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MODEL GENERATION
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human body model in mbs
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statistical bases
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A percentile (or a centile) is a measure used in statistics indicating the value below which a given percentage of observations in a group of
observations fall. For example, the 20th percentile is the value (or score) below which 20% of the observations may be found.
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regression equations for segment length y

segment length given by stature and coefficients

IS(ZU) = Ug * l[?' =+ bsi
[« : segmentlength m]
lp : stature m]
ag : coefficient of segment length ]
by : offset of segmentlength m]
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segment mass parameters '

segment mass as function of total body mass and coefficients

ms(Mmo) = Qs * Mo + bsw
Ms - segment mass [kéﬂ
my :  total body mass L
g, .  coefficient of segment weight 1
Dew offset of segment weight [kg}
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human body models wizard of Biomotion Workbench ’

input parameters for model: all necessary elements like joint
actuators, wobbling mass
elements or contact force
weight elements are also generated by
the model generator.

stature

17 segments
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5% female and 95% male
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data can be found e.g. in: NASA (McConville und Laubach, 1978) und DIN (DIN, 1986).
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application: passive occupant y

* the generated models can
be used as passive
substructure in vehicle
models

e e.g. shift comfort

e e.g. comfort & safety
optimization for transport
of injured persons
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human as substructure in car model
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application: shift comfort analysis

Automatic Transmission - Shift Quality Simulation
IS Gear / Torque / Velocity
x \03
4 4 000 0
£ =
< £ oars
2 266671,
& J= = i
s 20{3 = 07504 2
3 |° 2 [
g 1.3333{ 8 A
_;z: 1 5 st—}—-‘ol'
ol o000 ; T = 0 prs
A time [s]
Head Acceleration Horizontal Chassis Pitch Angle Pitch Angle Velocity
T
J x10° x10
i [
51 s o 9
3 02 7 a A
T 4 3 = VaN
£ N e
£ R | I U R AN e
: §
" 2 ) l’
A ¥ ¥ N
i G s 8 o
4 dl
[ T %5 1 F3 2 ) § kil 6 P F3
time (s] time [s]

I‘ggmgggg Multibody Simulation UGM 2017 Braunschweig - Biomotion Solutions



application: rescue & defense

ambulance transport - gurney optimization

| Time = 00.020 s

_| ——— sensor acc.$S_Verwundeter.$S_Head_Sensor_Default.abs

Tim= O Diagram
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application: rescue & defense

ambulance transport - gurney optimization

| Time = 00.020 s

| T|m= O Diagram
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application: rescue & defense y

ambulance transport - gurney optimization

acceleration head (abs)
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application: rescue & defense y

occupant: stresses and strains in nonstandard situations

Time = 00.02 §
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—

Human & Dummy differ

ACTIVE MODELS
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bicycle riding y

e steering by handlebars
movement

e propulsion by pedaling

The Skill of Bicycle Riding. A.J.R. Doyle (1987)
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the model y

* bicycle model

* tire force model N
INE
* human body model |

* motion control for

handlebars

e motion control for
pedaling motion
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CEL 168: Automotive Track Sensor y

e control approach: road preview
168: Automotive Track Sensor

* counter steering = "steer into the
fall“

* to control roll angle the steering

AT angle has to be controlled

* the desired steering angle is input to
Joint Space Model (JSM) controller
(285 — Biomotion Motorcycle Rider)
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CEL 285: Biomotion Motorcycle Rider y

Yaw-Error .

- Rider-
— Track-Error | Roll-Control Steering-Angle JSM-Control "
Motion

Motorcycle -Statgﬁ

» Velocity-Control

handlebars control scheme

Multi Body Model
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tire model: user element (class tire) y
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pedaling motion: user element (control) y

 user element

e [ [ o, * force class control
element

generates output for
joint actuators (FEL 283:
ﬂﬂﬂﬂﬂﬂﬂﬂ e I Biomotion Actuators)

bicycle velocity
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6 DOF bicycle simulation

6 DOF bicycle - handlebars control by upper and pedalling motion by lower limbs

[ Time = 00.025 | Time = 00.025 s

e
Diagram

joint vel.§5_bicycle §J_BC_frame.s : Longitudinal position
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CEL 285: Biomotion Motorcycle Rider y

e compatible to SIMPACK
motorcycle - track simulation a Ut Om OtiV e

[Time = 01.03333330 s

e generates output for joint
actuators (FEL 283:
Biomotion Actuators)

e velocity control: output
moment front / rear wheel)

* wheelie / stoppy (by pitch
angle control)
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CEL 285: Biomotion Car Driver y

e compatible to SIMPACK
i =00073 automotive

e compatible to SIMPACK
CEL 128

e generates output for
joint actuators (FEL 283:
Biomotion Actuators)

car simulation - utilizing CEL 286 and CEL 128
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CONCLUSION & OUTLOOK

Multibody Simulation UGM 2017 Braunsc hweig - Biomotion Solutions



conclusion y

 human body models can be generated by a model wizard
(manual generation would be error-prune and costly)

* jtiseasy toinclude a human body model as substructure in
existing SIMPACK models

* sometimes passive models are not adequate

* active driver models can be combined with existing vehicle
models
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outlook

* enhance the existing —
motion controllers
* extend the principle to

other vehicles (boats,

planeS) Time =0.840 §
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thank you for your time! y

De motu animalium by Giovanni Alfonso Borelli (1608-1679)
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