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Introduction ïNASA RVLT Project 

Impact Dynamics / Crash Safety Task

Å Task Objective:  ñTo improve the crashworthiness and impact safety of UAM vehicle and provide data to simplify the 
certification process. Efforts will include development of validated computational models of these vehicles, as well as other

impacting bodies such as birds and drones. Efforts will also focus on developing and evaluating energy absorbing and 

crush properties of emerging and non-traditional composite materials and processes. Finally, occupant protection will be 

addressed using computational models and physical assets as it pertains to all rotorcraft environments.ò

Å Problem Statement: ñThere currently is a lack of data for requirements regarding the crashworthy performance of 

UAM vehicles and impact loads generated by a bird strike . To address this technology gap, NASA will develop test 

guidelines, adopt modeling methodologies demonstrating  capability for ócertification by analysisô, acquire vehicle and 

occupant data on full-scale representative vehicles, and provide data/guidance to consensus standards organizations and 

the UAM community.ò 

Å4 Main focus points

ïThe investigation of occupant injury using physical and computational assets

ïThe development of energy absorbing technology

ïThe generation of data from sub- and full-scale crash test data

ïThe execution of advanced finite element modelling techniques



RVLT Historical Testing / Research Examples

Å RVLT (and predecessors) have been conducting crash 

research for 20+ years at LaRC

ïDynamic performance of composites

ÅACAP ïlarge composite rotorcraft prototype

ÅSARAP ïcomposite fuselage prototype

ï Occupant protection

ÅF28 vertical and full-scale crash testing

ÅTransport Rotorcraft Aircraft Crash Testbed (TRACT 1&2) 

ÅATD vertical drop testing

ÅAdvanced ATD research

ï Energy absorbing concepts development

ÅMD-500 with Deployable Energy Absorber concept

ÅTRACT 2 crushable ñconusoidò subfloor

ï Advanced computational simulation efforts

ÅFull-scale aircraft development

ÅTerrain replication

ÅATD evaluations

MD-500

ACAP

TRACT FEM impacting soil

TRACT ñconusoidò subfloor

ATD drop testing



Current/Upcoming eVTOL RVLT Crashworthiness Research

ÅEnergy Absorbing (EA) concept development of landing gear 

components, subfloor components and seat components

ÅSeating system testing under eVTOL loading conditions

ÅAnthropomorphic Test Device (ATD) investigations, along with ATD 

and human model evaluation under eVTOL impact conditions

ÅLS-DYNA implementation of a fully characterized MAT 213 

developmental composite material model capable of simulating 

deformation, damage and failure

ÅFull-scale crash testing of eVTOL representative reference vehicle 

cabin sections

ÅNASA Announcement of Collaboration addendum



Energy Absorbing Concept Development - Goal

Develop and demonstrate capability of energy 

absorbing structures to improve occupant protection 

within eVTOL crash environment



Energy Absorbing (EA) Concept Development - Subcomponents

ÅCarbon Aramid composite structures 

under evaluation for EA capability

ïEffects of geometry and layup studied 

through simulation

ÅCrush tube designs

ïIdentify geometric concepts

ï Quantify design capabilities

ïOptimize performance

ÅSubfloor designs

ïLessons learned in crush tube 

development implemented within 

subfloor structures



Energy Absorbing Concept Development - Components

ÅEA components currently under 

development based on design concept 

study

ïIntegrated into full vehicle design for testing

ÅSeat stroke mechanisms

ïCrush tube integrated into seat load path

ïSimple and lightweight

ïRobust to vehicle design

ÅLanding gear designs

ïCrush tube integrated into landing gear struts

ïVariety of design concepts currently under 

consideration

ïVehicle specific

Lumbar Load

Injury Limit

-Baseline

-W/ EA



Seat investigations - Goal

Evaluate different seating systems under 

ñexpectedò eVTOL conditions for evaluation of 

performance



Seat investigations - Full-Scale Crash and Drop Testing

ÅTesting Conditions

ïDrop testing includes conditions:  Current requirements, full scale test/simulation results

ïFull scale testing included conditions defined in test matrix 

ÅCombination of rigid, in-house developed EA, others

ïStill being defined

ïWill utilize various occupant sizes, types and builds 


