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Synopsis 

    With growing concerns of social and environmental issues such as global warming, atmospheric toxicity and automobile occupant safety, 

automotive organizations are under increased scrutiny for change.  With increased vehicle weight being almost exclusively caused by stricter 

government crash regulations, and also being the main cause for increased fuel consumption, the automotive industry needs to find innovative ways 

of increasing strength while decreasing weight.  The current trend is to transition from traditional mild steel components to ultra-high strength steel 

components with weight optimized designs.  The main problem presented by these ultra-high strength steels is low formability at room temperature.  

Through the use of hot forming and die quenching techniques, coupled with advanced finite element analysis, it can be shown that these ultra-high 

strength steels can be made to provide lighter and stronger vehicle components. 
Introduction 

    Due to increasingly demanding automotive crash safety tests, manufacturers continue to build their cars stronger, and thus heavier.  This increase 

in vehicle mass reduces the practical benefits of increasingly advanced combustion engine technology.  In order to mitigate increases in vehicle 

weight due to stronger crash structures, manufacturers have been moving towards the use of advanced materials such as ultra-high strength steels 

(UHSS) and optimizing their designs to take advantage of this added strength.  Practical implementations of UHSS, and in particular 22MnB5 boron 

steel, have shown real world applications of how this material can be used to lighten an automotive chassis.  Additionally, it has been shown that a 

vehicle weight reduction of 10% can help realize 3-7% lower fuel consumption [1].  Thus far 22MnB5 has only been applied to large radii static 

structural components and not used for dynamic components such as driveline or suspension systems.  Preliminary forming simulations using the 

finite element solver LS-DYNA show that through the use of hot forming and die quenching, 22MnB5 can be made to form the very tight radii 

required for the manufacture of transmission components.  This paper outlines the non-linear finite element analysis techniques used to simulate 

these forming processes.      

Methods and Results 
    Modern day metal forming analysis is almost exclusively performed using the finite element method.  Although some have performed sheet metal 

stamping simulations using either solid tools, solid blanks or both, analysis is typically accomplished entirely with shell elements.  For this research, 

tooling is received from the partner organization, Magna Powertrain, and used to create a mesh for both the tools and blank using Altair Hypermesh 

software. Figures 1 and 2 show the tooling and mesh, respectively.  A solver deck file is then exported from Hypermesh and used as an input file for 

the LS-DYNA finite element solver.  Other essential parameters such as press velocity curves, die spring force profiles (Figure 3) and tool material 

properties are then imported into the LS-DYNA run file.  At this point an appropriate material model is chosen to help accurately represent the real 

material’s response to forming.  For the case of 22MnB5, a material model referred to as MAT_244 was developed by Tobias Olsson based on the 

work of Dr. Paul Akerstrom [3].  MAT_244 was developed specifically with the intent of analyzing quenchable ultra-high strength steels, and as such 

simulates austenite, ferrite, pearlite, bainite and martensite phase fractions (Figure 4) as well as Vickers hardness (Figure 5) and yield stress 

distributions in the final part following quenching. 

                                     

Fig. 1. Tooling from partner organization          Fig. 2. Mesh from partner tooling                  Fig. 3. Die spring force profile for 26 Clutch Hub tooling 

                                         

Fig. 4. Martensite fraction following die quenching [2]                                              Fig. 5. Vickers hardness following die quenching [2] 

Conclusions and Future Work                                                                                                              

       Preliminary results show that forming simulation of 22MnB5 UHSS is feasible, providing reasonable accuracy given modern day material 

models and finite element solvers.  Coupled thermal and mechanical analysis can be used to investigate the resulting phase fractions following die 

quenching with actively cooled tooling.  The coupled analysis can also be used to solve the heat distribution in the tooling when solid elements are 

used for tool models.  Further work with experimental components is needed to prove the accuracy of the analyses performed in this research. 
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