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Overview

* Motivation

» Biofidel-Dummy (PRIMUS)

* Development status

» Validation (sled tests / full scale crash tests)

« Research focus and outlook
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Motivation

How to evaluate future occupant protection?

Source: Volvo concept 360c
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Motivation

Which tools are used to evaluate new restraint systems?

— L AN

Source: Daimler / Beltbag Source: Insafe
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Motivation

How to protect vulnerable road users?

Source: Helite

Source: Hvding 3
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Motivation

How to protect vulnerable road users?

Saving
NMore

Lives

Source: Screenshot Autoliv / Youtube
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Motivation

Sources: msasafety,
ffw-muenchen, BMW
Sicherheitsfahrzeuge,

rescue-tec, batex
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Structure

* Bone components
» Ligaments and tendons

« Soft tissue

* Anthropomorphic geometry

* Real range of motion

» Age, weight, height and mass distribution 50-
percentile

* Inertial measuring unit in head, pelvis and
thorax

+ 1SO 9001 certified

ource: Crashtest-Service
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Correlation between dummy damage

and human injury
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Example - Femoral neck
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Technical autopsy

AlS- | Farbe AlS-Verletzungsschwere NTDB [%]

GIDAS AIS [%] | GIDAS MAIS [%]

Injury Scale, MAIS maximaler AlS-Wert.

uelien: Thomas &, Gennarelli Elaine Wodzin (Hrsg ) e Injury Scale 2005. Ame

Code
0 unverletzt 100 100 100
1 gering | 99,3 99,8 99,9
2 ernsthaft 99,2 99,4 99,6
3 schwer 96,5 98,3 95,8
a sehr schwer 85.4 74,6 74,3
5 kritisch | 604 61,5 a2
& maximal (nicht behandelbar) | 21 0 o
B Nicht genauer angegeben | [
NTDB National Trauma Database, GIDAS German In Depth Accident Study, AlS Abbreviated

(AN, Barringte
[Dissertation, AIMIT University)

Quelle: Crashtest-Service

Aatomative Medine

IL 2006, Sean O Brien: Measurement and Assessment of Passenger Vebicle Compatibility in Froat and Side Collisions. 2010
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Development status

Development technical L Simulation
& Production Validation
Construction evaluation model

Dummy

family
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Validation

Sled tests

Full scale crash tests

compared to:
+ Cadaver tests PMHS
* Human test persons

HTW Dresden

Source: Crashtest-Service

compared to:
* Cadaver tests PMHS

» Real accidents of high documentation
quality
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Sled example - head load rear impact

180.8.2 Schlittenbewsgung

0.630s

‘Schiitten Facettenpunkt

% +0.000 mm

v +2283.038 mmys|
-30158.724 mmys*

U rs pringliche A usric Mung

HTW Dresden

-31546.889 t | I I I Il I I I

Geomstriemberenz: 0 630 5

[mm]
™ Schlitten Facettenpunkt.dx

-346.915 . -
0.530 0.8 1 1.2 14 16 18 2 2.229

2300.66: 7\1—‘ T T T T T T T "
2000 f-[mm/s] =
1750|- ™ Schlitten Facettenpunkt.v u
1500 -
1250 Bl
1000 -

750 Bl
500 -

250

23,578 1 1 Il | I 1
0.630 0.8 1 1.2 1.4 1.6 1.8 2 2.225

295.078

T
[mimis2]
~S0001" | schlitten Facettenpunkt.a i

-1o000f- | | A "
15000 | | gk A =

20000~/ '\}f S § I\ I". H

-25000

0.630 0.8 1 1.2 1.4 16 1.8 2 2.229
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Sled example - head load rear impact

180.8.2 Kopfbewegung (Ausschnitt)

0.630s

Aerefrenz: 0630 5

1976.106-
18

78.288 C
0530 0.8 1 1.2 1.4 16 18 2 2.229
54857.861 : -
50000 - [mm/s?] e
45000 - ™ Kopfia -
40000 - |
35000 - .
30000 \ .
25000 f- A\ 7 ]
20000 %, A

11935.247 - L ‘ . " >
0630 0.8 1 1.2 1.4 1.6 18 E? 2229

32.092

ordinatensystem 1.Psi(Z)

i zett [s]-|
1 L

0.6320 0.8 1 1.2 1.4 1.6 18 2 2.229

U s pringliche Aus richtung
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Sled example - head load rear impact

C.G. of head e b
o Tenwed M
L Heud 60
accelerometer - | E—
Thi -
- > . 40 —
Shoulder EMG ~ ,-?" -~
T —_ _290
U pper s § i 7’ / N (Wmaxbummy’ 32
[ 20 - / |
Chest 10 ————
accelerometer z
0 + . .
g = 12th rib -10

L] 0 06 158 20 250 I
so = lliacerest Time (ms)

Source: [1] Koshiro et. al.

Source: [1] Koshiro et. al.
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Test results - Rear impact

Data Test results (percentage match)
— - There is no
z 2 g S 2 z ..3. z 3 3 Ry 2 data in the
o ] : z a 2 88 - < 2 literature for a
§ ] ; z o g' o, ° = comparison
3 o ) 8 o Q =3 Different
® @ : o S measuring
systems
i R Differences of
T | o | rear impact | 113 | NA | 180.4.1 The deviation of the the test
£ S | 4km/h 180.4.2 ; Ml
3 o 180.4.3 resulting head objects in age,
H 4. ; eight and
S | ® [Tear impact | 1420 | N/A | 180.6.1 acceleration of the sled s
s o test in relation to the e
o = | max. 6km/h 180.6.2 h | f No identical
c | = 180.6.3 uman volunteer test is test conditions
2| = - = on average 3.4 %. The possible
§ rear g}:piﬁt 21-23 N/A 1382; deviation of the resulting
3 max. gkm 180‘8‘3 head rotation rates of
I 180‘8‘4 - the test in relation to the
@ 180-8-5 human volunteer test is
.8. o
180.8.6 20.4% on average.
100%-80% | 79%-50% | 49%-25% 24%-10% 9%-0%
Good | [ Adequate | [ Marginal

HTW Dresden
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Test results - Frontal impact

Data Test results (percentage match)
There is no
g g g S : % §. % 8 §- g E data in the
<'_p: < y °Z a 8 88 0 3 < @ literature for a
@ ] : r4 o o Q. o = comparison
3 E3 o 8 B o 2 2 Different
© o : o ] measuring
systems
T | o | frontal 24 508 0.21.1 Differences of
£ | 3 | impact 0.21.2 the test
3 =3 . objects in age,
® | 5 | 2kmh 0.21.3 The deviation of the weight and
:<’ o 25 509 0.21.1 resulting head size
o | & 0.21.2 acceleration of the sled No identical
S s 0.21.3 test in relation to the test conditions
g~ 26 511 0.21.1 human volunteer test is possible
ol 0.21.2 - on average 13 %. The
2 0.21.3 deviation of the resulting
@ 27 512 0.21.1 thoracic acceleration of
0.21.2 the sled test in relation
0.21.3 to the human volunteer
28 513 0.21.1 test is on average 7 %.
0.21.2
0.21.3
100%-80% | 79%-50% [ 49%-25% 24%-10% 9%-0%
Good | [ Adequate | [ Marginal

HTW Dresden
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Test results - Side impact

Data Test results (percentage match)
— There is no
? 2 Z =] N | 8F| 8% 2 I~ ) data in the
o ] ) z a 2 82 o 3 < 2 literature for a
@ 2 ° z ® o o, o =3 comparison
3 =, o o S ° @ T T
o o b e o o Different
© @ : o ] * measuring
systems
o | «» | side impact | 29 1569 90.15.1 Difft?wre?cets of
2 | g | 15km/h 90.15.2 m | obients e
5= 90.15.3 * * The deviation of the weight o
-3 90.15.4 resulting thoracic size
o 90.15.5 acceleration of the sled No identical
= 30 1570 90.15.1 test in relation to the ® | test conditions
- 90.15.2 human volunteer test is possible
90.15.3 - L 2 on average 20 %. The
90.15.4 collection of reference
90.15.5 pelvic acceleration data
31 1571 90.15.1 is poorly documented
90.15.2 and has limited
90.15.3 2 < comparability.
90.15.4
90.15.5
100%-80% | 79%-50% | 49%-25% 24%-10% 9%-0%
Good | [ Adequate | [ Marginal
! Post Mortem Human Subjects
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Full scale crash tests

+ 3 Crash tracks

» DAKKS accredited testing laboratory
» 7 Tests

* vk=35km/h - 75 km/h

« technical and medical documentation

of real accidents

» car-car/ car-pedestrian / car-tree / car-

Akkreditierte Craghtest-Ankige

’ S Fo bicycle

Source: Crashtest-Service
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Crash example - car-tree

Real accident Crash test

Source: GIDAS Source: Crashtest-Service
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Crash example — car-tree

Real accident Crash test

Source: GIDAS Source: Crashtest-Service
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Test results - Full scale crash tests

Data Real Accident Test results (percentage match with real
data)
A
o 0|z Sl=e | = = > = =] =]
§ g |° z |33 | % a6 | 2 3 @
E ® ° |22 | » z El 2 3 =
Q = = o c < < °
L] o (7] . = = » o
n a' = [}
7] =]
o pedestrian- 32 | 1081001 | 35 2 200514 12067
o |.car
o | cartree 33 | 1180018 | 65 | 4 | 200528
car-tree 34 1070341 52 2 200724 Movement behavior is realistic, due to
differences in the seat belt, injuries were
indicated differently.
200903 AIS 1 excluded
car-car 35 | 1060896 | 75 2 | 200818 12088
car-car 36 | 1070050 | 30 2 | 200811 AIS 1 excluded
car-bicycle | 37 | 1060768 | 45 2 | 201020 12087
[J
No identical test conditions
possible
100%-80% [ 79%-50% [ 49%-25% 24%-10% 9%-0%
Good | [ Adequate | [ Marginal
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Research priorities
Basic model
Crash Kinematics Ballast Special protection
Serious and Representation Passive range of Ballistic trauma
heavy injuries of occupant motion
kinematics
Blast Trauma
. Total weight and
Passive S
loskeletal Active mass distribution i
muscu Implementation
system musculoskeletal of organs
system

Implementation
of organs
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