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Structure = 4

 "Do the injuries of the occupant in the head-on collision indicate that he was strapped in or not?" -

Example of a real accident
* Possibilities of motion analysis

 Comparison of occupant loads in a collision with a tree with airbag deployment - own tests (not fastened,

poorly fastened, well fastened)
* Injury pattern of the occupant

* Summary
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A case example

e Accident on the country road due to slowly turning vehicle in oncoming traffic
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A case example =

 (Question: Was the occupant in the BMW wearing seat belts? If not, would his injuries have been
comparable if the seat belt had been used correctly, taking the airbag into account?
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A case example =

* Reconstruction of the collision speeds from the damages and the vehicle end positions:
Veuw = 120 km/h, V,, = 30 km/h

e Occupant stress in the BMW:
Av = 80 km/h

r N
25 StoB-Einlauf-Impuls M

Fahrzeug: [1 viW-Passat v|[2BAYR  ~|

Observed injuries to the occupant:

| :”"" e Torso contusion right
st:n \ * Knee contusion right
W:"M ERNI « Complex fracture of the foot skeleton of the tarsal
= ‘EM‘E bones and the metatarsophalangeal joint
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MaBstab1: 217 1:0.70 Kinetik G)—G
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Possibilities of motion analysis =

e EuroNCAP - belted driver

TEST RESULTS

BMW 3 Series 2012 PRSI

BMW 320d, LHD
(]
) e (©)6)

ADULT OCCUPANT CHILD OCCUPANT
z
A1) 78% 86%
PEDESTRIAN SAFETY ASSIST

W

ADULT OGCUPANT Total 34 pts | 95% T
I I TR

FRONTAL IMPACT FRONTAL IMPACT

HEAD
Driver airbag contact stable
Passenger irbag contact stablo
CHEST
Passenger compartment stable
" H Windscroen Pillar rearward mm
S L Stoering wheel rearward none
Driver Fasasnger Stoering wheel upward none
Chest contact with steering ~ none
whoel
SIDE IMPACT CAR 8pts UPPER LEGS, KNEES AND PELVIS
Stiff structures in dashboard none
SIDE IMPACT POLE 7.4 pts .
Concentrated loads on knees none
LOWER LEGS AND FEET
Footwell Collapse none
Reaward pedal movement  brake - 14mm
Upward pedal movement none

SIDE IMPACT

Head protection aitbag Yes
Chest protection airbag Yes
T WWW.euroncap.com
™ N cooo :
Seat fard cloth, 4 way manual
7 ADEQUATE Head restraint type Pessive
4 MARGINAL Geomefric assessment 0,8pts
h TESTS
<\ I weax - High severity 24pts
A\ I Foor - Medium severity 2pis
- Low severity 23ps

Occupant load in frontal impact with degree of belt utilization| Dipl.-Phys. Annika Kortmann| 04.09.2020



SCHIMMELPFENMNIG +—BECKE

Possibilities of motion analysis

e ADAC - unbelted driver

e

pp e
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Possibilities of motion analysis

e EuroNCAP - belted driver
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"What is the actual difference in load for the occupant?”
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Execution of experiments =

» 3 crash tests under the same impact configuration/collision speed and vehicle model

* Frontal collision with a tree at 50 km/h

* Airbag deployment during all tests

* Occupantis PRIMUS breakable with triaxial accelerometers in
Head/chest/hip

* Degree of belt usage:
belted, poorly belted
belt (lap belt only),

not strapped

S

N et
each collision e qu,«.L

A =
* Autopsy of the dummy after Ny =N
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Non-belted occupant

Motion sequence of the occupant in single images
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Non-belted occupant

* Resulting accelerations (CFC60 filtering)
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Non-belted occupant

Head Impact Face

e Accelerations of the head (x,y,z)
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Non-belted occupant

e Accelerations of the head (x,y,z)

=

Beschleunigung [g]
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-100 4 Nur der erste Peak bericksichtigt:
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Non-belted occupant

e Accelerations of the chest (x,y,2)
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Non-belted occupant

Airbag is 200 HZ;AA_”
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* Accelerations of the chest (x,y,z) CORTES
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Non-belted occupant

* Accelerations of the chest (x,y,z)
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Non-belted occupant

* Accelerations of the hip (x,y,2)
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Badly belted occupant (lap belt only)

 Examples of incorrect use of the 3-point safety belt
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Badly belted occupant (lap belt only)

&

\ T

pog . ey o 0 o vl | - h

Occupant load in frontal impact with degree of belt utilization| Dipl.-Phys. Annika Kortmann| 04.09.2020 21



SCHIMMELPFENMNIG +—BECKE

Badly belted occupant

 Motion sequence of the occupant in single images
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Badly belted occupant (lap belt only)

* Resulting accelerations
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Badly belted occupant (lap belt only) e =7

[T 2

: . _ Braking of the head by
e Accelerations of the head (x,y,z) - head impact recognizable the airbag
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Badly belted occupant (lap belt only)

e Accelerations of the head (x,y,z) - head impact recognizable
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Comparison of unbelted / badly belted occupant

* Direct comparability given, due to almost identical passenger cell acceleration

=]

srende Beschleunigung [g]

l
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—— NICHT angeschnallt 19423

schlecht angeschnallt 19400
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Comparison of unbelted / badly belted occupant

» Accelerations of the head (resulting)
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Badly strapped:
Amax=155g,a=31g,t=0,1s,Av =108 km/h

Not strapped:

4

Amax=132g,a=48¢g,t = 0,034s,Av =58 km/h

—— NICHT angeschnallt 19423
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Comparison of non-/ badly belted occupant =

» Accelerations of the head (resulting)
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Comparison of unbelted / badly belted occupant =

» Accelerations of the head (resulting)

il

Considerably different impact angle
V
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Comparison of non- / badly belted occupant =

e Accelerations of the breast (resulting) * Accelerations of the hip (resulting)
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Properly fastened seat belt

 Motion sequence of the occupant in single images
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Comparison of the motion sequence

* Motion sequence of the occupant in single images (temporal resolution)
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Comparison of occupant stress in all tests

» Accelerations of the head (resulting)
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Comparison of occupant stress in all tests

» Accelerations of the head (resulting)
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Belt usage enables gentle braking of the
head by airbag

without a chest belt, the airbag alone
cannot sufficiently break the head
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Comparison of occupant stress in all tests

e Accelerations of the head (x,y,z) - correctly strapped
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Comparison of occupant stress in all tests

 Motion sequence - correctly strapped dummy

Occupant load in frontal impact with degree of belt utilization| Dipl.-Phys. Annika Kortmann| 04.09.2020
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Comparison of occupant stress in all tests

 Motion sequence - correctly strapped dummy

Considerable head twisting when diving into the airbag - more realistic behavior than the otherwise known tests?
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Comparison of occupant stress in all tests

e Accelerations of the breast (resulting)
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Comparison of occupant stress in all tests

* Accelerations of the hip (resulting)
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Comparison of the injury pattern =
 Not strapped * Badly belted  Well belted
Massive overstretching of the Two broken ribs left
cervical spine Two broken ribs left

Tape elongation
Opening vertebrae of the Sternal Fracture

thoracic spine Elbow joint right

Ligament extension knee joint right

Ligament extension knee joint left
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Essential differences in the motion sequence in a frontal impact 50 km/h against a tree

— not strapped in: double head impact, compression of the neck vertebrae, chest impact on the steering

wheel

— Poorly fastened seat belts: head impact on the steering wheel despite airbag, significant steering wheel

deformation

— well fastened seat belts: no steering wheel impact, longer dwell time in the airbag

Similarities in the acceleration process

— Hip acceleration comparable in intensity and course in all experiments
— Chest acceleration with bad/good belting comparable, since no impact
— Head impact when not/badly strapped in comparable intensity

Significantly lower head load due to airbag and correct use of seat belt, as less a over twice the time - Primus dummy

shows considerable rotation of the head when immersing into the airbag

Protection Airbag only in combination with 3-point safety belt!
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Comparison of occupant load in a frontal collision with

different degrees of belt usage
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Many thanks for your attention!



