
Haro Lineage Flatland Master 2017 
Frame FEA - Steel and Titanium comparison



Overview
• Haro Lineage Flatland Master 2017 frame geometry from 3D scan and mfg

drawing - https://evotechcae.com/bike_frame_rev_eng_sim/
• Idealised shell-meshed FEA model and linear static analysis, with ISO4210 

physical test arrangement and unit loading
• Qualitative comparison between steel and titanium builds for different wall 

thickness configurations (weld details and stress convergence not 
considered)

• Significant benefits using titanium for strength and weight, although 
reduction in stiffness

• For strength/weight/stiffness-optimised titanium frame, consideration should 
be given to tube diameter as well as wall thickness

https://evotechcae.com/bike_frame_rev_eng_sim/


Frame FEA Output Summary

Summary
• Strength – Titanium gives a considerable strength increase over steel 

(between 50% and 93%, depending on load case and configuration)
• Weight – Titanium gives a considerable weight reduction over steel 

(~45% reduction for both Ti configurations)
• Stiffness – Titanium gives a considerable stiffness reduction over steel 

(between 64% and 168%, depending on load case and configuration)



FEA Build



FEA Model Build

Idealised fork, rear wheel and seat tube, 
based on ISO4210 physical testing



FEA Model Load Cases



FEA Model Properties - Steel



FEA Model Properties - Titanium



FEA Model Properties – Titanium Conf 2 (19mm CS)



Frame FEA Output



LC01_Fork



Steel Frame – Resultant Disps (True Scale x 20)



Ti Frame (16mm CS)  – Resultant Disps (True Scale x 20)



Ti Frame (19mm CS)  – Resultant Disps (True Scale x 20)



VM Stress, Max Top/Bottom, Averaged
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LC02_Seat



Steel Frame – Resultant Disps (True Scale x 20)



Ti Frame (16mm CS)  – Resultant Disps (True Scale x 20)



Ti Frame (19mm CS)  – Resultant Disps (True Scale x 20)



VM Stress, Max Top/Bottom, Averaged
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LC03_BB_Side



Steel Frame – Resultant Disps (True Scale x 20)



Ti Frame (16mm CS)  – Resultant Disps (True Scale x 20)



Ti Frame (19mm CS)  – Resultant Disps (True Scale x 20)



Resultant Disps (True Scale x 20)

Steel Frame Ti Frame (16mm CS) Ti Frame (19mm CS)



VM Stress, Max Top/Bottom, Averaged
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LC04_BB_Down



Steel Frame – Resultant Disps (True Scale x 20)



Ti Frame (16mm CS)  – Resultant Disps (True Scale x 20)



Ti Frame (19mm CS)  – Resultant Disps (True Scale x 20)



VM Stress, Max Top/Bottom, Averaged

Steel Frame Ti Frame (16mm CS) Ti Frame (19mm CS)
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