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(a) Original FEM model [9]

(b) Isogeometric analysis model

Figure 3: Deformations of body-in-white crash analyses
for a 1996 Dodge Neon finite element model from George
Washington University [9] are compared with those using
bicubic B-spline functions created herein.

fined to remove part penetration introduced by spline
fitting. Finally, spotwelds between parts were rein-
troduced using Beta-CAE’s ANSA, and each body-in-
white part of the original finite element model was
substituted out from the original analysis for its iso-
geometric counterpart. A depiction of the final body-
in-white geometry is shown in Figure 2.

3. CRASH ANALYSIS AND RESULTS

The final crash model used 14,479 bicubic B-spline
patches (209,765 Bézier elements) on 170 parts. It
was performed using LS-DYNA on 128 CPUs, each
of which was equipped with a 64-core AMD EPYC
7763 (2.45 GHz) processor. Total runtime for the
simulation was approximately 45 hours using double-
precision arithmetic, and 32 hours using single pre-
cision. Because this was the very first boundary-fit
crash analysis of a body-in-white vehicle, it is antici-
pated that these runtimes will drastically improve with
further development.

Images of both the crashed isogeometric model, as
well as the original finite element model, are shown
in Figure 3. Qualitatively, the results on both are
similar. However, it should be noted that the spline-
based model experiences additional deformation, such
as in its A-pillar near the fender (see Figure 4) and in
the roof near the top of both the A- and B-pillars (see
Figure 5). This may be expected because the origi-

(a) Original FEM model [9]

(b) Isogeometric analysis model

Figure 4: Crash deformation of the A-pillar near the
fender in original finite element crash model of [9] is com-
pared to that in the rebuilt isogeometric model.

nal coarse FEM model lacks the ability to represent
this deformation without additional refinement. Ad-
ditional studies will compare deformation of the iso-
geometric model with a further-refined finite element
mesh.

4. CONCLUSION

In this work, we demonstrate the viability of an iso-
geometric model reconstruction framework for crash
analysis through the first boundary-fit body-in-white
crash analysis of a vehicle. The generated model per-
forms comparably to the original model in many re-
spects, but with larger element sizes. Further refine-
ment studies will be necessary to better understand
the differences in deformation between results.

Based on the results of this work, subjects of future
research will include the following: improved pen-
etration detection and avoidance while reconstruct-
ing multiple parts; better spline fitting methods that
the preserve the original geometry and the computed
quadrilateral-inducing metric; the use and investiga-
tion of better solvers that leverage the abilities of high-
order methods; and the exploration of crash analysis
using unstructured splines with high global continuity.



(a) Original FEM model [9]

(b) Isogeometric analysis model

Figure 5: Crash deformation near the roof in the original
finite element crash model of [9] is compared to that in
the rebuilt isogeometric model.
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