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Abstract

The introduction of new highly automated vehiclék wfluence occupant seating behavior and sesighe Different
seat orientation with respect to the vehicle, amtdased seatback recline angles are some novetsdabat may
challenge occupant restraint systems currentlylablai in the vehicle fleet. It is currently unknowmowever, if
current occupant injury assessment tools (dumntiemjyan body models) are capable of simulating these|

postures and predicting the resulting occupantoresgs and restraint interactions in a realisticmaanAs a first step,
this study examined the usability and performarfad@ Global Human Body Model Consortium (GHBMC) reed

50" percentile male occupant models (detailed: M5@+@, simplified: M50-OS) in various reclined seatpugitions
in frontal collisions.

Full vehicle crash test simulations were performétth the 2012 Toyota Camry finite element modeMgeped by
the Center for Collusion Safety and Analysis), icted by the National Highway Traffic Safety Adminétion

Research Moving Deformable Barrier (RMDB) model. déts of contemporary restraints (3-point belt wptte-

tensioner and force-limiter, passenger frontalagttside curtain airbag, side torso airbag) weteghated into the
vehicle model. Two types of seatbelt mounting sokemere evaluated — standard d-ring, and seatrateefyd-ring
(with a reinforced seat structure). The occupantiel®were seated in the right front passengeriposiand were
evaluated in three recline positions - nominal-giptri{25°), semi-reclined (45°) and fully reclinégD{). Impacts were
simulated with an RMDB in frontal crash closing sgef 56 km/h.

The occupant models were evaluated for usabilitgliding ability to position in the reclined posits), stability,
and general performance (kinematics, restraintactens, etc.) during the collisions. Several ésswere discovered
for positioning the human body models. First, lB#HBMC models were unable to fully recline undenfsg and it
was necessary to force the torso into positionuphcanother pre-simulation. Secondly, the M50-Of¢e to exhibit
negative-volume errors in the abdominal region ttua large amount of compression during submarimninthe
reclined simulations (this was rectified throughdifigations of the model). Once these issues wiartlf 100% of
the executed M50-OS models were stable and extlibitemal model termination. For the detailed M5@r0Odel,
only 20% of the simulated cases normally terminafea completed simulations, differences in kindosabetween
the two occupant models were observed for the sampact case. M50-OS had larger neck flexion compavith
M50-O, and both models had biofidelity issues wnithiheir thoracic cavities in the semi-reclined aedlined
positions. The M50-0OS also exhibited substantiadi®g in the lumbar spine, while M50-O displayedrenbending
in thoracic spine in all three positions. Additiigaboth occupant models resulted in the lap bkding over the
anterior superior iliac spine (ASIS) in the senthmed and reclined postures. However, M50-OS tdrtdedisplay
more severe submarining and larger forward excarsfdhe pelvis.

The occupant models haven't been validated sanfeedlined case which is an extremely loading sder@cause
of the inclination for submarining. Continued dieyament of these models is required to improverttesponse in
these conditions like reasonable continuity dabnitoetween internal organs and flesh, connectetwéen pelvis
and pelvis flesh. Additionally, reclined PMHS testdl be necessary for validating the responseslast, with the
validated occupant models, injury risk evaluatioml @ountermeasures are able to be conducted fapants in
automated vehicles.



