Venhicle Systems

Crashworthiness



Vehicle safety

Key aspect of using a vehicle is safety

What is a traffic collision?

What can they result in?
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FEARFUL DEATH OF A LADY. J

A telegram from Dublin states that Tuesday evening |
Captain the Hon. Henry Ward and Mrs Ward were on a
road locomotive steam engine with the Hon. Randal and f
Clara Parsons, when, turnisg a sharp corner of a street
in Parsonstown, Mrs Ward slipped off the stool on which ' 8
she was seated, and falling on the ground the wheel ran | ¥
over her head, and killed her on the spot. ¢
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World’s First Automobile Fatality — 31t August 1869

Steam powered vehicle.



Bridget Driscoll

First UK Automobile Fatality — 17t August 1896

Petrol powered vehicle.




Henry Bliss

FATALLY HURT BY AUTOMOBILE.

Vehicle Carrying the Son of ex-Mayor
Edson Ean Over H. H. Blizs, Who
Waz Alighting fram p Trollay Car.

H. H, Bliss, n real estate dealer, with of-
fices at 41 Wall Btrect, and living at 2356
Weart Seventy-fifilh Stresl, wae muo over
las: night at Central Park Weet and Hov-

enty-fourth Btrest. He was injored fotally.

Hlizs, accompaniai by a4 Woaman oamed -
Lee, wos aolightlng from A  souih-kBound |
Eighth Awvenuae tralley car, when e was
knocked down and run over by an altome-

Tile in charge of Arthur Bmith of 157 "Weat
Sixly-g«cond Strect. Ha had beft Lie car, amd
had turped to assist Miss Tee, when the
antomohile strock him. ®igs wes krochod

to the pavem=nt, and two whesle of the -

cph pazsed aver hig head and body. His
l'LDIJ;J iﬁiﬂwshl’.;jl W_Eﬂrt- erushed.

i} irr aon. son of ex-Mayor
Edspn. of 88 Wesi Bavantw-firsr Stréer, w?ns
the orcupant of the elastric cah, A2 soon
4y the vehlele was bronght to a elandseill

he =emt in & eall Lo Roensevelt Hospltel Tor '

g ambulance, ond untll 58 srrival did all
b could Lo aid the injured man. Whan ha
wag taken to the hospital Dr, Hammy, tha
bouse surgeon, said thao Bliss was eo necl-
ously injured that he a[? nal ]B'i'E.'.

mith wis crrested l-!l neked up in the
Wesr Bktv-sighth Stre-et Etatinh. Tt 1%
claimed thut o large truck oocupied the
right side_of the avenue, making It necea-
pary for Smith e ron hls vehicls ologe T
the car. T Bdepn was relornd from o
E.Ehe-:i'm in Harlem when the neeldent bap-
Ty

Mr. Bliss borrded al 2857 West Seventy-

! fifth Bireet. The place w]:r:-m the aeeident

nappened is Koown in Lhe I.'I:|I‘.|1N'm¢h an tha
trolley Une rs = Drangerees Strewely™ on mo-
| count of the meny aecideots whilr'-h have

| wecurred therg during the past Summer,

Ehe Kewr djork Eimes
Publshed: Seplembar 14, 1889
Capyright & Tha New Yok Timas

First American Automobile Fatality —
13t September 1899

Electric powered vehicle.
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B ’I DEADLY CRASH WITH SELF-DRIVING UBER |
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First death caused by an autonomous vehicle — 18" March 2018



The birth of Automotive Safety

Third Period

Early Period Second Period (1966

(1900s — 1935) (1936 — 1965)
onwards)

Chart 2: Fatalities in reported road accidents: GB, 1979-2018

7,000
6,352
1,784
W 30%
since
2008
Department for Transport (2019) Reported Road Causalities in
o7a 1991 oo

Great Britain: 2018 annual report. DfT, UK Government. London



Farly Period (1900’s — 1935)

Reduction in tyre blowouts
Self starting engine
Introduction of headlamps
Laminated glass

All steel body structure

Fatality rate

- approximately 17 per 100 millions miles
travelled (USA)




Second Period (1936 — 1956)

Crash avoidance devices introduced
- Indicators
- Dual windshield wipers
- Improved headlamps

In 1934, GM conducted first barrier crash
test

- No dummies
- No electronic data acquisition
- Deformed structure simply observed

Seatbelts introduced as an option in 1956



Third period (1966 onwards)

9th September 1966

- President Lyndon B Johnson signed the
National Traffic and Motor Vehicle Safety Act
and the Highway Safety Act

Fatality rate in 1996 was 1.6 per 100 million
miles travelled

Fatality rate in 2013 was 0.56 per 100 million
miles travelled



Avoidance

Today

ABS

Traction Control

Daytime Running Lamps

Crashworthiness
Crash avoidance
Driver performance
Highway construction

Consumer driven

Restraints

Crashworthiness

Collapsible columns

Rigid occupant cells
Seatbelts

Energy absorbing components

Airbags



Goals for Crashworthiness

Early goal was to avoid vehicle deformation

However this has now changed...
- structures have deformable crush zones
- passenger cell remains intact

Crash energy

Crash length



Requirements for Crashworthiness

Absorb Protect
kinetic fuel tank
energy
Pedestrian
impact
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Crashworthiness Tests

Improvements in CAE capabilities

but still need final physical tests for Com ponent Testing

final crashworthiness and vehicle _
Sled Test

Complexity and varies increase
component/vehicle testing needed

certification
- Repeatability decreases _
Full Scale Barrier Test




Component Testing

Used to determine;

- dynamic / quasi-static response
- crush mode
- energy absorption capacities

Used to develop;

- Prototype substructures
- Mathematical models



Uses a vehicle buck to test;

- Seats

- IP

- Steering systems
- Seat belts

- Airbags

- Dummies

How does it work? : o /
, W N E N E N B R R R
- accelerated or ‘fired” with crash deceleration pulse
- assessed with high speed photography, load cells
and accelerometers
- primarily used for restraint systems




Guided vehicle propelled into barrier at set;

- Initial velocity
- Angle

Used for;

- Full vehicle development
- Legislative compliance
- New Car Assessment Program (NCAP) tests

Issues;

- Time consuming

- Expensive

- Historically took up to 100 prototypes
- now reduced due to CAE
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EURC wg _»~ NCAP

Side Mobile Barrier Test - 50 kimw'h




Eg; MADYMO (MAthematical DYnamic
MOQOdels)

i

FPassenger Wearing 3
Seatbeilt _
" 4
e »

Uses springs, masses and rigid bodies

Component FE modules used to
determine spring stiffness

Calculated acceleration pulses applied



Designing for crash energy management

Crumple Zones Safety Cage
‘ ' . . g:r;ginetcor:pzrrtbment. trunkL (pafssenger com‘partment) ‘ .
Three distinct crush zones in frontal impact; ool R OY Geoaral S S

1) Soft front zone

2) Primary zone

| Crample
|zone safely )
1 absorbs
Limpact
:fOfCBS
!

3) Secondary zone

Occupants ae protected by safety coll
Tested far safety on one of the most
yruelling lesl racks in lhe world



Load impact paths

Primary Load Path in Side Impact

. sar enerayr
Front energy Middle energy absorption
absorplion absorption . B Pillar

Area area

Structural criteria:

= Load transfer continuity to doors.

= Small relative displacements

= Small absolute displacements up to
t=40ms for enabling air bag inflation

Frontal Impact Load paths Rear Impact Load paths



Designing for crash energy management

Energy absorbing structures deform in mixed axial and bending mode

- Axial collapse |
- Bending

Torsion is more likely to occur in

passenger cell.




FuroNCAP frontal offset crash

. i . . 540mm 40% overlap = 40% of the width of the widest part
Simulates car having frontal impact with of the car (ot including wing mirrors)

another car or similar mass

Uses a deformable aluminium honeycomb
barrier

Represents most frequent type of crash

Tests the car’s ability to survive




EuroNCAP Pedestrian impact

. e B

Impacts occur at 25mph (40kph)

PR
-, el Accelerations measured
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How cars have improved?




