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About RIT BAJA
Baja SAE is a collegiate engineering competition where students design and build an offroad race vehicle 
competing dynamic short courses, a 4hr Endurance Race, and design presentation all while conforming to the 
safety regulations of the competition. 
Rochester Institute of Technology is one of the oldest Baja teams and has a history of being a top contender.

2018

1st

2019

3rd

2020

2nd

2021

N/A

2022

3rd

2023

4th

2024

3rd

2025 - AZ

11th

2025 - MD

3rd
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Problem 
Statement
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Problem Statement

R24 & R25 Driveline Architecture

2WD Isolation Points

As the rear gearbox designer for the 
2023-2024 & 2024–2025 vehicles, my 
task was to design a geared reduction 
box for the rear drivetrain that could 

withstand the extreme loads 
experienced during competition while 

delivering competitive speed and 
acceleration.
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03

7



Budget

2024-25 Budget, ended up being $479.80 over budget at the end of the season due to the need for additional gear stock.
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Timeline

Updated timeline after meeting with gear 
manufacturing sponsor.

Original R25 gear timeline. Delayed by ~4 weeks due to delays in coordinating EDM sponsors.
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Requirements
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R24 Goals

R25 Goals

R24 & R25 Rear Gearbox goals. The goals we designed to help work towards vehicle speed, 
acceleration, and service-free life goals.
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R & D
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Research

Comparison of room for gear lightening
*MS = Intermediate Shaft

From NASA | Gear Crack Propagation Path Studies_ Guidelines for Ultra-Safe Design

2025 Geras Backup Ratio
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Design

Previous Vehicle Intermediate Shaft compared to 
R24 Intermediate Shaft

R24 Reduction, Outboard, and Hubs Assembly

R24 Reduction Box Assembly
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Design

16

Exploded view & BOM of R25 rear gearbox housing & hardware.



Design
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Exploded view & BOM of R25 rear gearbox gears.



Design - Serviceability

Checking Clearance Between 
Rear Brake Caliper and Frame.

Checking Clearance to Screw 
in Breather Adapter.

Checking Clearance for Tool 
Access.

18



Design - Serviceability

Offset face to prevent damage 
to sealing surface from jack 
screws.

3D Printed Jig to remove third case Protrusions to press against
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Design - Manufacturability

Separation of Gear & Shaft Reduces Material Removal

P3 Connection to 4WD Disconnect Allows for In House 
Manufacturing of Male & Female Profiles
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Design - Manufacturability

Spline Selection Allows for in House 
Manufacturing of the Male Input Shaft Spline

Graph Shows the the Results of Testing Done to Validate the Need for 
a Sliding Torque Transfer Profile on the Input Shaft.
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Design - Quality Control

Housing inside of CMM.
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Output shaft inspection results.



Design - Material Selection
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Material Part(s) Yield Strength Ultimate Strength Young’s 
Modulus Source

E9310 Gears & Shafts 162767 psi 194349 psi 29000000 psi Gear Bible

Alternative Materials

Material Part(s) Yield Strength Ultimate Strength Source Downside

4320 Gears & Shafts 150100 psi 187800 psi Matweb Lower strength & 
fatigue life.

C64 Gears 199000 psi 229000 psi Carpenter 
Technologies Manufacturability

8620 Gears & Shafts 157400 psi 200000 psi Matweb Lower toughness
(low Nickel alloy)

High strength, toughness, & manufacturable.



Seals - Parker® O-Ring Calculator
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Used Parker® O-Ring Calculator to select o-ring & o-ring groove dimensions & 
tolerances for all o-rings.



Data Collection 
for Analysis
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Data Collection for Analysis

R23 Wheel Force Transducer Data of the Max 
2WD Torque
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Duty Cycle Design

Obstacle Breakdown of Worst Race

GoPro Footage Used to Count Obstacles

Accel
Tire 

Garden
Cornering

3 WFT data sets combined
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Duty Cycle Design

Rainflow Used in KISSsoft Analysis Duty Cycle Used in ANSYS Analysis
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Analysis
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Analysis - Gears - KISSsoft

R25 gear lifetime results from KISSsoft.

Component Root Life (hr) Flank (hr)

G1 71.6 2095.3

G2 71.8 8941.3

G3 136.5 42985.7

G4 141.8 1.412e+5
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R25 rear gearbox in KISSsoft’s system module.



Analysis - Gear Web - Conditions

Mesh
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Connections Boundaries



Analysis - Gear Web - Results

Fatigue analysis results of G2 web.
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ANSYS FEA results of G2 web.



Analysis

ANSYS FEA results of R25 housing.

Total G1 rotations at 
max and mid load.
1.4 FOS applied.

Sim uses 1.4x Load

Read Below
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Fatigue analysis results of R25 housing.



Analysis

Bearing life KISSsoft analysis.

Component L0.03 
Life (hr)

ISL 1069

ISR 794

MSL 1095

MSR 1379

OSL 66

OSR 3579

System Life 7.4
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ANSYS misalignment analysis.



Analysis - KISSsoft - P3
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Testing & 
Validation
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Testing & Validation

Test Track Overview - Designed to Mimic CA Endurance Race
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Testing & Validation

Driveline Drop Test on R24

2024 Wheel Force Transducer Data of the Max 2WD Torque.

2025 TeCat Data of the Max 2WD Torque.
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Correlation of 
Analysis & Testing
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Correlation of Analysis & Testing

Torsion Test Data.Designed to 330 ft lbs
Broken PC3 After the Torsion Test.

Torsion Test Set-Up. 40



Correlation of Analysis & Testing

KISSsoft FEM result overlaid on gear root failure.

Start & End point of EDM.
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Side profile of gear root failure.
Zoomed in view of gear root failure.

Angled view of gear root failure.

MPI of mating gear.



Correlation of Analysis & Testing

Fishbone diagram of R24 root failure.
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Correlation of Analysis & Testing

R24 V2 
(0.004”-0.007”)

R24 V1 
(0.014”-0.018”)

ISO 6336 Case Depth Recommendation for G1 (Using KISSsoft)
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Correlation of Analysis & Testing

1.016Root Safety 1.229

G1 G2Max Torque
 (100 Cycles)

1.584Root Safety 1.796

G1 G2Max RPM
(40 hr)

Initial Analysis
Corrected Analysis of Rev 1

18.5Root Lifetime 
(hr) 251.1

G1 G2

Analysis of Rev 2

41.3Root Lifetime 
(hr) 636.9

G1 G2
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The initial analysis used an incorrect & oversimplified duty cycle. The corrected analysis used a rainflow which 
encompassed more of the loads seen in the gear’s lifetime. A Rev 2 was designed using the new analysis and has 

not failed since installation.



Results
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Results

R24 Rear gearbox interior.

46

R25 Rear gearbox interior.



Results

5.34 lbs6.8 lbs

R23 R24 R25 

3.42 lbs
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Results
R23 R24 R25 

5.38 lb 2.93 lb 2.47 lb
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Thanks!
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Duty Cycle Design

Test Track Overview - Designed to Mimic CA Endurance Race
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FOS Determination

Due to the importance of the rear gearbox and the existed of 
un-measured loads, the rear gearbox is designed to have an 

FOS of 1.4.
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Shaft Stress Analysis
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9310 Endurance Limit = 97.145 ksi
Analysis done at max torque of 560 ft-lbs @ OS

R25 IS resulting stresses within the shaft.



More Detailed Results

Resulting weight of R25 rear gearbox components.
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Component R24 Weight 
(lb)

R25 Weight 
(lb)

Change (%)

G1 0.93 0.77 -16.3

G2 0.52 0.43 -16.9

G3 0.45 0.38 -16.6

MS 0.36 0.31 -15.7

G4 1.84 1.16 -36.9

OS 1.16 0.89 -12.8

Total 5.25 3.94 -15 (-1.31 lb)

Component R24 Weight 
(lb in^2)

R25 Weight 
(lb in^2)

Change (%)

G1 (This will 
change)

0.1 0.13 25.5

G2 1.25 1.05 -16

G3 0.30 0.23 -23

MS 0.02 0.02 -18

G4 7.87 5.99 -14

OS 0.41 0.28 -32

Resulting MMOI of R25 rear gearbox components.



Bearing Selection
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2 Ball Bearings = No Pre-load Requirements
Higher Efficiency
Lower Part Count

Can withstand axial loads up to x amount

2 Ball Bearings = Lower Cost & Lighter Box
Can withstand axial loads up to x amount

Combo Needle Bearings = Efficiency Loss, ↑ Cost & ↑ Weight 
Can Withstand Large Radial & Axial Loads While Maintaining Shaft 

Alignment

Tapered Rollers Require Precise Pre-Load
3 Bearings = Efficiency Loss & ↑ Cost

Can Withstand Large Axial Loads

R25R24



Packaging Constraint

CVT Cover → CV & 4WD Disconnect → CV Limit the minimum center distance of the MS → OS. 
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The IS gear diameter is limited by the 
clearance to the engine.



Packaging Constraint

Comparing the CV→CVT cover clearance between multiple 
gear design options.
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0.55in clearance

A

D

B

C



Comparison

Results from clutches tuning between AZ & MD competitions.
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R24 Housing Timeline
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