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Ensuring crashworthiness and occupant safety is an important consideration in
vehicle design. For automobiles, especially for ones with GVWR (Gross Vehicle
Weight Rating) not exceeding 10000 |b (4536 kg), a plethora of regulatory standards
exist in a country such as the USA in areas encompassing front, side, rear, and head
impact safety, roof crush resistance and roll over safety, etc. CAE (Computer-Aided

Engineering) has been occupying a center-stage in driving vehicle crash safety design in contemporary
times. However, the perception of CAE, in the context of collision safety design of automobiles, has been
primarily limited to detailed engineering assessment using techniques such as nonlinear explicit Finite
Element Analysis (FEA) for which a fairly matured CAD (Computer-Aided Design) model of a complete
vehicle is a pre-requisite. A primary challenge in design is the conception of a vehicle’s complex body
structures in the early phase when a CAD model is still evolving and CAE-based simulation in its
conventional form is not feasible. Alternative approaches are therefore necessary in the concept phase of
vehicle design for arriving at rational decisions on body architecture, sectional geometric details, material
selection, etc. such that a robust and optimal design can be achieved in an efficient manner using
conventional CAE at a later stage with minimum changes to the initial body design. It is here that
empirical data-driven techniques such as Regression-Based Modeling (RBM) and simplified mechanics-
based approaches such as Lumped Parameter Modeling (LPM) become relevant. Additionally, as detailed
Finite Element Modeling (FEM) for contact-impact analysis is often time-consuming and skill-intensive,
quick predictions of effects on safety performance due to changes in selected design parametersin a
vehicle using Al (Artificial Intelligence) and ML (Machine Learning) techniques can be attractive. The
latter tools can also be useful for design optimization and supporting the inverse nature of a design
problem.

In the backdrop of vehicle crash safety design as discussed, a strong need is felt for expanding the
scope of CAE to include, apart from traditional FEM, other techniques such as RBM, LPM and Al/ML. The
current talk attempts to provide insights into the implementations of the diverse CAE approaches
mentioned covering topics such as material and geometric nonlinearities, viscoplasticity, behavior of
lightweight materials, etc. for prediction of responses under impact loading. In this context, a possible
common thread behind the seemingly disparate empirical and physics-based algorithms for crash safety
assessment is pointed out. The relevance of commercial tools for implementation of CAE methodologies
supplemented with selective testing is highlighted. Illustrations are provided on the power of CAE as an
enabling technology in various areas of designing vehicles for crashworthiness and occupant/pedestrian
safety. An exposure is also given on the dependence of occupant injury parameters on structural
crashworthiness. It is shown that CAE can be a potent platform not only for assessment of crash safety
performance of a vehicle for design according to laboratory regulated and customer-rating tests, but also
for simulating real-world crashes and devising improved test procedures for addressing issues such as
incompatible vehicle collisions.
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