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} Background Simulation Next Steps |

Seat Performance in Rear Impacts

Currently assessed through...
* Low-speed tests
* |IHS (IIWPG pulse): 16 km/h, 10g
e EuroNCAP: 16 km/h,5g; 16 km/h, 10g; 24 km/h,7.5¢g
 Geometric assessment
e Quasistatic tests (e.g., FMVSS 207 seatback pull tests)

Question
* How do these assessments relate to seat performance in higher speed rear impact?
* FMVSS 301R fuel system integrity tests (e.g., 36.5 km/h, 15 g; Edwards et al. 2019)
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} Background Simulation Next Steps

Parametric Rear Impact Seat Modeling

Goal: Use a parametrically modifiable seat model to study...
 The influence of various seat design characteristics (geometry stiffness) on rear impact response
* The relationship between quasistatic and dynamic assessment, and low-speed vs. high-speed response

Parametric Model Informed by Real Seat Characteristics

Geometr . e
/ Stiffness Structure Component Testing Digitization

Comparison to
Sled Tests

-~

Loading & Severity (low vs. high speed) e | ——
Occupant Occupant (BioRID, THOR-50M, Occupants
Parameters to GHBMC-50M)

Investigate \_ Static vs. Dynamic Assessment
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} Background Simulation Next Steps

Parametric Modeling

N
Goal:

various seat design characteristics
Parameters/Variables

e Head restraint

= Seatback Foam

Crash

== |nternal Support

ITWPG |[FMVSS301R

Occupants

BioRID
THOR-50M

GHBMC-50M

Upper Seatback
Frame

Lower Seatback
Frame

Seatpan
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) Background Next Steps ‘

Simulation Automation Summary

Fully Automated Workflow with Model Input
THOR-50M, GHBMC-50M, BioRID

* 200 sampled seat designs vevion | @ Create
morphed from OpenVT seat, metemese noses
based on Principal Component e
Analysis of scanned seats in the Results | Simulations | piodels

fleet

Export
results

» Postprocess

Initialize
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Background Next Steps

Simulation Automation Workflow

I
e 200 sampled seat designs

morphed from OpenVT seat selected

using Sobol Sampling method evelon s

* Each seat design is one Batch MEEmEsLE TECIEE

Model Input
values

* Within each Batch are scenarios ertorr
0 —BioRID — No Pretensioner — IWPG simulations

1 — BioRID — Pretensioner — IIWPG

2 — THOR-50M — No Pretensioner — IIWPG

3 —THOR-50M — No pretensioner — 301R

4 — THOR-50M — Pretensioner — IIWPG

5 —-THOR-50M - Pretensioner —301R

6-9 — GBHMC-50M cases in similar pattern to THOR
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Background Next Steps

Example simulations — IWPG (16 km/h), No Pretensioner, Batch_1

- o atch_1iscenario Ofcrash/main,
L I 0 I ase Q00000 F
1; L5-0 MA keywoard deck by L5-PrePost
Lopdcass 1| Tive = 0000000 | Frame 1
F3
Lo
1 VIRTUAL adultseat_materials
i 0000000
* GHBMC-50M
-
2
!
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Background Next Steps

Example simulations — Pulse severities, No Pretensioner, Batch_1

1: L5-DYMA keyward dck by L5-PrePost
Frama

* IWPG: 16 km/h SR

» .
* 301R: 36.5 km/h S s
L N
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Background Next Steps

Example simulations — Pulse severities and Pretensioner, GHBMC, Batch_1

* [IWPG, no Pre-T

adultseat_materials

Loadcase 1 Time = 0000000 | Frame1

Pre-tensioner

TVIRTUAL _ad hals
Loadbead 1 Tire = 0000000 : Frame 1

i~

-
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Background Next Steps

Example simulations — Seat design variation, IIWPG, No PT, GHBMC-M50

e Batch_5

L,
* Batch_6

i

e Batch 1
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Background Meta-Modeling Next Steps
Example simulations — Seatback collapse with 301R pulse (36.5 km/h)

Batch 2 seat model

1: VIRTUAL _adultseat_materials
Loadcase 1: Time = 0.000000 : Frame 1

Reminder — seat
stiffness parameters are
informed by tests of real
seats

Note: Does not represent a specific seat, but the stiffness
is in the range of tested seats
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Parallel Work: Detailed Seat Modeling = Flemmance

Goal: Develop detailed FE models of two seats for open distribution (for research)
* Detailed tear down & scanning

 Component testing with deformation tracking (compression, pull to failure) |
« Material testing «

* Meshing & assembly

» Validation with low & moderate rear impact speed sled tests

Center for Applied Biomechanics
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[T,

Detailed Seat Modeling as Clemance

Ford Fusion Driver Seat
lllll ]

Validated via Component
Tests & Sled Tests (low speed
[IWPG and high speed 301R)

Bottom-Up Development
(from detailed geometry
& material properties)
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Create videos with https://clipchamp.com/en/video-editor - free online video editor, video compressor, video converter.









Elemance ‘ Pull Test — Example Validation
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Elemance | Push Tests — Example Validation

Subaru NA02

Corridor | Shape | Size | Phase| XC

Indenter 1
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s Clemance | High Speed Rear Impact — Example Validation

301R Pulse: 36.5 km/h

Also validated with IIWPG low-speed pulse (with BioRID)
Performed in collaboration with IIHS (Thank You!)







Background Next Steps
Next Steps

Parametric Modeling: Finalize

Metamodels Describing Effect of
Seat Characteristics on Occupant Sl Create
Responses metamodel models

L Effects of seat characteristics in low- erform
speed vs. high-speed impacts simulations

Relationship between component
evaluations and system-level response

Model Input

values

Detailed Seat Models: Deliver for review
and distribution
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P Thank You!

Questions?

Email: jlf3m@virginia.edu
Special thanks to IIHS, Humanetics!
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