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Background

 Function

 Connect wheels to frame (i.e. distribute 
load to frame)

 Structural support for brakes

 Interfacing hardware

 Wheel hubs

 A-Arms

 Brake calipers

 No failure permitted

 Surrounding components required to fail 
before uprights



Detailed Load Analysis

Wishbone Geometry
Front/Rear Identifier Location X (in) Y (in) Z (in)

Front

Upper

Fwd-Frame 10.22 11.79 64.52

Aft-Frame 10.21 10.00 55.73

Upright 18.77 12.49 60.76

Lower

Fwd-Frame 6.89 5.16 66.99

Aft-Frame 6.95 5.16 51.74

Upright 19.60 5.16 61.27

Tierod
Upright 18.63 7.70 59.12

Rack 7.05 7.04 59.45

Shock
Wishbone 17.85 5.91 61.27

Frame 11.67 12.09 61.27

Rear

Upper

Fwd-Frame 9.72 10.48 9.04

Aft-Frame 9.58 10.45 -3.65

Upright 17.55 12.00 0.00

Lower

Fwd-Frame 8.44 4.88 7.35

Aft-Frame 8.43 4.88 -3.05

Upright 19.03 4.88 0.00

Tierod
Upright 19.03 6.93 -3.50

Frame 7.71 6.11 -3.33

Shock
Wishbone 17.25 6.00 0.50

Frame 6.92 18.45 6.65

Upright Calculations

Location Fx (lbf) Fy (lbf) Fz (lbf)
Magnitude 

(lbf)

Front

Top Control Arm 236.2 41.5 4.9 239.9

Lower Control Arm -541.7 156.9 -7.9 564.0

Toe Arm -104.2 -7.5 1.6 104.5

Rear

Top Control Arm 149.0 87.5 304.5 350.1

Lower Control Arm -758.7 339.6 -792.2 1148.3

Toe Arm 245.7 13.9 -7.0 246.2

 Methodology

 Based on A-Arm and shock geometry

 Assumes all tube members are two-force 
members and not subject to bending loads.



Mesh

 Hex dominant

 .2 in mesh size

 Stats

 Orthogonal Quality=.51349

 Skewness=.60

 Mesh Considered Good



Preliminary Structural Analysis



Modal Analysis: Modes 1-3



Modal Analysis: Modes 4-6



Modal Analysis: Modes 7-9



Modal Analysis: Mode 10 and Conclusions

 Natural frequencies outside typical 
operating stimulus from bearing 
carrier of around 10-25 Hz

 Natural frequencies outside any 
machining stimulus (typically around 
20-100Hz) w/ first natural frequency 
being around 2500Hz

 No modal concerns expected in 
operation or machining



Frequency Response

 Upright shows sensitivity to stimuli 
in 2000-2500Hz range

 Far outside operation range (as 
mentioned previously) therefor no 
concern



Thermal Analysis



Final Structural Analysis

 After including thermal loads 

from previous analysis, factor of 

safety decreases from 1.42 to 

1.38

 Design validated in worst case 

conditions


