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 Abstract 

The University of Akron Zips Baja Team has switched to a 4-wheel-drive (4WD) vehicle 

as per the 2023 Baja Society of Automotive Engineers (SAE) rules. The 2022 Baja Vehicle was 

2WD, thus the upright and wheel hub were designed exclusively for a 2-wheel-drive (2WD) Baja 

vehicle. This report entails the design process and methods of verification for the design of the 

4WD upright and wheel hub.  
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Executive Summary 

The governing body for the Zips Baja Team, Baja SAE altered the rules for competition, 

stating that Baja vehicles competing in the 2023 season must be 4WD or AWD. Regardless, the 

design of the upright and wheel hub require major design changes to accept a front axle. The axle 

that the upright and wheel hub are required to accept was predetermined by the University of 

Akon Zips Baja Design Team. In addition, the wheel bearing that the upright houses was also 

determined by the Zips Baja Team. The wheel hub and upright must work in conjunction with 

the current brake caliper, rotor, and rim with minimal modifications. 

The goal of this design project was to design an upright and wheel hub assembly that 

maintains the steering geometry of the ZB2022 2WD Baja vehicle while increasing the mass of 

the upright and wheel hub by less than 20% over that of the ZB2022 design. The assembly must 

maintain the following steering geometry: the Ackermann condition, kingpin inclination, scrub 

radius, and mechanical trail. After the formulation of the design requirements, an objective tree 

was formulated that depicts the importance of certain requirements in the design of the 

components. To accomplish the goals set forth in the project, a morphological chart was created.  

Each iteration that fulfilled the requirements was modelled using the CAD program 

SolidWorks® and simulated using the Ansys® static structural analysis. The cost and mass of 

each iteration was compared to that of the ZB2022 upright and wheel hub designs. Due to 

complications in the manufacturing of the 4WD Baja vehicle, physical fitment of the upright and 

wheel hub designs were unable to be completed at the time of this report submission. It should be 

noted that the 4WD Baja vehicle is expected to weigh significantly more than the 2WD Baja 

vehicle, thus it was required for the Zips Baja Design team to estimate the mass of the 4WD 
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vehicle. Due to the low confidence in the estimation of mass and location of center of gravity of 

the vehicle, a relatively high factor of safety (FOS) of 2 was chosen with the assistance of the 

designers of the Zips Baja Design team. After the minimum FOS of 2 was achieved for both the 

upright and wheel hub, the focus of the design was shifted to weight and cost reduction. The 

final design of the upright and wheel hub yielded a FOS of 1.97 and 1.93 respectively. The wheel 

hub increased in weight by 12% and the upright increased in weight by 11.6% with respect to the 

2022 2WD designs. 
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