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Low-Protile Seat Belt Add-On for Force Attenuation & Thoracic Injury Mitigation

The most common cause of blunt chest trauma is motor vehicle collisions
(MVCs), accounting for up to 80% of thoracic injuries, including rib
fractures and aortic trauma, resulting in an urgent need for improved
seatbelt systems that reduce force transmission to the chest during
collisions. [1]

Mission Statement

The goal for this product is to provide an affordable, easy-to-use solution

that improves occupant safety without compromising comfort or

compatibility with existing restraint systems.
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Final Product Specifications

Target Specifications

Core Elasticity

Surface Pliability

Product Thickness

Maximum Compresssion Distance

Product Temperature Range

Design Inputs

Customer Needs

o (Cost
e Compatibility

> 1000 N

> 2 MPa
Shore A 10-30
<40 mm

20 mm

-70 — 250 °F [3]

Regulatory Pathway

Target Values

.z.

Quality

It is recognized that there is no predicate device for the Safety Seat-belt Add-On
concept. The regulatory strategy is to apply through the National Highway Traffic

Safety Administration (NHTSA)
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Figure 1: Cross-sectional view showing layered construction
with polyurethane foam core and nylon/neoprene outer sleeve
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Figure 2: Installed configuration on seatbelt

Key Design Features

Final Technical Model

Model Results (Python Simulation)

Results obtained from a Python-based force—displacement simulation modeling
energy absorption and force attenuation in the layered foam—gel system.
*Model assumes approximately constant force over compression distance.
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Figure 3: Orthographic views defining overall geometry

Layered system designed for energy absorption and force
attenuation

Polyurethane foam core compresses to dissipate impact energy
Outer sleeve maintains shape and distributes load across the chest

e Geometry optimized for seatbelt compatibility and user comfort
e Compact design allows easy installation without modifying existing
systems

Validation/Verification Results

Potential Energy vs. Compression
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Figure 4: Relationship between potential energy input and
resulting compression, showing increasing deformation with
higher energy levels.

Combined Foam and Gel Pad Cumulative Energy Absorbed
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Figure 6: Cumulative energy absorbed by the foam—gel system
as a function of displacement, demonstrating increasing energy
dissipation with compression.
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Figure 5: Finite element analysis (FEA) showing
internal energy distribution under load, with high
absorption regions concentrated near peak
deformation areas.
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Combined Foam and Gel Pad Force-Displacement Curve (Layered Model)
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Figure 7: Force—displacement response of the device,
illustrating controlled compression and reduced transmitted

force during loading.

Design For Manufacturing

Estimated Costs

Prototype (low volume): ~$45-$55
per unit

Mid-scale production (1,000+ units):
~$25-%35 per unit

Mass production (10,000+ units):
~$15-%25 per unit

Retail: $50-$80

Cost Reduction Drivers:

Bulk material purchasing,
streamlined cut-and-sew fabrication,
and reduced labor time per unit
Quality & Compliance

Durable nylon outer sleeve with
polyurethane foam and gel materials
Evaluated for compression, repeat
use, and basic durability testing [3]

e Design Overview
Nylon outer sleeve over layered
polyurethane foam and polyurethane
fiber gel pad for energy absorption and
comfort, Hook-and-loop (Velcro) closure
enables secure, adjustable attachment
Prototype Fabrication
Hand-cut foam and integrated gel pad
with sewn nylon sleeve (1-200 units)
Rapid validation of fit, comfort, and force
attenuation performance
Production Method
Cut-and-sew fabrication with
standardized internal inserts for
scalability. Designed for uniform ~40 mm
thickness and low assembly complexity.
Material costs: gel pad ($20), foam
($15), nylon ($6), Velcro ($10) [2]

Design Status/Future Steps

Initial virtual prototyping and simulation modeling were completed
to evaluate the feasibility and mechanical performance of the
force-attenuating seat belt add-on. These efforts successfully
demonstrated that the design functions as intended, with simulation
and preliminary force data confirming a reduction of transmitted
forces under compressive loading conditions. At this stage, there are
remaining activities planned for future work to further validate and
advance the system. These include validation testing using materials
with similar properties, comparative analysis of varying core
thicknesses, and a structured design of experiments to optimize key
design parameters. Additionally, future work includes full-scale
physical crash testing to assess real-world performance under
dynamic loading conditions, as well as pursuing funding opportunities
and establishing manufacturing partnerships to support potential
scale-up and commercialization.
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