce Secondary Mounting Tubes

Flat Floor
Achieved

Raise Ground Clearance in Full Bump
Easier manufacturing on fixture table

Improve Packaging
Contain Drivetrain Components above 

Floor
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 Chassis Overall View 168

Spec This Year Last Year

Weight 66.8 lbs 83.7 lbs

Length 75.9 in 84.8 in

Width 33.6 in 33.3 in

Height 50.6 in 51.6 in

Total Cost Estimate: $3000
$2650 in tubes, $350 in panels and fasteners



 Driver Clearance
169



 Integration
170



 Panels and Mounting Tabs
171

¼-20 Quick 
Release Fasteners

¼-20 Rivet Nuts



 Oregon Considerations
172



Thank You!


