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Human body modelling (HBM) projects

Active muscles

Ritt

Adipose tissue Active child Brain injury criteria
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Active muscle response in HBM, step 3

Karin Brolin, Johan Davidsson, Jdna Marin Olafsdottir
Jonas Osth, Ghazaleh Ghaffari
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AIM: SAFER A-HBM / \

IN AUTOMOTIVE ENGINEERING

A biofidelic HBM for simulation of sequences of events:
® combined emergency and crash events,
® run off road events, and
® other long duration crash events
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Model and methods

IN AUTOMOTIVE ENGINEERING

HBM:
Total Human Model for Safety (THUMS) version 3.0

(Toyota Motor Corporation, Toyota Central Labs Inc. 2008. Users' Guide of Computational
Human Model THUMS — AM50 Occupant Model: Version 3.0-080225)

Finite Element Code:
LS-DYNA v. 970/971 (LSTC Inc., Livermore, CA, USA)

Pre- and post-processing:
Hyperwo rks (Aitair Engineering Inc., Mich. USA)
LS-PREPOST (LSTC inc., Livermore, CA, USA)

MatLab (the Mathworks inc., Natick, MA, USA)
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Previous Work (A_H BM StepS 1_2) IN AUTOMOTIVE ENGINEERING

® Implemented muscle control for braking events using
feedback control of body angles.

® Provided validation data for autonomous and driver
braking.

® Validated the SAFER A-HBM for braking events.
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Autonomous braking*

Volunteer mean

Volunteer Standard Deviation
' —Human Body Model

- —Volunteer

05 1 15 2 25
Time (s)

150 volunteer mean
Volunteer Standard Deviation
—=100" —Human Body Model
—Volunteer
50

Head X (mm
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* Osth J, Brolin K, Brése D. A Human Body Model with Active Muscles for Simulation of Pre-Tensioned Restraints in Autonomous
Braking Interventions. Traffic Injury Prevention, 16 (3) s. 304-313, 2015.

** Osth J, Eliasson E, Happee R, Brolin K. A Method to Model Anticipatory Postural Control in Driver Braking Events, Gait &
Posture. 40 (4) s. 664-669, 2014.
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Volunteer experiment - Multidirectional loading N AUTOMOTIVE ENGINEERING

Eight perturbation directions
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Volunteer experiment — Resulting muscle activity

“Rear impact”

Olafsdottir J, Brolin K, Blouin J-S, Siegmund G. (2015). Dynamic
Spatial Tuning of Cervical Muscle Reflexes to Multidirectional Seated
Perturbations. Spine. 40 (4) s. E211-E219
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Neuromuscular control scheme

Load

N
Sensor

organs

+

Initial

position Controller

J

Neural excitation

Head rel. T1 Muscle activation
level of individual
muscles
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Model verification

Acceleration [m/s

1.55¢g

O
=
o
L
L
=
O
=
i
(SH]
=
|_
©)
P
O
-
)
<
=
=
o
g
-
=)
=
(%)
[a)
=
<
O
p
=
(NH]
a
®)
=
=
<
P
)
T

© 2016 carhs.training gmbh Carl IS-



CHALMERS

UNIVERSITY OF TECHNOLOGY

HUMAN MODELING
AND SIMULATION

Model verification
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Model validation - ongoing

New experimental series:
® Volunteer drivers and passengers in test vehicle
® Muscle activity measured with electrodes
® 3-D kinematics with video tracking
® Collect vehicle data
® Events and voluntary driving:
® Lane change,
® U-turns,
® Braking.

All data collected and data analyses about to begin.
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Karin Brolin, Johan Davidsson, Johan Iraeus
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Previous research ( I-HBM, steps 1-2)

HBM:
Total Human Model for Safety (THUMS) version 3.0

(Toyota Motor Corporation, Toyota Central Labs Inc. 2008. Users' Guide of Computational
Human Model THUMS — AM50 Occupant Model: Version 3.0-080225)

Finite Element Code:
LS-DYNA v. 970/971 (LSTC Inc., Livermore, CA, USA)

Pre- and post-processing:
Hyperwo rks (Aitair Engineering Inc., Mich. USA)
LS-PREPOST (LSTC inc., Livermore, CA, USA)

MatLab (the Mathworks inc., Natick, MA, USA)
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Previous research ( I-HBM, steps 1-2)
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The HBM was over predicting injury risk in real world accidents.

How can we improve the biofidelity of injury predictions?

Improved injury prediction using HBM, step 3
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Enhanced prediction of rib fracture risk using HBMs
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Development of a generic ribcage

1. Each rib defined using: 3. Create surface and mesh
* Rib chord length! e First all solid mesh
* 11 elliptic cross sections' [ e Convert outer solids to thin shells
Aﬂterlo
ol
poste!®
(
2. Each cross section defined using: 4. Fit to 3-D shape using morphing
* 16 cortical thickness measurements' e Both curvature and twist assigned'

i.  Choi, H.-Y., Kwak, D.-S., (2011). Morphologic
characteristics of korean elderly rib. ] Automotive
Safety and Energy, 2011, Vol. 2 No. 2

ii. Shi, X., Cao, L., Reed, M.P.,, Rupp, J.D., Hoff, C.N., Hu,
J., (2014). A statistical human rib cage geometry
model accounting for variations by age, sex, stature
and body mass index. Journal of biomechanics 47
(10), 2277-2285.
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Development of a generic ribcage

5. Assemble all ribs: 6. Adapt boundaries to THUMS:
e Ribs location given by Shi e Adapt costal cartilage
study" * Reshape ribs locally at spine
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Rib strain validation
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Rib strain validation / Injury criteria evaluation

3. Sled tests =) 4. Accident reconstructions
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Questions?

Active muscles Thoracic injury Average female

N

Adipose tissue Active child Brain injury criteria

karin.brolin@chalmers.se

)
=
o
[N N]
[N E]
=
G]
=
(NN
(TN
=
|_
@)
=
@)
-
)
<
=
z
)
=
-
-
>
n
a)
=z
<
)
P
=
[WE]
o)
@)
p=
z
<
>
-
T

i i
© 2016 carhs.training gmbh CarhS-



	Towards omni-directional active human body models …�						that predict injury.
	Human body modelling (HBM) projects
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Driver braking** 
	Omnidirectional active HBM
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Improved injury prediction using HBM, step 3
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Questions?

